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Abstract

Oropouche virus is an arbovirus endemic to the Americas. Periodic outbreaks have
occurred since its description in 1955. In late 2023, an outbreak occurred in Peru,
centered in and around Iquitos in the Eastern Peruvian Amazon. An existing acute
febrile illness (AFI) surveillance program was able to document its emergence and
characterize arthralgia and dysuria and the absence of diarrhea as distinctive clinical
features of Oropouche virus-associated febrile illness relative to other causes of AFI.
Sequencing of isolates from the outbreak demonstrated that strains from this region
were distinct from those causing disease in Brazil, despite the large-scale movement of
people along the Amazon corridor, but highly similar to strains from Colombia and
Ecuador. Our findings suggest that the current outbreak in South America is
fundamentally multifocal in origin and not the result of geographic spread from Brazil,
which experienced an outbreak between 2022 and 2024.
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Introduction

Oropouche virus (ORQOV) is one of the most important vector-borne diseases in Latin
America, with half a million estimated cases in South America, Central America, and the
Caribbean since its initial description in 1955 (1-3). Although periodic outbreaks have
been well documented since then, the extent of each outbreak is poorly defined mainly
because of the limited availability of diagnostics for a disease that is not clearly clinically
differentiated from other etiologies of acute febrile illness (AFI). However, OROV
infection and transmission have been documented clearly in the region since the late
1990’s (4-7).

The Oropouche species complex comprises orthobunyaviruses in the Simbu serogroup
with three genomic segments (L, M and S). These segments frequently undergo
reassortment, leading to related but distinct viruses, such as lquitos, Madre de Dios and
Perddes viruses (5, 8-10). Other human pathogenic orthobunyaviruses have been
identified in the region of Loreto (such as the Itaya virus and Bellavista virus)(11, 12),
yet their overall burden, distribution, and epidemiology remain obscure. The most
thoroughly implicated vector in the urban cycle is Culicoides parensis goeldi (13), a
midge species with a range extending from subtropical South America to well within the
territory of the Southern United States. There is some evidence that the Culex
guinquefasciatus mosquito is also involved in urban OROQOV transmission cycles, but
vectorial capacity is much lower (14-16). The sylvatic cycle of ORQOV and its role in the
spillover of orthobunyaviruses into the urban cycle of disease transmission remains
understudied but has been proposed to include Aedes serratus and Cuquillettidia
venezuelensis as spillover vectors (17, 18). OROV has been detected in non-human
neotropical primates, sloths, and rodents, and a variety of wild birds have been found to

be seropositive (19).

Clinically, Oropouche manifests itself as other arboviral etiologies of AFl. The most
common symptoms include fever, myalgia, and back pain. However, meningitis and
encephalitis have also been reported (20, 21). Risk factors for OROV disease have

been poorly characterized. Still, several groups have noted that outbreaks tend to occur
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79 in the rainy season and areas of recent deforestation or forest fragmentation (22). In
80 prior epidemics, dispersion patterns are thought to result from human movement among
81 or to urban localities with the potential urban vector C. parensis is found (23-25).

82 OROV has been on the rise in Latin America and the Caribbean in 2024 (26), with
83 cases identified in Colombia and Brazil (27), as well as in travelers from Cuba (28). The
84 Pan American Health Organization (PAHO, World Health Organization) issued an alert
85 on February 2, 2024 (29). The current study presents the clinical, epidemiological, and
86 genomic findings of an outbreak of OROV in Iquitos, Loreto, Peru, from December 1%,
87 2023 to August 31%, 2024 as part of the ongoing RIVERA case-control study of AFI (30)
88 and uses available regional sequences to trace the origin of the outbreak strain.

89 Methods
90 Study Design and Participant Enrollment

91 The present study is nested within the RIVERA study, a prospective health facility-based
92 case-control study of acute febrile iliness initiated in 2020 and is still ongoing in Iquitos,
93 Peru. The study design, enrollment, and diagnostic details of the RIVERA study have
94  been described previously (30). Briefly, patients aged ten years or older seeking care for
95 acute febrile illness (cases) at selected facilities in lquitos, Loreto, Peru, were enrolled,
96 as well as age- and site-matched controls with no AFlI symptoms. Both cases and
97 controls undergo a baseline clinical assessment, and contribute blood and
98 nasopharyngeal samples, which are tested for a locally relevant panel of pathogens by
99 PCR. In a subsequent household visit 3-4 weeks later, additional epidemiological
100 information is collected. Fifty case-control dyads are enrolled each month, to ensure
101 statistical power to detect a five-fold change in the monthly prevalence of a given
102 pathogen with a baseline prevalence of 1%, assuming 80% power and a 95%
103 confidence level. The detection rate of approximately 1% is conservative and derived
104 from other regional studies showing this is the interepidemic prevalence of emerging

105 infectious diseases such as Oropouche and Mayaro virus (31).

106 Sample and Data Collection at Baseline and Early Convalescence
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107 At enrollment, whole blood and mid-turbinate samples were obtained from each case
108 and control participant, as well as clinical and epidemiologic information. Clinical
109 information at baseline included the presence or absence of pre-existing diseases, the
110 presence or absence of clinical signs and symptoms in the prior two weeks, main vital
111  signs (temperature (° C), heart rate (beats per minute), respiratory rate (breaths per
112 minute), oxygen saturation (%), systolic and diastolic blood pressure (mmHg)) and
113 anthropometric measurements (weight (kg), height (cm)). Demographic and
114  epidemiologic information included age (10-19 years, 20-39 years, 40-59 years, >= 60
115 years), sex (female or male), area of residence (“rural areas,” defined as those
116  participants living in Mazan or other areas outside the Iquitos metropolitan area, vs.
117  “urban areas,” defined as participants residing in the Iquitos metropolitan area), travel in
118 the past 15 days (no travel, travel by river, travel by other mode), the presence or

119 absence of ectoparasites, bats or rodents on the participant’s body or at home.

