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Abstract

Enteric diseases are a significant challenge for the poultry industry, causing substantial
economic losses and affecting productivity. Turkey astrovirus (TAstV) types 1 and 2 and
avian nephritis virus (ANV) are recognized as viral pathogens contributing with enteric
diseases in turkeys, particularly in young poults. These viruses, part of the Astroviridae
family, are small, round, non-enveloped, positive-sense RNA viruses with high prevalence
in turkey flocks. Despite their importance, they had not been identified in Ecuador until
now. This study presents the first detection and molecular characterization of TAstV-1,
TAstV-2, and ANV in Ecuadorian turkeys using RT-qPCR assays based on SYBR Green,
developed and optimized for high sensitivity and specificity. Two hundred intestinal
samples were collected from turkeys with enteric disorders, along with fifty cloacal swabs
from apparently healthy turkeys in Pichincha Province. The RT-qPCR assays developed
demonstrated a limit of detection of one copy of viral genetic material and high repeatability,
with inter and intra-assay coefficients of variation below 1%. Based on these tests, TAstV
was detected in 93% of turkey samples with gastroenteritis, and none of the samples of the
healthy group tested positive, with ANV being the most prevalent, followed by TAstV-2
and TAstV-1. Phylogenetic analysis of the partial ORF1b gene confirmed the genetic
relationships between Ecuadorian strains and those from other countries, highlighting
possible routes of introduction and evolution of the virus. Co-infections with TAstV-2
and ANV were common, while single infections were predominantly caused by ANV.
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These findings underscore the critical need for surveillance and biosecurity measures to
control the spread of these viruses within Ecuador’s poultry industry. This study provides
valuable insights on astrovirus presence in Ecuadorian turkey flocks and establishes robust
diagnostic tools for monitoring and managing turkey astrovirus infections.

Keywords: enteric disease; turkey astroviruses; RT-qPCR assays; SYBR Green

1. Introduction

The poultry industry is one of the most important sectors in Ecuador’s agricultural
economy, contributing 4% of the country’s total gross domestic product (GDP) and 24% of
the specific GDP for the agricultural sector. It generates more than 300,000 job opportunities
in the production chain and produces 4 million United States (U.S.) dollars per year. In
2022, 22.753 tons of turkey meat were produced in the country [1]. Thus, turkey breeding
plays a very important role in poultry farming due to the generation of high-quality protein,
which supplies the national and international market. However, the poultry industry has
many challenges, one of which is enteric diseases that represent a significant problem for
animal health [2]. Enteric diseases in turkeys have been linked to viral pathogens that are
associated with the genesis of these diseases [3]. Among the most prevalent turkey enteric
viruses are astrovirus, parvovirus, rotavirus, and coronavirus. Astrovirus is particularly
significant in this industry due to its high incidence in turkey flocks and the substantial
economic losses associated with its symptoms [4,5].

Astroviruses are small, non-envelope positive-sense RNA viruses; their genome length
varies between 6.5 and 7.7 kb [6]. They have a star-like morphology with 5-6 projec-
tions present on the surface of the viral capsid [7]. There are three open reading frames
(ORFs): ORFla encoding the non-structural protein, ORF1b encoding RNA-dependent
RNA-polymerase, and ORF2 encoding the viral capsid structural protein; these ORFs are
flanked by untranslated regions (UTRs), one at the 5’ end and one at the 3’ end, followed
by a poly-A tail [8,9]. They are part of the Astroviridae family, consisting of the genera
Mamastrovirus and Avastrovirus, which infect mammals and avian species, respectively.
The genus Avastrovirus now has seven officially identified species that infect various
bird hosts [10,11]. These viruses cause enteric diseases since they are distributed mostly
in the intestine, causing poor digestion, hepatitis, nephritis, and deficiency in nutrient
absorption [12].

Currently, three types of astroviruses have been identified that infect turkeys: turkey
astrovirus 1 (TAstV-1), turkey astrovirus 2 (TAstV-2), and avian nephritis virus (ANV) [13].
TAstV-1 was first detected in the United Kingdom in 1980 in turkeys showing diarrhea
and high mortality [14]. Later, in 2000, TAstV-2 was identified and is associated with poult
enteritis complex (PEC) in the U.S. [15]. Additionally, ANV has been reported in turkeys
with enteritis, a virus mainly associated with chickens, but it can also infect other avian
species, such as turkeys, ducks, geese, and pigeons, among others, where it is mainly
associated with tubulonephrosis, visceral gout, diarrhea, and growth retardation [16].

The poult enteritis complex (PEC) is a pathological condition present in young turkeys
characterized by diarrhea, immunosuppression, depression, enteritis, weight loss, feed
conversion deficiency, and mortality, whereas when astroviruses infect turkeys, not all
symptoms may be present simultaneously [17]; this is attributed to different etiological
agents, including a range of viruses such as TAstV, and certain bacterial pathogens [18].
Several syndromes have been reported as part of this complex: poult enteritis and mortality
syndrome (PEMS), characterized by diarrhea, lack of growth, and high mortality in young
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turkeys; runting—stunting syndrome (RSS), which results in growth and development below
what is expected for their age; light turkey syndrome (LTS), characterized by reduced body
weight; and finally poult enteritis syndrome (PES), which involves inflammation and
irritation of the intestine in poults, resulting in diarrhea and weight loss [19].

