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of five RNA viruses associated
with enteric disease in chickens:
chicken astrovirus, avian nephritis
virus, infectious bronchitis virus,
avian rotavirus a and avian
orthoreovirus, via multiplex
RT-qPCR
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In the poultry industry, intestinal diseases can lead to significant economic losses
due to diarrhea, weight loss and mortality, often linked to viral infections. Chicken
astrovirus (CAstV), avian nephritis virus (ANV), infection bronchitis virus (IBV), avian
rotavirus A (AvRVA) and avian orthoreovirus (ARV) are key pathogens on this disease
including feed malabsorption and runting-stunting syndrome (RSS). This study
proposes a multiplex RT-gPCR assay for the simultaneous detection of these five
viruses in chickens with enteritis in Ecuador. Primers and hydrolysis probes were
designed for the five viruses, along with a synthetic gBlock as a positive control.
The method was evaluated for sensitivity, repeatability, and specificity, and 200
jejunal samples were tested. Genome regions of each virus were sequenced, and
a phylogenetic analysis confirmed their presence in the samples. The optimized
RT-gPCR assay showed efficiency between 98.8-105.9%, with a detection limit of
1 copy/uL. It specifically amplified the five target viruses without cross-reactivity.
Among 200 chickens tested, 97% were positive for at least one virus, with ANV
(89%) and CAstV (53%) being the most prevalent. Coinfections were common,
especially between CAstV and ANV, with three samples positive for all viruses.
Sequencing and phylogenetic analysis confirmed the circulation of multiple strains
in chickens with enteric disease in Ecuador. This study describes a multiplex RT-
qPCR assay for detecting key enteric viruses in Ecuadorian poultry highlighting
the high prevalence of astroviruses, emphasizing the impact of coinfections, its
possible role in the disease and the importance of improving disease control
strategies.
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Introduction

Avian enteric viruses pose a major threat to the poultry industry
worldwide because of their high prevalence and potential for rapid
transmission, resulting in substantial economic losses. Accurate and
timely diagnosis of intestinal infections is crucial for effective disease
management, prevention and control (1). Therefore, in recent years,
the poultry industry has seen an increased demand for efficient
diagnostic methods that can rapidly identify and quantify avian
enteric viruses (2). Several types of enteric viruses capable of
infecting chickens have been identified, including chicken astrovirus
(CAstV), avian nephritis virus (ANV), infectious bronchitis virus
(IBV), avian rotavirus A (AvRVA) and avian Orthoreovirus (ARV)
(3-5). These viruses are known to cause common intestinal
symptoms such as diarrhea, weight loss, weakness, ruffled feathers
and decreased egg production. They have been associated with
runting-stunting syndrome (RSS), especially in broilers, where
halting growth implies massive losses for poultry (6-12). Studies
over the years have underscored the severe economic impact of these
diseases, with financial losses estimated at approximately $105,000
USD for hatching egg producers and $68,000 USD for hatcheries per
10,000 hens, reflecting the ongoing financial strain on the poultry
industry in managing and controlling disease outbreaks (11, 13).
While viruses such as laryngotracheitis virus primarily affect the
respiratory system (14-16), enteric viruses impact the digestive
system, causing severe conditions such as white chick syndrome and
malabsorption syndrome, which affect growth and nutrient
absorption (12, 17). These viruses can also cause kidney damage and
enteritis, and, in severe cases, viral tenositis syndrome, which affects
joints and tendons (2, 18). Furthermore, their ability to induce
sub-clinical infections represents an additional challenge for
detection and management, in contrast to other viruses that present
more obvious symptoms (19).

CAstV and ANV are two members of the genus Avastrovirus
within the Astroviridae family that are associated with growth
problems, enteritis and kidney lesions in young chickens. CAstV
has a positive RNA genome that is approximately 7.5 kb long and
contains three open reading frames (ORFs) flanked by two
untranslated regions (UTRs) (20, 21). ORFla and ORF1b encode
nonstructural polyproteins, whereas ORF2 encodes capsid
proteins. ORF1b has been described as the most conserved region
of the genome and has been used several times as a flank for
diagnostic methods in addition to 3’UTR, while ORF2 is the
more variable region that confers pathogenicity and is used to
discriminate genotypes (22). In the case of ANV, ORF2 variation
has given it 4 genotypes, while CAstV, which shows high genetic
variability, has been classified into 7 subgroups based on
pathogenicity (23). This enteric virus is known for its ability to
cause subclinical infections, making it a challenging adversary for
poultry (24). ANV has a slightly smaller genome than CAstV at
approximately 6.8 kb. It is known to cause a wide range of clinical
symptoms, with kidney damage as its main characteristic (25, 26).
ANV has recently been described in Ecuador (27), where it was
identified in 82% of samples analyzed from chickens with
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enteritis, higher than the 12.6% reported in Brazil in 2018 and
the 23% reported in China in 2022 (3, 28).

IBV, a highly contagious virus within the Gammacoronavirus
genus of the Coronaviridae family, affects chickens primarily, causing
respiratory, reproductive, renal and digestive diseases. Its genome,
approximately 27 kb in length, is flanked by 5" and 3> UTRs and
includes ORFs encoding nonstructural proteins la and lab, structural
proteins spike (S), envelope (E), membrane (M), and nucleocapsid
(N), as well as accessory proteins ORF3 and ORF5 (29, 30). Previous
observations have revealed major heterogeneity of the virus in the S1
region of the S gene, leading to its classification into six groups
(GI-GVI). According to the analysis on 2016, GI has been identified
as the most distributed worldwide, with approximately 27 main
lineages (31). Recently, the emergence of new GI lineages concerning
their impact on virulence has been hypothesized (32-34). Due to the
high genetic variability of this virus, the use of UTRs as a target for
molecular methods has been the most viable form of diagnosis (35,
36). Focusing on the respiratory area, IBV has been previously
identified in Ecuador in up to 34% of positive samples in 2022 (37). In
Brazil, the presence of this virus was detected in association with
enteric disease with 58.9% and in China with unreported prevalence
(28, 38).

ARV is a non-enveloped, icosahedral virus belonging to the
Reoviridae family and the genus Orthoreovirus. Its genome consists of
10 double-stranded RNA fragments classified according to
electrophoretic mobility: L1-L3, of up to 4kb encoding viral
replication proteins, M1-3, of up to 2.4 kb encoding morphogenesis
and assembly proteins, and S1-S4, of up to 1.6 kb encoding viral
adhesion and host interaction protein (39). The 6C gene in the S1
segment is highly variable and used to classify ARV into six genotypes
(40). The M1-3 regions have been the most widely used for diagnosis
due to their low genetic variability compared to the other regions, in
some cases combining more than one for specific genotypes (41). ARV
affects poultry, particularly chickens, causing viral arthritis,
tenosynovitis, and malabsorption syndrome, impacting joints,
tendons, and the intestinal tract (41, 42). AvRVA is another virus in
the Reoviridae family that specifically belongs to the genus Rotavirus
(43), has a genome of 11 segments of double-stranded RNA
encapsulated in three layers of proteins enconding the structural
proteins VP1-VP4, VP6 and VP7, that form the viral capside and host
adhesion, and the nonstructural proteins NSP1-NSP6, which are
involved in the replication and evasion of immunity (44). Based on
variations in the VP6 protein-encoding gene, highly conserved protein
of the virion’s internal capsid, rotaviruses (RVs) are classified into
eight groups (A to H). AvRVs fall into Groups A, D, F and G, with
Group A being the most widely distributed worldwide (45-48). On
the other hand, the NSP4 gene, which codes for the viral enterotoxin,
is used for specific molecular diagnostic methods covering certain
strains, such as those infecting poultry (49). Like ARVs, AvRVs are
implicated in growth delay and growth retardation syndrome in
poultry. They are associated with both RSS and poult enteritis
syndrome (PES) in turkeys (49, 50). Although AvRVA and ARV are
recognized as circulating in Ecuador, there is no clear data on the
prevalence of these viruses in this region. In Brazil, China and the
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United States, highly variable prevalences between 0.5 and 20% of
chickens with and without enteric disease have been reported (28, 41,
51, 52).

Real-time quantitative polymerase chain reaction (qQPCR) has
emerged as a powerful tool for sensitive and specific virus detection,
offering many advantages, such as quick results, quantified evaluation
and the ability to differentiate between viral strains (5, 49, 53, 54). In
Ecuador, several outbreaks of enteric disease have been described by
poultry farmers, who frequently report outbreaks of intestinal
disorders, which are characterized by weak animals with ruffled
feathers, cloacal clogging, dwarfism, growth disparity and diarrhea
(unpublished data). These enteric diseases have emerged as major
challenges for these producers, as no causative bacteria have been
isolated or identified, and antimicrobial therapies have proven
ineffective. For the detection of ANV and CAstV there is only one
duplex qPCR assay (55), and a single assay for ANV (27), plus an
endpoint assay including AvRVA (49), which have low detection
limits, while for the detection of IBV, ARV single RT-qPCR methods
or grouping with other non-enteric viruses have emerged (35, 56).
Only for IBV and ARV there are serological methods used for
commercial diagnostic for the detection of IBV and ARV, however
these are only able to identify genotypes or specific strains of the virus,
without covering all versions of this virus (57-61). At the moment,
there are no molecular methods that simultaneously detect the
presence of these 5 viruses. Therefore, given that they are among the
most frequent enteric viruses and the above-mentioned pathological
effects, a robust and rapid diagnostic method to identify the possible
agents causing this disease is crucial.

This study aimed to develop and explore the application of
multiplex RT-qPCR as a cutting edge diagnostic method for avian
enteric viruses in chickens. In order to assess its efficacy in chicken
samples exhibiting enteritis, necessitating the analysis of these viruses
in relation to pertinent statistical variables such as age, location, and
coinfections. Finally, to conduct a phylogenetic evaluation of these
viruses using conserved genomic segments to validate the accuracy of
the detection results obtained through the proposed method. These
advances not only enhance our ability to detect these viruses but also
provide valuable data for epidemiological studies, helping to formulate
effective strategies for controlling and preventing poultry mortality (2,
28, 62). Consequently, a multiplex RT-qPCR assay was developed and
used to identify and quantify the presence of the five main RNA
viruses associated with intestinal disease, CAstV, ANV, IBV, AvRVA
and ARV, enabling accurate diagnosis of the causes of intestinal-
associated problems in poultry.

Methodology
Sample collection

In this study, 200 jejunum samples from chickens of different age
groups, breeds and provinces of Ecuador [Pichincha (112 samples),
Imbabura (32 samples), Chimborazo (24 samples) and Tungurahua
(32 samples)] with enteric disease were sent to research laboratory
located at the Universidad de Las Americas (UDLA) for molecular
diagnosis of enteric viruses. According to the medical records of
poultry farmers, the animals from which the samples were collected
presented signs of intestinal disease, mainly diarrhea, ruffled feathers,
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dwarfism and weight loss. The chicken intestinal samples were
originally collected from deceased animals and transported at 4°C to
the laboratory. Upon arrival, aliquots of the jejunum were taken and
stored at-20°C until use. All procedures performed in this study were
approved by the Committee for the Care and Use of Domestic and
Laboratory Animal Resources of the Agency for Regulation and
Phytosanitary ~and  Zoosanitary ~ Control  of
(AGROCALIDAD), under number #INT/DA/019.