120 Participant follow-up was completed 28 days after enroliment. Field workers contacted
121 cases and controls using instant messaging and visited their households to ascertain
122  their health status. A whole blood and mid-turbinate sample were obtained, as were
123  follow-up clinical information and additional epidemiological data. Follow-up clinical data
124  included the same clinical signs and symptoms collected at baseline. Sociodemographic
125 information collected included labor and educational information from the head of the
126 household, household characteristics, and the presence or absence of animals in the
127  house.

128  Statistical Analysis

129 This nested case-control analysis aimed to characterize both the clinical and the risk
130 factor profile of OROV infection in the RIVERA study. Different definitions of cases and
131 controls were used from the parent study and for each of these two analysis
132 components. For the analysis of clinical OROV disease symptomology, cases were
133 defined as OROV-positive AFI cases and controls as AFI cases that were negative for
134 all pathogens tested (unattributed AFI). For the analysis of risk factors for OROV

135 infection, by contrast, cases were defined as any OROV-positive subjects (whether
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136 symptomatic or not), and controls as asymptomatic subjects (RIVERA controls) that
137 were negative for all pathogens tested. For both parts of the analysis, cases were
138 matched with up to 5 controls each by broad age group (10 — 24 years, 25 — 49 years,
139 50+ years), sex, area of residence (Iquitos Metropolitan Area or Mazan and other rural
140 areas), and whether they were enrolled before or since the start of the OROV outbreak
141  (December 1%, 2023). Odds ratios and their 95% confidence intervals (95% CI) for
142  OROV positivity were calculated for each of the categorical clinical and epidemiological
143 variables previously described using conditional logistic regression to account for
144  matching using fixed effects within matched case-control sets. For continuous variables,

145 equivalent fixed effects linear models were fitted to compare mean values
146  Sample Processing and OROV Diagnosis

147  Total nucleic acids (TNA) were extracted from whole blood samples using the High Pure
148  Viral Nucleic Acid Large Volume Kit (Roche Life Science, Indianapolis, IN) as instructed
149 by manufacturers. TNA from whole blood samples was tested for OROV using TagMan
150 array cards (Thermo Fisher Scientific, Waltham, MA). The pathogens targeted by this
151 array card are presented in Supplementary Figure 1. Samples with a cycle threshold
152 (Ct) of less or equal to 35 were considered positive. The OROV primers and probe
153 utilized included: Forward: 5-TGATCCGGAGGCAGCATA-3’, Reverse: 5'-
154 ACACCAGCATTGAGCACTTG-3', Probe: FAM-CCGTATCTAGCTTCAAATGCC-MGB
155 (32). Mid turbinate swabs were tested for Influenza A, Influenza B, and SARS-CoV-2
156 using the CDC Influenza SARS-CoV-2 multiplex assay as described previously (30).

157 OROQV Culture

158 Cellular fractions of EDTA anticoagulated blood with Ct values less than 30 were sent to
159 the Arboviral Diseases Branch, Centers for Disease Control and Prevention for virus
160 culture. Each sample was inoculated in volumes of 2ul, 20ul, and 100ul along with 2mi
161 of DMEM (Gibco, Waltham, MA, USA) maintenance media supplemented with 2% fetal
162  bovine serum (Seradign, Radnor, PA, USA) into confluent T25 flasks (Corning) of Vero
163  cells and incubated for one hour at 37°C for adsorption. Eight ml of DMEM maintenance
164 media was added to each flask and incubated at 37°C. Flasks were visualized under
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165 light microscopy daily for the presence of cytopathic effects (CPE). When CPE impacted
166 50-75% of the cell monolayer the supernatant was harvested and centrifuged at 10,000
167 rpm for 10 minutes to remove cell debris. Two 0.5 ml aliquots were removed for down

168 stream testing and the remainder was frozen as bulk.
169 OROV Culture Based Sequencing

170 RNAwas extracted from samples using the QiaAmp Viral RNA Mini kit (Qiagen,

171  Georgetown, MD, USA) following the manufacturer’s protocol. The sample was treated
172  using TURBODNase using the manufacturers protocol (ThermoFisher, Waltham, MA,
173 USA). Complementary DNA was generated using random hexamer amplification via the
174  Ovation RNA-seq v2 kit (Tecan, Morrisville, NC, USA)) followed by library preparation
175  using the DNAPrep kit (lllumina, San Diego, CA, USA). Libraries were quantified with
176  the Qubit 4 fluorometer and the dsDNA High-sensitivity kit (ThermoFisher, Waltham,
177 MA, USA). Library size was confirmed on the Tapestation 2200 (Agilent, Santa Clara,
178 CA, USA). Libraries were pooled and loaded at a final concentration of 8 pM onto a

179 MiSeq V2 300-cycle flow cell (Illumina, San Diego, CA, USA).

180 FASTQ files were trimmed of adapter sequences and low-quality reads removed (Q<30)
181 using lllumina BCL Convert (V4.0). De novo assembly was completed using the rnaviral
182  presets of the SPAdes assembler (V3.15.3). Viral contigs were identified using the