The application of molecular techniques for the detection of infectious agents has
proven to be highly effective in terms of speed, sensibility, and specificity, surpassing
traditional methods such as electron microscopy, cell culture, and immunoassays [20].
These approaches allow for the identification of viral presence even in samples with low
viral loads. RT-PCR assays demonstrate a high degree of sensitivity and specificity for
detecting viral RNA, establishing them as invaluable tools for the diagnosis and surveillance
of viral infections [21,22].

Turkey astroviruses (TAstV-1, TAstV-2, and ANV) have been well-documented in
avian populations in several countries [14,17,18,23-25]. However, no evidence of these
viral agents has been reported in Ecuador, leaving a significant gap in our understanding of
their epidemiological status within the country, although reports of turkeys affected with
enteric disease are reported by poultry veterinarians, where bacteria and parasites have
not been diagnosed (not published data). This lack of information has a detrimental effect
on the insights available on the prevalence, geographic distribution, and burden of disease
in the national poultry sector. The substantial economic impact of astroviruses in turkeys,
due to high morbidity, clinical severity, and production losses, renders the establishment of
baseline data on the presence of these pathogens in Ecuador imperative.

The aim of this study is to address this gap by providing the first molecular report of
TAstV-1, TAstV-2, and ANV in turkeys from Ecuador. This study contributes to a broader
understanding of the presence of these viruses in this territory as well as their potential
impact on poultry health and productivity. In addition, it contributes a diagnostic tool that
could be used in the diagnosis of astrovirus in turkeys.

2. Materials and Methods
2.1. Sampling

In this study, a total of 250 samples were collected, including 200 turkey (1-110 days
old) intestinal tracts from dead turkeys with enteric diseases and cloacal swabs from
50 young turkeys (7 days old) without signs of intestinal disease as a control group. Cloacal
swabs were selected for clinically healthy birds because they allow non-invasive sampling
under routine farm conditions, whereas intestinal tissues were obtained from deceased
turkeys with enteric disease since intestinal content generally provides higher viral loads
and improves diagnostic sensitivity for enteric viruses such as astrovirus. Sampling in-
testinal tissue from live birds was not feasible due to animal welfare and farm biosecurity
constraints. All samples were obtained from 10 turkey farms in the province of Pichincha
in Ecuador. The poultry farmers reported that samples from dead animals were main-
tained at approximately 4 °C immediately after collection; this refrigeration was intended
only for temporary preservation during on-farm handling and transport to limit nucleic
acid degradation. Upon arrival at the research laboratory, samples were stored at —20 °C
for short-term preservation of viral genetic material until molecular analysis. Clinical
records indicated that the animals died as a consequence of previously observed enteric
disease on the farm (Supplementary Material, Table S1). For this study, deceased turkeys
of 1 to 110 days of age with clinical records indicative of enteric disease, such as apathy,
ruffled feathers, diarrhea, and cloacal pasting, were sent to the research laboratories of
the Universidad de Las Americas to detect the presence of enteric viruses. The intestines
(jejunum) were used to determine the presence or absence of turkey astrovirus (TAstV-1,
TAstV-2, and ANV) as well as for the standardization and validation of the RT-qPCR assay
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based on SYBR Green chemistry. All procedures conducted in the present investigation
were in accordance with the guidelines and the approval of the Committee on the Care
and Use of Laboratory and Domestic Animal resources of the Agency of Regulation and
Control of Phytosanitary and Animal Health of Ecuador (AGROCALIDAD), under number
#INT/DA /019 (31 January 2018).

2.2. Nucleic Acid Extraction

Intestinal samples were dissected to obtain a 0.5 x 0.5 cm? portion of jejunal tissue
of approximately 100 mg and suspended in 250 pL of phosphate buffer saline (PBS) to
maintain the integrity of the biological material. Cell lysis was performed using stainless
steel beads in TissueLyser (QIAGEN, Hilden, Germany); the macerated tissue was used for
viral RNA extraction using TRIzol Reagent (Invitrogen by Life Technologies, Carlsbad, CA,
USA) according to the manufacturer’s instructions for RNA isolation. The cloacal swabs
were suspended in 1 mL of PBS and subjected to heat shock following previously described
protocols [3]. After centrifugation at 12,000 rcf, 250 uL of the supernatant was collected
for viral RNA extraction using TRIzol Reagent (Invitrogen by Life Technologies, Carlsbad,
CA, USA). Approximately 1 pg of RNA was converted into cDNA using SuperScript IV
Reverse Transcriptase (Invitrogen™ Van Allen Way, Carlsbad, CA, USA) according to
manufacturer’s instructions. DNA extraction for positive controls (TuPV and ChPV) used
to determine the specificity of the assay was extracted using TRIzol extraction DNA method
according to the manufacturer’s instructions.