Ecuador

Nucleic acid extraction

For the extraction process, approximately 100 mg of jejunum was
macerated via stainless steel beads in TissueLyser LT (Qiagen®,
United States). The macerated samples were then subjected to RNA
extraction via TRIzol reagent (Invitrogen by Life Technologies,
Carlsbad, CA, USA) according to the manufacturer’s instructions. The
samples were eluted with DEPC-treated water and reverse transcribed.
The extracted RNA was stored at —80°C until use. For positives
control of DNA virus (ChPV and FAdV-1), a phenol/chloroform
based method was used with GT reagent according to previously
described protocol (63).

Primer and hydrolysis probe design

Five primer and hydrolysis probe sets were designed for the
simultaneous detection of CAstV, ANV, IBV, AvRVA and ARV
(Table 1). All available sequences of the complete CAstV and IBV
genomes, the complete ARV M1 segment, the AVRVA segment 10, and
all complete and partial ANV genomic sequences were obtained from
GenBank and aligned via Clustal Omega with Geneious Prime
2023.0.2 (64). Primers and probes for CAstV, ANV and AvRVA were
manually designed using conserved regions of the viral genomes. For
IBV and ARV detection, existing primer and probe sets have been
adapted to accommodate sequence variations and optimized for
multiplexing (35, 56). Primers and probes were designed using an
align of a condensate of the sequences uploaded to GenBank for each
of the viruses up to 2023, based on regions where little genetic
variability has been seen, it is expected that these will remain viable
despite the emergence of new strains. Each primer and hydrolysis
probe sequence were analyzed for potential dimer formation via the
IDT OligoAnalyzer™ tool (65). Additionally, in silico BLAST analysis
was conducted for each designed sequence to verify specificity,
confirming the absence of cross-reactivity.

Standard curve construction

A synthetic double-stranded DNA fragment (gBlocks Gene
Fragments, IDT) containing the target genomic sequences of all five
viruses (Supplementary material) was used to calibrate the standard
curve (66). The gBlock designed was dissolved in 50 pL of
UltraPure™ DNase/RNase-Free Distilled Water (Invitrogen)
following the manufacturer’s instructions. The solution was
subsequently quantified with NanoDrop™ 2000 equipment
(Thermo Fisher Scientific, Carlsbad, CA, United States). The
obtained DNA concentration was then input into the DNA Copy
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TABLE 1 Primers and probes used in this study.

10.3389/fvets.2025.1536420

Primers and Target Sequence (5" — 3) Amplicon  Reference
probes
CastV-Fwd GGAGTATGCYGCTGCTGA
CastV-Rev ORFI1b + ORF2 CTTATCGGCCATGCTGCT 106 bp This study
CastV-Probe FAM- TCGGTCCATCCCTCTACCAGATTTTCTGA/BHQ1
ANV-Fwd GTAAACCACTGGCTGGCT
ANV-Rev 3 UTR TCCTGTACCCTCGATGCTA 73 bp This study
ANV-Probe HEX- CTACAGCAACTGACTTTCCCGAGGC/BHQ1
IBV-Fwd GCTTTTGAGCCTAGCGTT
IBV-Rev 5 UTR RT-qPCR GCTTGAAGCCATGTTGTCA 150 bp (35), modified
IBV-Probe multiplex TEXAS RED- CACCACCAGAACCTGTCACCTC-BHQ2
ARV-Fwd GGCCTATCTAGCCACACC
ARV-Rev ACACATCTTGGAGGTCGA

Segment M1 107 bp (56), modified

Quasar 670-TGTGCTAGGAGTCGGTTCTCGCATTAC-
ARV-Probe
BHQ2

AVRVA-Fwd TCTACGTTGTCGAAAGAGGC
AVRVA-Rev NSP4 CTTGCCACACCCGATCAT 95 bp This study
AVRVA-Probe CY5-CACCACCAGAACCTGTCACCTC-BHQ2
CasPol 1 F GAY CAR CGA ATG CGR AGR TTG

Orflb 362 bp (49)
Cas Pol 1 R TCA GTG GAA GTG GGK ART CTA
AnvPol 1 F GYT GGG CGC YTC YTT TGA YAC

Orflb 473 bp (49)
Anv Pol IR CRT TTG CCC KRT ART CTT TRT
XCE2- End point RT- CTC TAT AAA CAC CCT TACA

S1 PCR for 465 bp (68)
XCE1+ . CAC TGG TAA TTT TTC AGA TGG

sequencing

NSP4 F30 GGG CGT GCG GAA AGA TGG AGA AC

NSP4 630 bp (49)
NSP4 R660 GGG GTT GGG GTA CCA GGG ATT AA
REO-F TCM RTC RCA GCG AAG AGA RGT CG

S1 1,114 bp (69)
REO-R TCR RTG CCS GTACGC AMG G

Number and Dilution Calculator tool (Thermo Fisher Scientific) to
determine the required amount of gBlock to generate a standard
with 10® copies of genetic material per microliter. Subsequently,
serial tenfold dilutions of the DNA standards (gBlock fragment)
were performed until 1 copy of genetic material per microliter was
reached for the construction of standard curves for the qQPCR
assays. A tissue (Jejunum) suspension was used as matrix.

Reverse transcriptase reaction

Prior to the RT-qPCR assay, the RNA samples were subjected to
reverse transcriptase (RT) to produce complementary DNA (cDNA).
Reverse transcription was performed with 5 pL of extracted RNA via
Super Script III (Invitrogen, Waltham, MA, United States) according
to the manufacturer’s instructions, with 1 pL of oligo (dT)20 and 1 pL
of random hexamer primer. The incubation process was performed
with an initial incubation at 25°C for 10 min, followed by a second
incubation at 37°C for 50 min and inactivation of the reaction at 70°C
for 15 min. The cDNA obtained was either subjected to qPCR or
stored in a freezer at —80°C.

Frontiers in Veterinary Science

RT—-gPCR assay

In this study, the single and multiplex reactions were optimized
on the basis of the concentration of primers and hydrolysis probes,
as well as the optimal melting temperature for all the targets. The
RT-qPCR was carried out in a final volume of 10 pL. To achieve
this, TaqPath™ ProAmp™ Multiplex Master Mix (Applied
Biosystems Tagman) was used, with a final concentration of 0.2 pM
for each primer and 0.1 pM for each probe (Table 1). Additionally,
1 pL of ¢cDNA was added, and UltraPure™ DNase/RNase-Free
Distilled Water (Invitrogen) was used to adjust the volume to
10 pL. The RT-qPCR was performed on a CFX96 Touch Real-Time
PCR Detection System thermal cycler (Bio-Rad Laboratories, Inc.,
Hercules, CA 94547, United States) under the following
temperature conditions: one cycle at 60°C for 30 s for pre-read, one
cycle at 95°C for 5 min for polymerase activation and initial
denaturation, folllowed by 40 cycles at 95°C for 15 s, 61°C for 30 s
(Read) and 72°C for 30 s. Following protocol optimization, the
analysis of all 200 samples was conducted, incorporating ddH20 as
the negative control, a synthetic double-stranded DNA fragment as
the positive control, and a non-template control. Each sample was
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processed in duplicate, including standards for calibration curve.
This approach enabled the absolute quantification of all samples.

Analytical sensitivity and limit of detection
and quantification for the RT—qPCR assay

The limit of detection (LoD) and the limit of quantification (LoQ)
were established as the lowest concentration that could amplify the 10
serial dilutions of gBlock used in the standard curve to determine the
detection and quantification capacity of the proposed method, thus
marking the minimum sensitivity genetic load for the assay. Analytical
sensitivity was first determined using a synthetic gBlock, setting a
limit of detection 1 copy/pL. To evaluate the performance of the assay
in a biological matrix, the gBlock was tested on RNA extracted from
jejunal tissue, confirming detection at the same limit despite the
presence of host RNA.

Analytical specificity of the RT—-gPCR assay

To assess the specificity of the multiplex assay, RT-qPCR was
performed via positive controls for other recurrent viruses in chickens:
chicken parvovirus (ChPV), avian metapneumovirus subtypes A
(AMPV-A) and B (AMPV-B), Newcastle disease virus (NDV) and
fowl adenovirus 1 (FAdV-1), with ddH20 as the negative control.

Analytical repeatability of the multiplex
RT—-gPCR assay

To assess repeatability, intra-assay and inter-assay tests were
performed via serial dilutions of the synthetic DNA positive control
to 107 and 10° DNA copies per pL, respectively, and the samples were
subjected to the RT-qPCR protocol five times each over 5 days. Each
of these serial dilutions was aliquoted separately and stored at —20°C
until use. For inter-assay repeatability, an aliquot of each serial dilution
was amplified by RT-qPCR five times under the same conditions. In
each amplification, a different aliquot of serial dilution was thawed
and used. For intra-assay repeatability, five serial dilutions of the
gBlock described above were used, and 5 replicates were performed
for each dilution factor. All procedures were performed according to
MIQE (Real-Time PCR Experiment Standards) guidelines (67). A
total of 5 trials were run using 5 different dilutions in quintuplicate on
5 different days. The aim of this procedure was to evaluate the stability
of RT-qPCR. Cycle threshold (Ct) values and the calculated coefficient
of variation (CV), as determined from the assay results, were used.
Stability was calculated via the coeflicient of variation for each
corresponding point for the intra- and interassay evaluations.

Sequencing and phylogenetic analysis

Randomly selected samples of each virus were subjected to
RT-PCR amplification of a characteristic fragment. Portions of ORF1b
as a partial method for characterization of ANV and CAstV and a part
of the IBV S1 gene were amplified as previously described in 2007 and
1999 (49, 68). For ARV, a fragment of the 6C gene was amplified, same
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with a fragment of the AVRVA NSP4 gene, as described previously in
2010 and 2007 (49, 69). All PCR protocols were performed via the
Platinum™ Taq DNA Polymerase Kit (Invitrogen by Thermo Fisher
Scientific, Carlsbad, CA, United States), with thermocycling conditions
adjusted according to the melting temperature of each set of primers.
The PCR products were subsequently visualized in a 2% agarose gel
stained with SYBR Safe DNA Gel Stain (Invitrogen by Thermo Fisher
ScientificCarlsbad, CA, United States). The amplified products were
purified via an ExoSAP-IT™ Express PCR product Cleanup Kit
(Applied Biosystems, Santa Clara, CA 95051, United States) following
the manufacturer’s instructions. The purified products were then
sequenced via the Big Dye Terminator v 3.1 cyclic sequencing kit
(Applied Biosystems, Thermo Fisher Scientific) according to the
manufacturer’s instructions on an ABI 3500 DNA analyzer (Applied
Biosystems, Thermo Fisher Scientific). The sequences of each virus
were aligned and analyzed alongside similar sequences randomly
collected from GenBank from various regions worldwide. Each virus
was analyzed separately via the CLUSTAL X 2.0.11 program (70). For
each virus, a phylogenetic analysis was carried out via the neighbor-
joining statistical method along with a p-distance substitution model
and a bootstrap model phylogeny test with 1,000 repeats. This analysis
was conducted via the MEGA version 7 software package (71),
resulting in phylogenetic trees representing the characteristics of the
sequences obtained for each virus.

