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Wild birds have great prominence on transmission of diseases to humans, mainly due to their 34 

ease of access to human population, raising concerns about the potential impact of that 35 

proximity in context of the One Health. Studies referring to circulation of avian reovirus (ARV) 36 

and picobirnavirus (PBV) in wild birds are limited, in addition to reinforcing the development 37 

of researches that describe the prevalence, characterize the variants and evaluate the potential 38 

impact of these infections on the wild ecosystem and public health. The present study reports 39 

the occurrence of ARV and PBV in wild birds collected from an environmental protection area 40 

in the Amazon biome. RT-PCR analysis showed ARV infection prevalence in 0.6% (1/155) 41 

and PBV infection in 1.29% (2/155) on the samples. ARV strain isolated in this study 42 

demonstrated more phylogenetically related to other ARVs previously circulating in poultry in 43 

the same region. The two PBV strains obtained belong to genogroup I, and showed 44 

phylogenetically related to other PBV isolated from different animal species in different 45 

geographic regions. This study is a pioneer in the detection of ARV in wild birds in Brazil and 46 

presents a report of the first occurrence of PBV in wild birds of Guira guira specie. Additional 47 

studies in wild birds are required to increase the epidemiology, origin, evolution and emergence 48 

of new viruses that may provoke problems in the context of One Health. 49 

 50 

INTRODUCTION 51 

Wild birds are among the animals that have great prominence in context of disease 52 

transmission to humans. Over the years, these animals approached even closer to humans being, 53 

due to beautiful plumage, songs and colors1. The ability to fly propitiate to birds an ease of 54 

access in places close to the human population, however these environments became a local of 55 

high risk to transmission of pathogens to humans, raising concerns about potential impact of 56 

this proximity in context of One Health2. 57 

Viruses are among the most important clinical and epidemiological pathogens in birds, 58 

as infections that occur in the first weeks of life in avian species are usually of viral etiology3,4,5. 59 

Rotaviruses (RV), Avian reoviruses (ARV), Picobirnaviruses (PBV), Avian Influenza viruses 60 

(AIV), Astroviruses (AstV), Coronaviruses (CoV) and West Nile viruses (WNV) are examples 61 

of the most important viruses for global public health. This is due to the potential for dispersal 62 

of wild birds, especially those that have migratory routes6,7,8,9,10,11,12,13. 63 

ARVs and PBV are frequently reported in infecting poultry, associated with clinical or 64 

subclinical disease, causing seriously economic impacts to poultry industry14,15,16,17. ARVs are 65 

described as important agents that provoke gastroenteric diseases, viral arthritis and 66 

tenosynovitis, in birds18,19. On the other hand, PBV may be detected in normal or diarrheal 67 
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excrement from domestic and wild birds, therefore its role as a primary agent of acute 68 

gastroenteritis remain unestablished, reinforcing the importance of studies that had better 69 

characterize the pathogenic aspects of this microorganism. 20,21. 70 

ARVs belong to the family Reoviridae, subfamily Spinareovirinae and genus 71 

Orthoreovirus22. Its capsid has 70-85 nm, icosahedral symmetry and it has no lipoprotein 72 

envelope23. The genome is composed of ten double-stranded RNA segments (dsRNA)24. PBVs 73 

belong to the family Picobirnaviridae and the genus Picobirnavirus25. The viral particle 74 

contains around 33-41 nm, icosahedral symmetry and presents no envelope26. Its genome 75 

consists of bi-segmented dsRNA, where segment 2 classifies PBVs into genogroup I (GI), 76 

genogroup II (GII), and non-I and non-II genogroup27. 77 

In Brazil, there is a lack of research referring to the occurrence of ARV and PBV in 78 

free-living wild birds. Especially species that live in environmental protection areas close to 79 

large urban centers, where there is a great risk of zoonotic transmission of infectious agents due 80 

to the large variety of wild animals present, and their proximity to the human population. 81 