2.3. Hemi-Nested PCR

A pan-astrovirus detection assay, capable of detecting astroviruses across multiple
species [26], was applied to the cDNA of 200 turkey jejunum samples to determine the
presence of turkey astrovirus genetic material. A fragment of approximately 400 bp of the
ORF-1b gene was amplified using the kit Platinum Taq DNA polymerase (Invitrogen by
Thermo Fisher Scientific, Carlsbad, CA, USA) for the application of a hemi-nested PCR
following the published instructions for an accurate detection of astroviruses [26].

2.4. Sequencing and Phylogenetic Analysis

Of the obtained amplicons (40) with a strong intensity of the band obtained from hemi-
nested PCR described above were purified with the ExoSap-IT™ Express PCR Product
Cleanup System (Applied Biosystems, Santa Clara, CA, USA) according to the manufac-
turer’s protocol. Subsequently, the purified products were sequenced in both forward
and reverse directions using the Big Dye® Terminator v3.1 Cycle Sequencing Kit (Thermo
Fischer Scientific), and the sequencing data were generated on the 3500 Series Genetic Ana-
lyzer (Applied Biosystems, Foster city, CA, USA). Electropherograms were processed using
the Geneious Prime software package, version 10.2.3 (https:/ /www.geneious.com, accessed
on 16 January 2026) (Biomatters Ltd., Auckland, New Zealand). The sequences obtained
were individually aligned to TAstV-1, TAstV-2, and ANV reference sequences reported in
other countries and randomly retrieved from the NCBI GenBank database through Multiple
Sequence Alignment using the Clustal Omega 1.2.2 package in the Geneious 10.2.3 soft-
ware (https:/ /www.geneious.com). Nucleotide similarities were then calculated using the
Geneious 10.2.3 software (https:/ /www.geneious.com, accessed on 16 January 2026). Prior
to phylogenetic analysis, identical sequences were removed, and turkey coronavirus (TCoV)
was used as the outgroup. A phylogenetic tree was inferred with the maximum likelihood
statistical method, employing a Tamura-Nei substitution model and bootstrap phylogeny
testing with 1000 replicates, as implemented in MEGA 11 software packages [27].
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2.5. Primers Design for Specific Detection of TAstV-1 and TAstV-2

Specific primers were designed for the detection of TAstV-1 and TAstV-2. Com-
plete genome sequences and ORF1b gene sequences of both genotypes of turkey viruses
were obtained from the NCBI GenBank database (NC_002470, Y_15936, KU_711025,
KT_355319, KC_967118, JX_985653, HQ_ 317717, KC_967120, JX_083371, JQ_692622,
JN_048385, HQ_ 317733, GQ_301011, FJ_693666, EU_165345, EU_143851, EU_143850,
DQ_381388, and NC_005790) and the sequences obtained with the hemi-nested PCR assay
carried out in this study. Sequences were aligned with the Geneious Prime® 2022.2.2 soft-
ware (https:/ /www.geneious.com) in the Clustal Omega package to target amplification
of a conserved fragment of the ORF-1b gene of each virus. The primers used in this study
to amplify a fragment of ANV were originally developed for a hydrolysis probe RT-qPCR
assay and were subsequently adapted for use in a two-step RT-qPCR assay in this study
with SYBR Green chemistry (Table 1).

Table 1. Primers used in this study.

Primers Target Assay Sequence (5’-3') Length Reference
TAstV1-F-DP AGAACACAAYAGGYTACCCAC 60 bp
TAstV1-R-DC ORFlb TAACYGCAGCAGTATCATAGGAA This study
TAstV2-F-DC RT-qPCR ACCAACWGAGAAAGARCTGCA 75 bp
TAstV2-F-DP TTRCGGATGGAAAGAAGYCT
ANV-F GTAAACCACTGGCTGGCT
ANV-R UTR TCCTGTACCCTCGATGCTA 73bp [28]
PanAstro F1 GARTTYGATTGGRCKCGKTAYGA
PanAstro F2 GARTTYGATTGGRCKAGGTAYGA
PanAstro R ORF1b Hemi-nested PCR GGYTTKACCCACATNCCRAA ~400 bp [26]
PanAstro HN F1 CGKTAYGATGGKACKATHCC
PanAstro HN F2 AGGTAYGATGGKACKATHCC

2.6. Standard Curve Construction

For the standard curve construction, amplification products obtained through hemi-
nested PCR and confirmed by sequencing to belong to TAstV-1 and TAstV-2 obtained
in Sections 2.3 and 2.4 were used as positive controls. For ANV, an end-point PCR was
applied using the same primers proposed for the RT-qPCR assay. The amplified target
fragment for each virus was cloned separately into the TOPO™ TA vector (Thermo Fischer
Scientific) and transformed into TOP10 chemically competent E. coli cells (Thermo Fischer
Scientific). Colony PCR was performed to identify clones containing the vector with the
fragment of interest. Plasmid DNA was extracted from the confirmed clones using the
PureLink™ Quick Plasmid Miniprep Kit (Invitrogen by Thermo Fisher Scientific, Vilnius,
Lithuania) and quantified with a NanoDrop™ 2000 (Thermo Fischer Scientific, Wilmington,
DE, USA). The DNA concentration was entered into the DNA Copy Number and Dilution
Calculator web tool (Thermo Fischer Scientific) to determine the number of copies of the
target sequence. A stock solution containing 108 copies was prepared, followed by ten-fold
serial dilutions down to one copy for standard curve construction. A separate standard
curve was generated for each virus to ensure accurate quantification in the RT-qPCR assays.

