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The analyses were made from seven adults male Desmodus rotundus all captured in Atlantic Forest fragments from the microregion of Juiz de Fora (21◦45′ 51′′South, 43◦20′59′′ West), Minas Gerais, Brazil. In the period between July 2017 and June 2018, in Minas Gerais State a total to 527 confirmed cases were registered, of which 178 evolved to death, representing a lethality of 33.5%. Specifically, in Juiz de Fora, which is the region where bats were collected, 47 diagnoses and 14 human deaths were recorded as a result of yellow fever, in the period between July 2017 and June 2018 (Brasil, 2018).
The vampire bats were captured in partnership with the State Institute of Agriculture (IMA) from Juiz de Fora. After capture, bats were placed in cages and transported to the Chiropteran Ecophysiology Laboratory, at the Department of Animal Biology in Federal University of Viçosa (UFV). 
The study was approved by the Animal Ethics Committee (CEUA) of the Federal University of Viçosa (Protocol number 2018/4), by the Biodiversity Authorization and Information System - SISBio (License number 61246) and was conducted following the American Society of Mammalogists (ASM) guidelines (Brasil, 2016).



Impacts
• This is the first study that reports the Yellow fever virus molecular investigation in tissues of vampire bats Desmodus rotundus during a wild yellow fever outbreak 
• Arboviruses are often maintained in complex cycles involving vertebrates such as mammals or birds and blood-feeding mosquitoes, however, there is little number of studies about epidemiological surveillance, and the real role of hosts in the maintenance and spread of arboviruses
• Due the negative results, other animals may be reservoir of this virus in this ecosystem and are probably not being identified. Therefore, health surveillance actions are essential to monitor the role of wild animals in the yellow fever dissemination.

ABSTRACT
In the last decade a large outbreak of Yellow Fever (YF) has been observed in Brazilian Atlantic Forest region, that is traditionally non-endemic area. In this scenario, the role of wild mammal species as YF reservoirs can be questioned, especially the hematophagous bat, endemic to the Atlantic Forest. So, the objective was to analyze molecularly the presence of the YF virus (YFV) in hematophagous bats during a YF outbreak in Brazil. Twenty-one samples were collected from seven adults’ male hematophagous bats Desmodus rotundus. Due YFV is considered a viscerotropic and neurotropic virus, samples of liver, kidney and brain were collected and molecularly analyzed using the RT qPCR technique. The animals were captured according ethical protocols during a YF outbreak in Brazil in 2017 from a region of the Brazilian Atlantic Forest. The results revealed that the analyzed tissue samples were not infected with the YFV. The negative results for this species of bats allow us to infer that other animals may be reservoirs of this virus in this ecosystem and are probably not being identified. Therefore, health surveillance actions are essential to monitor the role of wild animals in the yellow fever dissemination in Brazilian Atlantic Forest and alert to possibility to new geographic amplification of areas where YF occur. This research encourages the news search about role of wild animals in the YFV transmission and reinforce the importance of epidemiological surveillance in the transmission of human infectious disease.
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1. INTRODUCTION
Despite the existence of an effective vaccine, in the last decade, outbreaks of yellow fever (YF) have been observed in Angola, Brazil, Nigeria and the Democratic Republic of the Congo (Chen & Wilson 2020; Silva et al., 2020; WHO, 2020). In the latter Brazil outbreak, there was a geographic redistribution of the endemic areas, with a migration of occurrences from the Amazon Forest region to the Atlantic Forest region (Cupertino et al., 2019). Arboviruses, as YF, are often maintained in complex cycles involving vertebrates such as mammals or birds and blood-feeding mosquitoes, and epidemiological surveillance through geographic mapping of endemic areas intensifying the tracking of the main wild animals involved in the YF cycle is a necessary attitude to avoid future outbreaks (Silva et al., 2020; Mares et al., 2020). 
The role of wildlife hosts in emergence or re-emergence of infectious diseases in human populations has received little attention (González-Salazar et al., 2017; Cupertino et al., 2020). The epidemiological importance of the wild animals’ in the cycle and maintenance of the human infectious disease needs to be investigated further, as these animals can function as reservoirs, maintaining and distributing the virus geographically (Cunningham et al., 2018). Animals of the Artiodactyla order such as camels, sheep, goats, cattle and pigs have already been described with positive YF virus (YFV) serology. In Brazil, serological surveys carried out during epidemics in endemic areas, revealed the participation of the skunk and porcupine in the wild cycle of the disease (Figueiredo, 2019), and in Africa the specie of bat Epomophorus spp is already found with positive serology to YFV (Vainio & Cutts, 1998).
The possibility of flight, combined with the vast number of species, facilitates the spread of viruses among the bats group. Hematophagous bats, such as the Desmodus rotundus species, are found in vast extensions of the Brazilian territory and, due hematophagy in wild mammals could allow bats to become infected with the virus. Such infected chiropterans, by serving as a food source for arthropod vectors that also have a hematophagous eating habit, could allow the vectors to acquire the virus (Fagre & Kading, 2019; Woo & Lau, 2019). In view of the eco-epidemiological scenario of YF in Brazil, marked by the occurrence of outbreaks in recent years, as well as the possibility of not yet identified vectors for arboviruses, the need for research in search of possible hosts and virus reservoirs, other than primates and mosquitoes, is clear. Therefore, the objective of this study is to analyze the presence of YFV in hematophagous bats of the Desmodus rotundus species located in Brazilian Atlantic Forest, at a time synchronous to the last YF outbreak in Brazil.