Molecular epidemiology studies are essential to describe the prevalence of infectious agents, 82 

characterizing the variants present and estimate the potential impact of infections on the wild 83 

ecosystem and in public health. 84 

In this context, due to the limited studies on the circulation of these viruses in wild birds, 85 

this research described the occurrence of ARV and PBV in wild birds collected from an 86 

environmental protection area in the Amazon biome. 87 

 88 

METHODS 89 

 90 

Study area 91 

The study area included forest areas close to deforested areas for grassland and/or for 92 

buildings construction, in the territory belonging to Federal Rural University of Amazon 93 

(UFRA) (1º 27' 21" S 48º 26' 12” W). The university UFRA is located in the Environmental 94 

Protection Area of Metropolitan Region of Belém (APA - Metropolitan Belem), which presents 95 

a total protected area of 5.647 hectares (ha) and 56.47 square kilometers (km2). APA 96 

(Metropolitana Belém) is an environmental conservation unit of the Pará state for sustainable 97 

use located in the Amazon biome. This environmental conservation area admit a wide variety 98 

of wild animals in preservation, thence human activity is limited. 99 

 100 

Bird capture and collection of clinical specimens 101 
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From February to October 2019, birds were collected in three distinct climatic periods 102 

(rainy, dry and intermediate). To the capture, were using mist nets fixed to the ground with 103 

metal wattle, stretched from 5:00 am to 10:00 am, and checked every thirty minutes. After 104 

capture, took note some information as weight and taxonomy based on morphological aspects 105 

(order, family and species), genus (male or female) and life stage (young or adult)28,29,30. 106 

The birds were kept individually in cardboard boxes lined with aluminum foil paper. 107 

The fecal specimens were collected of the box or through the gentle introduction of sterile swab 108 

directly into the cloaca, placed in cryogenic tubes and stored at -20ºC until processing. After 109 

collecting the specimens, the birds were marked with non-toxic ink (Raidex®) to identification 110 

in case of recaptured and after released back into the environment. Due to stress, some birds 111 

died during the process of capture, wherefore it was not possible to collect the feces, the species 112 

were submitted to necropsy and the intestine samples were stored.  113 

 114 

Viral genome extraction 115 

Suspensions were prepared at 10% by diluting feces and/or intestinal contents in 116 

Tris/HCl/CaCl2+ buffer (pH 7.2 0.01M), clarified by centrifugation at 4.000 rpm/10 minutes. 117 

The supernatant was submitted to viral genome extraction according to the protocol described 118 

by Boom et al.31. 119 

 120 

Polyacrylamide Gel Electrophoresis (PAGE) 121 

The products of extraction were submitted to PAGE for detection of ARV and PBV by 122 

electrophoretic profiles according to the technique described by Pereira et al.32. 123 

 124 

RT-PCR for ARV 125 

RT-PCR was performed targeting ARV S2 gene. To amplify a partial fragment of 625bp 126 

of the S2 gene, the forward primer PAF (5' - ACT TCT TYT CTA CGC CTT TCG - 3') and the 127 

reverse PAR (5' - ATY AAW DCW CGC ATC TGC TG - 3') were used33. To obtain the 128 

complementary DNA strain (cDNA), 4 µL of extracted dsRNA and 2 µL of pair of primers (20 129 

mM) were used. The reaction followed an incubation of 5 minutes at 97ºC for denaturation of 130 

the dfRNA, followed by 5 minutes at 0ºC for heat shock. 131 

Reverse transcription was performed to a final volume of 25 µL. This mix was obtained 132 

by adding 19 µL of RT mixture including 11 µL of DNAse/RNAse free H2O (Hyclone™), 1 133 

µL of dNTPs (20mM, Promega®), 5 µL of buffer (5x, Promega®), 1.5 µL of MgCl2 (25 mM, 134 

Promega®) and 0.5 µL of RT (4U, Promega®), followed by an incubation at 42ºC for 60 135 
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minutes. After reverse transcription, PCR was performed, adding to the cDNA 25 µL of the 136 

PCR mixture containing 15.25 µL of H2O free DNAse and RNAse (Hyclone™), 3 µL of dNTPs 137 