2.7. RT-qPCR Assay

For each virus, a separate two-step RT-qPCR, singleplex, was performed using
PowerUp SYBR Green Master Mix (Applied Biosystems by Thermo Fisher Scientific, Vil-
nius, Lithuania) and specific primers for each virus (Table 1). The reaction was prepared
with 1 pL of UltraPure™ DNase/RNase-Free Distilled Water (Invitrogen by Thermo Fisher
Scientific, Carlsbad, CA, USA), 5 uL of PowerUp SYBR Green Master Mix 1X, 0.75 uM

https:/ /doi.org/10.3390/v18030308


https://www.geneious.com
https://doi.org/10.3390/v18030308

Viruses 2026, 18, 308

6 of 22

of each primer (2 per virus) for TAstV-1 and TAstV-2, 0.60 uM of each primer for ANV,
and 2.5 pL. of cDNA. Primer concentrations were empirically optimized (0.60-0.75 uM)
to achieve maximal analytical sensitivity while avoiding primer-dimer formation and
non-specific amplification, as assessed by melt curve analysis. For each virus, the standard
cycling mode for PowerUp SYBR Green was applied, which included an initial UDG inac-
tivation step at 50 °C for 2 min, denaturation at 95 °C for 2 min, followed by 45 cycles of
denaturation at 95 °C for 10 s, an annealing step at 56 °C for 30 s, and an extension step at
72 °C for 30 s. As positive controls, a point from the standard curve was included for each
virus, with ddH;O used as negative control and a non-template control (NTC). A melting
curve analysis was performed for every run, and all samples were analyzed in duplicate to
ensure consistent results.

2.8. Analytical Sensitivity of the RT-qPCR Assay

The limit of detection (LoD) and limit of quantification (LoQ) were defined as the
lowest concentration at which consistent amplification was achieved in the ten serial
dilutions of the standard curve, thus establishing the minimum threshold of the method
for reliable detection and quantification of the target sequence. Analytical sensitivity was
initially evaluated using a synthetic construct, determining a detection threshold as low as
1 copy/uL. To evaluate the performance of the assay in a biological context, the constructed
curve was also tested in RNA samples extracted (and subsequently cDNA) from jejunal
tissue, and detection remained at the same limit, indicating its robustness even in the
presence of host-derived RNA.

2.9. Analytical Specificity of the RT-qPCR Assays

The specificity of the RT-qPCR assay was determined using positive controls for TuPV,
ChPV, and CAstV; positives controls correspond to the isolated viral agents previously
described [29-31]. The positive controls (TuPV, ChPV, and CAstV) underwent the RI-qPCR
protocols devised in this study, following the previously established conditions.

2.10. Analytical Repeatability of the RT-gPCR Assays

To ensure the repeatability of the assay, both inter-assay and intra-assay were evaluated
using tenfold serial dilutions ranging from 107 to 103 copies of DNA previously prepared
for the standard curve; each of these dilutions were aliquoted and stored at —20 °C until use.
This process was assessed by calculating the average cycle. For the inter-assay evaluation,
aliquots of each dilution were amplified under identical conditions across five independent
runs conducted in different days. Intra-assay repeatability was analyzed with five replicates
of each dilution, with the RT-qPCR assay performed in a single run. The repeatability was
quantified by calculating the average Cq values and the coefficient of variation (CV) for
both inter-assay and intra-assay measurements. Stability of the RT-qPCR assay was further
assessed through CV values, with lower CV percentages indicating higher assay reliability.
All procedures followed established guidelines [32].

2.11. Validation Metrics

The diagnostic method proposed in this study was validated following the rec-
ommendations outlined in the MIQE guidelines and the WOAH Terrestrial Manual
(Chapter 1.01.06), providing the required data for Stage 1 validation [32,33]. To assess
the reliability of the test, diagnostic performance indicators were calculated using the
following equations:

Diagnostic performance metrics were estimated using standard epidemiological formu-
las. Sensitivity was calculated as the proportion of confirmed positives correctly identified
by the assay and expressed as TP divided by the sum of TP and FN, whereas specificity
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corresponded to TN divided by TN plus FP, representing the ability to correctly classify
negative samples.

The positive predictive value (PPV) was derived from the relationship between test sensitiv-
ity and the expected prevalence of infection in the evaluated population, following the expression
[sensitivity x prevalence]/{[sensitivity x prevalence] + [(1 — specificity) x (1 — prevalence)]}.
In parallel, the negative predictive value (NPV) incorporated test specificity and the proba-
bility ~of true negatives in the population wusing the formula
[specificity x (1 — prevalence)]/{[specificity x (1 — prevalence)] + [(1 — sensitivity) x prevalence]}.

These formulas were applied according to Chapter 6 of Clinical Epidemiology by
Fletcher [34]. In this context, TP refers to true positives, FN to false negatives, TN to true
negatives, and FP to false positives.