Statistical analysis

The virus detection data were organized through descriptive
statistics and categorized by province, age range, and detection results for
each virus. The data were then imported into the R Studio 2022.12.0 + 353
environment (72). First, a Shapiro-Wilk test was run to determine
whether the virus detection data followed a normal distribution, a
prerequisite for proceeding to multivariate testing. Upon confirmation,
the chi-square test was applied to analyze the associations between
categorical variables, such as province, age range and detection of each
virus. A cutoff of p < 0.05 was used to determine statistical significance.

The validation of the diagnostic method proposed in this study was
carried out according to The MIQE guidelines and the WOAH Terrestrial
Manual Chapter 1.01.06 and provide validation data for Stage 1 (67, 73).
In order to determine the confidence in the diagnostic method, the
calculation of the test performance metrics was applied using the

i : TP N
following formulas: ¢, ... ty = » Specificity = ,
TP+ FN TN + FP
Positive Sensitivity x prevalence

predictive value (PPV) Sensitivity x prevalence +
(1 - Speciﬁcizy) X (1 - prevalence)

Negative _ Specificity x (1 - prevalence)

predictive value (NPV) Specificity x (1= prevalence) +
(1 - Sensitivity) x prevalence

according to chapter 6 of Fletcher’s Clinical Epidemiology (74). Where:
TP = true positives, FN = false negatives, TN = true negatives, FP = false
positives, prevalence = frequency of enteric disease in chickens (11%),
associated as the minimum probability of appearing to be enteric disease
accompanied by malabsorption syndrome associated with viral
pathogens (6, 75).
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Results

Standard curves for single and multiplex
RT—gPCR assays

To perform absolute quantification on the basis of the standard
curve, assays were carried out to generate both multiplex and singleplex
calibration curves. The multiplex calibration curve, using the 10 series
dilutions of the synthetic DNA positive control, showed efficiencies of
105.9, 99.3, 99.9, 99.0 and 102.2% for CAstV, ANV, IBV, AvRVA and
ARY, respectively, and correlation coefficients between 0.998 and 0.999
under previously established conditions (Figures 1 A,B).

Curves generated in singleplex formats to examine their individual
assay behavior demonstrated target amplification and efficiencies of
98.8% (Figures 1C,D), 103.3% (Figures 1E,F), 105.0% (Figures 1G,H),
100.5% (Figures 11,]), and 98.5% (Figures 11,L) for IBV, ARV, CAstV,
AvRVA and ANV, respectively, and correlation coeflicients between
0.99 and 1. Both the multiplex and singleplex assays exhibited an LoD
and LoQ of up to 1 copy of genetic material per pL.

Specificity of the RT—-gPCR assay

The specificity of the RT-qPCR assay was confirmed by the absence
of amplification from FAdV-1 and ChPV DNA; AMPV-A, AMPV-B
and NDV RNA; and the non-template control (Supplementary material).

Diagnostic test performance metrics

From the analysis carried out on the basis of the metrics of the
diagnostic test proposed, a sensitivity of 97.03% was obtained, while
the specificity was 100%. On the other hand, the NPV showed a result
0f 99.63% and the PPV of 100%, which indicates that the test has an
excellent diagnostic capacity, both to affirm the presence of these
pathogens and to indicate their absence.

Repeatability of the assay

The intra-assay results for all the targets revealed high
repeatability, where the most variable was 0.926% for CAstV, and
the least variable was the ARV CV, which reached 0.248%. The
intra-assay CVs were in accordance with the parameters, with the
highest being 0.847% for IBV and the lowest being 0.425% for
CAstV. Regarding the multiplex, the inter-assay results showed a
coefficient of variability between 0.147 and 0.926%, and the intra-
assay results showed a coeflicient between 0.130 and 0.847%. This
finding indicates that the multiplex and single-plex real-time RT-
qPCR assay has low repeat variability (Table 2).

Enteric virus detection

Among the 200 chicken samples tested in this study, 97%
(n = 194) were positive for at least one of the enteric viruses tested
in the multiplex assay (Table 3). Among the 5 viruses detected,
ANV was the most common, accounting for 89% of the positive
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samples (p value <0.001; Table 3). In contrast, AVRVA had the
lowest presence, detected in only 11% of the samples from
chickens with intestinal disease, showing no significant difference
from the other groups (p value >0.05). In the Broiler group, all
samples from birds aged 132 days were found to be infected by at
least one of the 5 viruses tested in this study without showing
significant differences from the remaining group (over 32 days of
age). In both the Layer and Breeder groups, at least one of the
viruses was found to be present in all birds up to 30 weeks of age,
with no significant differences between the remaining groups
(Table 3).

Regarding viral load, broilers presented the highest average viral
load for CAstV, ANV and IBV and in layers for ARV (Table 4), with
significant differences from the layer and breeder groups for CAstV (p
value <0.001) and no differences for the remaining 4 viruses (p value
>0.05). In particular, AVRVA presented the highest average viral load,
with no significant differences from the other viruses, whereas ARV
presented the lowest average viral load (Table 4).

When virus detection in relation to sample origin was analyzed,
Pichincha was the province with the highest percentage of positive
samples for each virus analyzed, although the difference was
statistically significant only for IBV (p value = 0.0187; Table 5).
Conversely, Chimborazo showed the lowest percentage of positivity
for all viruses tested. Across all provinces, ANV and CAstV were
the viruses with the highest positivity rates, regardless of the
number of samples per province (Figure 2). However, these data are
limited by the unequal number of samples for each province and
the overall study.

Coinfection analysis

Among the 194 positive samples, 124 (63.9%) presented
coinfections with up to five different viruses (Table 6). Among the
31 possible combinations of the five viruses, 18 different
combinations were detected. Interestingly, there were no single
infections of ARV; this virus was observed only in coinfections with
other viruses. Three samples tested positive for all five viruses
simultaneously (Table 6, combination C1). Coinfection with CAstV
and ANV appeared to be the most frequent combination, detected
in 62 samples. However, no significant difference was detected
between the frequencies of the different combinations (p
value>0.05). Single infections with CAstV, IBV and AvRVA were
reported in 6, 2 and 2 samples, respectively, while 60 samples tested
positive for ANV alone. Therefore, in chickens with intestinal
disease, ANV was the most frequently detected virus, both in single
infections and coinfections.

Sequencing and phylogenetic analysis

CastV

Phylogenetic analysis on the basis of randomly selected CastV
ORF1b sequences generated a tree that grouped the sequences into two
main clades and several subclades. Our Ecuadorian sequences formed
a distinct cluster (bootstrap 100%) closely related to previously
published sequences from Brazil (Figure 3). The 8 sequences obtained
in this study presented 97.5 to 99.7% nucleotide (NT) similarity among
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themselves and 90.86 to 93.91% similarity with the Brazilian sequences
(Supplementary material). Additionally, these sequences presented
approximately 90% NT similarity with sequences from Belgium,

Canada, China, India, Malaysia and the United States and
approximately 80% NT similarity with previously published sequences
from Poland, Iran, Italy, Iraq, Croatia, and the Netherlands.
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ANV

The phylogenetic analysis of the partial ANV ORF1b sequences
revealed that the sequences obtained in this study were grouped into
a single clade (93% bootstrap). These sequences were found to
be closer to two Brazilian sequences (MH028405 and MF683401) and
were grouped in the same clade as sequences from China and Israel
(Figure 4). The sequences from this study presented 97.46 to 100% NT
similarity. Furthermore, they presented between 86 and 97% NT
similarity with sequences from Brazil, Israel, and China; between 89
and 95% NT similarity with sequences from Australia, Italy, South
Korea, Tanzania, and the United States; and approximately 87% NT
similarity with sequences from Japan and other Brazilian sequences
(Supplementary material).

IBV

The phylogenetic analysis of IBV partial S1 gene sequences from
the GI group revealed different GI lineages, ranging from GI-1 to
GI-27, as previously described by Valastro et al. (31). The IBV
sequences obtained in this study were grouped into two distinct
lineages: six sequences grouped in the GI-13 clade, along with
European strains such as the live attenuated vaccine strains 793B and
4/91, and two sequences grouped in the GI-1 cluster, along with
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North American strains, particularly the Massachusetts vaccine
strain (Figure 5). Among the six sequences in the GI-13 group, all
sequences presented 100% NT similarity with the strain sequence
JQ739375 (Supplementary material) which has a minimal difference
with the vaccine strain. The two sequences in the GI-I group
presented 100 and 98% NT similarity to the Massachusetts vaccine
strain, corresponding to a vaccine strain and a wild-type strain,
respectively (Supplementary material) (36; Figure 5).

ARV

The phylogenetic analysis of ARV S1 segment sequences, which
were randomly collected from GenBank along with those obtained in
this study, resulted in a tree with distinct clades for genotypes 1 to 6
(Figure 6). Six of our sequences (UDLA 502, 570, 549, 511, 551 and
567) grouped within the genotype 1 cluster, closely related to
previously published sequences from Brazil and the United States. The
remaining sequence (UDLA 572) was assigned to the genotype 2 clade
and showed proximity to sequences from the United States. When the
NT similarities between these sequences were analyzed, those assigned
to genotype 1 presented 98-99% NT similarity with the Brazilian and
Unites States sequences, with the similarity decreasing to 70% with
other sequences within genotype 1. Furthermore, the UDLA 572
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TABLE 3 Results of multiplex RT-gPCR assay detection for the five RNA viruses tested in this study.

Multiplex detection of enteric viruses in chickens

10.3389/fvets.2025.1536420

N°. samples CAstV ANV IBV ARV Total of
positive
o o o o
Ne(+) N°(+) N°(+) N°(+) samples (%)
1-7 16 8 (50%) 14 (87%) 1(6.25%) 1(6.25%) 1(6.25%) 16 (100%)
8-14 13 7 (53.9%) 9 (69.2%) 6 (46.2%) 2 (15.4%) 1(7.7%) 13 (100%)
Broiler Days
15-32 25 14 (56%) 23 (92%) 6 (24%) 5 (20%) 3 (12%) 25 (100%)
>32 68 31 (45.6%) 64 (94.1%) 9 (13.2%) 4(5.9%) 5 (7.4%) 65 (95.6%)
1-30 37 21 (56.8%) 31 (83.8%) 15 (40.5%) 7 (18.9%) 5 (13.5%) 37 (100%)
Layer
>30 35 21 (60%) 31 (88.6%) 9 (25.7%) 6(17.1%) 7 (20%) 32(91.4)
Weeks
1-30 5 3 (60%) 5 (100%) 3 (60%) 0 (0%) 0 (0%) 5 (100%)
Breeder
>30 1 1(100%) 1(100%) 1(100%) 0 (0%) 0 (0%) 1 (100%)
Total 200 106 (53%) 178 (89%)* 50 (25%) 25 (12.5%) 22 (11%) 194 (97%)

*Significant differences according to statistical analysis compared with other parameters.