(20mM, Promega®), 5 µL of buffer (5x, Promega®), 1.5 µl of MgCl2 (25mM, Promega®) and 138 

0.25 µl of Taq DNA Polymerase (5U, Promega®). The cycling conditions used were described 139 

by Zhang et al.33. 140 

The amplicons obtained by PCR were performed using agarose gel electrophoresis, 141 

concentration of 1.5% in Tris/Borate/EDTA (TBE) buffer and gel stained with SYBR® Safe 142 

DNA Gel Stain (Invitrogen®). GEL DOC 1000 image processor (Bio-Rad Laboratories, Inc., 143 

Hercules, CA) performed photo documentation. 144 

 145 

RT-PCR for PBV 146 

RT-PCR was performed targeting the PBV RdRp gene. To amplify a 201bp genogroup 147 

I fragment, PicoB25 forward primers (5'-GCN TGG GTT AGC ATG GA-3') and PicoB43 148 

reverse (5'-A(GA)T G(CT)T GGT CGA ACT T-3')) were used34. For genogroup II, PicoB23 149 

forward primers (5'-CGG TAT GGA TGT TTC-3') and PicoB24 reverse (5'-AAG CGA GCC 150 

CAT GTA-3') were used to amplify fragments of 369bp34. To obtain the cDNA, 4 µL of 151 

extracted dsRNA and 1 µL of primer pair (20mM) were used, followed by  5 minutes incubation 152 

at 97ºC for dsRNA denaturation, and 5 minutes of heat shock at 0ºC. 153 

To the first step, reverse transcription, followed denaturation were added 20 µL of the 154 

RT mixture containing 12.25 µL of DNAse/RNAse free H2O (Hyclone™), 1 µL of dNTPs 155 

(20mM, Promega® ), 5 µL of buffer (5x, Promega®), 1.5 µL of MgCl2 (25mM, Promega®) 156 

and 0.25 µL of RT (4U, Promega®), followed by an incubation at 42ºC for 60 minutes. The 157 

second step, PCR, were added to cDNA 25 µL of the PCR mixture containing 15.25 µL of 158 

DNAse/RNAse free H2O (Hyclone™), 3 µL of dNTPs (20mM, Promega®), 5 µL of buffer (5x, 159 

Promega®), 1.5 µL of MgCl2 (25mM, Promega®) and 0.25 µL of Taq DNA Polymerase (5U, 160 

Promega®). The cycling conditions used were described by Silva et al.20. 161 

The amplicons obtained by PCR were performed using agarose gel electrophoresis, 162 

concentration of 1.5% in Tris/Borate/EDTA (TBE) buffer and gel stained with SYBR® Safe 163 

DNA Gel Stain (Invitrogen®). GEL DOC 1000 image processor (Bio-Rad Laboratories, Inc., 164 

Hercules, CA) performed photo documentation. 165 

 166 

Nested-PCR 167 

Samples that presented amplicons of 201bp in the previous RT-PCR for PBV GI were 168 

submitted to a new RT-PCR followed by a Nested-PCR, to amplify a larger region of the RdRp 169 
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gene. The forward primers PBV 1.2F (5'-AAG GTC GGK CCR ATGT-3') and reverse PBV 170 

1.2R (5'-TTA TCC CYT TTC ATG CA-3') were used to amplify a fragment of 1229bp35. In 171 

Nested-PCR, the Malik-2-FP forward primer (5'-TGG GWT GGC GWG GAC ARG ARGG-172 

3') and the Malik-2-RP reverse (5'-YSC AYT ACA TCC TCC AC-3') were used, which amplify 173 

a fragment of 580bp of RdRp gene35. The cycling conditions used were those described by 174 

Malik et al.35. 175 

 176 

Nucleotide sequencing and phylogenetic analysis 177 

Amplicons were purified using the ExoSAP-IT™ kit (Applied Biosystems™) according 178 

to the manufacturer's recommendations. Next purification, the products were subjected to 179 

nucleotide sequencing using RT-PCR/Nested-PCR primers, and the Big Dye Terminator® 180 

v.3.1 kit (Applied Biosystems™) according to the manufacturer's recommendations. Final 181 

reaction was submitted to ABI PRISM 3130 Automated Genetic Sequencer (Applied 182 