2.12. Statistical Analysis

Descriptive statistics were conducted on the analyzed samples using a dataset that
included age (days), viral copies, and RT-qPCR results for each virus (TAstV-1, TAstV-2, and
ANV). The distribution of the samples was assessed using the Shapiro-Wilk test. Cohen’s
Kappa test was performed to obtain the kappa coefficient and analyze the agreement
between the two molecular methods used in this study. A Kruskal-Wallis test was then
applied to determine whether significant differences existed among the three viruses
regarding the distribution of viral loads detected by RT-qPCR. All tests were conducted
with a 95% confidence interval in RStudio 2025.09.2.

2.13. Genbank Accesion Numbers

The partial ORF1b gene sequences obtained in this study have been submitted to
GenBank and are available under the following accession numbers: ANV: PV568354 (26T),
PV568355 (39T), PV568356 (200T), PV568357 (196T), PV568358 (191T), PV568359 (113T),
PV568360 (101T), PV568361 (133T), PV568362 (74T), PV568363 (23T), PV568364 (31T),
PV568365 (166T), PV568366 (25T), PV568367 (28T), and PV568368 (21T); TAstV-1: PQ998992
(33T), PQ998993 (2T), and PQ998994 (3D ECU); TAstV-2: PV568350 (78T), PV568351 (16T),
PV568352 (72T), and PV568353 (52D ECU).

3. Results
3.1. Standard Curves

Standard curves generated from ten-fold serial dilutions for the detection assays of
TAstV-1, TAstV-2, and ANV showed an efficiency of 100.1% (Figure 1A), 100.4% (Figure 1B),
and 100.4% (Figure 1C), respectively. All amplified points showed a melting curve cor-
responding to the fragment of interest (ANV (82.5 °C), TAstV-1 (76.5 °C), and TAstV-2
(76 °C)). The assay demonstrated high specificity where no negative controls, dimers, or
non-specific products were amplified in any run. The limit of detection (LoD) and limit of
quantification (LoQ) for each assay were determined, demonstrating that both were up to
10° copies of genetic material in each assay. The maximum Cq to consider a sample positive
was 36, 37, and 39 for TAstV-1, TAstV-2, and ANV, respectively.
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Figure 1. Standard curves generated for the detection of turkey astroviruses, (A) TAstV-1, (B) TAstV-2,
and (C) ANV. Melt curves (peaks) for qPCR assays, (D) TAstV-1, (E) TAstV-2, and (F) ANV.
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3.2. Specificity Analysis of the RT-gPCR Assays

The specificity assessment of the RT-qPCR assay for TAstV-1, TAstV-2, and ANV
detection exclusively demonstrated amplification curves for samples positives for the
viruses mentioned above. No amplification was detected in any of the other viruses: TuPV,
ChPV, or CAstV.

3.3. Diagnostic Test Performance Metrics

Based on the evaluation of the proposed diagnostic assay using established perfor-
mance metrics, the method demonstrated sensitivity and specificity levels of 100% within
the analyzed sample set. Furthermore, both the negative predictive value (NPV) and
positive predictive value (PPV) were calculated at 100%. While these findings indicate
excellent diagnostic agreement under the conditions of this study, such estimates should be
interpreted cautiously pending validation in larger and more diverse cohorts.

3.4. Repeatability Analysis

The repeatability assay, performed using ten-fold standard serial dilution from 107 to
103 copies, showed the following inter-assay and intra-assay coefficients of variation for
each virus: for TAstV-1, the inter-assay coefficient of variation ranged from 0.09% to 0.25%,
while the intra-assay coefficient of variation ranged from 0.17% to 0.39%. TAstV-2 exhibited
inter-assay coefficient of variation values between 0.20% and 0.99%, with an intra-assay
coefficient of variation ranging from 0.17% to 0.96%. For ANV, the inter-assay coefficient of
variation ranged from 0.30% to 0.65%, and the intra-assay coefficient of variation ranged
from 0.40% to 0.90% (Table 2).

Table 2. Repeatability assay using ten-fold serial dilutions for TAstV-1, TAstV-2, and ANV. Cq: cycle
of quantification; CV: coefficient of variation.

Inter-Assay Intra-Assay
C
N u?r?g’ er TAstV-1  TAstV-2 ANV TAstV-1  TAstV-2 ANV TAstV-1  TAstV-2 ANV TAstV-1  TAstV-2 ANV
Cq Mean cv Cq Mean cv

107 13.6 12.48 13.14 0.25 0.2 0.41 13.49 12.49 12.76 0.19 0.17 0.67
10° 14.77 15.53 17.92 0.09 0.3 0.65 14.66 15.47 17.84 0.19 0.31 0.76
10° 18.18 25.17 20.8 0.23 0.99 0.57 18.03 24.99 19.81 0.17 0.96 0.9
10* 22.3 22.67 25.57 0.13 0.33 0.3 21.55 22.7 24.77 0.19 0.24 0.4
103 24.86 26.09 29.11 0.22 0.22 0.55 24.89 26.26 28.24 0.39 0.26 0.47

