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Abstract:



Enteric viruses play an important role in the Brazilian poultry industry due to the economic impact of resulting low yields of broilers, layers, and breeders. The most common enteric viruses affecting commercial flocks in Brazil include Fowl Adenovirus of group I (FAdV-I), Chicken Parvovirus (ChPV), Chicken Astrovirus (CAstV), Avian Nephritis Virus (ANV), Infectious Bronchitis Virus (IBV), Avian Reovirus (AReo), and Avian Rotavirus (ARtV). The aim of this study was to identify single and multiple infections using data obtained from 270 samples from eleven Brazilian states, corresponding to the period between 2010 and 2017. This was accompanied by an analysis of the relationship between the age of birds, clinical signs, and geographical distribution, using Polymerase Chain Reaction (PCR) and Reverse Transcription-PCR (RT-PCR) techniques. Twenty-five profiles of virus combinations were detected. Single infections were encountered in 86.3% of samples, and multiple infections were present in the remaining 13.7%. Both single and multiple infections affected all kinds of commercial chickens with digestive problems, stunting syndrome, decreases in egg and meat production, increased mortality, and respiratory signs. FAdV-I, ChPV, CAstV, ANV, and ARtV were mostly detected in young broilers, in contrast with IBV, which was detected in hens from one to greater than 51 weeks of age. These results exhibit the complexity of enteric diseases and the still poorly understood role of each pathogen as a unique etiological agent.
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1. Introduction


Enteric viruses are the etiological agents for a series of health disturbances for commercial chickens around the world. They cause severe economic losses for the poultry industry because they negatively affect productive parameters, causing growth retardation, low feed consumption, high mortality, poor egg and meat production, and Runting-Stunting Syndrome (RSS) [1,2,3,4]. These kinds of infections affect mostly young birds, but it is common to find viral infections in birds of all ages, including broilers, layers, and breeders [5]. The main enteric viruses reported to cause enteric diseases are found in single and multiple infections and include the Fowl Adenovirus of group I (FAdV-I); Chicken Parvovirus (ChPV); two viruses from the Astroviridae family: Chicken Astrovirus (CAstV) and Avian Nephritis Virus (ANV); two viruses from the Reoviridae family: Avian Reovirus (AReo) and Avian Rotavirus (ARtV); and a member of the Coronaviridae family, Infectious Bronchitis Virus (IBV) [4,6,7,8,9]. Several laboratory analytical methods have been used to detect enteric viruses in organic tissues from sick and healthy birds. Conventional polymerase chain reaction (PCR) and reverse transcription-polymerase chain reaction (RT-PCR) are two of the most commonly used methods for diagnosis and characterization of viruses in the poultry industry [10,11,12,13,14]. The objective of this study was to determine the prevalence of enteric viruses affecting commercial chicken flocks in Brazil, encompassing an analysis of the relationships between single and multiple infections, the age of birds, clinical signs, and geographical distribution in the Brazilian states of Mato Grosso, Goias, Piaui, Ceara, Paraiba, Pernambuco, Bahia, Minas Gerais, Espirito Santo, São Paulo, and Santa Catarina.




2. Materials and Methods


2.1. Sample Collection


For this study, we used 270 positive samples of single and multiple enteric viral infections from broilers, layers and breeders of different ages, collected from eleven Brazilian states: Mato Grosso, Goias, Piaui, Ceara, Paraiba, Pernambuco, Bahía, Minas Gerais, Espirito Santo, São Paulo, and Santa Catarina. The samples were collected between 2010 and 2017. Each sample was composed of a pool of maximum five organs of the same type, and each sample came from different farms across the mentioned states. The main reported symptoms of the birds were enteritis, diarrhea, decreased feed absorption, a decrease in production, mortality, signs of respiratory disease, and stunting syndrome. Samples were processed and analyzed by conventional PCR and RT-PCR for detection of seven main enteric viruses reported in Brazil: FAdV-I, ChPV, CAstV, ANV, IBV, AReo, and ARtV. The organs used for viral detection were the intestines, liver, pancreas, and caecal tonsils, and also cloacal swabs were used for fecal samples. The results were categorized according to the viral infection in each sample, the type of birds (broilers, layers, or breeders), the age of birds (days for broilers and weeks for layers and breeders), clinical signs, and origin of the samples based on their geographical distribution in Brazil. Known positive samples for FAdV-1, ChPV, CAstV, ANV, and ARtV, validated through Sanger sequencing, and commercial vaccines for IBV and AReo were used as positive controls.




2.2. DNA and RNA Extraction


The tissues were mechanically macerated and suspended in phosphate buffered saline (PBS), 0.1 M, pH 7.4, in a 1:1 proportion in 1500 µL microtubes. The mixture was vortexed, subjected to three freeze-thaw cycles, and subsequently clarified at 12,000× g for 20 min at 4 °C. An aliquot of each supernatant was used for DNA and RNA extraction, using the organic phenol-chloroform method, according to procedures described in [15,16], respectively. The concentration and quality of nucleic acids were evaluated in a NanoDrop 2000 (Thermo Fisher Scientific, Wilmington, DE, USA). Final DNA and RNA preparations were stored at −20 °C.




2.3. Reverse-Transcription Reaction


The samples screened for viruses with RNA genomes (CAstV, ANV, IBV, AReo, and ARtV), were submitted to a reverse transcriptase (RT) reaction to produce complementary DNA (cDNA), which was then used in the corresponding PCR. RT was conducted with the extracted RNA at a concentration of 3–5 µg/µL, which was denatured at 95 °C for 5 min and added to a mix containing 250 ng of Random primers, 500 µg/mL of Oligo (dT)12 primer, 10 mM of each deoxynucleotide triphosphates (dNTP), 4 µL of 5X First-Strand Buffer (250 mM Tris-HCl pH 8.3, 375 mM KCl, 15 mM Magnesium Chloride) (Invitrogen, Carlsbad, CA, USA), 2 µL of 100 mM Dithiothreitol (DTT) (Invitrogen), 200 units of Moloney Murine Leukemia Virus Reverse Transcriptase (M-MLV RT) (Invitrogen), and sterile distilled water, to reach 20 µL in final volume. The reaction was performed with the following temperature conditions: an initial incubation at 25 °C for 10 min, a second incubation at 37 °C for 50 min, and inactivation of the reaction at 70 °C for 15 min. RT products were stored at –20 °C.




2.4. PCR for Fowl Adenovirus


The primers used for detection of FAdV-I were those described in [10], as shown in Table 1, and amplify an 897 bp segment corresponding to the variable region Loop 1 of the gene that encodes the structural protein, Hexon. Through analysis of the nucleotide and amino acid sequences, it is possible to characterize the 12 different serotypes of FAdV-I (FAdV-1–FadV-8a, FAdV-8b–FAdV-11) [10]. DNA amplification was carried out in 200 µL microtubes by adding 2.5 µL of extracted DNA with a concentration of 1 µg/µL to a mix containing 1X PCR magnesium free (−Mg) Buffer (Invitrogen), 1.25 mM of each deoxynucleotide triphosphate, 0.5 µM of each primer, (Hexon A and Hexon B), 1 U of PlatinumTM Taq DNA Polymerase, 1.5 mM of MgCl2 (Invitrogen), and sterile distilled water, to reach 22.5 µL. The following temperature conditions were used for the PCR reactions: a cycle of 94 °C for 5 min, 35 cycles at 94 °C for 60 s, 52 °C for 45 s, and 72 °C for 1 min, followed by a final extension at 72 °C for 10 min.


Table 1. Enteric viruses screened in this study with the name of the primers used in the RT-PCR and PCR reactions. Primer sequences and amplicon sizes are expressed in base pairs (bp).





	
Virus

	
Gene Target *

	
Primer Name

	
Primer Sequence

	
bp

	
Reference






	
FAdV-I

	
Hexon

	
Hexon A

	
5’-CAARTTCAGRCAGACGGT-3’

	
897

	
[10]




	
Hexon B

	
5’-TAGTGATGMCGSGACATCAT-3’




	
ChPV

	
NS

	
PVF1

	
5’-TTCTAATAACGATATCACTCAAGTTTC-3’

	
561

	
[17]




	
PVR1

	
5’-TTTGCGCTTGCGGTGAAGTCT GGCTCG-3’




	
IBV

	
UTR

	
UTR 11

	
5’-GCTCTAACTCTATACTAGCCTA-3’

	
179

	
[11]




	
UTR 31

	
5’-GGGCGTCCAAGTGCTGTACCC-3’




	
UTR 41

	
5’-ATGTCTATCGCCAGGGAAATGTC-3’




	
CAstV

	
ORF 1b

	
CAS pol 1F

	
5’-GAYCARCGAATGCGRAGRTTG-3’

	
362

	
[12]




	
CAS pol 1R

	
5’-TCAGTGGAAGTGGGKARTCTAC-3’




	
ANV

	
ORF 1b

	
ANV pol 1F

	
5’-GYTGGGCGCYTCYTTTGAYACCRT-3’

	
473

	
[12]




	
ANV pol 1R

	
5’-CRTTTGCCCKRTARTCTTTRTGAY-3’




	
AReo

	
S4

	
S4-F13

	
5’-GTGCGTGTTGGAGTTTCCCG-3’

	
1,120

	
[13]




	
S4-R1133

	
5’-TACGCCATCCTAGCTGGA-3’




	
ARtV

	
NSP4

	
NSP4-F30

	
5’-GTGCGGAAAGATGGAGAAC-3’

	
630

	
[12]




	
NSP4-R660

	
5’-GTTGGGGTACCAGGGATTAA-3’








* Genes abbreviations are based on the nomenclature suggested by authors cited in the reference column. NS = nonstructural; UTR = untranslated region; ORF = open reading frame; S4 = segment 4; NSP4 = nonstructural protein 4. 









