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Abstract
Introduction: Arboviruses are associated with human disease, and non-human primates (NHPs) are important primary hosts. 
This study shows the detection of antibodies to Oropouche virus (OROV) in NHPs either living in urban parks or acclimatized 
at the Wild Animal Screening Center, Goiânia city. Methods: Fifty blood samples were analyzed by hemagglutination-inhibition 
and neutralization assays. Results: Two monkeys (Alouatta caraya) had antibodies to OROV by both techniques. Conclusions: 
This is the first report demonstrating the detection of OROV antibodies in Goiás State and may represent the introduction/
circulation of OROV in the region and a potential risk to the human population.
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Oropouche virus (OROV) belongs to the genus 
Orthobunyavirus and the family Bunyaviridae, which also 
comprises the genera Hantavirus, Nairovirus, Phlebovirus, and 
Tospovirus. Orthobunyaviruses include many human pathogens 
such as Caraparu, Catu, Guaroa, Marituba, and Tacaiuma(1). 
OROV, like other orthobunyaviruses, is a single stranded, 
negative-sense, three-segmented virus. The segments, small (S), 
medium (M) and large (L), encode the nucleocapsid (N) protein, 
the surface (Gn and Gc) glycoproteins and the viral ribonucleic 
acid (RNA)-dependent RNA polymerase, respectively(2) (3). In 
addition, in some orthobunyaviruses, the S and M segments 
can also encode the non-structural proteins NSs and NSm, 
respectively(3). Phylogenetic analysis of the OROV genome has 
identified four virus genotypes (I, II, III and IV), all of which 
occur in Brazil(4).

OROV is an important agent responsible for at least 30 
epidemics in the Amazon region of Brazil, which resulted in 
approximately 500,000 human cases of infection. Oropouche 
fever is characterized by an acute febrile illness with sudden 
onset. Infected patients report headaches, chills, myalgia, 
arthralgia, retroocular pain, and, in a few cases, it may be 
accompanied by aseptic meningitis or meningoencephalitis(5).

OROV is maintained in nature in two distinct cycles: urban 
and sylvatic. In urban areas, the midge, Culicoides paraensis 

is considered the primary vector and humans are the vertebrate 
hosts, while in the sylvatic cycle its primary vector remains 
unknown. A single strain of OROV was recovered from a 
pool containing the mosquito Aedes serratus in the Brazilian 
Amazon, and in Trinidad, another isolate was obtained from 
the mosquito Coquillettidia venezuelensis. Sloths, non-human 
primates (NHPs), and wild birds are considered to play a role 
in the maintenance cycle of this virus(2) (3) (5) (6).

Worldwide, 496 species of NHPs have been described. 
The NHPs from Brazil belong to the suborder Platyrrhini, 
that includes five families: Atelidae, Cebidae, Callitrichidae, 
Aotidae and Pitheciidae. The family Atelidae, includes the 
Alouatta caraya species; Cebidae, includes, Cebus libidinosus 
species; and Callitrichidae, includes the Callithrix penicillata 
species (7). These species have been associated with yellow fever 
epidemics in Brazil(8) and are found endemically in parks and 
areas of vegetation in the municipality of Goiânia, in the State 
of Goiás, Central Brazil (Figure 1).

Among the 50 NHPs studied, 27 Cebus libidinosus 
individuals were living in three urban parks in Goiânia. 
The other 23 animals were acclimatized in the Wild Animal 
Screening Center [Centro de Triagem de Animais Silvestres/
Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais 
Renováveis (CETAS/IBAMA)]. Of these 23 animals, 15 were 
Cebus libidinosus, five were Alouatta caraya, and three were 
Callithrix penicillata. The animal samples from the  Goiânia 
urban parks were collected in 2014, while those of acclimated 
animals at CETAS/IBAMA were collected in 2011 and 2013.
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FIGURE 1 - Location of non-human primate capture and blood sampling sites. Shown are Goiânia City, Goiás: Parque Areião, Parque Jardim Botânico 
Setor Pedro Ludovico, Parque Jardim Botânico Vila Redenção, and CETAS-IBAMA. Adapted from SIGGO (Sistema de Informações Geográficas de Goiânia). 
CETAS: Centro de Triagem de Animais Silvestres; IBAMA: Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis.

The animals were captured by attraction to a trap/cage 
tomahawk and they were chemically restrained by intramuscular 
administration of 2.0mg/kg tiletamine-zolazepam (Zoletil®). 
Physiological parameters were monitored until the end  
of sedation. The capture of each animal was performed only 
once, and confirmed on the basis of a microchip reading. From 
each animal, a 3-10ml blood sample was collected by femoral 
or brachial venipuncture depending on the species(8).

All sera samples were initially screened by an hemagglutination 
inhibition (HI) assay as described by Clarke and Casals et al.(9) and 
adapted to a microplate format by Shope(10). Positive samples by 
HI, with a titer equal to or greater than 1:40, were confirmed by 
a separate neutralization test (NT) as described by Beaty et al.(11) 
Serological tests were performed in the Laboratório de Referência 
para Arboviroses e Febres Hemorrágicas of the Instituto Evandro 
Chagas, Ananindeua, Pará.