3.5. Detection of Turkey Astroviruses

In intestinal samples from turkeys with enteric disease, the pan-astrovirus end-point
hemi-nested PCR assay detected the presence of astrovirus in 109 samples (54.5%), while
the RT-qPCR assay developed in this study identified the presence of any astrovirus that
infects turkeys in 186/200 samples, corresponding to 93% of the total analyzed samples.
The presence of astrovirus was not identified in the cloacal swabs from the control group
(apparently healthy turkeys) using any method. Cohen’s Kappa coefficient was k = 0.078,
which indicates only a slight agreement between the two analyzed methods. This low con-
cordance reflects that the RT-qPCR assay detected a substantially higher number of positive
samples compared to the end-point PCR method. In addition, by RT-qPCR assay, specific
astroviruses were detected: 9 samples (4.5%) were identified as TAstV-1, 75 samples (37.5%)
were identified as TAstV-2, and 178 samples (89%) were identified as ANV. The results
of the Shapiro-Wilk test indicated that the dataset did not follow a normal distribution
(p < 0.05). According to the Kruskal-Wallis test, no statistically significant differences were
observed in the distribution of positive results among the three viruses analyzed (p > 0.05),
suggesting a similar occurrence of TAstV-1, TAstV-2, and ANV in the sampled animals.
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3.5.1. Distribution of Astroviruses by Age in Turkeys with Enteric Disease

The detection of TAstV-1, TAstV-2, and ANV varies across different age groups.
Among poults aged <10 days, a low presence of astroviruses was observed, with only one
sample testing positive for TAstV-1 and TAstV-2 and six samples positives for ANV, indicat-
ing that ANV was the predominant virus in this age group. In the age group between >10
to <90 days, a substantial increase in viral detection was noticed, with 4 positive samples
for TAstV-1, while TAstV-2 was detected in 59 samples and ANV in 119, highlighting that
ANV was again the most frequently detected virus. Finally, for turkeys aged >90 days,
the presence of TAstV-1 remained low (4 positive samples), while the detection rates for
TAstV-2 and ANV were 15 and 53 positive samples, respectively (Table 3). ANV showed
statistically significant differences; however, given the disparity in samples between groups,
the analysis may have been biased.

Table 3. Positive samples of each turkey astrovirus based in age groups.

Detection of Turkey Astroviruses by RT-qPCR in Turkeys with Enteric Disease

Age (Days) TAstV-1 TAstV-2 ANV Total Samples
<10 1(16%) 1 (16%) 6 (100%) 6 (3.0%)

>10 to <90 4 (3.0%) 59 (44%) 119 (89%) 134 (67%)
>90 4 (6.0%) 15 (25%) 53 (88%) 60 (30%)

3.5.2. Quantification of Viral Agents in Turkeys with Enteric Disease

The RT-qPCR assay was capable to quantify viral loads in each turkey astrovirus
(TAstV-1, TAstV-2, and ANV)-positive samples in this study. Among age groups, the
highest average viral load was exhibited in turkeys aged >90 days, with TAstV-2 and ANV
displaying particularly elevated levels, while the lowest viral loads were found in turkeys
aged <10 days. However, for TAstV-1, the highest average of GCs/mg (mg of tissue) was
found in individuals aged <10 days, and the lowest viral loads were from turkeys of >90
days of age (Table 4). No significant differences were found.

Table 4. Turkey astroviruses gene copies (GCs) quantification divided by age groups in days in
turkeys with enteric disease. GCs: gene copies; AV: average.

Quantification of Turkey Astrovirus by RT-qPCR

TAstV-1 TAstV-2 ANV
Age Group Total
(Days) GCs/mg GCs/mg GCs/mg GCs/mg GCs/mg GCs/mg Samples
AV Max AV Max AV Max
<10 248 x 10° 2.48 x 10° 1.94 x 102 1.94 x 102 1.13 x 10° 422 x 10° 6
>10t0 <90  1.46 x 10° 585 x 10°  1.30 x 1019 237 x101© 828 x 108  8.92 x 10%° 134
>90 2.75 x 10* 9.00 x 10* 3.04 x 107 8.37 x 108 1.41 x 108 7.34 x 10° 60

3.5.3. Co-Infection Analysis in Turkeys with Enteric Disease

Of the 186 positive samples, co-infections patterns were identified as follows: no sam-
ples tested positive for the co-infection of TAstV-1 and TAstV-2 (without ANV). Five samples
(2.7%) were positive for the co-infection of TAstV-1 and ANV, while sixty-three samples
(33.9%) were positive for the co-infection of TAstV-2 and ANV. Additionally, four samples
(2.1%) showed co-infection with all three turkey astroviruses (TAstV-1, TAstV-2, and ANV).
For single infections, ANV presented the highest number of positives with 106 samples
(53%), while 8 samples (4%) were only infected with TAstV2, and no samples were positive
just for TAstV-1 (Table 5). Single infection by ANV showed significant differences.
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Table 5. Co-infections and single infections of turkey astroviruses (TAstV-1, TAstV-2, and ANV),
showing the possible combinations of viral presence across samples and the corresponding number
of positive cases for each combination. * indicates the most frequent co-infection observed in this
study; # indicates the most frequent single infection observed in this study.