183 BLASTnN (V2.15.0) nt_viruses database and confirmed using the BLASTn nt database.

184
185 Whole Blood Amplicon Based Sequencing

186  Amplicon-based sequencing was done using the TNA extract of OROV positive whole
187 blood samples with a Ct value under 30. We adapted an amplicon-based sequencing
188 protocol from Quick et al. (33) for Zika and did primer enrichment using the primers
189 specified in Wise et al. (34) for OROV run on an Oxford Nanopore Technology (ONT)
190 system. Genome assembly will be performed using the Map to Reference application
191  within Geneious Prime. The ONT reads were trimmed to Q15 and then mapped to the

192 individual in silico amplicon sequences to create consensus sequences for each
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193 amplicon. Finally, the consensus amplicons, which overlap, were assembled into

194  complete genome segments (L, M, and S).
195 Oropouche genomes are available under NCBI Bio project PRINA813162.
196  Genomic Analysis

197 Publicly available OROV sequences for the L, M, and S segments from 2024 from
198 Braazil, Colombia, Peru and Cuba, from 2016 from Ecuador, and from Peru prior to 2023
199 were obtained from NCBI Virus (35). Any sequence containing more than a single
200 unknown (e.g., N) nucleotide was eliminated from the analysis to avoid these unknown
201 nucleotides biasing the analysis. Ultimately, 17 strains representing various regions of
202  Brazil, two strains from Colombia, six strains from Ecuador, one strain from Cuba, and
203 11 strains from Peru were chosen (Supplemental Table 1) and used for phylogenetic
204  comparison against Peruvian viral sequences from 2024 generated during this study. To
205 determine the best model to utilize for the phylogenetic analysis, each of the alignments
206 was tested using ModelTest-NG (v0.1.7) (36) and for each segment, it was determined
207 that the General Time Reversible (GTR) model with gamma-distributed rate variation
208 was the most appropriate. Maximum likelihood trees for each segment were generated
209 using this model and bootstrapping 10,000 times and then visualized and annotated
210 using the Interactive Tree of Life (iTOL) (37) online tool. Each branch on the maximum
211 likelihood tree was colored according to the country of isolation (Colombia — orange,
212  Ecuador — green, Brazil — light red, Cuba — light blue, Peru 2024 - blue, and historical
213  Peru (prior to 2024) — black). Each taxa is labeled with the country of isolation, year of
214 isolation, and a number indicating which sample from that country it represents, which
215 the number allows for tracking each segment of the same OROV among the three
216  maximum likelihood trees.

217 Each viral segment was processed individually for the analysis, and the sequences for
218 each segment were aligned using the MUSCLE plugin (v5.1) (38) in Geneious Prime
219 (v2024.0.7) (39) using the Perturbed Profile-Profile (PPP) algorithm with five hidden
220 Markov model (HMM) perturbations. Each alignment was then trimmed to make sure

221 each sequence included the exact same number of nucleotides across identical regions
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222 to avoid bias due to extra nucleotides for some sequences. Overall, the S segment
223 alignment was trimmed to 640 nucleotides, the M segment was trimmed to 4,088
224  nucleotides, and the L segment was trimmed to 6,550 nucleotides, and then each of
225 these trimmed alignments was exported as a Phylip format alignment to generate
226  maximum likelihood trees using RAXML(v8.2.13) (40).

227  Ethics Statement

228 The RIVERA study has been approved by the Institutional Review Board of Asociacion
229 Benéfica Prisma (CE0855.20) (FWA00001219), University of Virginia (FWA0006183),
230 and Hospital Regional de Loreto. Additional approval has been obtained by the
231 Research Commission of the Regional Health Direction of Loreto. Written informed
232  consent was obtained for all participants. For children aged 10-18, both parental written
233 informed consent and written informed assent were obtained. All participants consented

234  to the further use of biological specimens.
235 Results
236  Epidemiology and Symptoms Associated with lliness

237 The RIVERA study initiated in March 2021 and enroliment continues at this time.
238 Before December 2023, OROV viremia was detected in 0.4% of RIVERA subjects (6

239 detections in AFI cases, 7 in asymptomatic controls).

240 Between December 1%, 2023, and August 31%, 2024, OROV viremia were detected in
241 39 whole blood samples (32 in AFI cases, 7 in asymptomatic controls) out of 834
242  samples processed in that same time frame (Figure 1). At the epidemic peak in the first
243  three months of 2024, a detection rate of 8.7% was recorded, representing a more than
244  20-fold increase in OROV-positivity compared to pre-outbreak levels. OROV was
245 therefore detectable in asymptomatic individuals before and during the epidemic.
246  Coinfection of OROV with DENV, Histoplasma, and M. tuberculosis, was observed in
247 one asymptomatic subject each, while two cases each of OROV/SARS-CoV-2 and
248 OROV/influenza A coinfection were detected in AFI cases.
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249 No deaths were associated with the detected acute clinical illnesses, and no cases of
250 meningoencephalitis were observed. All cases assessed at 30 days of follow-up, had
251 clinically recovered from their illnesses with no sequelae.

252  Clinical symptoms and their associations with OROV-positive AFI are reported in Table
253 1. Several such features of illness were identified that were significantly more common
254  in those febrile with Oropouche compared to unattributed cases of acute febrile illness.
255  These symptoms included joint pain, which 5.07 (95% CI:1.66, 15.45) times the odds of
256  occurring, and dysuria, which was 3.63 (95% CI. 1.13,11.63) in Oropouche cases
257 relative to those with undifferentiated febrile illness. Diarrhea was less likely to be
258 present in those with febrile disease caused by Oropouche (OR 0.28: 95% CI 0.09,
259 0.85) than in individuals with unattributable febrile illness. Headache, myalgia,
260 abdominal pain, nausea, vomiting, and rashes were not observed to be more strongly

261 associated with Oropouche disease than an undefined febrile illness.