TABLE 4 Quantification of the five RNA viruses tested in this study via multiplex RT-qPCR.

Quantification of enteric viruses in chickens

CAstV ANV IBV
Av. Mx.GC Av.GC Mx.GC Mx.
GC GC
1-7 15 204 3,919 52,821 13 13 15 15 4,412 4,412
8-14 29,001 375,909 385,924 4,179,027 204,973 2,288,837 4 33 2 32
Broiler Days
15-32 886,256 8,265,264 2,482,739 47,461,888 53,953 704,740 50,985 1,273,578 92 2,268
>32 433,904 28,768,860 18,307 268,453 3,339 171,445 914 32,365 14 961
1-30 237 3,596 386,129 14,169,410 14,962 391,053 4 40 23 494
Layer
>30 97,677 2,215,496 174,560 2,665,836 97,821 1,782,251 84,178 2,945,468 13,277,023 464,695,237
Weeks
1-30 1 2 167,581 837,855 31,017 133,951 N/A N/A N/A N/A
Breeder
>30 11 11 3,126 3,126 2 2 N/A N/A N/A N/A
Total 277,333 28,768,860 448,243 47,461,888 42,151 2,288,837 21,421 2,945,468 2,323,522 464,695,237

Av, Average; Mx, Maximum; GC, Gene copies per pL; N/A, Not applicable.

TABLE 5 Results of the multiplex RT-qPCR assay for the five tested RNA viruses in relation to the locality of the samples.

Provinces ANV 1BV ARV

Number of positive samples/Number of total samples (%)

10/24 (5.0%) 22/24 (11.0%) 2/24 (1.0%) 1/24 (0.50%) 1/24 (0.50%)
Chimborazo
17/32 (8.5%) 26/32 (13.0%) 13/32 (6.5%) 4/32 (2.0%) 3/32 (1.50%)
Imbabura
58/112 (29.0%) 102/112 (51.0%) 24/112 (12.0%)* 12/112 (6.0%) 11/112 (5.50%)
Pichincha
21/32(10.5%) 28/32 (14.0%) 11/32 (5.5%) 8/32 (4.0%) 7/32 (3.50%)
Tungurahua

*Significant differences between every enteric virus present in the analyzed provinces according to the chi-square test.

the samples analyzed. The lack of vaccines to combat infections related ~ and sequenced (49, 82). However, since this gene is the most conserved

to this virus heightens the emerging risk in poultry. region of the astrovirus genome, it was not possible to perform
This study conducted phylogenetic analysis of ANV and CAstV on

the basis of the coding sequence of the RdRp gene, as it is easily amplified

genotyping according to the previously described genotypes, ANV 1 and
2, and CAstV A and B. Therefore, future studies should focus on
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sequencing the ORF2 gene, which encodes the capsid protein and
enables genotyping (83-85), which would facilitate the identification of
the circulating strains and genotypes within the country, along with
their associated pathogenicity and virulence, ultimately informing the
development of appropriate measures to address the impact of this
disease. Nevertheless, for both viruses, the sequences showed greater
proximity and percentage of NT similarity with strains previously found
in Brazil (Figures 3, 4; Supplementary material). Importantly, previous
reports from Brazil have identified the two genotypes of ANV and the
genotypes A and B of CAstV, including those associated with RSS and
white chicken syndrome (6, 81). These findings present emerging risks
that poultry farmers in the country need to consider.

After astroviruses, the most common virus detected in this study
was IBV (Table 3). This virus is particularly concerning not only
because it causes enteric symptoms but also because it is well known
for causing severe respiratory disease (86). Therefore, its persistent
prevalence in poultry poses significant risks for chicken breeding.
Layers and breeder hens presented the highest frequencies of IBV
infection, which is especially problematic since this virus is associated
with eggshell deformities and alterations in egg white chemistry,
leading to lower product quality (32, 68).

Our results demonstrated the circulation of strains from the
IBV GI-1 and GI-13 groups on poultry farms in the country. For
the identified sequences of the two genotypes in this study, strains
classified as wild according to their percentage of variation were
found in comparison with vaccine strains, given that vaccination
for these two genotypes is carried out in Ecuador (33, 36). The
circulation of wild strains of this virus in birds of all ages suggests
a potential decrease in the efficacy of vaccination against these
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strains (87). In Ecuador, the circulation of wild GI-16 strains has
been previously reported (37), but none of these studies were based
on the complete sequence of the SI region. Similarly, the presence
of strains that have minimal differences to commercial vaccines
may be due to mutations of the vaccine strain (88, 89), named
vaccine-derived strains, which may have undergone a reversal of
inactivation and reactivation of the pathogenic effect of the strain,
however, as the complete sequence of the SI region is not yet known
(31), it is not possible to identify this dangerous phenomenon.
Complete sequencing of the S1 region has been established as the
most reliable method for differentiating IBV strains (29, 31).
Coinfection of different strains in the same individual can increase
virulence, making it crucial for future studies in the country to
analyze and identify all circulating strains by S1 complete
sequencing at a national level and determine whether there are
unique or derived strains that affect virus behavior.

ARV was detected in only the broiler group (Table 3), and its
pathogenic characteristics suggest that poultry risks should
be considered. All samples positive for ARV were coinfected with
other viruses, which may be attributed to the immunodepressive
effects associated with ARV (56, 90), leading to increased
susceptibility to infections with other enteric viruses in this study.
Tenosynovitis, or viral arthritis, is the main differential pathology
of avian reoviruses (39, 91) and is characterized by inflammation
in tendons and joints. In birds intended for consumption, these
symptoms result in lameness, depression and up to a 20%
reduction in growth among infected birds (39), which could cause
a decrease in poultry production; therefore, these birds are unable
to meet the demand for fattening due to these infections. Among
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TABLE 6 Combinations of the viruses detected in this study.

10.3389/fvets.2025.1536420

Coinfections N°C CAstV ANV IBV ARV AvRVA N° (+)(%)
5 viruses C1 X X X X X 3 (1.55%)
C2 X X X X 3(1.55%)
C3 X X X X 2 (1.03%)
4 viruses C4 X X X X 2 (1.03%)
C5 X X X X 0(0.00%)
C6 X X X X 7 (2.61%)
c7 X X x 20 (10.31%)
C8 X X X 0 (0.00%)
C9 X X X 0 (0.00%)
C10 X X X 2 (1.03%)
Cl11 X X X 0 (0.00%)
3 viruses
C12 X X X 0 (0.00%)
Cl13 X X X 0 (0.00%)
Cl4 X X X 0 (0.00%)
Cl15 X X X 2 (1.03%)
Cl6 X X X 2 (1.03%)
C17 X X 62 (31.96%)
C18 x x 0 (0.00%)
C19 X X 0 (0.00%)
C20 X X 0 (0.00%)
21 x X 12 (6.19%)
2 viruses
C22 X X 0 (0.00%)
C23 X X 3(1.55%)
C24 X X 1(0.52%)
C25 X X 0 (0.00%)
C26 X X 3(1.55%)
C27 X 6 (3.09%)
C28 X 60 (30.93%)
Single C29 X 2 (1.03%)
C30 X 0 (0.00%)
C31 X 2 (1.03%)

N°C, Combination number. C1-31 = —31. N°(+) = Number of positive samples.

the sequences analyzed, which were based on the coding sequence
for the oC protein (92), genotypes 1 and 2 were identified
(Figure 6). Previous studies have analyzed the ability of
commercial vaccines to combat infection by wild-type ARV
strains and reported that, for both genotype 1 and genotype 2 (93,
94), vaccines based on strains close to genotype 2 to prevent Viral
Tenosynovitis are not able to offer sufficient protection for strains
causing RSS or enteric diseases of genotype 1. In particular, wild-
type strains of genotype 1 show a greater ability to survive the
effects of acquired immunity caused by commercial vaccines (39,
95), which is related to the fact that most of the samples that were
sequenced corresponded to this genotype and are predominant in
enteric infections.

Although AVRVA presented the lowest number of positive
samples among the pathogens studied, a single sample presented
the highest viral load among all the samples and viruses tested
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(Tables 3, 4). This observation may be attributed to the circulation
of hypervirulent strains recently identified as emerging in poultry
populations worldwide (96). These strains have demonstrated the
ability to evade vaccine immunity and exhibit a relatively high
incidence of feed malabsorption. However, to conduct a virulence
analysis, data on the VP6 protein are needed (47, 97). Therefore, it
is necessary to study the sequences encoding this protein in strains
circulating in the country in the future.

Additionally, the quantification carried out in this study allows
monitoring of the viral load of each virus in relation to the occurrence
of RSS in poultry, since all the viruses tested are linked to the
occurrence of this disease (24, 25, 90, 96, 98). In the age-specific
analysis (Table 4), the highest viral load for each virus was found in
the chicken groups older than 7 days of age. This finding has been
linked to the occurrence of the most severe enteric disease effects
observed in chickens where the virus was transmitted horizontally,
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FIGURE 3
Phylogenetic relationships between the sequences of CAstV
obtained here and other sequences of CAstV from Brazil, India,
Canada, the United States, China, Tanzania, Poland, Malaysia, the
Netherlands, Belgium, Iran, Iraq, Italy, and Croatia based on part of
the ORF 1b gene nucleotide sequence. Sequences were aligned via
the CLUSTAL W method in ClustalX2 2,1. The phylogenetic tree was
constructed via the MEGA 7 software package. Numbers along the
branches refer to bootstrap values for 1,000 replicates. The scale bar
represents the number of substitutions per site. Chicken parvovirus
(ChPV) was used as the outgroup. Sequences obtained in this study
are in blue and marked with @.

leading to increased mortality rates of up to 40% for viruses such as
IBV (86). Since evidence of enteric diseases is most evident from
10 days of age according to previous reports, monitoring the causative
agent or multiple causes via the viral load test proposed in this study
would generate future specialized diagnoses for each unique case in
poultry with this condition.