2.5. PCR for Chicken Parvovirus


The primers used for detection of ChPV were those described in [17] (Table 1) and amplify a 561 bp segment corresponding to a well-conserved region of the nonstructural gene (NS) usually used for detection of chicken and turkey parvovirus [17]. DNA amplification was carried out in 200 µL microtubes by adding 2 µL of extracted DNA with a concentration of 1 µg/µL into a mix containing 1X PCR magnesium free (−Mg) Buffer, 1.25 mM of each deoxynucleotide triphosphate, 0.5 µM of each primer (PVF1 and PVR1), 1.25 U of PlatinumTM Taq DNA Polymerase, 2 mM of MgCl2, and enough sterile distilled water to reach 23 µL. The following temperature conditions were used for the PCR reaction: a cycle of 94 °C for 3 min, 35 cycles at 94 °C for 30 s, 55 °C for 30 s, 72 °C for 1 min, followed by a final extension at 72 °C for 10 min.




2.6. RT-PCR for Chicken Astrovirus and Avian Nephritis Virus


PCR was conducted with the cDNA produced by the RT reaction, using the primers described in [12] (Table 1). This was used for the diagnosis of CAstV and ANV, which results in the amplification of 362 bp and 473 bp segments, respectively, both of which are located in the RNA polymerase gene (ORF 1B) [12]. DNA amplification was done in 200 µL microtubes by adding 2.5 µL of cDNA to a mix containing 1X PCR magnesium free (−Mg) Buffer, 1.25 mM of each deoxynucleotide triphosphate, 0.5 µM of each primer (Cas pol 1F and Cas pol 1R for CAstV; ANV pol 1F and ANV pol 1R for ANV), 1 U of PlatinumTM Taq DNA Polymerase, 1.5 mM of MgCl2, and enough sterile distilled water to reach 22.5 µL. The following temperature conditions were used for the PCR reaction: a cycle at 95 °C for 5 min, 35 cycles at 94 °C for 30 s, 50 °C for 30 s, 72 °C for 1 min, and a final extension at 72 °C for 10 min.




2.7. RT-PCR for Coronavirus


PCR was conducted with the cDNA produced by the RT reaction, using the primers for detection of all known coronaviruses, described in [11] (Table 1), which amplifies a 266 bp segment located in a highly conserved region of the 3′-untranslated region (3′-UTR) in the first PCR reaction (UTR-11 and UTR-41) and a 179 bp segment in a second, hemi-nested reaction (UTR-31 and UTR-41) [11]. Amplification of the first and second PCR reactions was performed in 200 µL microtubes by adding 2.5 µL of cDNA in the first PCR reaction and 1 µL of the PCR product for the second reaction. The mix for the two PCR reactions contained 1X PCR magnesium free (−Mg) Buffer, 1.25 mM of each deoxynucleotide triphosphate, 0.5 µM of each primer (UTR-11, UTR-31 and UTR-41), 1.25 U of PlatinumTM Taq DNA Polymerase, 2 mM of MgCl2, and enough sterile distilled water to reach 22.5 µL for the first PCR reaction and 24 µL for the second PCR hemi-nested reaction. The following temperature conditions were used for both PCR reactions: a cycle at 94 °C for 3 min, 35 cycles at 94 °C for 1 min, 48 °C for 90 s, 72 °C for 90 s, and a final extension at 72 °C for 10 min.




2.8. RT-PCR for Avian Rotavirus


PCR was conducted with the cDNA produced by the RT reaction, using the primers described in [12] (Table 1), which amplify a 630 bp segment located in Segment 10 (S10) of the viral genome, encoding the non-structural protein, NSP4 [12]. DNA amplifications were conducted in 200 µL microtubes by adding 2.5 µL of cDNA to a mix containing 1X PCR magnesium free (−Mg) Buffer, 1.25 mM of each deoxynucleotide triphosphate, 0.5 µM of each primer (NSP4-F30 and NSP4-R660), 1 U of PlatinumTM Taq DNA Polymerase, 1.5 mM of MgCl2, and enough sterile distilled water to reach 22.5 µL. The following temperature conditions were used for the PCR reaction: a cycle at 95 °C for 5 min, 35 cycles at 94 °C for 30 s, 50 °C for 30 s, 72 °C for 1 min, and a final extension at 72 °C for 10 min.




2.9. RT-PCR for Avian Reovirus


PCR was conducted with the cDNA produced by the RT reaction, using the primers described in [13] (Table 1), which amplify a 1120 bp fragment located in Segment 4 (S4) of the viral genome, encoding the structural protein 4 (VP4) [13]. DNA amplifications were conducted in 200 µL microtubes by adding 5 µL of cDNA to a mix containing 1X PCR magnesium free (−Mg) Buffer, 1.25 mM of each deoxynucleotide triphosphate, 0.5 µM of each primer (S4-F13 and S4-R1133), 1.25 U of PlatinumTM Taq DNA Polymerase, 2 mM de MgCl2, and enough sterile distilled water to reach 20 µL. The following temperature conditions were used for the PCR reaction: a cycle at 94 °C for 5 min, 35 cycles of 94 °C for 30 s, 50 °C for 1 min, 72 °C for 1 min, and a final extension at 72 °C for 10 min.




2.10. Evaluation of RT-PCR and PCR Products


RT-PCR and PCR products were analyzed by electrophoretic diffusion in 1.5% UltrapureTM Agarose (Invitrogen) gels submerged in 0.5X Tris-borate-Ethylenediamine Tetraacetic acid (EDTA). The size of DNA fragments was estimated by comparison with the 100 bp DNA Ladder (Invitrogen). A UV trans-illumination camera was used to visualize the DNA bands.




2.11. Sequencing and Phylogenetic Analysis


Some samples were chosen randomly for DNA sequencing to validate the RT-PCR- and PCR-specific reactions: FAdV-I (n = 3), ChPV (n = 3), CAstV (n = 3), ANV (n = 4), AReo (n = 1), and ARtV (n = 3). The nucleotide sequences for each sample were submitted to GenBank with the exception of the FAdV-I and ChPV sequences, which had already been submitted in previous studies. IBV sequences were not analyzed phylogenetically due to the high diversity of coronaviruses in different animal species. PCR products from each sample were purified using the GPX™ PCR DNA and Gel Band Purification kit (GE Healthcare, Piscataway, NJ, USA), following the manufacturer’s instructions. Purified products were sequenced in the forward and reverse directions using the BigDye® Terminator Cycle Sequencing Kit v3.1 (Invitrogen) based on the manufacturer’s instructions. Sequenced products were analyzed in an ABI 3730 DNA Analyzer (Applied Biosystems by Life Technologies, Carlsbad, CA, USA). Electropherograms obtained from the sequencing process were edited in the CLC Main WorkBench 7.7.3 (CLC Bio-Qiagen, Aarhus, Denmark) software and aligned with the Clustal W method available in the ClustalX 2.1 software (Des Higgins Conway Institute, UCD, Dublin, Ireland), using reference sequences from the NCBI GenBank for each enteric virus with the following access codes: FAdV-I: FAdV-1 (NC_001720), FAdV-2 (AF339915), FAdV-3 (AF508949), FAdV-4 (NC_015323), FAdV-5 (NC_021221), FAdV-6 (AF508954), FAdV-7 (AF508955), FAdV-8a (KT862810), FAdV-8b (JN112373, KT862811, KX258422, KU981150, and KU981150), FAdV-9 (NC_000899), FAdV-10 (KT717889), and FAdV-11 (AF339925); ChPV: (KU569462, GQ281296, KJ486491, JQ178304, KT347548, KX133426, HQ680340, NC_024452, JF267323, KM598417, and KY649278); CAstV: (KC633180, JX945871, KT386328, KX397575, JF414802, and DQ324839); ANV: (DQ324833, KM254166, KM985702, HM029238, and NC_003790); ARtV: (KX185128, JX474761, GQ353331, KT347547, EU400310, JQ085408, LC088136, FJ169862, and LK932176); AReo: (KX398291, KC865795, JQ954693, EU400285, KP173692, JN641885, JN641884, KF741745, and DQ198858). Phylogenetic trees were inferred using the neighbor-joining statistical method, with 1000 bootstraps replications, integrated in the MEGA 7 software (Pennsylvania State University, PA, USA).




2.12. Statistical Analysis


Descriptive statistics were used to represent the variability of the positive samples, using the single and multiple viral infections, type of birds (broilers, layers and breeders), age of birds (days for broilers and weeks for layers and breeders), clinical signs (respiratory signs, digestive signs, stunting-mortality-drop production, and no clinical signs), and geographic distribution of the samples. Minitab 18 (Minitab® Statistical Software, v18.1, Minitab Inc., State College, PA, USA) was used to develop the variance analysis of frequencies of single and multiple infections for each virus, and clinical signs pertaining to each type of bird. The alfa value for significance level was α = 0.05.





3. Results


3.1. Single and Multiple Viral Infections


A total of 333 viruses were found in 270 samples, and the most common virus detected corresponded to IBV, showing a 58.9% (196/333) occurrence, followed by ANV with 12.6% (42/333), FAdV-I with 8.4% (28/333), CAstV with 8.1% (24/333), ChPV with 6.6% (22/333), ARtV with 5.1% (17/333), and AReo with 0.3% (1/333). Single infections were found in 86.3% (233/270) of the samples, with IBV being the most predominant virus diagnosed as a unique agent. ANV, CAstV, IBV, ChPV, and ARtV were found in simple and combined (2 to 5 viruses) infections. FAdV-I was found in unique and combined (2 to 3 viruses) infections. Multiple infection analysis showed that 2 viral infections were found in 6.3% (17/270) of samples, followed by 3 viral infections in 5.6% (15/270), 4 viral infections in 1.5% (4/270), and 5 viral infections in 0.4% (1/270). Single and multiple viral infections are described in Table 2. Multiple infections occurred with 25 profile combinations of viruses (Table 3). ANV, CAstV, IBV, ChPV, and ARtV were present in combination with each other, resulting in between two and five virus combinations. FAdV-I was present in combination with ChPV, ANV, and IBV. AReo showed a single infection. The variance analysis showed no significant difference between the frequencies of single and multiple viruses (p = 0.36).


Table 2. Frequencies of single and multiple viral infections diagnosed in 270 samples.