Biosystems™). 183 

The sequences were edited using BioEdit v.7.2 program, aligned by MEGA v.10.0.537 184 

program36 and compared with other sequences deposited in GenBank (www.ncbi.nlm.nhi.gov) 185 

through the Basic Local Alignment Search Tool (BLAST)37. Phylogenetic trees were 186 

constructed by MEGA v.10.0.537 program36 using Neighbor-Joining method and Kimura two-187 

parameter model38. Bootstrap of 2000 replicates was used to phylogenetic groups39. Nucleotide 188 

similarities were calculated by Geneious v.10.0.7 program40. 189 

 190 

Statistical analysis 191 

Data analysis was executed using BioEstat v.5.3 program41. G test and Fisher's exact 192 

statistical test were performed to verify differences in the results of PBV and ARV occurrence 193 

between the categorical variables of this study. Differences were considered significant at 5%. 194 

 195 

RESULTS 196 

A total of 155 clinical specimens from wild free-living birds were collected from 197 

February to October 2019. The fecal specimens were 144 and intestine specimens were 11. The 198 

species belong as following orders: Passeriformes (n=127), Columbiformes (n=9), 199 

Cuculiformes (n=8), Psittaciformes (n=3), Coraciiformes (n=3), Caprimulgiformes (n=3), 200 

Apodiformes (n=1) and Accipitriformes (n=1). All samples were tested by PAGE and RT-PCR 201 

for ARV and PBV. 202 
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The PAGE test showed negativity for all of the specimens tested. The result presented 203 

no Electrophoretic profile consistent with ARV and PBV, except the positive controls used 204 

during technique. 205 

Referring to RT-PCR for ARV S2 gene, 0.6% (1/155) of positivity was observed in a 206 

specimen from a wild bird long-winged-antwren (Myrmotherula longipennis). For PBV GI 207 

1.29% (2/155) were positives, from wild bird guira-cuckoo (Guira guira). Therefore, there was 208 

no positive samples for PBV GII.  209 

Regarding to ARV and PBV positivity among the different study variables, the 210 

statistical analysis did not show significant differences (Table 1). 211 

The partial sequences of the PBV RdRp gene of the two strains obtained in this study 212 

were compared with other prototype PBV sequences isolated in Brazil and in other countries 213 

and deposited in GenBank. Phylogenetic analysis grouped two strains isolated in this study into 214 

PBV GI, however, the two sequences were heterogeneously related, grouping divergently in 215 

the tree (Fig. 1). 216 

The strain GI/PBV/Guira-cuckoo/BRA/UFRA-115/2019 grouped with a sequence from 217 

a duck in Australia (MH453875.1), exhibiting a bootstrap of 94%. This grouping was 218 

phylogenetically related to other strains isolated from toucan and chickens in Brazil and South 219 

Korea (bootstrap of 72%).  220 

The strain GI/PBV/Guira-cuckoo/BRA/UFRA-114/2019 grouped with a strain from 221 

swine in the USA (MW977305.1), presenting bootstrap of 85%. This cluster presented 222 

phylogenetically related to other PBV isolated from mammals. 223 

The homology between PBV sequences of this study represented 59.5% of nucleotide 224 

identity, showing a high genetic diversity. When compared with prototype of PBV sequences, 225 

the values were from 55.0 to 81.4%. The GI/PBV/Guira-cuckoo/BRA/UFRA-115/2019 strain 226 

showed higher nucleotide similarity (81.4%) with a sequence obtained from duck reported in 227 

Australia in 2018 (MH453875.1), and two isolated prototypes from chickens from Brazil and 228 

South Korea (KC865823.1 and KM254161.1), with 76.6 and 75.6%, respectively. 229 

The PBV strain (GI/PBV/Guira-cuckoo/BRA/UFRA-114/2019) showed higher 230 

nucleotide similarity, 63.4, 61.9 and 60.7%, with two sequences obtained from chickens in 231 