All 5 viruses analyzed are transmitted horizontally, and
transmission of these viruses between sick and healthy chickens
represents an increasing risk in each of the seropositive groups,
exponentially increasing the occurrence of enteric diseases. Therefore,
despite the low number of positive samples for ARV and AvRVA, these
viruses could start a cascade of contagion in poultry farms, generating
problems in the future given the symptomatology of these viruses. By
simultaneously identifying and quantifying these 5 enteric viruses in
chickens with enteritis, this study enables the detection of potential
coinfections that may exacerbate issues in infected poultry (Table 6).
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FIGURE 4
Phylogenetic relationships between the ANV sequences obtained
here and other ANV sequences from China, South Korea, Brazil, Italy,
the United States, Tanzania, India, Israel, the United Kingdom,
Australia, Japan, and Poland based on a portion of the ORF 1b gene
nucleotide sequence. Sequences were aligned via the CLUSTAL W
method in ClustalX2 2,1. The phylogenetic tree was constructed via
the MEGA 7 software package. Numbers along the branches refer to
bootstrap values for 1,000 replicates. The scale bar represents the
number of substitutions per site. Chicken parvovirus (ChPV) was
used as the outgroup. Sequences obtained in this study are in red
and marked with [l

Previous reports have indicated that coinfections with multiple types
of astroviruses in the same individual can increase the virulence of the
strains and increase the mortality rate in young birds (28, 99). Since the
combination of CAstV and ANV is the most common combination in
the samples tested, it implies high risks for poultry production,
especially in breeding hens (100). The combinations involving these
astroviruses and IBV were predominant over the others (Table 6); the
addition of this third infectious agent amplifies the potential adverse
effects on the birds by introducing respiratory disease into the clinical
picture, which is traditionally associated with IBV, as well as uterine
damage detrimental to egg formation, which is crucial to the
performance of layers and breeders (68, 101, 102). For young birds, this
could lead to a lethal scenario. Finally, several samples in this study
presented both 4 and 5 viruses. This could be due to increased
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package. Numbers along the branches refer to bootstrap values for
1,000 replicates. The scale bar represents the number of
substitutions per site. Sequences obtained in this study are pink and
marked with A.

susceptibility to other infections in the presence of one virus, leading
to an infectious cascade culminating in the presence of all these
pathogens. Additionally, this leads to increased intestinal symptoms
and mortality (9, 103, 104). Therefore, in the future, identifying the
concurrent pathologies associated with the presence of multiple viruses
in a single patient is necessary.

Although intestinal disease in poultry involves nonviral factors, such
as bacteria (105), parasites (106) and feed imbalance (107), viruses stand
out as the main cause of these disorders (5, 30, 108). Accordingly, our
study revealed an infection rate of 97% for any of the 5 studied enteric
viruses in chickens suffering from enteritis in Ecuador. Early diagnosis is
essential to effectively manage intestinal disorders in poultry, enabling
proactive disease control and resolution. However, it is crucial to
implement biosecurity protocols to regulate infections, such as reducing
contact with germs through proper biosecurity practices and effective
stress mitigation. This study serves as an approach for developing an
efficient diagnostic method for the most common enteric viruses and
analyzing their presence in Ecuador. This is the first RT-qPCR-based
diagnostic method for these enteric viruses associated mainly with
economic losses in poultry, so its commercial application could positively
influence the epidemiological control of these viruses. Therefore, to
continue monitoring these viruses, subsequent studies are necessary to
investigate the pathological impact of these viruses in the country and the
unique strains that may circulate in poultry farms within this territory.

Conclusion

This study developed and validated a novel multiplex RT-qPCR
assay to detect five key enteric viruses in Ecuadorian poultry:
CAstV, ANV, IBV, AvRVA, and ARV. The assay exhibited high
specificity, sensitivity, and repeatability, making it a valuable tool
for diagnosing viral enteritis. Notably, ANV and CAstV were the
most prevalent, posing significant risks due to their high virulence,
association with severe syndromes like RSS, and vertical
transmission capabilities. IBV strains of wild genotypes GI-1 and
GI-13, as well as ARV and AvRVA, demonstrated potential to
undermine vaccination efforts and cause economic losses due to
decreased production.
astroviruses and IBV, amplified disease severity, highlighting the

Coinfections, particularly involving

need for comprehensive viral monitoring and genomic studies. The
study underscores the importance of sequencing specific genomic
regions (e.g., ORF2 for astroviruses and S1 for IBV) for genotyping
and understanding viral evolution. Future research should prioritize
these methods to refine epidemiological surveillance, enhance
vaccination strategies, and mitigate the impact of enteric diseases
in poultry. To conclude with the validation of the method proposed
here, and to promote its commercial and research use for the
diagnosis of these viruses, it is necessary to include samples from
different geographical areas with different prevalences to see if it
can detect them in latent models.
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FIGURE 6

Phylogenetic relationships between the sequences of ARV obtained
here and other sequences of ARV belonging to genotypes (G) of ARV
based on part of the S1 nucleotide sequence coding to the cC
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ClustalX2 2,1. The phylogenetic tree was constructed via the MEGA 7
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The nucleotide sequences of a portion of sequenced gene fragments
identified in the present study for each virus were deposited in
GenBank under the following accession numbers. For CAstV
sequences: PQ586387 (UDLA 552), PQ586388 (UDLA 620),
PQ586389 (UDLA 584), PQ586390 (UDLA 585), PQ586391 (UDLA
621), PQ586392 (UDLA 551), PQ586393 (UDLA 550), PQ586394
(UDLA 553). For ANV sequences: PQ586395 (UDLA 557), PQ586396
(UDLA 563), PQ586397 (UDLA 564), PQ586398 (UDLA 652),
PQ586399 (UDLA 561), PQ586400 (UDLA 554), PQ586401 (UDLA
560), PQ586402 (UDLA 562). For IBV sequences: PQ586403 (UDLA
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FIGURE 7

Phylogenetic relationships between the sequences of AvRV obtained
here and other sequences of AVRV belonging to Groups A-H
classification on the basis of a fragment of NSP4 gene nucleotide
sequences. Sequences were aligned via the CLUSTAL OMEGA
method in ClustalX2 2,1. The phylogenetic tree was constructed via
the MEGA 11 software package. Numbers along the branches refer to
bootstrap values for 1,000 replicates. The scale bar represents the
number of substitutions per site. Sequences obtained in this study
are in green and marked with ¢.

78), PQ586404 (UDLA 1), PQ586405 (UDLA 5), PQ586406 (UDLA
73), PQ586407 (UDLA 66), PQ586408 (UDLA 3), PQ586409 (UDLA
69), PQ586410 (UDLA 25). For ARV sequences: PQ586380 (UDLA
572), PQ586381 (UDLA 502), PQ586382 (UDLA 570), PQ586383
(UDLA 549), PQ586384 (UDLA 511), PQ586385 (UDLA 551),
PQ586386 (UDLA 567). For AVRVA sequences: PQ586374 (UDLA
515), PQ586375 (UDLA 572), PQ586376 (UDLA 147), PQ586377
(UDLA 599), PQ586378 (UDLA 550), PQ586379 (UDLA 551).

Ethics statement

The animal study was approved by Committee for the Care and
Use of Domestic and Laboratory Animal Resources of the Agency
for Regulation and Phytosanitary and Zoosanitary Control of
Ecuador (AGROCALIDAD), under number #INT/DA/019. The
study was conducted in accordance with the local legislation and
institutional requirements.

Author contributions

AL-G: Data curation, Formal analysis, Investigation, Writing - original
draft. CM: Methodology, Writing — review & editing. SS-P: Methodology,
Writing - review & editing. DC: Methodology, Writing - review & editing.
MR-C: Writing - review & editing. AF: Writing - review & editing. LN:
Conceptualization, Funding acquisition, Investigation, Methodology,
Project administration, Supervision, Writing — review & editing.

frontiersin.org


https://doi.org/10.3389/fvets.2025.1536420
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Loor-Giler et al.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was funded by
the Universidad de las Americas Quito-Ecuador, research grant #
VET.LNN.20.05.

Acknowledgments

We are grateful to the poultry farms in the different provinces of
Ecuador that provided us with the necessary samples to conduct
this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as potential conflicts of interest.

References

1. Nufiez LFN, Piantino Ferreira AJ. Viral agents related to enteric disease in
commercial chicken flocks, with special reference to Latin America. Worlds Poult Sci J.
(2013) 69:853-64. doi: 10.1017/50043933913000858

2. Mettifogo E, Nunez LEN, Chacén JL, Santander Parra SH, Astolfi-Ferreira CS, Jerez
JA, et al. Emergence of enteric viruses in production chickens is a concern for avian
health. Sci World J. (2014) 2014:1-8. doi: 10.1155/2014/450423

3. Chen L, Chen L, Wang X, Huo S, Li Y. Detection and molecular characterization of
enteric viruses in poultry flocks in Hebei Province, China. Animals. (2022) 12:2873. doi:
10.3390/ani12202873

4. Smyth JA, Connor TJ, McNeilly E Moffet DA, Calvert VM, McNulty MS. Studies
on the pathogenicity of enterovirus-like viruses in chickens. Avian Pathol. (2007)
36:119-26. doi: 10.1080/03079450601161398

5. Day JM, Zsak L. Recent Progress in the characterization of avian enteric viruses.
Avian Dis. (2013) 57:573-80. doi: 10.1637/10390-092712-Review.1

6. Kang KI, Linnemann E, Icard AH, Durairaj V, Mundt E, Sellers HS. Chicken
astrovirus as an aetiological agent of runting-stunting syndrome in broiler chickens. J
Gen Virol. (2018) 99:512-24. doi: 10.1099/jgv.0.001025

7. Nufiez LFN, Parra SHS, Astolfi-Ferreira CS, Carranza C, La Torre DID, Pedroso AC,
et al. Detection of enteric viruses in pancreas and spleen of broilers with runting-stunting
syndrome (RSS). Pesqui Vet Bras. (2016) 36:595-9. doi: 10.1590/S0100-736X2016000700006

8. Hauck R, Gallardo RA, Woolcock PR, Shivaprasad HL. A coronavirus associated
with Runting stunting syndrome in broiler chickens. Avian Dis. (2016) 60:528-34. doi:
10.1637/11353-122215-Case

9. McNulty MS, Allan GM, Connor TJ, McFerran JB, McCracken RM. An entero-like
virus associated with the runting syndrome in broiler chickens. Avian Pathol. (1984)
13:429-39. doi: 10.1080/03079458408418545

10. Noiva R, Guy JS, Hauck R, Shivaprasad HL. Runting stunting syndrome associated
with transmissible viral Proventriculitis in broiler chickens. Avian Dis. (2015) 59:384-7.
doi: 10.1637/11061-031115-Case.1

11. Adebiyi AI, Tregaskis PL, Oluwayelu DO, Smyth VJ. Investigation of enteric
viruses associated with Runting and stunting in Day-old chicks and older broilers in
Southwest Nigeria. Front Vet Sci. (2019) 6:6. doi: 10.3389/fvets.2019.00239

12.Kang K-I, El-Gazzar M, Sellers HS, Dorea F, Williams SM, Kim T, et al.
Investigation into the aetiology of runting and stunting syndrome in chickens. Avian
Pathol. (2012) 41:41-50. doi: 10.1080/03079457.2011.632402

13. Long KE, Hastie GM, Ojki¢ D, Brash ML. Economic impacts of white Chick
syndrome in  Ontario. Canada Avian Dis. (2017) 61:402-8. doi:
10.1637/11592-012217-CaseR