	Number of Viruses
	FAdV-I
	ANV
	CAstV
	IBV
	ChPV
	AReo
	ARtV
	Single and Multiple Positive Samples





	1 virus
	22
	19
	15
	164
	8
	1
	4
	233/270 (86.3%)



	2 viruses
	3
	6
	7
	14
	1
	0
	3
	17/270 (6.3%)



	3 viruses
	3
	12
	1
	14
	10
	0
	5
	15/270 (5.6%)



	4 viruses
	0
	4
	3
	3
	2
	0
	4
	4/270 (1.5%)



	5 viruses
	0
	1
	1
	1
	1
	0
	1
	1/270 (0.4%)



	Number of positive samples for each virus
	28
	42
	27
	196
	22
	1
	17
	-



	% of samples positive for each virus (n = 333)
	8.4%
	12.6%
	8.1%
	58.9%
	6.6%
	0.3%
	5.1%
	-








Table 3. Enteric virus detection patterns from 270 samples in different types of organs from chicken commercial flocks.





	
Patterns

	
Virus Examined in 270 Digestive Organs

	
Number of Samples in Each Pattern (%)




	
FAdV-I

	
ChPV

	
CAstV

	
ANV

	
IBV

	
AReo

	
ARtV






	
1

	
+

	
-

	
-

	
-

	
-

	
-

	
-

	
22

	
8.1%




	
2

	
+

	
-

	
-

	
+

	
-

	
-

	
-

	
1

	
0.4%




	
3

	
+

	
-

	
-

	
-

	
+

	
-

	
-

	
2

	
0.7%




	
4

	
+

	
+

	
-

	
-

	
+

	
-

	
-

	
2

	
0.7%




	
5

	
+

	
-

	
-

	
+

	
+

	
-

	
-

	
1

	
0.4%




	
6

	
-

	
-

	
-

	
+

	
-

	
-

	
-

	
19

	
7%




	
7

	
-

	
-

	
-

	
+

	
+

	
-

	
-

	
3

	
1.1%




	
8

	
-

	
-

	
+

	
+

	
-

	
-

	
-

	
1

	
0.4%




	
9

	
-

	
-

	
-

	
+

	
-

	
-

	
+

	
1

	
0.4%




	
10

	
-

	
+

	
-

	
+

	
+

	
-

	
-

	
7

	
2.6%




	
11

	
-

	
-

	
-

	
+

	
+

	
-

	
+

	
3

	
1.1%




	
12

	
-

	
+

	
-

	
+

	
-

	
-

	
+

	
1

	
0.4%




	
13

	
-

	
-

	
+

	
+

	
+

	
-

	
+

	
2

	
0.7%




	
14

	
-

	
+

	
+

	
+

	
-

	
-

	
+

	
1

	
0.4%




	
15

	
-

	
+

	
-

	
+

	
+

	
-

	
+

	
1

	
0.4%




	
16

	
-

	
+

	
+

	
+

	
+

	
-

	
+

	
1

	
0.4%




	
17

	
-

	
-

	
+

	
-

	
-

	
-

	
-

	
15

	
5.6%




	
18

	
-

	
-

	
+

	
-

	
+

	
-

	
-

	
6

	
2.2%




	
19

	
-

	
-

	
+

	
-

	
+

	
-

	
+

	
1

	
0.4%




	
20

	
-

	
-

	
-

	
-

	
+

	
-

	
-

	
164

	
60.7%




	
21

	
-

	
+

	
-

	
-

	
+

	
-

	
-

	
1

	
0.4%




	
22

	
-

	
-

	
-

	
-

	
+

	
-

	
+

	
2

	
0.7%




	
23

	
-

	
+

	
-

	
-

	
-

	
-

	
-

	
8

	
3%




	
24

	
-

	
-

	
-

	
-

	
-

	
-

	
+

	
4

	
1.5%




	
25

	
-

	
-

	
-

	
-

	
-

	
+

	
-

	
1

	
0.4%











3.2. Age and type of birds


The samples received for viral diagnostics were from broilers, layers, and breeders of all ages. According to the age of birds, the samples corresponding to layer and breeder hens were divided into 5 groups, with intervals of 10 weeks of age, from week 1 to week 50, and two more groups, one for birds older than 51 weeks, and a group for which the ages were not reported (N/R; Table 4).


Table 4. Results of number of positive samples according to the age of layer and breeder flocks.





	
Age of Flocks

	
Layers

	
Breeders




	
Number of Positive Samples

	
% of Samples Positive for Each Week of Age

	
Number of Positive Samples

	
% of Samples Positive for Each Week of Age






	
1–10 weeks

	
 [image: Vetsci 05 00038 i001]

	
49

	
16.3%

	
 [image: Vetsci 05 00038 i002]

	
37

	
18.9%




	
11–20 weeks

	
18.4%

	
0%




	
21–30 weeks

	
4.1%

	
0%




	
31–40 weeks

	
16.3%

	
13.5%




	
41–50 weeks

	
0%

	
18.9%




	
>51 weeks

	
22.4%

	
37.8%




	
Not reported

	
22.4%

	
10.8%










The samples corresponding to broilers were divided into 6 groups with intervals of 7 days of age, from day 1 to day 42, and two more groups, one for birds older than 43 days, and an N/R age group (Table 5).


Table 5. Number of positive samples according to the age of broilers.





	
Age of Flocks

	
Number of Positive Samples

	
% of Samples Positive for Each Day of Age






	
1–7 days

	
 [image: Vetsci 05 00038 i003]

	
163

	
7.4%




	
8–14 days

	
15.3%




	
15–21 days

	
14.7%




	
22–28 days

	
6.7%




	
29–35 days

	
4.9%




	
36–42 days

	
32.5%




	
>43 days

	
11.7%




	
Not reported

	
6.7%










Positive samples from layer and breeder hens older than 51 weeks of age showed the highest frequency of viral infections: 22.4% for layers and 37.8% for breeders. The viral infection frequencies of the other layer groups were 18.4% for the 11–20-week group, 16.3% for the 1–10-week and 31–40-week groups, 4.1% for the 21–30-week group, and 22.4% for the N/R age group. In the case of breeders, the frequency of viral infections was 18.9% for the 1–10-week and 41–50-week groups, 13.5% for the 31–40-week group, and 10.8% for the N/R age group (Table 4). Broilers showed the highest frequency of viral infections, at 37.8% for the 36–42-day group. Viral infection rates in the other groups were 15.3% for the 8–14-day group, 14.7% for the 15–21-day group, 11.7% for the 43-day group, 7.4% for the 1–7-day group, 6.7% for the 22–28-day group, 4.9% for the 29–35-day group, and 6.7% for the N/R age group (Table 5). Single viral infections were found mostly in broilers, with 129/233 (55.4%), followed by 49/233 (21%) in layers and 34/233 (14.6%) in breeders. Multiple viral infections were found with more frequency in broilers, with 14/17 (82.4%) with two viruses, 15/15 (100%) with three viruses, and 4/4 (100%) with four viruses. The only sample with five viral infections also belonged to the broilers group. A total of 3/17 (17.6%) samples with multiple viral infections (3 viruses) were found in samples from breeders (Table 6).


Table 6. Frequency of single and multiple virus infections and clinical signs according to the type of birds.





	
Item

	
Positive Samples with Single and Multiple Viral Infections

	
Clinical Signs




	
1 Virus

	
2 Viruses

	
3 Viruses

	
4 Viruses

	
5 Viruses

	
Respiratory Problems

	
Digestive Problems

	
Poor Production *

	
No Clinical Signs

	
Not Reported






	
Broilers (n = 163)

	
129 (55.4%)

	
14 (82.4%)

	
15 (100%)

	
4 (100%)

	
1 (100%)

	
12 (30.8%)

	
9 (100%)

	
55 (79.7%)

	
1 (20%)

	
86 (58%)




	
Layers (n = 49)

	
49 (21%)

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
23 (59%)

	
0 (0%)

	
2 (2.9%)

	
0 (0%)

	
24 (16.2%)




	
Breeders (n = 37)

	
34 (14.6%)

	
3 (17.6%)

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
3 (7.7%)

	
0 (0%)

	
12 (17.4%)

	
4 (80%)

	
18 (12.2%)




	
Not reported (n = 21)

	
21 (9%)

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
1 (2.6%)

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
20 (13.5%)




	
Number of positive samples (n = 270)

	
233

	
17

	
15

	
4

	
1

	
39

	
9

	
69

	
5

	
148




	
% of positive samples independently of chicken line

	
86.3%

	
6.3%

	
5.6%

	
1.5%

	
0.4%

	
14.4%

	
3.3%

	
25.6%

	
1.9%

	
54.8%








* Poor production was defined as culling, stunting, and mortality.








The organs corresponding to positive results for FAdV, ChPV, CAstV, and ARtV included the liver, intestines, and pancreas. AReo was present in one sample of intestines and IBV was present in all the five organs used for this study (Table 7).


Table 7. Frequency of viruses found in different digestive organs.





	Sample
	FAdV-I
	ChPV
	CAstV
	ANV
	IBV
	AReo
	ARtV





	Liver (n = 39)
	19
	3
	1
	1
	14
	0
	2



	Intestines (n = 89)
	4
	14
	19
	27
	52
	1
	4



	Pancreas (n = 25)
	5
	5
	7
	14
	13
	0
	11



	Caecal tonsils (n = 20)
	0
	0
	0
	0
	20
	0
	0



	Cloacal swabs (n = 97)
	0
	0
	0
	0
	97
	0
	0



	Total (viruses = 333)
	28
	22
	27
	42
	196
	1
	17









FAdV-I was found in samples from breeders (12/28) and broilers (14/28). ChPV was found in samples from broilers (20/22). CAstV was found in samples from breeders (10/27) and broilers (17/27). ANV was found in samples from broilers (41/42). IBV was found in samples from layers (49/196), breeders (16/196), and broilers (116/196). AReo was found in one sample, but the origin was not reported. ARtV was found in samples from breeders (2/17) and broilers (15/17). All data describing the positive samples according to the age of layers, breeders, and broilers affected by the enteric viruses in this study are shown in Table 8.


Table 8. Frequency of viruses affecting birds according to the age of birds.