262  Epidemiological risk factors and their associations with ORQV infection are reported in
263 Table 2. A history of travel in the preceding 15 days was associated with a 4.46
264 increase in the odds of OROV detection compared with pathogen- and symptom-
265 negative controls, although the majority of OROQV infection cases (84.6%) reported no
266 travel. Individuals in which OROV was detected had a BMI that was 1.8 kg/m? higher
267 than pathogen and symptom negative controls.

268 Viral culture

269 Four specimens with Ct of < 30 were sent to the CDC for culture. Three of the 4
270 samples yielded a cytopathic virus confirmed as OROV by sequencing. Cytopathic
271 effect was first observed in the three samples two days post inoculation (DPI), by day 3

272  DPI flasks were ready to harvest.
273  Sequencing and Genomic Analysis of ORQV strains

274  Sequencing was done to confirm gPCR diagnostics and to reassemble complete
275 genomes to study the origin of the outbreak strain. Full genomes were assembled from
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276 10 distinct participants. In additional cases where full genomes were not available,

277  sequencing confirmed the diagnosis in all examined cases.

278 Phylogenetic analysis was performed separately for the S, M, and L segments.
279  Unrooted maximum likelihood trees were constructed, showing similar patterns for all
280 segments (Figure 2). The sequenced 2023-2024 Iquitos isolates were highly
281 homogeneous among the 10 sequenced strains. They were closely related to strains
282 sequenced in Colombia in 2024 and more distantly related to strains from Ecuador in
283 2016, followed by strains from Peru between 1995-2008. The remaining strains
284  analyzed for comparison were from the Brazil outbreak or clustered with this outbreak.
285 The first was a strain from Southern Peru in the Madre de Dios region bordering on Acre
286 (indicated as Peru NAMRU 2024 #5). The other strain to cluster in this set of isolates is

287  a strain from a traveler returning to Italy from Cuba.

288 To examine the genomic regions exhibiting differences between different geographic
289 regions, amino acid alignment was done for each of the three genomic segments
290 (Figure 3). Minimal polymorphisms were identified in the S and L segments, while
291 polymorphisms were concentrated in the N terminus of the Gc protein on the M
292 segment.

293

294 Discussion

295 The RIVERA study demonstrated the ability of our health facility-based surveillance to
296 rapidly detect an ongoing outbreak and inform genomic epidemiology in response to an
297 outbreak of ORQV in the region. Surveillance was calibrated to sample 100 samples a
298 month, an intensity that would allow for the detection of a fivefold change in the monthly
299 prevalence of a pathogen with a baseline prevalence of 1%, assuming an 80% power
300 and 95% confidence level. The case-control component allowed us to delineate
301 asymptomatic transmission. The use of a broadly diagnostic array card for targeted
302 diagnostics of the principal pathogens causing AFI— or pathogens of significance due
303 to the availability of vaccines or specific programmatic interventions for their treatment
304 and control—enabled the identification of an appropriate comparator population. This
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305 allowed differentiation of symptoms in individuals with febrile illness caused by OROV
306 from those that were negative for the primary pathogens responsible for AFI in the
307 region. Despite the large concurrent outbreak in Brazil, our sequencing revealed that
308 the circulating OROV strains in our study were more closely related to strains from
309 Colombia (2020) and Ecuador (2016), both of which are thought to have originated in
310 Peru. The N terminus of the Gc protein is the coding region for the antigen that appears
311 to drive protective immunity based on the work of Hellert (41) and Gutierrez (42).
312 Alignment and comparisons of the amino acids of the M segment reveal a 7%
313 divergence in amino acids in the variable regions of the Gc protein that represents the
314 head of the spike protein between the 2023 Brazil strains and the strains we identified
315 from Peru in late 2023 and early 2024. The findings are of importance as they suggest
316 that environmental factors have favored the transmission of OROV across the Amazon,
317 but that the epidemic in Peru has a distinct ancestry and does not represent a
318 geographic extension of OROV from Brazil, despite daily barges traveling along the
319 Amazon river between Manaus and Iquitos and a predicted multitude of introductions
320 from human communities traveling in each direction. Given the multitude of
321 opportunities for the introduction of the Brazilian strains in Peru and during this two-year
322 outbreak, it seems plausible to believe that neutralizing antibodies exist in Peru to the
323 Brazil strain. The epidemiology of OROV is understudied, but annual seroconversion
324 rates in the region have previously documented annual seroconversion rates of 28% in
325 rural communities within 10 kilometers of Iquitos in the absence of an outbreak, strongly

326  suggesting that transmission in the area is both intense and continuous (7).

327 Risk factors associated with an increase risk of infection were travel outside of the peri-

328 urban zones of Iquitos and having a higher BMI.

329 Newly emerging pathogenic orthobunyaviruses have been detected in the Amazonian
330 region and have been associated with genome segment reassortment (8, 11, 43-45).
331 Such is the case of Iquitos virus, which is a product of the reassortment of the S and L
332 segments of OROV and the M segment of an unknown Simbu serogroup virus (5).
333  Other human pathogenic orthobunyaviruses have been identified in the region of Loreto

334 (ltaya virus and Bellavista virus),(11, 12) yet their overall burden, distribution, and
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335 epidemiology still need to be established. The sylvatic cycle of ORQV, and its role in the
336 spillover of orthobunyaviruses into the urban cycle of disease transmission remain
337 understudied. OROV has been detected in non-human neotropical primates, sloths,
338 rodents, and a variety of wild birds (19). Although there is an apparently higher
339 prevalence of OROV in avian hosts, the role of these animals in disease transmission to
340 humans remains poorly understood. Specifically, it is critically important to understand
341 the role of arthropods and other species of insects in the transmission of OROV from
342  birds to humans. Evidence of larger wild mammalian species in OROV transmission is
343 negligible. Additionally, the potential identification of OROV in domestic chickens and
344  ducks, previously demonstrated in an outbreak investigation in Brazil (19), would open
345 the possibility of a domestic animal reservoir within urban areas where small-scale
346 poultry rearing is widely practiced. Therefore, establishing a human cohort and
347 concurrently sampling arthropods, mosquitoes, avian and mammalian species will