Brazil (KC865823.1 and KC865829.1), and a prototype obtained from a green monkey 232 

(KY053143.1) reported in 2015 on Saint Kitts and Nevis, an island in the Caribbean. 233 

The partial sequence of ARV S2 gene of the present study was compared with other 234 

ARV prototype sequences obtained from domestic birds (chicken, turkey, duck and goose) and 235 

wild birds (pheasant, wild duck, brown-eared bulbul and crow) isolated in Brazil and other 236 
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countries around the world. The REO/Long-winged-antwren/BRA/UFRA-118/2019 strain was 237 

phylogenetically related to ARV strains previously reported in chickens in Brazil (KY783741.1, 238 

KY783739.1), with a bootstrap of 85% (Fig. 2). 239 

Regarding to nucleotide identity, S2 gene sequence, in this study, showed from 51.9% 240 

to 86.4% similarity when comparing with prototype ARV sequences used. The highest 241 

homologies observed were sequences obtained from chickens in Brazil (KY783741.1, 242 

KY783743.1, KY783742.1) collected in 2009 and 2010, with 86.4, 86.0 and 85.8% of 243 

similarity. However, the lowest homology was a sequence obtained from brown-eared bulbul 244 

(AB914767.1) isolated in Japan in 2011, with 51.9% of similarity. 245 

 246 

DISCUSSION 247 

ARVs and PBV are among enteric important viruses that have been widely reported 248 

infecting poultry and wild birds, producing noted impacts to poultry economy and wildlife 249 

preservation7,12,19,20,21,42. The characteristic of segmented genome of ARV and PBV is an 250 

important factor that contributed to rapid dispersion, evolution and adaptation of these viruses 251 

to different hosts.  Therefore, investigation is needed, especially in wild birds, which are known 252 

to be important reservoirs of several infectious agents26,43,44,45,46. 253 

In the present study, there was no electrophoretic profiles to ARV and PBV in PAGE 254 

migration, corroborating other previous studies involving wild birds specimens in Northern 255 

Brazil, that showed the same result12,47,48. However, previous studies in Brazil and other 256 

countries have already characterized electrophoretic profiles of PBV and ARV in poultry 257 

(Gallus gallus domesticus), domestic ducks (Cairina moschata) and wild birds (Hypsipetes 258 

amaurotis)20,44,49. 259 

Several studies have suggested that low frequency of detection of ARV and PBV by 260 

PAGE is associated with limiting factors such as sample quality, time elapsed from collection 261 

to analysis, low viral load in animal feces and host factors such as age and immunological 262 

system26,50,51. Although PAGE exhibits limited sensitivity, this technique has been highly 263 

specific, due to the characteristic electropherotype of each virus, several genomic variations 264 

contribute to the difficult detection by primers in RT-PCR26,52. 265 

The prevalence of PBV by RT-PCR in the present study reported 1.29% of positivity. 266 

Studies carried out in Brazil that investigated the presence of PBV in wild birds found positivity 267 

ranging of 0 - 4.5 %, using the same technique and target gene12,47,48. Higher prevalence of PBV 268 

infection were detected in studies with poultries, reported the frequency of 11.76 - 49.41% of 269 
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positivity in broilers (Gallus gallus domesticus), and 51.67% in turkeys (Meleagris 270 

gallopavo)20,21,51. 271 

The high positivity of PBV in studies with broilers, especially on poultry farming, 272 

suggest that positivity may be associated to confined system these birds are raised in most of 273 

the time, facilitating viral dispersion between them, due to direct contact with each other52. Due 274 

to this study works with free-living wild birds, the probability of virus spread among the species 275 

was reduced, even though some avian species that live in wild environments presents habit of 276 

living in flocks. 277 

The low occurrence of PBV was attributed to limitation of primers used in RT-PCR, 278 

which were designed for PBV of human origin34. Several studies demonstrated high sensitivity 279 

that initiators in detecting these microorganism and the genogroup in different hosts35,53. On the 280 

hand, some studies indicated a limited effectiveness for these initiators26. Another important 281 

point to highlight is the existence of other PBVs belonging to different genogroup, which was 282 