	
Chicken Lines

	
Age of Birds

	
FAdV-I

	
ChPV

	
CAstV

	
ANV

	
IBV

	
AReo

	
ARtV






	
Layers

	
1–10 weeks

	
 [image: Vetsci 05 00038 i004]

	
0

	
 [image: Vetsci 05 00038 i004]

	
0

	
 [image: Vetsci 05 00038 i004]

	
0

	
 [image: Vetsci 05 00038 i004]

	
0

	
 [image: Vetsci 05 00038 i005]

	
49

	
 [image: Vetsci 05 00038 i004]

	
0

	
 [image: Vetsci 05 00038 i004]

	
0




	
11–20 weeks




	
21–30 weeks




	
31–40 weeks




	
41–50 weeks




	
>51 weeks




	
N/R




	
Breeders

	
1–10 weeks

	
 [image: Vetsci 05 00038 i006]

	
12

	
 [image: Vetsci 05 00038 i004]

	
0

	
 [image: Vetsci 05 00038 i007]

	
10

	
 [image: Vetsci 05 00038 i004]

	
0

	
 [image: Vetsci 05 00038 i008]

	
16

	
 [image: Vetsci 05 00038 i004]

	
0

	
 [image: Vetsci 05 00038 i009]

	
2




	
11–20 weeks




	
21–30 weeks




	
31–40 weeks




	
41–50 weeks




	
>51 weeks




	
N/R




	
Broilers

	
1–7 days

	
 [image: Vetsci 05 00038 i010]

	
14

	
 [image: Vetsci 05 00038 i011]

	
20

	
 [image: Vetsci 05 00038 i012]

	
17

	
 [image: Vetsci 05 00038 i013]

	
41

	
 [image: Vetsci 05 00038 i014]

	
116

	
 [image: Vetsci 05 00038 i004]

	
0

	
 [image: Vetsci 05 00038 i015]

	
15




	
8–14 days




	
15–21 days




	
22–28 days




	
29–35 days




	
36–42 days




	
>43 days




	
N/R




	
Not reported neither age nor line

	
2

	

	
2

	

	
0

	

	
1

	

	
15

	

	
1

	

	
0

	




	
Total viruses = 333 *

	
28

	

	
22

	

	
27

	

	
42

	

	
196

	

	
1

	

	
17

	








* values based on 333 viruses detected. N/R= Not Reported age of birds.









3.3. Clinical Signs


Positive samples were divided into five groups according to clinical signs and type of birds. Respiratory signs were reported in 39/270 samples, digestive signs in 9/270, stunting-mortality-decreased production signs in 69/270, no clinical signs in 5/270, and the remaining 148/270 samples did not include reports regarding clinical signs. The most common disease symptoms reported were stunting syndrome, mortality, and a decrease in egg and meat production, which occurred in 69/270 (25.6%) of the positive samples. Broilers showed the highest values of stunting-mortality-decrease in production, with 55/69 (79.7%), followed by breeders with 12/69 (17.4%) and layers with 2/69 (2.9%). An important factor to be considered is that respiratory pathogens causing respiratory problems were found in digestive organs, for example IBV, with 12/39 (30.8%) positive samples in broilers, 23/39 (59%) in layers, and 3/39 (7.7%) in breeders. Digestive diseases were not commonly reported as having unique clinical signs, and only 9 positive samples were obtained from broilers. All frequencies of clinical signs are described in Table 6. The variance analysis showed no significant difference between clinical signs for each type of bird (p = 0.45).




3.4. Geographic Origin


Samples originated from 12 Brazilian states from the north-east, east, and south-east regions. Most of the samples positive for enteric viruses were from to the state of São Paulo 82/270 (30.4%). IBV was the main virus found in 11 states, accounting for 133/333 of the total viruses detected, excluding the state of Paraiba. FAdV-I was detected in samples originating from Pernambuco, Santa Catarina, and São Paulo, with a total of 26/333 virus detected. ChPV and ANV were detected in samples from Bahía, Ceara, Minas Gerais, Paraiba, Pernambuco, and São Paulo, with a total of 15/333 and 37/333 detections, respectively. CAstV and ARtV were detected in the state of Minas Gerais with 20/333 and 15/333 virus detected, respectively, though ARtV was also present in 1 detection of Pernambuco. The origin of the remaining viruses detected, i.e., FAdV-I (2/333), ChPV (7/333), CAstV (7/333), ANV (5/333), IBV (63/333), AReo (1/333), and ARtV (2/333), were not reported. Data describing the geographical distribution of enteric viruses are shown in Table 9.


Table 9. Frequencies of viruses detected in 12 Brazilian states.





	
Brazilian States—Samples Origin

	
Total Positive Samples *

	
% of Samples Positive for Each State

	
Virus Strains Examined in This Study **




	
FAdV-I

	
ChPV

	
CAstV

	
ANV

	
IBV

	
AReo

	
ARtV






	
Bahia

	
6

	
2.2%

	

	
3 (13.6) A

	

	
6 (14.3)

	
5 (2.6)

	

	




	
Ceara

	
5

	
1.9%

	

	
2 (9.1)

	

	
2 (4.8)

	
1 (0.5)

	

	




	
Espirito Santo

	
3

	
1.1%

	

	

	

	

	
3 (1.5)

	

	




	
Goias

	
13

	
4.8%

	

	

	

	

	
13 (6.6)

	

	




	
Mato Grosso

	
11

	
4.1%

	

	

	

	

	
11 (5.6)

	

	




	
Minas Gerais

	
50

	
18.5%

	

	
4 (18.2)

	
20 (74.1)

	
14 (33.3)

	
33 (16.8)

	

	
11 (64.7)




	
Paraiba

	
4

	
1.5%

	

	
1 (4.5)

	

	
3 (7.1)

	

	

	




	
Pernambuco

	
9

	
3.3%

	
1 (3.6)

	
2 (9.1)

	

	
5 (11.9)

	
1 (0.5)

	

	
1 (5.9)




	
Piaui

	
1

	
0.4%

	

	

	

	

	
1 (0.5)

	

	




	
Santa Catarina

	
7

	
2.6%

	
7 (25)

	

	

	

	

	

	




	
São Paulo

	
82

	
30.4%

	
18 (64.3)

	
3 (13.6)

	

	
7 (16.7)

	
65 (33.2)

	

	
3 (17.6)




	
Not informed

	
79

	
29.3%

	
2 (7.1)

	
7 (31.8)

	
7 (25.9)

	
5 (11.9)

	
63 (32.1)

	
1 (100)

	
2 (11.8)




	
Total

	
270

	
100%

	
28 (100)

	
22 (100)

	
27 (100)

	
42 (100)

	
196 (100)

	
1 (100)

	
17 (100)








A The numbers in parentheses represent the percentage values of each sample. The blanks in the table indicate that the sample showed negative results in the PCR assay. * Values calculated based on 270 samples received in the Avian Pathology Laboratory. ** Values calculated based on 333 viruses detected in the 270 samples.









3.5. Phylogenetic Analysis


The following accession numbers correspond to the sequences used in the phylogenetic analysis: FAdV-I: isolate 420-12 (KY229185), isolate 424-4 (KY229176), and isolate 471-14 (KY229184); ChPV: isolate 691-1 (MF784849), isolate 752-3 (MF784850), and isolate 786-1 (MF784851); ANV: isolate 475-5 (MF683400), isolate 752-3 (MF683401), isolate 656-3 (MF683402), and isolate 691-6 (MF683403); CAstV: isolate 541-2 (KR013275), isolate 541-12 (KR013255), and isolate 541-16 (KR013252); ARtV: isolate 480-1 (MF683404), isolate 480-7 (MF683405), and isolate 480-5 (MF683406); AReo: isolate 806-1 (MF693911). FAdV-I and CAstV sequences were already submitted to the GenBank database in previous studies [18]. Fowl adenovirus sequences were characterized according to their position in the phylogenetic tree (Figure 1).


Figure 1. Phylogenetic tree for FAdV-I strains, was inferred with the neighbor-joining statistical method and based on the partial sequence of the Hexon gene. Numbers along the branches refer to bootstrap values for 1000 replicates. The five species of FAdV-I are grouped and identified with letters A–E.



[image: Vetsci 05 00038 g001]






Isolate 424-4 was clustered with the reference sequence of strain TR59 with a bootstrap value of 100 in the common ancestral line, suggesting that this isolate should be classified into the FAdV-8a serotype. Isolate 420-12 was clustered with reference sequences of strain 764, and some isolates originated from China and Peru, with a bootstrap value of 100 in the common ancestor of the 6 sequences, suggesting that this isolate should be classified as FAdV-8b serotype. Isolate 471-14 clustered with the reference sequence of strain ATCC, suggesting that this isolate should be classified as FAdV-11 serotype. Isolates 475-5, 656-3, 691-6, and 752-3, clustered with reference sequences of Avian Nephritis Virus from the United States, Korea, Australia, China, and Japan, and a second group of isolates (541-2, 541-12, and 541-16) were clustered with reference sequences of chicken astrovirus from India and the United States, showing high bootstrap values for each group of both types of astroviruses detected in this study (Figure 2).


Figure 2. Phylogenetic tree for ANV and CAstV strains, was inferred with the neighbor-joining statistical method and based on the partial sequence of the ORF-1b gene in both of them. Numbers along the branches refer to bootstrap values for 1000 replicates.



[image: Vetsci 05 00038 g002]






The three sequences that were positive for ARtV were analyzed with reference sequences from the United States, Peru, South Korea, Ireland, Germany, and Nigeria, all of them clustering with a high bootstrap value with the common ancestor. Reference sequences for groups D, F, and G rotavirus were used as external groups to show the differentiation of the positive samples from Avian Rotavirus A (Figure 3).


Figure 3. Phylogenetic tree for ARtV strains, was inferred with the neighbor-joining statistical method and based on the partial sequence of the NSP4 gene. Numbers along the branches refer to bootstrap values for 1000 replicates. Sequences of ARtV G, D, and F were used as out-group controls.



[image: Vetsci 05 00038 g003]






Isolate 806-1 clustered with reference sequences of AReo from Hungary. The branch lengths and low bootstrap values from the common ancestor for reference sequences from Hungary, the United States, and China, all show the magnitude of the genetic change among different isolates from these countries (Figure 4).