348 provide a unigue evidence base to characterize the transmission dynamics of OROV.
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Figures and Tables

r12

Number of detections
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Symptomatic — Asymptomatic

Figure 1. Time series graph of OROV detections in symptomatic and asymptomatic RIVERA subjects over the three year study
period reveal sporadic detections of Oropouche in 0.4% of cases and control prior to December 2023. Between December 2023
and August 2024, Oropouche identification increased to a peak prevalence of 11% in those with acute febrile illness and 3% of

asymptomatic controls in March 2024.
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Figure 2. Unrooted Maximum-likelihood (ML) tree based on the (1) 6,550 bp of the L segment; (2) 4,087 bp of the M segment; and
(3) 638 bp of the S segment. Nucleotide alignments for each segment were generated using MUSCLE plugin (v5.1) in Geneious
Prime (v2024.0.7). Each tree was generated using the General Time Reversible (GTR) model with gamma distributed rates and

bootstrapped 10,000 times.
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Figure 3. Amino acid sequence alignment for the S (A), M (B), and L (C) segments of the Oropouche virus from Peru (2024), Colombia (2024),
Ecuador (2016), Peru (1992), Cuba (2024), and Brazil (2024). The S segment has 0/212 (0%) amino acid heterogeneity and the L segment 38/2,183
(1.74%) amino acid heterogeneity among the viruses from different countries. However, there is quite a significant amount of amino acid
heterogeneity in the M segment, as it has 105/1,361 (7.71%) amino acid heterogeneity including 30/428 (7.01%) amino acid changes in the N
terminus of Gc, the region coding the antigen that is purported to mediate protective immunity.

Figure 3. Amino acid sequence alignment for the S (A), M (B), and L (C) segments of the Oropouche virus from Peru (2024),
Colombia (2024), Ecuador (2016), Peru (1992), Cuba (2024), and Brazil (2024). The S segment has 0/212 (0%) amino acid
heterogeneity, and the L segment 38/2,183 (1.74%) amino acid heterogeneity among the viruses from different countries. However,
there is quite a significant amount of amino acid heterogeneity in the M segment, as it has 105/1,361 (7.71%) amino acid
heterogeneity, including 30/428 (7.01%) amino acid changes in the N terminus of Gc, the region coding the antigen that is purported
to mediate protective immunity.
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Table 1: Distribution of matching variables, medical history, signs, symptoms, vital signs and anthropometry in OROV-

positive AFI cases and unattributed AFI controls and the odds ratios (with 95% confidence intervals) for their associations

with the OROV-positive AFI outcome.

OROV-positive  Unattributed Total
AFI cases AFI controls
N % N % N % Odds Ratio (95% Cl)
100.0 100.0 0
Total subjects 38 % 159 o 197 100.0%
Matching
variables:
Age group
10-24 yrs 7 18.4% 31 19.5% 38 19.3%
25-49 yrs 24 63.2% 104 65.4% 128 65.0%
>=50 yrs 7 18.4% 24 15.1% 31 15.7%
Sex
Male 20 52.6% 78 49.1% 98 49.7%
Female 18 47.4% 81 50.9% 99 50.3%
Residence
Mazan and rural areas 6 15.8% 14 8.8% 20 10.2%
Iquitos Metropolitan Area 32 84.2% 145 91.2% 177 89.8%
Timing of diagnosis
Prior to 2023-24 outbreak 6 15.8% 30 18.9% 36 18.3%
During 2023-24 outbreak 32 84.2% 129 81.1% 161 81.7%
Follow-up status
Not contacted 15 39.5% 46 28.9% 61 31.0%
Contacted 23 60.5% 113 71.1% 136 69.0%
Baseline clinical assessment
Medical history
Currently pregnant* 0 0.0% 0 0.0% 0 0.0% -
Diabetes 1 2.6% 3 1.9% 4 2.0% 1.67 (0.17, 16.25)
HIV positive 0 0.0% 0 0.0% 0 0.0% -

* 9SUBII| [eUOIRUIBIU| 0% AN-DN-AZ-DD € J3pun a|gejreAe apew s |

SIy Joy Japjoy ybuAdoo ayl 2oz ‘0T 1egqwadaq paisod UoIsSIaA SIUl ‘7/98TEYZ 80° 2T ¥202/TOTT 0T/B40°10p//:sdny :10p wudaid Axypaw

‘Aimadiad ul Julidaid ayy Aejdsip 01 asuadl| e AIxHpaw pajuelb sey oym ‘1spuny/ioyine ayl si (mainal Jaad Ag paljilied 1ou sem yoiym) juudaid


https://doi.org/10.1101/2024.12.08.24318674
http://creativecommons.org/licenses/by-nc-nd/4.0/

Hypertension

Liver condition
Chronic lung condition
Renal condition
History of heart attack
History of heart failure
History of stroke
History of tuberculosis

Recent antibiotic use
Signs and symptoms (past two
weeks)

Fever

Dry cough

Productive cough

Cough with blood (hemoptysis)
Sore throat

Runny nose (rhinorrea)
Chest pain
Tiredness/malaise

Muscle pain (myalgia)
Joint pain (arthralgia)
Loss of taste (ageusia)
Loss of small (anosmia)
Headache