not detected by initiators on this study, underestimating the real prevalence of PBV in the 283 

analyzed specimens48.  284 

The genogroups GI and GII were investigated in wild birds in this study, however GI 285 

was detected in 1.29% of the specimens, corroborating other previous studies12,47,54. Chagas47 286 

detected GI in wedge-billed-woodcreeper (Glyphorynchus spirurus) captured from a deforested 287 

area in Santa Bárbara city, Pará, Brazil. Duarte Júnior et al.12 detected GI in a sample from 288 

toucan (Rhamphastus sp.) with diarrhea symptoms, and treated in a veterinary hospital in 289 

Castanhal city, Pará, Brazil. In Australia, a study characterized three PBV sequences of GI from 290 

fecal specimens from Australian duck (Tadorna tadornoides)54. 291 

The prevalence of ARV in wild birds in the present study was 0.6% (1/155), showing 292 

divergence when compared with other previous studies55,56. In Brazil, only two studies 293 

investigated ARV S2 gene in wild bird fecal specimens, however no positivity was reported47,48. 294 

Silva52 described positivity in 32.9% (28/85) in poultry fecal specimens raising on poultry 295 

farming, for the ARV S2 gene. In 2019, a report in Egypt found ARV prevalence of 33.3% 296 

(5/15) in poultry, to S2 gene as a target56. This study is the first report regarding to occurrence 297 

of ARV in wild free-ranging birds in Brazilian territory. 298 

In studies that reported high prevalence of ARV infection, specimens come from birds 299 

with clinical signs of infection, such as arthritis, tenosynovitis, enteric syndromes, in addition 300 

to more severe cases when central nervous system is compromised and death24,55. In USA, Lu 301 

et al.7 investigated ARV from tendons, synovial tissues and viscera from chickens, turkeys, 302 

partridges, quails and pheasants, that presented clinical signs, and all of 311 specimens analyzed 303 
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on that study were positive for ARV. In the present study, no clinical signs information was 304 

collected, therefore this aspect was not considered on discussion. 305 

Reports in regard to occurrence of ARV in domestic and wild birds seem limited, 306 

focusing on describing molecular epidemiology in birds, experimental aspects of ARV 307 

infection in animal models, viral isolation in cell culture, and complete genome sequencing of 308 

specific strains8,42,44,57,58. Therefore, the present study contribute to understanding molecular 309 

epidemiology of ARV in free-living wild birds.  310 

Studies related to PBV described that strains isolated in geographically distinct locations 311 

and from different hosts presented greater phylogenetic relationship between them, when 312 

compared with strains isolated in the same study and in the same region20,21,35,54,59. The findings 313 

of this study corroborate the literature in relation to rapid spread, evolution and adaptation of 314 

PBV, which suggest that the great similarity between lineages belonging to different geographic 315 

regions may be related to sharing of the same ancestor and also reduction of trade barriers 316 

between countries26,51.  317 

PBV strains isolated in this study were collected from wild birds belong the same species 318 

(Guira guira), captured on the same day and location, and the great genetic diversity observed 319 

corroborates heterogeneous nature of PBVs described on literature. Several factors are 320 

considered responsible of high genetic diversity of PBVs, such as small size of the analyzed 321 

fragment, genetic variability, multiple interspecies transmissions and genetic rearrangement 322 

events between segments of different PBV strains20,26,51. 323 

PBV GI shows a worldwide distribution pattern and has been reported to infect a variety 324 

of hosts such as mammals, birds, reptiles, and even fish60,61,62,63. The phylogenetic grouping of 325 

PBV GI isolated from different hosts indicates these viruses are not species specific, although, 326 

they can transmit from one host to another21,35,47. The great genetic similarity observed between 327 

PBV strains isolated from different hosts raises increasing concerns about the zoonotic potential 328 

of this virus in the context of One Health26,64. 329 

Silva52, in studies with S2 gene in poultry, showed that phylogenetic analysis in 13 of 330 