14. Boroomand Z, Pak HH, Faryabi S, Hosseini H. The role of Newcastle disease virus
in broiler chickens with high mortality of Kerman Province. Arch Razi Inst. (2023)
78:1861-7. doi: 10.32592/ARI.2023.78.6.1860

15. Sid H, Benachour K, Rautenschlein S. Co-infection with multiple respiratory
pathogens contributes to increased mortality rates in Algerian poultry flocks. Avian Dis.
(2015) 59:440-6. doi: 10.1637/11063-031615-Case.1

Frontiers in Veterinary Science

10.3389/fvets.2025.1536420

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2025.1536420/
full#supplementary-material

16. Bagust T7, Jones RC, Guy JS. Avian infectious laryngotracheitis. Rev Sci Tech 'OIE.
(2000) 19:483-92. doi: 10.20506/rst.19.2.1229

17. Mcllwaine K, Law CJ, Lemon K, Grant IR, Smyth VJ. A review of the emerging
white Chick hatchery disease. Viruses. (2021) 13:2435. doi: 10.3390/v13122435

18.Bulbule NR, Mandakhalikar KD, Kapgate SS, Deshmukh VYV, Schat KA,
Chawak MM. Role of chicken astrovirus as a causative agent of gout in
commercial broilers in India. Avian Pathol. (2013) 42:464-73. doi:
10.1080/03079457.2013.828194

19. Guy JS. Virus infections of the gastrointestinal tract of poultry. Poult Sci. (1998)
77:1166-75. doi: 10.1093/ps/77.8.1166

20. Raji AA, Omar AR. An insight into the molecular characteristics and associated
pathology of chicken Astroviruses. Viruses. (2022) 14:722. doi: 10.3390/v14040722

21.Raji AA, Ideris A, Bejo MH, Omar AR. Molecular characterization and
pathogenicity of novel Malaysian chicken astrovirus isolates. Avian Pathol. (2022)
51:51-65. doi: 10.1080/03079457.2021.2000939

22.Luan Q, Han Y, Yin Y, Wang J. Genetic diversity and pathogenicity of novel chicken
astrovirus in China. Avian Pathol. (2022) 51:488-98. doi: 10.1080/03079457.2022.2102966

23.Thachamvally R, Chander Y, Kumar R, Kumar G, Khandelwal NGA, Manuja
A, et al. First isolation and genetic characterization of avian nephritis virus 4 from
commercial poultry in India. Avian Dis. (2024) 68:202-8. doi:
10.1637/aviandiseases-D-23-00053

24. Sallam AA, Al-Mokaddem AK, Hamoud MM, Samir M, Khalifa RA, Abdelgayed
SS. Chicken Astro virus (CAstV): isolation and characterization of new strains in
broiler flocks with poor performance. Vet Res Commun. (2023) 47:1535-45. doi:
10.1007/s11259-023-10109-x

25.Imada T, Yamaguchi S, Mase M, Tsukamoto K, Kubo M, Morooka A. Avian
nephritis virus (ANV) as a new member of the family astroviridae and construction
of infectious ANV c¢DNA. ] Virol. (2000) 74:8487-93. doi:
10.1128/jvi.74.18.8487-8493.2000

26. Narita M, Umiji S, Furuta K, Shirai J, Nakamura K. Pathogenicity of avian nephritis
virus in chicks previously infected with infectious bursal disease virus. Avian Pathol.
(1991) 20:101-11. doi: 10.1080/03079459108418745

27.Loor-Giler A, Castillo-Reyes S, Santander-Parra S, Caza M, Kyriakidis NC,
Ferreira AJP, et al. Development of a fast and sensitive RT-qPCR assay based on SYBR®
green for diagnostic and quantification of avian nephritis virus (ANV) in chickens
affected with enteric disease. BMC Vet Res. (2024) 20:33. doi: 10.1186/s12917-024-03881-8

28. De la Torre D, Nuiilez L, Astolfi-Ferreira C, Piantino FA. Enteric virus diversity
examined by molecular methods in Brazilian poultry flocks. Vet Sci. (2018) 5:38. doi:
10.3390/vetsci5020038

29. Jackwood MW. Review of infectious bronchitis virus around the world. Avian Dis.
(2012) 56:634-41. doi: 10.1637/10227-043012-Review.1

30. Hasan II, Rasheed ST, Jasim NA, Shakor MK. Pathological effect of infectious
bronchitis disease virus on broiler chicken trachea and kidney tissues. Vet World. (2020)
13:2203-8. doi: 10.14202/vetworld.2020.2203-2208

frontiersin.org


https://doi.org/10.3389/fvets.2025.1536420
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2025.1536420/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2025.1536420/full#supplementary-material
https://doi.org/10.1017/S0043933913000858
https://doi.org/10.1155/2014/450423
https://doi.org/10.3390/ani12202873
https://doi.org/10.1080/03079450601161398
https://doi.org/10.1637/10390-092712-Review.1
https://doi.org/10.1099/jgv.0.001025
https://doi.org/10.1590/S0100-736X2016000700006
https://doi.org/10.1637/11353-122215-Case
https://doi.org/10.1080/03079458408418545
https://doi.org/10.1637/11061-031115-Case.1
https://doi.org/10.3389/fvets.2019.00239
https://doi.org/10.1080/03079457.2011.632402
https://doi.org/10.1637/11592-012217-CaseR
https://doi.org/10.32592/ARI.2023.78.6.1860
https://doi.org/10.1637/11063-031615-Case.1
https://doi.org/10.20506/rst.19.2.1229
https://doi.org/10.3390/v13122435
https://doi.org/10.1080/03079457.2013.828194
https://doi.org/10.1093/ps/77.8.1166
https://doi.org/10.3390/v14040722
https://doi.org/10.1080/03079457.2021.2000939
https://doi.org/10.1080/03079457.2022.2102966
https://doi.org/10.1637/aviandiseases-D-23-00053
https://doi.org/10.1007/s11259-023-10109-x
https://doi.org/10.1128/jvi.74.18.8487-8493.2000
https://doi.org/10.1080/03079459108418745
https://doi.org/10.1186/s12917-024-03881-8
https://doi.org/10.3390/vetsci5020038
https://doi.org/10.1637/10227-043012-Review.1
https://doi.org/10.14202/vetworld.2020.2203-2208

Loor-Giler et al.

31. Valastro V, Holmes EC, Britton P, Fusaro A, Jackwood MW, Cattoli G, et al. S1
gene-based phylogeny of infectious bronchitis virus: an attempt to harmonize virus
classification. Infect Genet Evol. (2016) 39:349-64. doi: 10.1016/j.meegid.2016.02.015

32. Gharaibeh SM. Infectious bronchitis virus serotypes in poultry flocks in Jordan.
Prev Vet Med. (2007) 78:317-24. doi: 10.1016/j.prevetmed.2006.11.004

33. Callison SA, Jackwood MW, Hilt DA. Molecular characterization of infectious
bronchitis virus isolates foreign to the United States and comparison with United States
isolates. Avian Dis. (2001) 45:492-9. doi: 10.2307/1592994

34. Brown Jordan A, Fusaro A, Blake L, Milani A, Zamperin G, Brown G, et al.
Characterization of novel, pathogenic field strains of infectious bronchitis virus (IBV)
in poultry in Trinidad and Tobago. Transbound Emerg Dis. (2020) 67:2775-88. doi:
10.1111/tbed.13637

35. Callison SA, Hilt DA, Boynton TO, Sample BE, Robison R, Swayne DE, et al.
Development and evaluation of a real-time Tagman RT-PCR assay for the detection of
infectious bronchitis virus from infected chickens. J Virol Methods. (2006) 138:60-5. doi:
10.1016/j.jviromet.2006.07.018

36. Fellahi S, Ducatez M, El HM, Guérin J-L, Touil N, Sebbar G, et al. Prevalence and
molecular characterization of avian infectious bronchitis virus in poultry flocks in
Morocco from 2010 to 2014 and first detection of Italy 02 in Africa. Avian Pathol. (2015)
44:287-95. doi: 10.1080/03079457.2015.1044422

37.Cueva MCR, Vinueza Burgos CV, Metz G, Toapanta RL, Echeverria MG.
Caracterizacion molecular del virus de bronquitis infecciosa aviar en granjas de gallinas
ponedoras de la provincia de Tungurahua, Ecuador. Analecta Vet. (2022) 42:66. doi:
10.24215/15142590e066

38. Wang S, Pan J, Zhou K, Chu D, Li ], Chen Y, et al. Characterization of the emerging
recombinant infectious bronchitis virus in China. Front Microbiol. (2024) 15:1456415.
doi: 10.3389/fmicb.2024.1456415

39. Sellers HS. Avian Reoviruses from clinical cases of tenosynovitis: an overview of
diagnostic approaches and 10-year review of isolations and genetic characterization.
Avian Dis. (2023) 66:420-6. doi: 10.1637/aviandiseases-D-22-99990

40.Lu H, Tang Y, Dunn PA, Wallner-Pendleton EA, Lin L, Knoll EA. Isolation
and molecular characterization of newly emerging avian reovirus variants and
novel strains in Pennsylvania, USA, 2011-2014. Sci Rep. (2015) 5:14727. doi:
10.1038/srep14727

41. Egafia-Labrin S, Hauck R, Figueroa A, Stoute S, Shivaprasad HL, Crispo M, et al.
Genotypic characterization of emerging avian Reovirus genetic variants in California.
Sci Rep. (2019) 9:9351. doi: 10.1038/541598-019-45494-4

42.Zhong L, Gao L, Liu Y, Li K, Wang M, Qi X, et al. Genetic and pathogenic
characterisation of 11 avian reovirus isolates from northern China suggests continued
evolution of virulence. Sci Rep. (2016) 6:35271. doi: 10.1038/srep35271

43. Falcone E, Busi C, Lavazza A, Monini M, Bertoletti M, Canelli E, et al. Molecular
characterization of avian rotaviruses circulating in Italian poultry flocks. Avian Pathol.
(2015) 44:509-15. doi: 10.1080/03079457.2015.1096011

44, Dhama K, Saminathan M, Karthik K, Tiwari R, Shabbir MZ, Kumar N, et al. Avian
rotavirus enteritis - an updated review. Vet Q. (2015) 35:142-58. doi:
10.1080/01652176.2015.1046014

45. Tto H, Sugiyama M, Masubuchi K, Mori Y, Minamoto N. Complete nucleotide
sequence of a group a avian rotavirus genome and a comparison with its counterparts of
mammalian rotaviruses. Virus Res. (2001) 75:123-38. doi: 10.1016/S0168-1702(01)00234-9

46. Pinheiro MS, Dias JBL, Petrucci MP, Travassos CEP, Mendes GS, Santos N.
Molecular characterization of avian rotaviruses F and G detected in Brazilian poultry
flocks. Viruses. (2023) 15:1089. doi: 10.3390/v15051089

47. Kindler E, Trojnar E, Heckel G, Otto PH, Johne R. Analysis of rotavirus species
diversity and evolution including the newly determined full-length genome sequences
of rotavirus Fand G. Infect Genet Evol. (2013) 14:58-67. doi: 10.1016/j.meegid.2012.11.015

48. Trojnar E, Otto P, Roth B, Reetz ], Johne R. The genome segments of a group D
rotavirus possess group A-like conserved termini but encode group-specific proteins. J
Virol. (2010) 84:10254-65. doi: 10.1128/JV1.00332-10

49. Day JM, 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) 51:681-4. doi:
10.1637/0005-2086(2007)51[681: AMRTFT]2.0.CO;2

50. De la Torre D, Astolfi-Ferreira C, Chacon R, Piantino FA. Sensitive SYBR green—
real time PCR for the detection and quantitation of avian rotavirus a. Vet Sci. (2018) 6:2.
doi: 10.3390/vetsci6010002

51. Olsen D. Isolation of a reovirus-like agent from broiler chicks with diarrhea and
stunting In: C Davis, editor. 26th Western poultry diseases conference. United States:
WPDC (1977). 131-9.