Altered consciousness/confusion
Seizures

Earache

Abdominal pain

Nausea

Vomiting

Diarrhea

Bloody diarrhea (dysentry)

- O 0O 0O ~0O0N

5.3%
0.0%
0.0%
2.6%
0.0%
0.0%
0.0%
0.0%
2.6%

100.0
%
18.4%
2.6%
0.0%
34.2%
23.7%
44.7%
71.1%
92.1%
86.8%
23.7%
18.4%
92.1%
2.6%
0.0%
7.9%
36.8%
42.1%
15.8%
13.2%
2.6%

00 O O O O O O O N

158

35
20

52
48
54
92
123
98
35
22
134

10
55
62
32
52
3

2.5%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
5.0%

99.4%

22.0%
12.6%
2.5%
32.7%
30.2%
34.0%
57.9%
77.4%
61.6%
22.0%
13.8%
84.3%
1.3%
0.0%
6.3%
34.6%
39.0%
20.1%
32.7%
1.9%

O O OO O -~ O O o

196

42
21

65
57
71
119
158
131
44
29
169

13
69
78
38
57
4

3.0%
0.0%
0.0%
0.5%
0.0%
0.0%
0.0%
0.0%
4.6%

99.5%

21.3%
10.7%
2.0%
33.0%
28.9%
36.0%
60.4%
80.2%
66.5%
22.3%
14.7%
85.8%
1.5%
0.0%
6.6%
35.0%
39.6%
19.3%
28.9%
2.0%

2.75 (0.44, 17.19)

0.53 (0.06, 4.36)

0.82 (0.32, 2.06)
0.20 (0.02, 1.56)
0.00 (0.00, .)
1.08 (0.51, 2.29)
0.91 (0.37, 2.21)
1.80 (0.83, 3.92)
2.28 (0.96, 5.42)
3.26 (0.93, 11.39)

5.07** (1.66, 15.45)

1.00 (0.43, 2.32)
1.37 (0.50, 3.70)
1.92 (0.55, 6.71)
1.35 (0.10, 18.02)

0.66, 1.40)
0.45, 2.12)
1.08 (0.53, 2.21)
0.69 (0.26, 1.79)
0.28* (0.09, 0.85)
1.67 (0.17, 16.25)

0.96
0.98

— — — —
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Constipation
Bruising (hematomas)
Skin lesions
Inability to urinate (anuria)
Difficulty or pain urinating
(dysuria)
Shortness of breath (dyspnea)
Wheezing
Accentuated rib pull
Conjunctivitis
Rashes
Adenopathy
Intracerebral hemorrhage
Ischemic stroke
Redness of the conjunctiva
Jaundice
Hemoptysis

Vital signs and anthropometry
Temperature (C)
Heart rate (BPM)
Respiratory rate (BPM)
Oxygen saturation (%)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

Height (cm)
Weight (kg)
Body Mass Index

O O OO -~ 2~ OO0 O N 00 OO O -

o

Mean
39
95.37
19.17

98.14
105.0

66.00
158.8

71.21
28.19

2.6%
0.0%
0.0%
0.0%

15.8%

5.3%

0.0%

0.0%

0.0%

2.6%

2.6%

0.0%

0.0%

0.0%

0.0%

0.0%

SD

36.5%
18.52
2.12

0.81

18.47
7.81
9.64

14.15
5.01

_ 2 OO0 O NNOON VW NOONM

o

Mean
39
88.44
19.52

97.57
109.6

66.27
160.1

67.82
26.36

2.5%
0.0%
0.0%
1.3%

5.7%

1.3%
0.0%
0.0%
1.3%
1.3%
0.0%
0.0%
0.0%
0.6%
0.6%
0.0%
SD
49.1%
21.04
5.03
1.24

10.79
7.54
8.97

13.75
4.38

N O O Ul

—_
(8]

_ a2 OO0 = W NOONM

0
Mean
39
89.75
19.45
97.67

108.75
66.22
159.89

68.48
26.72

2.5%
0.0%
0.0%
1.0%

7.6%

2.0%
0.0%
0.0%
1.0%
1.5%
0.5%
0.0%
0.0%
0.5%
0.5%
0.0%
SD
46.9%
20.72
4.62
1.19

12.68
7.57
9.10

13.86
4.56

1.00 (0.10, 10.18)

3.63* (1.13, 11.63)
4.00 (0.54, 29.84)

2.50 (0.22, 27.98)

Difference (95% Cl)
0.03 (-0.14, 0.20)
8.14* (0.95, 15.34)
-0.00 (-1.63, 1.63)
0.41 (-0.02, 0.83)

-4.16 (-8.60, 0.29)
-0.72 (-3.39, 1.95)

-1.00 (-3.58, 1.58)
3.47 (-1.08, 8.02)
1.75% (0.24, 3.27)
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Table 2: Distribution of matching variables and epidemiological risk factors ascertained at baseline assessment and at 4-

week follow-up in OROV-positive subjects and pathogen-negative asymptomatic controls.