For the HI assay, serum samples were treated (100% acetone 
and 0.85% NaCl), hydrated with borate buffer saline (BBS;  
1.5 M NaCl, 0.5M H3BO3, 1.0M NaOH, pH 9.0) and adsorbed 

with goose (Anser cinereus) erythrocytes. The test was performed 
in two steps; in the first step, each serum sample (1:20) was tested 
against 23 viral antigens (4 hemagglutinating units (HU) of each) 
prepared from intracerebral inoculation (IC) in newborn mice and 
centered on three different viral families, namely Togaviridae 
(eastern equine encephalitis, western equine encephalitis, Mayaro, 
and Mucambo viruses), Bunyaviridae (Caraparu, Catu, Guaroa, 
Maguari, Oropouche, Tacaiuma, Belem, and Icoaraci viruses) 
and Flaviviridae (yellow fever, Bussuquara, Cacipacore, Ilheus, 
Saint Louis  encephalitis, Rocio, and dengue 1-4 viruses). After 
1-hour incubation of the serum-antigen complex a suspension of 
goose erythrocytes was added.

In the second stage, the serially diluted samples (1:20-
1:1280) were added to the specific antigen (4 HU), and 
subsequently, the goose erythrocyte suspension was added. The 
antibody titer was considered as the highest dilution that shows  
total inhibition of hemagglutination. For each reaction,  
controls were used for the red blood cells, antigens, and tested 
serum samples.
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TABLE 1 - Seropositivity of non-human primates as tested by serum neutralizing test for arboviruses observed in Goiânia City, Goiás.

Species	 Animals (n)	 Neutralization index	 Virus

Cebus libidinosus	 11	 0	 Oropouche

Alouatta caraya*	 12	 2,9	 Oropouche

Alouatta caraya**	 20	 2,8	 Oropouche

*Animal with unknown provenance. **Animals from the City of Goiânia.

The NT assay was carried out using newborn mice (1-3 days). 
For each serum sample, 18 suckling mice were used. Three 
dilutions of each antigen were used. Serum samples were mixed 
with each of the specific antigens and incubated at 37°C for  
60 minutes. Mice were then inoculated with 20µL of virus/antigen 
mixture by an IC route. For each reaction, negative and positive 
control sera were included. The assay readout was obtained by 
evaluating each animals survival within an inoculated group 
(6 animals were inoculated per dilution of virus). The antibody 
titer was considered as the average value of dilutions for each 
serum sample in which death occurred in more than 50% of 
inoculated animals [lethal dose (LD50)]. The titer was defined 
as the logarithmic neutralization index (LNI), using log 10, as 
described by Reed & Muench(12). The sample was considered 
positive when its LNI was equal to or greater than 1.7.

Of the total NHPs studied, three animals had antibodies for 
OROV with a titer greater than 1:40 by the HI test. One of the 
animals was Cebus libidinosus and two were Alouatta caraya. 
When submitted to the neutralization test, the two samples of 
Alouatta caraya were confirmed as positive for OROV (Table 1).

In the period 2007-2008, a yellow fever epizootic circulation 
in NHPs inhabitants living in urban parks in Goiânia was 
registered, where the death of 61 animals from the species 
Alouatta caraya, Cebus libidinosus and Callithrix penicillata 
were recorded. In addition, human infections were also 
diagnosed(8), resulting in an outbreak of the disease.

Arboviruses have geographic distributions covering all 
continents. However, except for in temperate countries, maintenance 
cycles are interrupted owing to low temperatures(6). Brazil has 
characteristics that favor the spread of these viruses: indeed, a third 
of the country is covered by tropical forest with is large degree 
of biodiversity and high density of vectors and vertebrate hosts 
than can easily co-circulate, enhancing the possibility of arbovirus 
maintenance and subsequent spread into urban and suburban areas(13).

This is the first study conducted in the State of Goiás aimed 
at investigating the occurrence of arboviruses in a population of 
NHPs living in urban conservation areas. In the present study, 
antibodies positive for antigens of OROV were detected in two 
Alouatta caraya, both of which had been acclimatized at the 
CETAS/IBAMA. The other sample, from Cebus libidinosus, 
which was first found to be positive by HI, was negative by 
NT. This could have been due to re-assortment, or even cross 
reaction, with other Orthobunyavirus species(14). 

OROV is an arbovirus of great importance to public 
health owing to the increased morbidity of Oropouche fever 

in humans, with clinical presentations ranging from febrile 
illness to aseptic meningitis(5). It has been also responsible for 
explosive epidemics in urban areas of large cities and small 
villages of the Amazon region, since its first outbreak in 1960(4). 
The occurrence of this virus in humans has also been seen in 
Brazil and other South American countries(4), in concert with its 
occurrence in NHPs, as observed at Arinos, Minas Gerais State, 
Brazil (Callithrix genus)(2). In the State of Goiás, to our knowledge, 
there have been no reports of the occurrence of Oropouche fever 
in humans. Therefore, the detection of antibodies for this virus in 
NHPs is important considering the possibility of dissemination 
among these animals, and the potential for introduction among 
humans living in populated areas. The presence in an NHP 
population may therefore present a risk to the human population. 
In fact, it is noteworthy that most of the animals from the CETAS/
IBAMA were captured in urban parks of Goiânia, a city whose 
people have close contact with parks where animals live. It is not 
known whether Culicoides paraensis, the urban OROV vector, is 
found in the State of Goiás, but other Culicoides species have been 
described in this State that have the potential to become OROV 
vectors(15). Finally, the confirmation of immunity to OROV in NHPs 
living in parks in Goiânia City should be considered as an important 
warning sign of ongoing virus circulation, and further studies 
should be conducted to implement continuous monitoring of these 
sentinel animals as an early warning of potential viral outbreaks.
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