52. Tang Y, Yu H, Shabbir MZ, Stephenson C, Dunn PA, Wallner-Pendleton EA, et al.
Evaluation of infectivity, length of infection, and immune response of avian Reovirus
variants in egg-laying hens. Avian Pathol. (2024) 1:1-8. doi: 10.1080/03079457.2024.2425353

53.LiJ-Y, Huang W-R, Liao T-L, Nielsen BL, Liu H-J. Oncolytic avian Reovirus p17-
modulated inhibition of mTORC1 by enhancement of endogenous mTORCI inhibitors
binding to mMTORCI1 to disrupt its assembly and accumulation on lysosomes. J Virol.
(2022) 96:¢0083622. doi: 10.1128/jvi.00836-22

Frontiers in Veterinary Science

17

10.3389/fvets.2025.1536420

54. Todd D, Trudgett J, McNeilly F, McBride N, Donnelly B, Smyth VJ, et al.
Development and application of an RT-PCR test for detecting avian nephritis virus.
Avian Pathol. (2010) 39:207-13. doi: 10.1080/03079451003767253

55.Smyth V], Jewhurst HL, Wilkinson DS, Adair BM, Gordon AW, Todd D.
Development and evaluation of real-time TaqMa.n® RT-PCR assays for the detection of
avian nephritis virus and chicken astrovirus in chickens. Avian Pathol. (2010) 39:467-74.
doi: 10.1080/03079457.2010.516387

56. Li X, Zhang K, Pei Y, Xue J, Ruan S, Zhang G. Development and application of an MRT-
qPCR assay for detecting coinfection of six vertically transmitted or immunosuppressive avian
viruses. Front Microbiol. (2020) 11:11. doi: 10.3389/fmicb.2020.01581

57.Liu H, Wei Z, Yang J, Wang Y, Hu J, Tang Y, et al. Development of an indirect
enzyme-linked immunosorbent assay for the detection of novel chicken orthoreovirus.
Pol J Vet Sci. (2022) 25:109-18. doi: 10.24425/pjvs.2022.140847

58. Xie J, Meng X, Zhang J, Xie Q, Zhang W, Li T, et al. A novel S2-derived peptide-
based ELISA for broad detection of antibody against infectious bronchitis virus. Poult
Sci. (2023) 102:102661. doi: 10.1016/j.psj.2023.102661

59.LiY, HuJ, Lei ], Fan W, Bi Z, Song S, et al. Development and application of a novel
triplex protein microarray method for rapid detection of antibodies against avian
influenza virus, Newcastle disease virus, and avian infectious bronchitis virus. Arch
Virol. (2021) 166:1113-24. doi: 10.1007/s00705-021-04962-x

60. Ding M, Yang X, Wang H, Zhang A, Zhang Z, Fan W, et al. Development of an
ELISA based on a multi-fragment antigen of infectious bronchitis virus for antibodies
detection. Biotechnol Lett. (2015) 37:2453-9. doi: 10.1007/s10529-015-1935-9

61. Loor-Giler A, Muslin C, Santander-Parra S, Coello D, De la Torre D, Abad H, et al.
Simultaneous detection of infectious bronchitis virus and avian metapneumovirus
genotypes a, B, and C by multiplex RT-qPCR assay in chicken tracheal samples in
Ecuador. Front Vet Sci. (2024) 11:7172. doi: 10.3389/fvets.2024.1387172

62. Domanska-Blicharz K, Bocian t, Lisowska A, Jacukowicz A, Pikuta A, Minta Z.
Cross-sectional survey of selected enteric viruses in polish Turkey flocks between 2008
and 2011. BMC Vet Res. (2017) 13:108. doi: 10.1186/s12917-017-1013-8

63. Dalla-Costa LM, Morello LG, Conte D, Pereira LA, Palmeiro JK, Ambrosio A, et al.
Comparison of DNA extraction methods used to detect bacterial and yeast DNA from
spiked whole blood by real-time PCR. ] Microbiol Methods. (2017) 140:61-6. doi:
10.1016/j.mimet.2017.06.020

64. Dotmatics. Geneious. (2023). Available online at: https://www.geneious.com
(Accessed January 9, 2024).

65. IDT. OligoAnalyzer™ tool. (2024). Available online at: https://www.idtdna.com/
pages/tools/oligoanalyzer?returnurl=%2Fcalc%2Fanalyzer (Accessed January 9, 2024).

66. Conte J, Potoczniak MJ, Tobe SS. Using synthetic oligonucleotides as standards in
probe-based qPCR. BioTechniques. (2018) 64:177-9. doi: 10.2144/btn-2018-2000

67. Bustin SA, Benes V, Garson JA, Hellemans ], Huggett J, Kubista M, et al. The MIQE
guidelines: minimum information for publication of quantitative real-time PCR
experiments. Clin Chem. (2009) 55:611-22. doi: 10.1373/clinchem.2008.112797

68. Cavanagh D, Mawditt K, Britton P, Naylor CJ. Longitudinal field studies of
infectious bronchitis virus and avian pneumovirus in broilers using type-specific
polymerase chain reactions. Avian  Pathol. (1999) 28:593-605. doi:
10.1080/03079459994399

69. Goldenberg D, Pasmanik-Chor M, Pirak M, Kass N, Lublin A, Yeheskel A, et al.
Genetic and antigenic characterization of sigma C protein from avian reovirus. Avian
Pathol. (2010) 39:189-99. doi: 10.1080/03079457.2010.480969

70. Thompson J. The CLUSTAL_X windows interface: flexible strategies for multiple
sequence alignment aided by quality analysis tools. Nucleic Acids Res. (1997) 25:4876-82.
doi: 10.1093/nar/25.24.4876

71. Kumar S, Stecher G, Tamura K. MEGA7: molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Mol Biol Evol. (2016) 33:1870-4. doi:
10.1093/molbev/msw054

72.R Core Team. R: a language and environment for statistical ## computing. R
foundation for statistical computing. (2021) Available online at: https://www.R-project.
org/ (Accessed April 7, 2024).

73. World Organization for Animal Health. Principles and methods of validation of
diagnostic assays for infectious diseases. Manual of Diagnostic Test and Vaccines for
Terrestrial Animals, pp. 1-25. (2023).

74. Fletcher R, Fletcher SW. Clinical epidemiology: The essentials. 6th Edn.
Philadelphia, PA: Williams and Wilkins, 53-77. (2020).

75. Bustamante D, Chavez M. Malabsorption syndrome in poultry Revista electronica
de Veterinaria (2010). Available online at: http://www.veterinaria.org/revistas/redvet/
n121210.html (Accessed March 6, 2025).

76. Zhang T, Chen J, Wang C, Zhai X, Zhang S. Establishment and application of real-
time fluorescence-based quantitative PCR for detection of infectious laryngotracheitis
virus using SYBR green 1. Poult Sci. (2018) 97:3854-9. doi: 10.3382/ps/pey277

77. Kurtz JB, Lee TW. Astroviruses: Human and animal. Ciba Found Symp. (2007)
128:92-107. doi: 10.1002/9780470513460.ch6

78. Smyth V. A review of the strain diversity and pathogenesis of chicken Astrovirus.
Viruses. (2017) 9:29. doi: 10.3390/v9020029

frontiersin.org


https://doi.org/10.3389/fvets.2025.1536420
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.meegid.2016.02.015
https://doi.org/10.1016/j.prevetmed.2006.11.004
https://doi.org/10.2307/1592994
https://doi.org/10.1111/tbed.13637
https://doi.org/10.1016/j.jviromet.2006.07.018
https://doi.org/10.1080/03079457.2015.1044422
https://doi.org/10.24215/15142590e066
https://doi.org/10.3389/fmicb.2024.1456415
https://doi.org/10.1637/aviandiseases-D-22-99990
https://doi.org/10.1038/srep14727
https://doi.org/10.1038/s41598-019-45494-4
https://doi.org/10.1038/srep35271
https://doi.org/10.1080/03079457.2015.1096011
https://doi.org/10.1080/01652176.2015.1046014
https://doi.org/10.1016/S0168-1702(01)00234-9
https://doi.org/10.3390/v15051089
https://doi.org/10.1016/j.meegid.2012.11.015
https://doi.org/10.1128/JVI.00332-10
https://doi.org/10.1637/0005-2086(2007)51[681:AMRTFT]2.0.CO;2
https://doi.org/10.3390/vetsci6010002
https://doi.org/10.1080/03079457.2024.2425353
https://doi.org/10.1128/jvi.00836-22
https://doi.org/10.1080/03079451003767253
https://doi.org/10.1080/03079457.2010.516387
https://doi.org/10.3389/fmicb.2020.01581
https://doi.org/10.24425/pjvs.2022.140847
https://doi.org/10.1016/j.psj.2023.102661
https://doi.org/10.1007/s00705-021-04962-x
https://doi.org/10.1007/s10529-015-1935-9
https://doi.org/10.3389/fvets.2024.1387172
https://doi.org/10.1186/s12917-017-1013-8
https://doi.org/10.1016/j.mimet.2017.06.020
https://www.geneious.com
https://www.idtdna.com/pages/tools/oligoanalyzer?returnurl=%2Fcalc%2Fanalyzer
https://www.idtdna.com/pages/tools/oligoanalyzer?returnurl=%2Fcalc%2Fanalyzer
https://doi.org/10.2144/btn-2018-2000
https://doi.org/10.1373/clinchem.2008.112797
https://doi.org/10.1080/03079459994399
https://doi.org/10.1080/03079457.2010.480969
https://doi.org/10.1093/nar/25.24.4876
https://doi.org/10.1093/molbev/msw054
https://www.R-project.org/
https://www.R-project.org/
http://www.veterinaria.org/revistas/redvet/n121210.html
http://www.veterinaria.org/revistas/redvet/n121210.html
https://doi.org/10.3382/ps/pey277
https://doi.org/10.1002/9780470513460.ch6
https://doi.org/10.3390/v9020029

Loor-Giler et al.