Turkey Astroviruses Co-Infections and Single Infections

N° Combination TAstV-1 TAstV-2 ANV Total
1 X X 0 (0.0%)
2 X X 5(2.7%)
*3 X X 63 (34%)
4 X X X 4 (2.0%)
5 X 0 (0.0%)
6 X 8 (4.3%)
#7 X 106 (57%)

3.6. Phylogenetic Analysis

The assembled phylogenetic tree revealed different clades grouping the sequences
obtained in this study for TAstV-1, TAstV-2, and ANV, corresponding to the species Avas-
trovirus 1, Avastrovirus 3, and Avastrovirus 2, respectively, along with sequences retrieved
randomly from the NCBI GenBank database (Figure 2). Three main clades were formed,
corresponding to TAstV-1, TAstV-2, and ANV, each supported by a bootstrap value of
100%, 99%, and 83%, respectively, indicating that each clade corresponded to a specific type
of astrovirus. The ANV sequences obtained in this study were distributed across several
branches, with some clustering closer with sequences from United States (166T), and others
grouped closely with sequences from Croatia and Brazil (28T and 25T). Additionally, the
ANV sequence 21T clustered closely with a sequence from Switzerland. The TAstV-1 se-
quences from this study all grouped together within a single clade, suggesting high genetic
similarity among these sequences; this clade had a close phylogenetic relationship with
TAstV-1 sequences from Brazil. The four sequences of TAstV-2 obtained in this study were
divided into two groups. Three of the sequences clustered together in a single clade, while
the remaining sequence (78T) formed a separate branch.

The nucleotide matrix (Table 6) showed high NT similarity between the Ecuadorian
TAstV-1, TAstV-2, and ANV sequences and other sequences retrieved from the NCBI.
TAstV-1 sequences obtained in this study showed a 100% NT similarity between them
and showed high similarity with sequences from other countries, with an NT similarity
ranging from 86.8 to 87.3% with sequences from Brazil and an NT similarity of 84.2%
with a sequence from Poland. Ecuadorian TAstV-2 sequences revealed an NT similarity of
98.6-100% between them with sequences reported in the NCBI, and we also found an NT
similarity of 86.5-93.4% with sequences from USA, an NT similarity ranging from 87.5%
to 87.8% with Croatia sequences, an NT similarity of 86.5-87.8.% with sequences from
Italy, an NT similarity of 88.6% with Turkey sequences, an NT similarity of 88.2-88.9%
with Poland sequences, and an NT similarity ranging from 88% to 89.3% with Slovakia
sequences. Ecuadorian ANV sequences demonstrated an NT similarity ranging from 80.9%
to 92.8% between them, and they also showed high NT similarity with sequences from
Croatia, Bangladesh, Switzerland, India, Brazil, and the United States, showing ranges of
NT similarity of 77.2-89.4%, 80.3-89.4%, 81.3-90.5%, 80.4-91.3%, 79.1-89.5%, 77.2-91%, and
82.2-90.5%, respectively.
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Figure 2. Phylogenetic analysis of TAstV isolates based on partial ORF1 gene fragment sequences gen-
erated in the present study, together with reference sequences retrieved from GenBank and organized
by their country of origin. Multiple sequence alignment was performed using the Clustal Omega
package implemented in Geneious Prime v2.0.10 (https:/ /www.geneious.com). The phylogenetic
tree was inferred with the MEGA 11 software package, applying the maximum likelihood method
under the Tamura-Nei substitution model. Bootstrap support values (1000 replicates) are displayed
along the branches. The scale bar indicates the number of substitutions per nucleotide site. Sequences
obtained in this work are highlighted with circles, ANV sequences are depicted in red, TAstV-1

sequences in green, and TAstV-2 sequences in blue.
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Table 6. Comparison of the nucleotide identities of partial ORF1b gene sequences of Ecuadorian samples of TAstV-1, TAstV-2, and ANV with other reference

sequences. Sequences generated in this study are highlighted (Lilac = TAstV-2, Light blue = TAstV-1, Aqua green = ANV), whereas non-highlighted sequences

correspond to strains retrieved from GenBank for comparison.