Figure 4. Phylogenetic tree for AReo strains, was inferred with the neighbor-joining statistical method and based on the partial sequence of segment S4. Numbers along the branches refer to bootstrap values for 1000 replicates. Sequence of Duck Reovirus was used as out-group control.



[image: Vetsci 05 00038 g004]






The three isolates corresponding to ChPV were analyzed phylogenetically with strains from different countries from America, Europe, and Asia (Figure 5).


Figure 5. Phylogenetic tree for ChPV strains, was inferred with the neighbor-joining statistical method and based on the partial sequence of NS gene. Numbers along the branches refer to bootstrap values for 1000 replicates. Sequence of Goose parvovirus was used as out-group control.



[image: Vetsci 05 00038 g005]






Isolate 786-1 clustered with an isolate of ChPV from Peru, whereas isolates 752-3 and 691-1 clustered in a different group, together with Brazilian isolates, but remained in the main group with all isolates of chicken parvovirus. Goose parvovirus was used in this tree as an external group. The phylogenetic trees were inferred using the neighbor-joining method [19]. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are joined to the branches [20]. The tree was drawn to scale, with branch lengths in the same units as the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Tamura-Nei method [21] and are in units of the number of base substitutions per site.





4. Discussion


Many etiological agents, such as bacteria, fungi, parasites, mycotoxins, and viruses, are related to enteric diseases. Enteric viruses have been considered the main causative etiological agents of RSS and acute enteric disturbances that negatively affect the yield of commercial chickens [1,2,4,22,23]. The most common viruses associated with the enteric diseases of chickens and turkeys include FAdV-I, ChPV, CAstV, ANV, IBV, AReo, and ARtV [7,9]. Clinical signs reported for each sample used in this study were related to digestive problems (diarrhea and feed intake), respiratory signs, stunting, high mortality, and a decrease in egg and meat production, which is consistent with results for clinical signs of enteric viruses obtained in other studies around the world [3,4,7,24,25,26,27]. Molecular techniques such as PCR and nucleotide sequencing were employed due to their wide use in the diagnosis of enteric viruses [9,22,28]. The association of enteric virus with the age of broilers, breeders, and layers (Table 4 and Table 5) showed that molecular diagnosis of these viruses can be performed at different stages of production, which can be useful in the control of vertical infections. For example, in our results, ChPV, ANV, and IBV were present in broilers in the first week of age (Table 8), constituting possible vertical transmission. A high number of enteric viruses were found in birds from all ages and in different stages of production, both in broilers and hens (Table 4 and Table 5). Enteric viral infections mostly affect young birds, probably due to their immature intestine epithelium, which is the first organ affected during a viral infection. This results in poor feed absorption with the consequent general symptoms [5]. FAdV-I was detected in young and old birds (Table 4 and Table 5), corroborating results obtained previously [29], where the virus was found in several samples from broilers, layers, and domestic chickens of all ages, even though the clinical signs were more severe in younger birds [30]. ChPV infections affect young birds in their first four weeks [23,27], which is supported by our findings since the virus was detected in 20 infected samples from broilers between 1 and 28 days old (Table 8). AReo was found in 15/333 detections, corresponding to broilers in the growth phase (Table 8), especially between 8 to 28 days old, showing that rotavirus infections mainly affect young birds, promoting RSS and enteric lesions [1]. Both astroviruses, CAstV and ANV, were found in samples from young broilers, despite having nine positive samples from breeders older than 51 weeks old (Table 8). Astrovirus infections usually affect young birds [24], although these viruses can be found in older birds in single and multiple infections with other enteric viruses [8]. IBV affects birds of virtually all ages [31] as demonstrated by our results, where samples of broilers, layers, and breeders from one week and greater than 51 weeks (Table 8) presented positive results for coronavirus in all digestive organs tested, despite the fact that some clinical signs reported for these samples were respiratory signs. Enteric viruses such as FAdV-I, ChPV, CAstV, ANV, IBV, and ARtV were present in the liver, intestines, and pancreas. Caecal tonsils and cloacal swabs were used exclusively for diagnosis of IBV (Table 7). Viral particles of FAdV-I were found in the liver, intestines, and pancreas. The organs where this virus can be detected are the liver, intestines, caecal tonsils, proventriculus, bursa of Fabricius, thymus, spleen, lungs and kidneys [32,33,34,35], especially in the first week of infection. Based on the pancreatic tissue samples that were positive for FAdV-I (5/28) (Table 7), we confirmed the importance of this organ for diagnosis of diseases caused by fowl adenovirus and even in cases of pancreatitis [36]. ChPV was detected in the liver, intestines, and pancreas, which are areas commonly used for ChPV detection due its pathogenicity as an enteric virus, considering the variety of organs where this virus can be found, including the brain, duodenal loop, and even on cloacal swabs [27,37,38]. Astroviruses, such as CAstV and ANV, are commonly detected in the digestive organs and fecal samples of sick and healthy birds [39,40,41], supporting our findings of astrovirus in the liver, intestines, and pancreas (Table 7). IBV can be detected in the intestinal content, trachea, lung, liver, bursa of Fabricius, pancreas, thymus, kidney, proventriculus, and spleen of affected birds [13,42], according to the dynamic distribution of the virus, resulting in a wide range of useful organs for molecular detection of this virus, which in our case helped to determine the presence of the pathogen in liver, intestine, pancreas, cloacal swabs, and caecal tonsils (Table 7). In our study, we found three different serotypes of FAdV-I, without ruling out the possibility of multiple FAdV infections in the same sample because multiple strains of different serotypes can affect to the same animal [29]. Multiple infections between FAdV-I and other enteric viruses were found in our study, especially with ChPV, ANV, and IBV, supporting previous results showing that FAdV-I is often present in co-infections with other enteric viruses including CAstV, AReo, and ARtV [7]. ChPV was present in co-infections with one to four viruses, including IBV, ANV, FAdV-I, and CAstV, which has also been reported in metagenomic [3] and epidemiological surveys [38] with broilers showing RSS. The most common virus found in this study belongs to the family Coronaviridae, which indicates the presence of Infectious Bronchitis Virus in the processed samples. A high percentage of positive samples (60.7%) (Table 3.) indicated the presence of single IBV infections, probably due to the absence of co-infections with other enteric viruses or because only IBV analysis was requested. IBV co-infections with multiple enteric viruses were demonstrated in 32 samples (Table 2), making it difficult to define the exact role of IBV in enteric diseases [43], especially in multiple viral infections. All of the enteric viruses detected during 2010 and 2017 are widely distributed around the world. FAdV-I, found in this study, is a common virus, widely distributed in Brazil and well-reported throughout the world [9,13,44,45,46,47,48], demonstrating its wide distribution among commercial birds. The phylogenetic tree showed that ChPV has a well-conserved genome in non-structural genic regions, as evidenced by the branch sizes in comparison with reference sequences from GenBank, further demonstrating the distribution of ChPV around the world [14,49,50]. Astroviruses affecting commercial flocks are also widely distributed worldwide [28,39,51]. Phylogenetic analysis of astroviruses clustered ANV and CAstV in two different groups, and each of them was sub-grouped with the nucleotide sequences of the RNA polymerase gene from isolates originating in North-America and Asia, providing a resource to determine the global distribution of these viruses. The ARtV analyzed in this study showed a close phylogenetic relationship with isolates from the United States, Peru, South Korea, Ireland, Germany, Nigeria, and Brazil, particularly in the length of the branches in the phylogenetic tree, which may confirm the complete distribution of the virus around the world [22,24,52,53,54]. Coronaviruses such as IBV are some of the most widely distributed enteric viruses in Brazil and have attracted special interest from the poultry industry due the economic losses caused by its impact on the health of birds [55,56,57]. The geographical distribution of the enteric viruses analyzed in this study was reported previously in some regions from the Brazilian territory. According to this study, FAdV-I was disseminated in the states of Paraiba, Pernambuco, São Paulo, and Santa Catarina, in addition to previously reported isolates of FAdV-I and ChPV from the state of Rio Grande do Sul [58]. CAstV was found in samples from Minas Gerais, and the other member of the family, Astroviridae (ANV), was found in samples from Ceara, Paraiba, Pernambuco, Bahia, Minas Gerais, and São Paulo, increasing the previously reported distribution of astroviruses in the states of Rio Grande do Sul, Parana, and Mato Grosso [59,60]. ChPV was distributed in the states of Ceara, Paraiba, Pernambuco, Bahia, Minas Gerais, and São Paulo, supporting the results of [38], who reported the presence of this virus in an outbreak in São Paulo, and expanding upon the report of [27], who worked with isolates of ChPV from poultry farms in the state of Rio Grande do Sul. The ARtV results suggest that this virus was disseminated in the states of Pernambuco, Minas Gerais, and São Paulo, consistent with other previous reports that describe the presence of ARtV in the states of Minas Gerais, Parana, Rio Grande do Sul, and Goias [61,62]. IBV is the most disseminated virus among Poultry flocks in Brazil [63]. This virus requires more specific analysis for the characterization of the different genotypes that affect commercial chickens in Brazilian states and other countries in South America, to determine the epidemiological dynamics and pathogenesis of the virus within the poultry industry.




5. Conclusions


These results may contribute to understand the geographical distribution of enteric viruses within Brazilian territory and the worldwide epidemiology through the evolution pattern shown in the current phylogenetic analysis, providing useful data to be used in future studies.







Acknowledgments


This work was supported financially by grants from the Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP—Grant #2013/08560-5 and 2015/09348-5), Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq—Grant #453920/2014-4), and by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior, Brasília-DF, Brazil (CAPES—Grant #1706271). The first author also thanks the “Secretaría de Educación Superior, Ciencia, Tecnología e Innovación—SENESCYT” for economic support through the Universities of Excellence 2014 scholarship program in Ecuador. The authors would like to thank the poultry companies in Brazil that generously sent the samples included in this study and for the diagnosis of enteric viruses.




Author Contributions


David I. De la Torre wrote the draft paper and executed a portion of the experiments; Luis F. Nuñez collected and prepared the samples and revised the manuscript; Claudete S. Astolfi-Ferreira contributed to the design of the experiments and revised the manuscript; and Antonio J. Piantino Ferreira designed and advised on the experiments and revised the manuscript.