2. METHODOLOGY
2.1. Animals and ethical aspects
The hematophagous bats of the Desmodus rotundus species were collected through the use of bird nets (mist nets), set up between shelters and trees where the species is commonly located, at nightfall, using mist nets at the entrance to the abandoned ore galleries, which animals used as shelters. Campaigns were carried out from October 2017 to March 2018. The analyses were made from seven adults male Desmodus rotundus all captured in Atlantic Forest fragments. In the period between July 2017 and June 2018, in the State from collected animals a total to 527 confirmed cases were registered, of which 178 evolved to death, representing a lethality of 33.5%. Specifically, in microregion, which is the region where bats were collected, 47 diagnoses and 14 human deaths were recorded as a result of yellow fever, in the period between July 2017 and June 2018 (Brasil, 2018).
A license was obtained specific for the collection and capture of wild animals that are not threatened with extinction in order to capture the bat species. In addition, bats were captured in conjunction with routine population control activities of this species, in specific areas and moments, aiming to decrease the number of animals in case of animal rabies outbreaks.
Twenty-one tissue samples were obtained from seven adult male animals. Young and sub-adult specimens, as well as pregnant or lactating females were released after capture. The manipulation of animals, as well as of biological samples, was carried out in accordance with biosafety regulations, including previous anti-rabies vaccination (pre- and post-exposure prophylaxis) and anti-tetanus vaccination of the researchers involved in these activities. All procedures were performed in accordance with bioethical and legal standards regarding experimentation on animals, in accordance with the guidelines issued by the National Council for the Control of Animal Experimentation (Brasil, 2016).

2.2. Yellow Fever Virus and positive control
The control was done with the virus of the vaccine strain. The YFV used was 17D, a vaccine strain kindly provided by LabVir (Virus Laboratory) and maintained in C6/36 cells. The virus infection title was determined by plaque assay on Vero cells following the standard protocol (Gould & Clegg 1991). The viral RNA, used as a positive control for the Real-Time PCR technique, was extracted from 100 μL of supernatant YFV-infected culture using Purezol® (Bio-Rad, USA) following the manufacturer's protocol. It was eluted in 50 μL of nuclease-free water and stored at -80 ° C.

2.3. Total RNA extraction in bat tissue samples 
Nervous, hepatic and renal tissue samples were collected and stored in RNA-TRIZOL extraction mediums. The samples were lysed and homogenized in 1 mL of Purezol® (Bio-Rad, EUA). According to the manufacturer's protocol, 0.2 mL of chloroform was added per sample and after agitation the solution was incubated for 5 min at room temperature and centrifuged at 12,000 xg for 15 min at 4 ° C. The aqueous phase was transferred to a new RNase-free tube and 0.5 mL of isopropyl alcohol was added. The solution was then incubated for 5 min and centrifuged at 12,000 xg for 10 min at 4 ° C. The supernatant was discarded and to the RNA in the white pellet 1 mL of 75% ethyl alcohol was added and stored at -80 ° C for 30 min. Afterwards, it was centrifuged at 7,500 xg for 5 min at 4 ° C. The supernatant was discarded, and the dry pellet was suspended in 50 μL. All samples were quantified and stored at -80 ° C.

2.4. Selection of primer pairs
It was used a primer from a region conserved between different YFV strains. Something that is redundant between species increases detection capability. After evaluating the oligonucleotide primers described and published for the YFV, we selected the YFS: AATCGAGTTGCTAGGCAATAAACAC (genomic position: 29-53) and YFAS: TCCCTGAGCTTTACGACCAGA (genomic position: 141-121) primer pair, that recognize the 5'-NTR region and the YFV capsid gene junction, for the study (Drosten et al., 2002)
The gene sequence: (GenBank: JN628281.1) Yellow fever vírus strain 17D Flavimun TVX, complete genome. ATTGGTCTGCAAATCGAGTTGCTAGGCAATAAACACATTTGGATTAATTTTAATCGTTCGTTGAGCGATTAGCAGAGAACTGACCAGAACATGTCTGGTCGTAAAGCTCAGGG.