15 ARV strains isolated reported more phylogenetically related to each other, while two of them 331 

showed more divergence in the tree, and were closer to the ARV prototypes of chicken, turkey 332 

and ostrich used in comparison. All of 15 strains showed a nucleotide homology of 90.1-100% 333 

between them, and 90.9-94.4% with the reference prototypes achieved from other production 334 

birds around the world, demonstrating the high degree of nucleotide similarity that strains of 335 

ARVs obtained in the same location presented among them, and with strains isolated from 336 

different geographic regions. 337 
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The high nucleotide identity and phylogenetic inference showed that ARV strain 338 

isolated from the wild bird long-winged-antwren (Myrmotherula longipennis) in the present 339 

study was more related to ARV strains circulated for some years in poultry on the same region 340 

than strains circulated in other countries of the world. These findings suggest that ARV strains 341 

circulating in the same region may be adapted to the environment over the years, and ARV 342 

transmission between domestic and wild birds may occur on nature, as commercial poultry 343 

farming normally localized in rural environments close to wild environments, favoring close 344 

contact between these animals and the transmission of pathogens. 345 

The occurrence of ARV and PBV in wild birds corroborated studies that also identified 346 

the circulation of these viruses in population of birds. The findings reported here suggest that 347 

the wild species of birds: Guira guira and Myrmotherula longipennis may act as reservoirs of 348 

PBV and ARV infection, respectively. Furthermore, even these birds are not considered 349 

migratory, they may still act as possible dispersion agents for these viruses in wild and urban 350 

environments. 351 

The wild birds were collected in an Environmental Protection Area (APA), which 352 

consists of an extensive forest fragment with limited human activity and wildlife preservation. 353 

The circulation of ARV and PBV in this environment demonstrated the cycles of these agents 354 

occur naturally in the wild ecosystem and the fact that APA – Metropolitana Belém be formed 355 

by several populated neighborhoods and poor basic sanitation infrastructure, possible events 356 

transmission between avian species and humans can trigger. 357 

In conclusion, this study is a pioneer in the detection of ARV in wild birds in Brazil, 358 

reporting for the first time the occurrence of PBV in wild species of bird Guira guira. 359 

Additional studies about epidemiological monitoring of infectious agents in wild birds are 360 

necessary, especially when involving segmented genome viruses, where processes of 361 

transmission, evolution and adaptation to new environments and hosts occur faster. Molecular 362 

characterization and phylogenetic analysis support to understand the epidemiology, origin, 363 

evolution and emergence of new viruses that may pose problems in the context of One Health. 364 
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FIGURES AND TABLES 643 

 644 

Table 1. Statistical analysis of the frequency of ARV and PBV positivity in wild birds 645 

according to the different variables of this study. ND - Not defined; p - Probability value 646 

calculated by statistical test; *Test G; # Exact test of Fisher. 647 

 648 

Fig. 1. Phylogenetic tree based on partial sequence alignment of PBV RdRp gene. The 649 

sequences of this study are represented in bold. The numbers next to the nodes indicate boostrap 650 

values >70%. The scale bar is proportional to phylogenetic distance. The prototype strain 651 

GII/PBV/Human/USA/4-GA-91/2000 (AF246940.1) was used as an external group to better 652 

understand the phylogenetic relationships between the strains. The phylogenetic tree was 653 

constructed using Neighbor-Joining method and Kimura two-parameter model, with  bootstrap 654 

of 2000 replicas to give consistency to the phylogenetic groups. 655 

 656 

Fig. 2. Phylogenetic tree based on the alignment of partial sequences of the ARV S2 gene. The 657 

sequence of the present study is represented in bold. The numbers next to the nodes indicate 658 

boostrap values >70%. The scale bar is proportional to phylogenetic distance. The strain 659 

REO/Bat/SLO/SI-MRV04/2009 (MG457105.1) represents a prototype of MRV and was used 660 

as an outgroup to better understand the phylogenetic relationships between the strains. The 661 

phylogenetic tree was constructed using Neighbor-Joining method and Kimura two-parameter 662 

model, with  bootstrap of 2000 replicas to give consistency to the phylogenetic groups. 663 
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