Conflicts of Interest


The authors declare that they have no conflict of interest.




References


	1. 
Otto, P.; Liebler-Tenorio, E.M.; Elschner, M.; Reetz, J.; Löhren, U.; Diller, R. Detection of rotaviruses and intestinal lesions in broiler chicks from flocks with runting and stunting syndrome (RSS). Avian Dis. 2006, 50, 411–418. [Google Scholar] [CrossRef] [PubMed]

	2. 
Kang, K.I.; El-Gazzar, M.; Sellers, H.S.; Dorea, F.; Susan, M.; Kim, T.; Collett, S.; Mundt, E. Investigation into the aetiology of runting and stunting syndrome in chickens. Avian Pathol. 2012, 41, 41–50. [Google Scholar] [CrossRef] [PubMed]

	3. 
Devaney, R.; Trudgett, J.; Trudgett, A.; Meharg, C.; Smyth, V. A metagenomic comparison of endemic viruses from broiler chickens with runting stunting syndrome and from normal birds. Avian Pathol. 2016, 45, 616–629. [Google Scholar] [CrossRef] [PubMed]

	4. 
Nuñez, L.F.N.; Parra, S.H.S.; Astolfi-Ferreira, C.S.; Carranza, C.; Torre, D.I.; Pedroso, A.C.; Ferreira, A.J.P. Detection of enteric viruses in pancreas and spleen of broilers with runting-stunting syndrome (RSS). Pesq. Vet. Bras. 2016, 36, 595–599. [Google Scholar] [CrossRef]

	5. 
Jindal, N.; Patnayak, D.P.; Ziegler, A.F.; Lago, A.; Goyal, S.M. A retrospective study on poult enteritis syndrome in Minnesota. Avian Dis. 2009, 53, 268–275. [Google Scholar] [CrossRef] [PubMed]

	6. 
Decaesstecker, M.; Charlier, G.; Meulemans, G. Epidemiological study of enteric viruses in broiler chickens: Comparison of tissue culture and direct electron microscopy. Avian Pathol. 1988, 17, 477–486. [Google Scholar] [CrossRef] [PubMed]

	7. 
Roussan, D.A.; Shaheen, I.A.; Khawaldeh, G.Y.; Totanji, W.S.; Al-Rifai, R.H. Simultaneous detection of astrovirus, rotavirus, reovirus and adenovirus type I in broiler chicken flocks. Pol. J. Vet. Sci. 2012, 15, 337–344. [Google Scholar] [CrossRef] [PubMed]

	8. 
Moura-Alvarez, J.; Chacon, J.V.; Scanavini, L.S.; Nuñez, L.F.; Astolfi-Ferreira, C.S.; Jones, R.C.; Piantino Ferreira, A.J. Enteric viruses in Brazilian turkey flocks: Single and multiple virus infection frequency according to age and clinical signs of intestinal disease. Poult. Sci. 2013, 92, 945–955. [Google Scholar] [CrossRef] [PubMed]

	9. 
Mettifogo, E.; Nuñez, L.F.; Chacón, J.L.; Santander Parra, S.H.; Astolfi-Ferreira, C.S.; Jerez, J.A.; Jones, R.C.; Piantino Ferreira, A.J. Emergence of enteric viruses in production chickens is a concern for avian health. Sci. World J. 2014, 2014, 8. [Google Scholar] [CrossRef] [PubMed]

	10. 
Meulemans, G.; Boschmans, M.; Berg, T.P.; Decaesstecker, M. Polymerase chain reaction combined with restriction enzyme analysis for detection and differentiation of fowl adenoviruses. Avian Pathol. 2001, 30, 655–660. [Google Scholar] [CrossRef] [PubMed]

	11. 
Cavanagh, D.; Mawditt, K.; Welchman, D.D.B.; Britton, P.; Gough, R.E. Coronaviruses from pheasants (Phasianus colchicus) are genetically closely related to coronaviruses of domestic fowl (infectious bronchitis virus) and turkeys. Avian Pathol. 2002, 31, 81–93. [Google Scholar] [CrossRef] [PubMed]

	12. 
Day, J.M.; Spackman, E.; Pantin-Jackwood, M. A Multiplex RT-PCR test for the differential identification of turkey astrovirus type 1, turkey astrovirus type 2, chicken astrovirus, avian nephritis virus, and avian rotavirus. Avian Dis. 2007, 51, 681–684. [Google Scholar] [CrossRef]

	13. 
Pantin-Jackwood, M.J.; Day, J.M.; Jackwood, M.W.; Spackman, E. Enteric viruses detected by molecular methods in commercial chicken and turkey flocks in the United States between 2005 and 2006. Avian Dis. 2008, 52, 235–244. [Google Scholar] [CrossRef] [PubMed]

	14. 
Zsak, L.; Strother, K.O.; Kisary, J. Partial genome sequence analysis of parvoviruses associated with enteric disease in poultry. Avian Pathol. 2008, 37, 435–441. [Google Scholar] [CrossRef] [PubMed]

	15. 
Green, M.R.; Sambrook, J. Isolation of high-molecular-weight DNA using organic solvents. Cold Spring Harb. Protoc. 2017, 4. [Google Scholar] [CrossRef] [PubMed]

	16. 
Chomczynski, P.; Sacchi, N. Single-step method of RNA isolation by acid guanidinium extraction. Anal. Biochem. 1987, 162, 156–159. [Google Scholar] [CrossRef]

	17. 
Zsak, L.; Strother, K.O.; Day, J.M. Development of a polymerase chain reaction procedure for detection of chicken and turkey parvoviruses. Avian Dis. 2009, 53, 83–88. [Google Scholar] [CrossRef] [PubMed]

	18. 
Nuñez, L.F.N.; Santander Parra, S.H.; Carranza, C.; Astolfi-Ferreira, C.S.; Buim, M.R.; Piantino Ferreira, A.J. Detection and molecular characterization of chicken astrovirus associated with chicks that have an unusual condition known as “white chicks” in Brazil. Poult. Sci. 2016, 95, 1262–1270. [Google Scholar] [CrossRef] [PubMed]

	19. 
Saitou, N.; Nei, M. The neighbor-joining method: A new method for reconstructing phylogenetic trees. Mol. Biol. Evol. 1987, 4, 406–425. [Google Scholar] [PubMed]

	20. 
Felsentein, J. Confidence limits on phylogenies: An approach using the bootstrap. Evolution 1985, 39, 783–791. [Google Scholar] [CrossRef] [PubMed]

	21. 
Tamura, K.; Nei, M. Estimation of the number of nucleotide substitutions in the control region of mitochondrial DNA in humans and chimpanzees. Mol. Biol. Evol. 1993, 10, 512–526. [Google Scholar] [PubMed]

	22. 
Koo, B.S.; Lee, H.R.; Jeon, E.O.; Han, M.S.; Min, K.C.; Lee, S.B.; Mo, I.P. Molecular survey of enteric viruses in commercial chicken farms in Korea with a history of enteritis. Poult. Sci. 2013, 92, 2876–2885. [Google Scholar] [CrossRef] [PubMed]

	23. 
Zsak, L.; Cha, R.M.; Day, J.M. Chicken parvovirus—Induced runting-stunting syndrome in young broilers. Avian Dis. 2013, 57, 123–127. [Google Scholar] [CrossRef] [PubMed]

	24. 
Jindal, N.; Patnayak, D.P.; Chander, Y.; Ziegler, A.F.; Goyal, S.M. Detection and molecular characterization of enteric viruses in breeder turkeys. Avian Pathol. 2010, 39, 53–61. [Google Scholar] [CrossRef] [PubMed]

	25. 
Palade, E.A.; Kisary, J.; Benyeda, Z.; Mándoki, M.; Balka, G.; Jakab, C.; Végh, B.; Demeter, Z.; Rusvai, M. Naturally occurring parvoviral infection in Hungarian broiler flocks. Avian Pathol. 2011, 40, 191–197. [Google Scholar] [CrossRef] [PubMed]

	26. 
Pantin-Jackwood, M.J.; Strother, K.O.; Mundt, E.; Zsak, L.; Day, J.M.; Spackman, E. Molecular characterization of avian astroviruses. Arch. Virol. 2011, 156, 235–244. [Google Scholar] [CrossRef] [PubMed]

	27. 
Finkler, F.; Lima, D.A.; Cerva, C.; Cibulski, S.P.; Teixeira, T.F.; Santos, H.F.; Franco, A.C. Chicken parvovirus viral loads in cloacal swabs from malabsorption syndrome-affected and healthy broilers. Trop. Anim. Health Prod. 2016, 48, 1685–1689. [Google Scholar] [CrossRef] [PubMed]

	28. 
Pantin-Jackwood, M.J.; Spackman, E.; Woolcock, P.R. Molecular characterization and typing of chicken and turkey astroviruses circulating in the United States: Implications for diagnostics. Avian Dis. 2006, 50, 397–404. [Google Scholar] [CrossRef] [PubMed]

	29. 
Niu, Y.; Sun, Q.; Zhang, G.; Sun, W.; Liu, X.; Xiao, Y.; Shang, Y.; Liu, S. Epidemiological investigation of outbreaks of fowl adenovirus infections in commercial chickens in China. Transbound Emerg. Dis. 2018, 65, e121–e126. [Google Scholar] [CrossRef] [PubMed]

	30. 
Toro, H.; Gonzalez, C.; Cerda, L.; Hess, M.; Reyes, E.; Geissea, C. Chicken anemia virus and fowl adenoviruses: Association to induce the inclusion body hepatitis/hydropericardium syndrome. Avian Dis. 2000, 44, 51–58. [Google Scholar] [CrossRef] [PubMed]

	31. 
Nuñez, L.F.N.; Piantino Ferreira, A.J. Viral agents related to enteric disease in commercial chicken flocks, with special reference to Latin America. World’s Poult. Sci. J. 2013, 69, 853–864. [Google Scholar] [CrossRef]

	32. 
Goodwin, M.A.; Hill, D.L.; Dekich, M.A.; Putnam, M.R. Multisystemic adenovirus infection in broiler chicks with hypoglycemia and spiking mortality. Avian Dis. 1993, 37, 625–627. [Google Scholar] [CrossRef] [PubMed]