2.5. RT-PCR in real time
One-step SYBR Green-based RT-PCR quantitative amplification was performed on the EcoTM Real-Time System (Illumina, USA). Initially, the assay was optimized with YFV positive RNA using the Go-Taq® 1-Step RT-qPCR kit (Promega, USA). The samples were tested in triplicate in a 20 μL reaction containing 10 μL of MasterMix, 300 nM each of YFS and YFAS primers, 0.4 μL of GoScript RT Mix and 100 ng of RNA of the samples. The thermal profile comprised 15 min of reverse transcription at 37 ° C in one cycle and 10 min of denaturation at 95 ° C, followed by 4 cycles of PCR amplification at 95 ° C for 10 sec, 60 ° C for 30 sec, and 72 ° C for 30 sec. At the end of the run, the melting curve analysis program verified the authenticity and presence of products amplified by their specific melting temperatures (Tm) according to the manufacturer's instructions.
For the standard curve, a serial dilution of RNA from the YFV starting with 100 ng was used, corresponding to 8.45x109 copies of RNA copies. The curve points were calculated in triplicate: 100 ng; 10ng; 1 ng; 0.1 ng; 0.01 ng; 0.001ng.
Quantitative variables were expressed as mean and standard deviation. All graphical tests will be done using Graph Pad Prism 5.01® statistical software (Graph Pad Software, Inc., San Diego, CA, USA).

3. RESULT AND DISCUSSION
Twenty-one samples were collected from seven adults’ male hematophagous bats Desmodus rotundus. Due YFV is considered a viscerotropic and neurotropic virus, samples of liver, kidney and brain were collected – figure 1. 
Figure 1. Hematophagous bats – Desmodus rotundus - Source: personal archive.
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The extraction of RNA from the samples was satisfactory and the values of RNA concentration obtained, by tissue, through quantification in Nanodrop are shown in figure 2.
Figure 2. RNA values in ng/µL extracted from bat brain, liver and kidney samples.
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The results of the molecular analysis were negative for the 21 samples investigated implying the absence of an RNA copy from the YFV. The presence of the virus was only detected in the positive control utilizing the YFV genome itself grown in VERO cell cultures. Although the YFV was not identified in the tissues of the hematophagous bats in the present study, positive serology for the YFV has already been described in a species of bats of the Epomophorus spp. genus (Vainio & Cutts, 1998). Furthermore, chiropterans as hosts of coronavirus, arenavirus, herpesvirus, lyssavirus, paramyxovirus and filovirus are widely described in virological medical literature (Moratelli & Calisher, 2015; Mir et al., 2017). More than 200 viruses belonging to almost 30 families have already been isolated or detected in bats (Moratelli & Calisher, 2015; Fagre & Kading 2019), such as the rabies, dengue and Ebola viruses (González-Salazar et al., 2017; Rajagopalan, 2019; Woo & Lau 2019). 
The animals analyzed were not clinical alterations. There are records of flaviviruses specimens, a family in which the YFV is included, being found circulating in the blood and organs of bats but not being able to trigger symptoms and clinical signs in the host or reservoirs, even though they are infected by etiological agents, constituting important sources of infection for domestic animals and for humans (Corrêa & Passos 2001; Daszak et al., 2018). 
Bats have a peculiar characteristic that allows them to be reservoirs of different viruses without these viruses causing disease in these one. However, there is an imminent risk of recombination of genetic material between these different species of viruses that infect bats, leading to the emergence of new species or variants. This fact makes a constant epidemiological vigil in these animals necessary and justifies the research carried out in this study (Cupertino et al., 2020). The immune system of some species of bats seems to act in conjunction with the innate response for a more potent and efficient way to contain the pathological process of viral replication (Moratelli & Calisher 2015; Fagre & Kading 2019). Bats produce IgM, IgG, IgA and IgE antibodies, as well as highly diverse cell receptors; however, the binding mechanism of immunoglobulins is still not well understood (Fagre & Kading 2019). Another model of immunity suggests that there would be alpha interferon expression to protect bats from infection, whereas certain inactivated immune pathways would allow for tolerance to active viral diseases. In species, as bats, that have antibodies to many viruses, it is unknown whether the antibody isotypes have any singularity (Moratelli & Calisher 2015).
Despite the negative results of YFV in hematophagous bats of the Desmodus rotundus species, we emphasize that further investigations will be needed in other animals - including other bat species - to define the biological role of species in the change in geographic areas of occurrence presented by YF in Brazil. The reemergence of YF in Brazil in a non-endemic area trigger one question about the possible biotic interactions existing in the wild environment, beside the primate-mosquito interaction, in order to maintain the virus in unfavorable climatic conditions (Klitting et al., 2018; Guth et al., 2020). Recognition of the epidemiological circumstances involved in the spread of human infectious diseases is essential to prioritize surveillance and predict the future risk of emergence and/or reemergence of diseases with impacts on public health (Jones et al., 2008; Johnson et al., 2015), however, there is a lack of scientific data on the research of several viruses in wild animal species, making it necessary to encourage this type of research.

6. FINAL CONSIDERATIONS
Due the negative results, other animals may be reservoir of this virus in this ecosystem and are probably not being identified. Therefore, health surveillance actions are essential to monitor the role of wild animals in the yellow fever dissemination in in Brazilian Atlantic Forest.
It is also concluded that there is a great gap in scientific knowledge about the real role of wild animals in outbreaks of infectious diseases involving humans. This research encourages the news search about role of wild animals in the YFV transmission.
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