OROV- OROV-
positive negative Total
subjects controls
N % N % N % Odds Ratio (95% Cl)
o 18 o 9
Total subjects 52 100.0% 3 100.0% 235 100.0%
Matching
variables:
Age group
10-24 yrs 12 23.1% 47 25.7% 59 25.1%
., M . 0
25-49 yrs 32 61.5% 0 60.1% 142 60.4%
>=50 yrs 8 15.4% 26  14.2% 34 14.5%
Sex
Male 24 46.2% 56  30.6% 80 34.0%
28 53.8% 2 69.4% 155  66.0%
Female 7
Residence
Mazan and rural areas 7 13.5% 10 5.5% 17 7.2%
o 17 o 9
Iquitos Metropolitan Area 4 86.5% 3 94.5% 218 92.8%
Timing of diagnosis
Prior to 2023-24 outbreak 13  25.0% 65 35.5% 78 33.2%
o 11 o 9
During 2023-24 outbreak 39 7506 g 645k 157 66.8%
Follow-up status
Not contacted 18 34.6% 24 13.1% 42 17.9%
0 15 o) o)
Contacted 34  65.4% 9 86.9% 193 82.1%

Baseline assessment
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Travel history (past 15 days)

No travel
Had traveled

44
8

Ectoparasite and vermin sightings (past month)

Ticks on Body
Ticks in Home
Fleas on Body
Fleas in Home
Rats in Home
Bats in Home
Follow-up assessment
Deceased at follow-up

Total assessed at follow-up
SARS-CoV-2 vaccine status
Not vaccinated
Partially vaccinated

Fully vaccinated
Employment type
Fixed
Temporary/Independent
Student
Unemployed/housekeeper/retired/other
Income
<200-999
1,000-1,999
>2,000
Education level
None/Incomplete primary
Completed primary
Completed secondary

1
4
1
6

—
o J

34

84.6%
15.4%

1.9%
7.7%
1.9%
11.5%
32.7%
15.4%

0.0%
65.4%

14.7%
8.8%

73.5%

11.8%
32.4%
14.7%
41.2%

23.5%
50.0%
26.5%

2.9%
23.5%
47.1%

22
48
36
53

40
86
31

27
79

97.3%
2.7%

0.5%
6.0%
1.1%
4.4%
29.5%
10.4%

0.5%
86.9%

3.8%
4.4%

89.3%

13.8%
30.2%
22.6%
33.3%

25.2%
54.1%
19.5%

1.3%
17.0%
49.7%

222
13

15

14
71
27

193

11
10

167

26
59
4
67

48
103
40

35
95

94.5%
5.5%

0.9%
6.4%
1.3%
6.0%
30.2%
11.5%

0.4%
82.1%

5.7%
5.2%

86.5%

13.5%
30.6%
21.2%
34.7%

24.9%
53.4%
20.7%

1.6%
18.1%
49.2%

Ref.
4.46* (1.34, 14.87)

2.24 (0.1, 45.60)
1.13 (0.29, 4.50)
1.35 (0.10, 17.98)
3.10* (1.01, 9.53)
0.86 (0.41, 1.80)
1.53 (0.59, 3.92)

Ref.
0.44 (0.07, 2.97)

0.14* (0.03, 0.62)

Ref.
1.27 (0.37, 4.37)
0.73 (0.14, 3.69)
1.72 (0.45, 6.56)

Ref.
0.99 (0.38, 2.59)
1.40 (0.45, 4.33)

Ref.
0.56 (0.05, 6.94)
0.37 (0.03, 4.23)
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Tertiary
Household size
<3
3-4
5-6
>7
Floor
Natural/rudimentary

Finished
Walls
Natural/rudimentary

Finished
Roof
Natural/rudimentary

Finished

Water stored before use
None
Partially covered
Fully covered

Has electricity
No

Yes
Proportion of beds with nets
None

Some
Netting on windows

No
Yes

26

25

34

14
14

34

25

33
1

26.5%

5.9%
47.1%
26.5%
20.6%

23.5%
76.5%

26.5%
73.5%

0.0%
100.0%

17.6%
41.2%
41.2%

0.0%
100.0%

26.5%
73.5%

97.1%
2.9%

51

19
62
63
15

29
66
64

50
10

_\ooa

32.1%

11.9%
39.0%
39.6%
9.4%

23.3%
76.7%

25.8%
74.2%

3.1%
96.9%

18.2%
41.5%
40.3%

1.9%
98.1%

31.4%
67.9%

99.4%
0.6%

60

21
78
72
22

45
148

50
143

188

35
80
78

190

59
133

191
2

31.1%

10.9%
40.4%
37.3%
11.4%

23.3%
76.7%

25.9%
74.1%

2.6%
97.4%

18.1%
41.5%
40.4%

1.6%
98.4%

30.6%
68.9%

99.0%
1.0%

0.31 (0.02, 3.89)

Ref.
2.63 (0.55, 12.56)
1.45 (0.28, 7.41)
4.67 (0.83, 26.11)

Ref.

0.95 (0.39, 2.31)

Ref.

0.90 (0.36, 2.22)

Ref.

4.2e+18 (0.00, .)

Ref.
1.10 (0.36, 3.36)
1.09 (0.38, 3.11)

Ref.

1.4e+17 (0.00, .)

Ref.

1.29 (0.57, 2.94)

Ref.
5.00 (0.31, 81.35)
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Domestic animals living on property
Cattle/sheep/goats
Poultry
Pigs
Monkeys
Dogs
Cats
Parrots/pet birds
Rabbits/pet rodents
Turtles/pet reptiles

0.0%
26.5%
2.9%
0.0%
58.8%
61.8%
5.9%
5.9%
0.0%

0

0.0%
18.2%
0.0%
0.0%
61.6%
42.8%
1.9%
4.4%
1.3%

0
38
1
0
118
89

5
9
2

0.0%
19.7%
0.5%
0.0%
61.1%
46.1%
2.6%
4.7%
1.0%

1.00 (1.00, 1.00)
1.63 (0.69, 3.82)

1.00 (1.00, 1.00)
0.89 (0.43, 1.86)
2.13 (0.98, 4.62)
3.00 (0.49, 18.33)
1.36 (0.27, 6.94)
0.00 (0.00, .)
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393 Supplementary Figures and Tables
394
Port