	33. 
Ojkić, D.; Krell, P.J.; Tuboly, T.; Nagy, É. Characterization of fowl adenoviruses isolated in Ontario and Quebec, Canada. Can. J. Vet. Res. 2008, 72, 236–241. [Google Scholar] [PubMed]

	34. 
Romanova, N.; Corredor, J.C.; Nagy, É. Detection and quantitation of fowl adenovirus genome by a real-time PCR assay. J. Virol. Methods. 2009, 159, 58–63. [Google Scholar] [CrossRef] [PubMed]

	35. 
Absalon, A.E.; Morales-Garzon, A.; Vera-Hernandez, P.F.; Cortes-Espinosa, D.V.; Uribe-Ochoa, S.M.; Garcia, L.J.; Lucio-Decanini, E. Complete genome sequence of a non-pathogenic strain of Fowl Adenovirus serotype 11: Minimal genomic differences between pathogenic and non-pathogenic viruses. Virology 2017, 501, 63–69. [Google Scholar] [CrossRef] [PubMed]

	36. 
Schmidt, R.E.; Reavill, D.R. Lesions of the Avian Pancreas. Vet. Clin. North Am. Exot. Anim. Pract. 2014, 17, 1–11. [Google Scholar] [CrossRef] [PubMed]

	37. 
Marusak, R.A.; Guy, J.S.; Abdul-Aziz, T.A.; West, M.A.; Fletcher, O.J.; Day, J.M.; Zsak, L.; Barnes, H.J. Parvovirus-associated cerebellar hypoplasia and hydrocephalus in day old broiler chickens. Avian Dis. 2010, 54, 156–160. [Google Scholar] [CrossRef] [PubMed]

	38. 
Nuñez, L.F.; Sá, L.R.; Parra, S.H.; Astolfi-Ferreira, C.S.; Carranza, C.; Ferreira, A.J. Molecular detection of chicken parvovirus in broilers with enteric disorders presenting curving of duodenal loop, pancreatic atrophy, and mesenteritis. Poult. Sci. 2016, 95, 802–810. [Google Scholar] [CrossRef] [PubMed]

	39. 
Zhao, W.; Hua, X.G.; Yuan, L.; Cui, L.; Shan, T.L.; Dai, X.; Zhu, A.L.; Yu, Y.; Zhu, C.X.; Yang, Z.B. Sequence analyses of the representative chinese-prevalent strain of avian nephritis virus in healthy chicken flocks. Avian Dis. 2011, 55, 65–69. [Google Scholar] [CrossRef] [PubMed]

	40. 
Hungarica, A.V.; Vasudevan, G.; Nadu, T.; Sciences, A. Detection and partial genetic characterisation of a novel variant of avian nephritis virus in Indian poultry flocks showing diverse clinical signs. Acta Vet. Hung. 2015, 63, 499–507. [Google Scholar]

	41. 
Chamings, A.; Hewson, K.A.; Rourke, D.O.; Ignjatovic, J.; Chamings, A.; Hewson, K.A.; Noormohammadi, A.H. High-resolution melt curve analysis to confirm the presence of co-circulating isolates of avian nephritis virus in commercial chicken flocks. Avian Pathol. 2015, 44, 443–451. [Google Scholar] [CrossRef] [PubMed]

	42. 
Fan, W.; Wang, H.; Zhang, Y.; Guan, Z.; Wang, T.; Xu, C.; Yang, X. Comparative dynamic distribution of avian infectious bronchitis virus M41, H120, and SAIBK strains by quantitative real-time RT-PCR in SPF chickens. Biosci. Biotechnol. Biochem. 2012, 76, 2255–2260. [Google Scholar] [CrossRef] [PubMed]

	43. 
Day, J.M.; Oakley, B.B.; Seal, B.S.; Zsak, L. Comparative analysis of the intestinal bacterial and RNA viral communities from sentinel birds placed on selected broiler chicken farms. PLoS ONE 2015, 10, e0117210. [Google Scholar] [CrossRef] [PubMed]

	44. 
Christensen, N.H.; Saifuddin, M. A primary epidemic of inclusion body hepatitis in broilers. Avian Dis. 1989, 33, 622–630. [Google Scholar] [CrossRef] [PubMed]

	45. 
Toro, H.; Prusas, C.; Raue, R.; Cerda, L.; Geissea, C.; González, C.; Hess, M. Characterization of fowl adenoviruses from outbreaks of inclusion body hepatitis/hydropericardium syndrome in Chile. Avian Dis. 1999, 43, 262–270. [Google Scholar] [CrossRef] [PubMed]

	46. 
Lim, T.H.; Lee, H.J.; Lee, D.H.; Lee, Y.N.; Park, J.K.; Youn, H.N.; Kim, M.S.; Youn, H.S.; Lee, J.B.; Park, S.Y.; Choi, I.S.; Song, C.S. Identification and virulence characterization of fowl adenoviruses in the Republic of Korea. Avian Dis. 2011, 55, 554–560. [Google Scholar] [CrossRef] [PubMed]

	47. 
Maartens, L.H.; Joubert, H.W.; Aitchison, H.; Venter, E.H. Inclusion body hepatitis associated with an outbreak of fowl adenovirus type 2 and type 8b in broiler flocks in South Africa. J. S. Afr. Vet. Assoc. 2014, 85, 1–5. [Google Scholar] [CrossRef] [PubMed]

	48. 
Niczyporuk, J.S. Phylogenetic and geographic analysis of fowl adenovirus field strains isolated from poultry in Poland. Arch. Virol. 2016, 161, 33–42. [Google Scholar] [CrossRef] [PubMed]

	49. 
Domanska-Blicharz, K.; Jacukowicz, A.; Lisowska, A.; Minta, Z. Genetic characterization of parvoviruses circulating in turkey and chicken flocks in Poland. Arch. Virol. 2012, 157, 2425–2430. [Google Scholar] [CrossRef] [PubMed]

	50. 
Koo, B.S.; Lee, H.R.; Jeon, E.O.; Han, M.S.; Min, K.C.; Lee, S.B.; Bae, Y.J.; Cho, S.H.; Mo, J.S.; Kwon, H.M.; Sung, H.W.; Kim, J.N.; Mo, I.P. Genetic characterization of three novel chicken parvovirus strains based on analysis of their coding sequences. Avian Pathol. 2015, 44, 28–34. [Google Scholar] [CrossRef] [PubMed]

	51. 
Hewson, K.A.; Rourke, D.O.; Noormohammadi, A.H.; Hewson, K.A.; Rourke, A.D.O.; Noormohammadi, A.H. Detection of avian nephritis virus in Australian chicken flocks. Avian Dis. 2010, 54, 990–993. [Google Scholar] [CrossRef] [PubMed]

	52. 
Jindal, N.; Mor, S.K.; Goyal, S.M. Enteric viruses in turkey enteritis. Virusdisease. 2014, 25, 173–185. [Google Scholar] [CrossRef] [PubMed]

	53. 
Fujii, Y.; Mitake, H.; Yamada, D.; Nagai, M.; Okadera, K.; Ito, N.; Okada, K.; Nakagawa, K.; Mizutani, T.; Sugiyama, M. Genome sequences of rotavirus A strains Ty-1 and Ty-3, isolated from turkeys in Ireland in 1979. Genome Announc. 2016, 4, e01565-15. [Google Scholar] [CrossRef] [PubMed]

	54. 
Pauly, M.; Oni, O.O.; Sausy, A.; Owoade, A.A.; Adeyefa, C.A.O.; Muller, C.P.; Hübschen, J.M.; Snoeck, C.J. Molecular epidemiology of avian rotaviruses group A and D shed by different bird species in Nigeria. Virol. J. 2017, 14, 1–10. [Google Scholar] [CrossRef] [PubMed]

	55. 
Cavanagh, D. Coronavirus avian infectious bronchitis virus. Vet. Res. 2007, 38, 281–297. [Google Scholar] [CrossRef] [PubMed]

	56. 
Seger, W.; Ghalyanchi Langeroudi, A.; Karimi, V.; Madadgar, O.; Vasfi Marandi, M.; Hashemzadeh, M. Prevalence of avian infectious bronchitis virus in broiler chicken farms in south of Iraq, 2014–2015. Vet. Res. Forum 2016, 7, 317–321. [Google Scholar] [PubMed]

	57. 
Hutton, S.; Bettridge, J.; Christley, R.; Habte, T.; Ganapathy, K. Detection of infectious bronchitis virus 793B, avian metapneumovirus, Mycoplasma gallisepticum and Mycoplasma synoviae in poultry in Ethiopia. Trop. Anim. Health Prod. 2017, 49, 317–322. [Google Scholar] [CrossRef]

	58. 
Lima, D.A.; Cibulski, S.P.; Finkler, F.; Teixeira, T.F.; Varela, A.P.M.; Cerva, C.; Loiko, M.R.; Scheffer, C.M.; Dos Santos, H.F.; Mayer, F.Q.; Roehe, P.M. Fecal virome of healthy chickens reveals a large diversity of the eukaryote viral community, including novel circular ssDNA viruses. J. Gen. Virol. 2017, 98, 690–703. [Google Scholar] [PubMed]

	59. 
Espinoza, L.; Beserra, L.A.; Soares, R.M.; Gregori, F.; Espinoza, L.L.; Beserra, A.L.; Gregori, F. Turkey astrovirus type 1 (TAstV-1) and chicken astrovirus (CAstV) detection in Brazilian chicken flocks. Avian Dis. 2016, 60, 681–687. [Google Scholar] [CrossRef] [PubMed]

	60. 
Espinoza, L.L.; Beserra, L.A.; Soares, R.M.; Gregori, F. Avian nephritis virus (ANV) on Brazilian chicken farms: Circulating genotypes and intra-genotypic diversity. Arch. Virol. 2016, 161, 3455–3462. [Google Scholar] [CrossRef] [PubMed]