79. Nufiez LFN, Parra SHS, Mettifogo E, Catroxo MHB, Astolfi-Ferreira CS, Piantino
Ferreira AJ. Isolation of chicken astrovirus from specific pathogen-free chicken
embryonated eggs. Poult Sci. (2015) 94:947-54. doi: 10.3382/ps/pev086

80. Naranjo Nuiiez LE, Santander-Parra SH, Kyriakidis NC, Astolfi-Ferreira CS, Buim
MR, De la Torre D, et al. Molecular characterization and determination of relative
cytokine expression in naturally infected Day-old chicks with chicken Astrovirus
associated to white Chick syndrome. Animals. (2020) 10:1195. doi: 10.3390/ani10071195

81. Nunez LEN, Santander Parra SH, Carranza C, Astolfi-Ferreira CS, Buim MR,
Piantino Ferreira AJ. Detection and molecular characterization of chicken astrovirus
associated with chicks that have an unusual condition known as “white chicks” in Brazil.
Poult Sci. (2016) 95:1262-70. doi: 10.3382/ps/pew062

82. Koci MD, Seal BS, Schultz-Cherry S. Development of an RT-PCR diagnostic test
for an avian astrovirus. J Virol Methods. (2000) 90:79-83. doi:
10.1016/S0166-0934(00)00228-7

83.Hewson KA, O’Rourke D, Noormohammadi AH. Detection of avian
nephritis virus in Australian chicken flocks. Avian Dis. (2010) 54:990-3. doi:
10.1637/9230-010610-Reg.1

84. Pantin-Jackwood M]J, Strother KO, Mundt E, Zsak L, Day JM, Spackman E.
Molecular characterization of avian astroviruses. Arch Virol. (2011) 156:235-44. doi:
10.1007/s00705-010-0849-z

85. Canelli E, Cordioli P, Barbieri I, Catella A, Pennelli D, Ceruti R, et al. Astroviruses
as causative agents of poultry enteritis: genetic characterization and longitudinal studies
on field conditions. Avian Dis. (2012) 56:173-82. doi: 10.1637/9831-061311-Reg.1

86. Hoerr FJ. The pathology of infectious bronchitis. Avian Dis. (2021) 65:65. doi:
10.1637/aviandiseases-D-21-00096

87. Tucciarone CM, Franzo G, Berto G, Drigo M, Ramon G, Koutoulis KC, et al.
Evaluation of 793/B-like and mass-like vaccine strain kinetics in experimental and field
conditions by real-time RT-PCR quantification. Poult Sci. (2018) 97:303-12. doi:
10.3382/ps/pex292

88.Marandino A, Mendoza-Gonzélez L, Panzera Y, Tomds G, Williman J, Techera
C, et al. Genome variability of infectious bronchitis virus in Mexico: high lineage
diversity and recurrent recombination. Viruses. (2023) 15:1581. doi:
10.3390/v15071581

89.Brown PA, Lupini C, Catelli E, Clubbe J, Ricchizzi E, Naylor CJ. A single
polymerase (L) mutation in avian metapneumovirus increased virulence and
partially maintained virus viability at an elevated temperature. ] Gen Virol. (2011)
92:346-54. doi: 10.1099/vir.0.026740-0

90. Gallardo RA. Molecular characterization of variant avian Reoviruses and their
relationship with antigenicity and pathogenicity. Avian Dis. (2022) 66:443-6. doi:
10.1637/aviandiseases-D-22-99995

91. Choi Y-R, Kim S-W, Shang K, Park J-Y, Zhang J, Jang H-K, et al. Avian Reoviruses
from wild birds exhibit pathogenicity to specific pathogen free chickens by footpad
route. Front Vet Sci. (2022) 9:9. doi: 10.3389/fvets.2022.844903

92. Souza SO, De Carli S, Lunge VR, Ikuta N, Canal CW, Pavarini SP, et al. Pathological
and molecular findings of avian reoviruses from clinical cases of tenosynovitis in poultry
flocks from Brazil. Poult Sci. (2018) 97:3550-5. doi: 10.3382/ps/pey239

93. Zanaty A, Mosaad Z, Elfeil WMK, Badr M, Palya V, Shahein MA, et al. Isolation
and genotypic characterization of new emerging avian Reovirus genetic variants in
Egypt. Poultry. (2023) 2:174-86. doi: 10.3390/poultry2020015

Frontiers in Veterinary Science

18

10.3389/fvets.2025.1536420

94. Kim S-W, Choi Y-R, Park J-Y, Wei B, Shang K, Zhang J-F, et al. Isolation and
genomic characterization of avian Reovirus from wild birds in South Korea. Front Vet
Sci. (2022) 9:9. doi: 10.3389/fvets.2022.794934

95. Tang Y, Yu H, Jiang X, Bao E, Wang D, Lu H. Genetic characterization of a novel
pheasant-origin orthoreovirus using next-generation sequencing. PLoS One. (2022)
17:¢0277411. doi: 10.1371/journal.pone.0277411

96. Fujii Y, Hirayama M, Nishiyama S, Takahashi T, Okajima M, Izumi F et al.
Characterization of an avian rotavirus a strain isolated from a velvet scoter (Melanitta
fusca): implication for the role of migratory birds in global spread of avian rotaviruses.
J Gen Virol. (2022) 103:1722. doi: 10.1099/jgv.0.001722

97. Beserra LAR, Barbosa CM, Berg M, Brandao PE, Soares RM, Gregori F. Genome
constellations of rotavirus a isolated from avian species in Brazil, 2008-2015. Braz J
Microbiol. (2020) 51:1363-75. doi: 10.1007/s42770-020-00259-4

98. Villarreal LYB, Branddo PE, Chacon JL, Assayag MS, Maiorka PC, Raffi P, et al.
Orchitis in roosters with reduced fertility associated with avian infectious bronchitis
virus and avian Metapneumovirus infections. Avian Dis. (2007) 51:900-4. doi:
10.1637/7815-121306-REGR4.1

99. 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) 17:477-86. doi: 10.1080/03079458808436465

100. Kang K, Icard AH, Linnemann E, Sellers HS, Mundt E. Determination of the full
length sequence of a chicken astrovirus suggests a different replication mechanism. Virus
Genes. (2012) 44:45-50. doi: 10.1007/s11262-011-0663-z

101. Nunez LEN, Parra SHS, De la Torre D, Catroxo MH, Buim MR, Chacon RV, et al.
Isolation of avian nephritis virus from chickens showing enteric disorders. Poult Sci.
(2018) 97:3478-88. doi: 10.3382/ps/pey207

102. Sjaak de Wit JJ, Cook JK, van der Heijden HM. Infectious bronchitis virus
variants: a review of the history, current situation and control measures. Avian Pathol.
(2011) 40:223-35. doi: 10.1080/03079457.2011.566260

103. Pantin-Jackwood MJ, Day JM, Jackwood MW, 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) 52:235-44. doi: 10.1637/8174-111507-Reg.1

104. Moura-Alvarez J, Chacon JV, Scanavini LS, Nufiez LFN, Astolfi-Ferreira CS,
Jones RC, et al. Enteric viruses in Brazilian Turkey flocks: single and multiple virus
infection frequency according to age and clinical signs of intestinal disease. Poult Sci.
(2013) 92:945-55. doi: 10.3382/ps.2012-02849

105. Erickson VI, Alfifi A, Hounmanou YGM, Sana M]J, Christensen JP, Dalsgaard A.
Genomic traits of Aeromonas veronii isolated from slaughtered Danish broilers. Vet
Microbiol. (2023) 283:109772. doi: 10.1016/j.vetmic.2023.109772

106. van Eerden E, Santos RR, Molist E, Dardi M, Pantoja-Millas LA, Molist-Badiola
J, et al. Efficacy of an attenuated vaccine against avian coccidiosis in combination with
feed additives based on organic acids and essential oils on production performance and
intestinal lesions in broilers experimentally challenged with necrotic enteritis. Poult Sci.
(2022) 101:101848. doi: 10.1016/j.psj.2022.101848

107. Lilburn MS, Edwards HM, Jensen LS. Impaired nutrient utilization associated
with pale bird syndrome in broiler chicks. Poult Sci. (1982) 61:608-9. doi:
10.3382/ps.0610608

108. Sell JL, Reynolds DL, Jeffrey M. Evidence that Bacteria are not causative agents
of stunting syndrome in Poults. Poult Sci. (1992) 71:1480-5. doi: 10.3382/ps.0711480

frontiersin.org


https://doi.org/10.3389/fvets.2025.1536420
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3382/ps/pev086
https://doi.org/10.3390/ani10071195
https://doi.org/10.3382/ps/pew062
https://doi.org/10.1016/S0166-0934(00)00228-7
https://doi.org/10.1637/9230-010610-Reg.1
https://doi.org/10.1007/s00705-010-0849-z
https://doi.org/10.1637/9831-061311-Reg.1
https://doi.org/10.1637/aviandiseases-D-21-00096
https://doi.org/10.3382/ps/pex292
https://doi.org/10.3390/v15071581
https://doi.org/10.1099/vir.0.026740-0
https://doi.org/10.1637/aviandiseases-D-22-99995
https://doi.org/10.3389/fvets.2022.844903
https://doi.org/10.3382/ps/pey239
https://doi.org/10.3390/poultry2020015
https://doi.org/10.3389/fvets.2022.794934
https://doi.org/10.1371/journal.pone.0277411
https://doi.org/10.1099/jgv.0.001722
https://doi.org/10.1007/s42770-020-00259-4
https://doi.org/10.1637/7815-121306-REGR4.1
https://doi.org/10.1080/03079458808436465
https://doi.org/10.1007/s11262-011-0663-z
https://doi.org/10.3382/ps/pey207
https://doi.org/10.1080/03079457.2011.566260
https://doi.org/10.1637/8174-111507-Reg.1
https://doi.org/10.3382/ps.2012-02849
https://doi.org/10.1016/j.vetmic.2023.109772
https://doi.org/10.1016/j.psj.2022.101848
https://doi.org/10.3382/ps.0610608
https://doi.org/10.3382/ps.0711480

	Simultaneous detection and partial molecular characterization of five RNA viruses associated with enteric disease in chickens: chicken astrovirus, avian nephritis virus, infectious bronchitis virus, avian rotavirus a and avian orthoreovirus, via multiplex
	Introduction
	Methodology
	Sample collection
	Nucleic acid extraction
	Primer and hydrolysis probe design
	Standard curve construction
	Reverse transcriptase reaction
	RT–qPCR assay
	Analytical sensitivity and limit of detection and quantification for the RT–qPCR assay
	Analytical specificity of the RT–qPCR assay
	Analytical repeatability of the multiplex RT–qPCR assay
	Sequencing and phylogenetic analysis
	Statistical analysis

	Results
	Standard curves for single and multiplex RT–qPCR assays
	Specificity of the RT–qPCR assay
	Diagnostic test performance metrics
	Repeatability of the assay
	Enteric virus detection
	Coinfection analysis
	Sequencing and phylogenetic analysis
	CastV
	ANV
	IBV
	ARV
	AvRVA

	Discussion
	Conclusion

	References