Bartonella ' Bartonella
Brucella ' Brucella
Coxiella burnetii ' Coxiella burnetii
Campylobacter ' Campylobacter
Leptospira ' Leptospira
Mycobacterium tuberculosis ' Mycobacterium tuberculosis
Orientia tsutsugamushi ' Orientia tsutsugamushi
Rickettsia { Rickettsia
Salmonella ' Salmonella ‘
Salmonella Typhi ' Saimonella Typhi ‘
Salmonella Paratyphi A ' Yersinia pestis ‘
Streptococcus pneumoniae ' Streptococcus pneumoniae‘
MS2 { PhHY §
185 { MS2 & PhHY
165 ' Chikungunya ‘
CMV { EBV §
Dengue ' Hepatitis E‘
Dengue 1 & 2 ' Dengue 3 & 4‘
Mayaro ' Oropouche ‘
SARS-CoV-2 { West Nile
Yellow fever ' Zlka‘
Histoplasma ' Leishmania ‘
Plasmodium ' Trypanosoma cruzi ‘
Plasmodium falciparum ' Plasmodium vivax ‘

395

396 Supplemental Figure S1. Customized Diagnostic Array Card layout for concurrent diagnosis of

397 endemic, emerging, and vaccine preventable infectious diseases. All participants (cases and

398 controls) had a single blood sample analyzed with this diagnostic panel.
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Accession Isolate

PO0EABAD, POOBAEA] PO0BABAZ _|LACENAC_ILMD_1279
POOE4BAB, POUBAGEAT, PO0GABAB _|LACENAC_ILMD_1730
PC0G4673. PO0BA6T4, PO0GA6TS _|LACENAN_[LMD_D00ZWSC
PO0B45ES, POOBIEEY, PODEAESD |LACENAM LMD D006
POOBABAT7, POOGABAB, PO0GABAD _|LACENAM_ILMD_D055LMS

|Genus Species
Crthobunyavirus oropoucheense Brazil
Brazil
Brazil
Brazil
Brazil

Geo_Location

[Collection_Date
TS

. larauaca

. Ac, Ricbranco

. Am. Manaus

: Am, lranduba

. Am, Movoairac

PO247023 253560344 Brazil. Taperoa,Bahia 2024/03/18
FG247530 253566221 Brazl Teciandia. Bahia T09403N3
Brazil: Valenca, Bahia 202403/27
2024/04/08
[Pozargas __Joospeasa0|Crihobunyavirus ofopoucheense  |Brazil Laje E 2024104109
2024104115
2024104116
TE] POTS7473. POTO74T4 Brazil. Espirito Santo, Leranja da Terr{2024/0471
ajali 2024104722
2024104124
POO7T3164, POOT3185, PO0T3186 Brazil. Pernambuco. Moreno U240

PO189420. PO189431. PO169442

LET-2083

LET-20
OROV/EC/Esmeraldasis72016

Crthobunyavirus oropoucheense Brazil: Espirito Santo, Marilandia

Crthobunyavirus oropoucheense [Colombia

20240606
2024/02/05

Qrthobunyavirus oropoucheenss 024/02/08

Grthobunyawirus ofopoucheense

ORCV/EC/Esmeraldas/ 552018 Crthobunyavirus oropoucheense

24, MKS06825
5 ]

. MKS06830 _TOROV. smefaldasii/1/2016 016-04
2016-04
2016-04
FO363068, PU36I06 [[RCCSSCDC 22024 [Orhobunyavirus oropoucheense  Jitaly: IRCCS Sacro Cucce Don Calabr{2024/08/1

20240221

PPO66964 PPOG69T2, PPIGESA0 FPI21207 Orthobunyavirus ofopoucheense Peru: Lorelo, Maynas 2023M228
[PPS669659, PPEEESTT, PPS6ESAS FPM01282 Orthobunyavirus oropoucheense Peru: Madre de Dios. Puerto Maldona{2024/01/05
[PPS66370, PPE6E97E. PPIG6SEE FPMO128 Orthobunyavirus oropoucheense Peru: Madre de Dios. Puerlo Maldena{2024/01/15

FEOBb96s, PPoGBS7s PPoskos]  [FRI21246 Peru: Lorelo, Maynas 2024101116
FEO66956, PPOGEST4, PPoSEass_ |FPIZ1318 [Crihobunyawirus oropoucheense Peru_ Loreto,Maynas 2024701721
PP56696 7 PPosbars, PPI6eoas  [FPIZ1339 [Crihcbunyavirus oropoucheense Peru: Lorelo, Maynas 2024102106
KET95072 KE795073, KP195074  [TVF-19244/DE1-216 Crihcbunyavirus oropoucheense Peru 155204
KPT950985, KPT95097, KPT95098 NVP-19260/MD-203 Crthobunyavirus oropoucheense Pery 1994-02
KFT95087, KPT95088 KP195080 _ [TVP-19257101-1650 Crthcbunyavirus oropoucheense Peru 155506
KET95090, KPT95051 KP195092  |TVP-15258001-4083 Crihobunyawirus oropoucheense Peru 1557-08
KP795093, KP795004, KPT950485 TVP-1925810T7-7085 Crthobunyavirus oropoucheense Peny 1998-04
KF795095, RPT95100, KPT95101 NVP-19262/0B5 0478 Crthcbunyavirus oropoucheense Penu 2000-05
KFT95084 KPT95085 KP795086 | TVP-1925600E 7654 [Grihcbunyavirus oropoucheense Peru | P

399

400 Supplementary Table 1. The accession number, isolate code, geographic location or origin,

401 and collection date of strains included in phylogenetic analysis. All strains were human in origin.
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