	61. 
Rios, R.L.; Marin, S.Y.; Gomes, A.M.; Resende, J.S.; Gomes, A.D.; Horta, R.S.; Resende, M. The occurrence of orthoreovirus, rotavirus and chicken anemia virus in chickens of the poultry industry in Minas Gerais, Brazil. Arq. Bras. Med. Vet. Zootec. 2012, 64, 1613–1620. [Google Scholar] [CrossRef]

	62. 
Beserra, L.A.R.; Barbosa, B.R.P.; Bernardes, N.T.C.G.; Brandao, P.E.; Gregori, F. Occurrence and characterization of rotavirus A in broilers, layers, and broiler breeders from Brazilian poultry farms. Avian Dis. 2014, 58, 153–157. [Google Scholar] [CrossRef] [PubMed]

	63. 
Villarreal, L.Y.; Brandão, P.E.; Chacón, J.L.; Saidenberg, A.B.S.; Assayag, M.S.; Jones, R.C.; Ferreira, A.J.P. Molecular characterization of infectious bronchitis virus strains isolated from the enteric contents of Brazilian laying hens and broilers. Avian Dis. 2007, 51, 974–978. [Google Scholar] [CrossRef] [PubMed]





































© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file8.jpg
ChPV (HQ680340) Croatia 2010

Ghina (KX133426) China 2014

CHPV (NC 024452) Hungary 2014

GHPV (isolate 786-1) Brazil 2017

ChPY (KT347548) Peru 2013

CHPV (KJ486491) South Korea 2012

PV (JQ178304) Poland 2011

CHPV (isolate 752.3) Brazil 2016

| chPV (sotate 691.1) Brazil 2016

#Hlcnpy (kussste?) razl 2012

CHPV (GQ281296) Hungary 2009
ChPV (JF267323) Canada 2010

7] [~ ChPV (KMS98417) United States 2015
5 L ChPV (KY549278) Ecuador 2016

010

Goose panovinus (EU253479) 2007





media/file18.png





media/file13.png





media/file9.png
an— ChPV (HQ680340) Croatia 2010

13 China (KX133426) China 2014

0/— ChPV (NC 024452) Hungary 2014

ChPV (isolate 786-1) Brazil 2017

ED{ ChPV (KT347548) Peru 2013

y _lChPV (KJ486491) South Korea 2012
3 - ChPV (JQ178304) Poland 2011

ChPV (isolate 752-3) Brazil 2016

—H | ChPV (isolate 691-1) Brazil 2016

# ChPV (KU569162) Brazil 2012

— ChPV (GQ281296) Hungary 2009

—

oo

ChPV (JF267323) Canada 2010
ChPV (KM598417) United States 2015

BY
BB '— ChPV (KY649278) Ecuador 2016

Goose parvovirus (EU253479) 2007

010





media/file22.png





media/file23.png





media/file10.png





media/file5.png
g5 ARtV (isolate 480-7) Brazil 2012
37 |l ARtV (isolate 480-5) Brazil 2012
27 | ARtV (isolate 480-1) Brazil 2012
|| T ARtV-A (KX185128) Brazil 2008
99 L ARtV-A (JX474761) Brazil 2010
ARtV-A (GQ353331) United States 2007

23 | ARtV-A (KT347547) Peru2013
g/~ ARtV-A (EU400310) United States 2005
¥ [ARtV-A (JQ085408) South Korea 2011
ARtV-A (LC088136) Ireland 1979
"L Ariv-A (FJ169862) Germany 2002
’ARtV-A (LK932176) Nigeria 2011

I

88

020

AVIAN ROTAVIRUS A

ARtV-G (NC 021629) 2003  ]AVIAN ROTAVIRUS G

ARtV-D (NC 014520) 2005 ] AVIAN ROTAVIRUS D

ARtV-F (NC 021586) 2003 ] AVIAN ROTAVIRUS F





media/file15.png
© o N W

11
11





media/file19.png
—

cCooc o oo o





media/file14.png





media/file2.jpg
50 ANV (isolate 691-6) Brazil 2016
ANV (solats 656.3) Brazil 2015

ANV (DQ324833) UntedStates 2005

ANV isolate 7523) Brazil 2016

ANV (solate 475.5) Brazi 2012 [0y
ANV (KMZ54166) Souh Korea 2013

ANV (KMOBS702) Austala 2010

ANV (HN025238) China 2009
ANV (NC 003750) Japan 2000

[ CASWV (KC633180) b 2012

CAstV (isolate 541.12) Brazil 2014

0

]
(CAsty (isolate 541.2) Brazil 2014
| —casw (xa4s871) ia 2011 o
5| [ CASN (kT386328) aia 2014
51 - CAst (<x397575) United States 2016

3] CASIV (JF414802) Unied States 2007
721CAstv (0Q324839) Unted States 2005





nav.xhtml


  vetsci-05-00038


  
    		
      vetsci-05-00038
    


  




  





media/file11.png





media/file6.jpg
AReo (isolate 806-1) Brazil 2017

 AReo (KX398291) Hungary 2011

L AReo (KCB65795) Hungary 2012

AReo (JQ954693) Unted States 2011

5| AReo (EU400285) United States 2005
|AReo (KP173692) Urited States 2013

AReo (JNG41885) China 1998

AReo (IN641884) China 1998

| AReo (KF741745) China 2011

AReo (DQ198858) Cfina 2005

[E)

Duck recuins (JQ922269) 2011





media/file1.png
100

771 FAdV-8b (Isolate 420-12) Brazil 2011
33 L FAdV-8b strain 764 (JN112373) Canada 2009
FAdV-8b strain 764 (KT862811) United Kindom 2016
FAdV-8b (KX258422) Peru 2016

FAdV-8b (KU981148) China 2013

FAdV-8b

100

100

FAdV-8b (KU981150) China 2014

FAdV-7 strain YR36 (AF508955) Europe 2004
l FAdV-8a (isolate 424-4) Brazil 2011

:| FAdV-8a
100 L FAdV-8a strain TR59 (KT862810) Japan 2016

38

FAdV-6 strain CR119 (AF508954) Europe 2004
100 —— FAdV-9 strain A-2A (NG .000899) Canada 2002

100

L FAdV-3 strain 75 (AF508949) Europe 2004
FAdV-2 strain ATCC VR-827 (AF339915) Europe 2001 D

- \_[ FAdV-11 strain 380 (AF339925) Europe 2001

FAdV-11
34 .- FAdV-11 (isolate 471-14) Brazil 2012

FAdV-5 strain 340 (NC_021221) Europe 1970 B

100 |

FAdV-1 strain CELO (NC_001720) Europe 1996  |A

0.050

— FAdV-4 strain ON1 (NC.015323) Canada 2004 :|
100 L— FAQV-10 strain C-2B (KT717889) United States 2016





media/file16.png





media/file20.png
R





media/file7.png
39

a6 ’AReo (isolate 806-1) Brazil 2017
AReo (KX398291) Hungary 2011

—— AReo (KC865795) Hungary 2012

AReo (JQ954693) United States 2011

a3 | AReo (EU400285) United States 2005

3l AReo (KP173692) United States 2013

AReo (JN641885) China 1998

- AReo (JN641884) China 1998

5 AReo (KF741745) China 2011

- AReo (DQ198858) China 2005

0.20

Duck reovirus (JQ922269) 2011





media/file24.png





media/file12.png
ﬂ|>|,

Neocibn T

4





media/file3.png
qa ANV (isolate 691-6) Brazil 2016
ANV (isolate 656-3) Brazil 2015
ANV (DQ324833) UnitedStates 2005
ANV (isolate 752-3) Brazil 2016

25

ANV (isolate 475-5) Brazil 2012
ANV (KM254166) South Korea 2013
ANV (KM985702) Australia 2010

ANV (HM029238) China 2009
ANV (NC 003790) Japan 2000
CAstV (KC633180) India 2012

CAstV (isolate 541-12) Brazil 2014

010

100 CAstV (isolate 541-16) Brazil 2014

CAstV (isolate 541-2) Brazil 2014
CAstV (JX945871) India 2011

CAstV (KT386328) India 2014
CAstV (KX397575) United States 2016
CAstV (JF414802) United States 2007
72 1CAstV (DQ324839) United States 2005

47

ANV

CAstV






media/file17.png
\|>|/

e =R=N== ]





media/file4.jpg
%[ AR (isolate 480-7) Brazil 2012
AR sclte 480 Brazi 2012
ARMY Gsolate 4801 Brazi 2012
ARN-A (X185128) Brazi 2008
ARNA (X47A761) Bz 2010
ARV-A (GO353331) Unied Saes 2007
ARIV-A (KT347547) Peru 2013 MRS
ARN:A (ELM00310) U Staes 2005
AR (J0085408) Souh Kerea 2011
ARN-A (LCOB136) volad 1579
ARN-A (F3165862) Goay 2002
ARV-A LK992176) oo 2011

ARNV-D (NC 014520) 2005 JAVANROTAVRUS O

ARV-G(NC 021626) 2003 JAVANROTAVRUS G

ARV (NC021566) 2003 JAVANROTAVRUS F





media/file25.png





media/file0.jpg
777 FAGV-8b (1solate 420-12) Brazil 2011
5 Fav.8b svan 764 (N11273)Canada 2008
o] LAV swain 764 (cTas2s11) nted Kindom 2016
FAGV-80 (025642) Pens 2016

I o A8 (cUBet 148 i 201
FAav-85 (KUS81150) Chiva 2014

L FAav-7srain YR8 (AF508958) Europe 2004

Iy |FAGV:83 (solae 426-4) Brazil 2011

100 FAdv-asai TRSO (KTE62810) dapan 2016

« L FAV6 srinCR119 (AF508954) Europa 2004

100 — FAGV:O sainA2A (NC.000609) Canada 2002
IS ——————

Jon

FAGVS srin 340 (NC.021221) Eucpe 1670 o
FAGV-1 stain CELO (NC.001720)Europe 1996 14

& FAGV- s ONT (NC.015323) Canaca 2004
5 A 10 28 T 17089 i s 276

™y

w FAN-2 8 ATCC VR82T AF329915) Exope 2001
 — E;w.u Sran300 APz Euvpe 201 ],
1L Gt 47114 Bz 2012 st
Je

o





media/file21.png