Sequence 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Virus
s - 900 923 876 8.1 908 87 82 8.5 88 584 592 596 608 625 482 560 575 561 569 456 535 586 554 588 568 59.6 577
2 NC_005790 USA 920 - 958 899 858 89.6 880 884 865 865 618 602 598 603 607 476 560 589 592 567 449 548 595 573 592 563 6L1 57.0
3. ?%3&1{360 923 958 - 894 858 908 889 882 865 878 599 585 583 593 610 459 548 570 570 552 456 535 578 554 585 554 599 552
4. KM875548
s 876 899 894 - 937 945 899 884 885 886 603 592 591 593 588 500 565 570 580 571 462 522 575 552 581 570 602 559 g
5. HQ317731 1 7 96.7 9 2 571 59 9.7 1 591 47 4.9 1 9 49 5 1 5 1 4 Z
po1s 881 858 858 937 - 967 896 893 889 882 571 598 597 601 59, 6 549 531 535 53, 9 528 531 528 581 538 566 545 <
6. MH511538
LOVAKIA 908 896 908 945 967 - 908 905 880 893 584 590 589 583 595 468 569 568 573 571 484 522 558 542 577 553 588 563
7.EU143851USA 887 880 889 899 896 908 - 928 928 931 599 592 591 598 60. 476 557 573 583 570 462 526 570 549 566 554 593 559
8.DQ066593 USA 892 884 882 884 893 905 928 - 933 934 603 600 593 603 610 482 537 578 573 568 456 530 584 564 577 564 596 559
9.78TECUUDLA 875 865 865 885 89 8.0 928 933 - 986 558 594 577 587 585 650 695 635 630 615 675 555 620 615 608 601 625 625
10'[7]]23TLiCU 878 865 878 886 882 893 931 934 986 - 590 586 585 595 59.6 462 553 581 592 568 477 535 595 565 570 560 605 559
11. 33T ECU
S 584 618 599 603 571 584 599 603 558 590 - 873 8.8 8.1 842 478 655 584 599 599 493 550 586 584 565 571 586 593
12. KU711047
A 592 602 585 592 508 500 592 600 594 586 83 - 958 910 887 463 567 552 542 542 475 559 548 549 582 544 572 580
Al
13, L7 0ss 506 598 583 591 597 589 591 593 577 585 868 958 - 884 863 463 576 556 543 540 468 561 541 545 580 535 583 579 ia
14. NC_002470 -
X 608 603 593 593 601 583 598 603 587 595 871 910 884 - 932 446 598 557 560 559 456 548 563 557 586 560 578 575
15. KF736884
>, STt 625 607 610 588 591 595 601 610 585 596 842 887 963 932 - 423 585 557 554 552 449 543 562 570 606 551 592 556
16. JF815368
& JEs1536: 482 476 459 500 476 468 476 482 650 462 478 463 463 446 423 - 844 868 832 841 852 772 805 844 869 850 894 873
17. MK975886
BNGRoTSSSe, 60 560 548 565 549 569 557 537 695 553 655 567 576 598 585 844 - 882 910 898 903 803 827 849 856 861 865 894
18. OM469237 575 509 570 570 531 568 573 578 635 581 584 552 556 557 557 868 882 - 922 905 884 813 866 875 880 861 897 905
G OMaeo237 : . : : . . : : . . . : : : . . . . . . . . : . : . .
19. OP967012
e 561 592 570 580 535 573 583 573 630 592 599 542 543 560 554 832 910 922 - 927 916 804 861 858 861 858 881 913 .
Z
20.31§127Z111349 569 567 552 571 539 571 570 568 615 568 599 542 540 559 552 841 898 905 927 - 929 791 838 844 835 849 878 895 <
Zlégg[gfi” 456 449 456 462 449 484 462 456 675 477 493 475 468 456 449 852 903 884 916 929 - 772 81 89 869 82 89 910
22. 39T ECU
S 535 548 535 522 528 522 526 530 555 535 550 559 G561 G548 543 772 803 813 804 791 772 - 928 791 830 822 809 815
23. 113T ECU
s 586 595 578 575 531 558 570 584 620 595 586 548 541 563 562 805 87 866 8.1 838 8.1 928 - 83 900 905 8.5 875
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Table 6. Cont.

Sequence 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Virus
24. KT355289 USA 554 573 554 552 528 542 549 564 615 565 584 549 545 557 570 844 849 875 6858 844 839 791 863 - 914 887 878 891
. L6TECU 588 592 585 581 581 577 566 577 608 570 565 582 580 586 606 869 856 880 861 835 869 830 900 914 - 90 876 889
26, KT355284 USA 568 563 554 570 538 553 554 564 601 560 57.1 544 535 560 551 850 861 861 858 849 852 82 905 87 910 - &2 905
RAARECU 506 611 599 602 566 588 593 596 625 605 586 572 583 58 592 894 865 897 881 878 859 809 865 878 876 82 - 875
28. PANA21 ECU

UDLA 577 570 552 559 545 563 559 559 625 559 593 580 579 575 556 83 894 905 913 895 910 815 875 8.1 89 905 875 -
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4. Discussion

As previously mentioned, astroviruses are known as one of the causative agents of
enteritis and increased mortality in avian species such as turkeys, chickens, and guinea
fowl [24]. In agreement with earlier reports, in turkey flocks, these viruses produce the
poult enteritis complex (PEC), which includes syndromes like PEMS, PES, LTS, and RSS [35],
leading to an economic impact on poultry industries [36]. In this study, astrovirus detection
was assessed using two molecular approaches: a previously described hemi-nested PCR
and the novel RT-qPCR assays developed here. The RT-qPCR assays demonstrated supe-
rior performance not only by detecting a larger proportion of positive samples but also by
differentiating among TAstV-1, TAstV-2, and ANV, whereas the hemi-nested PCR lacked
specificity and amplified diverse astrovirus types indiscriminately. This discrepancy is
consistent with the low Cohen’s Kappa coefficient (0.078), which indicates poor agreement
between the methods and highlights the enhanced diagnostic capacity of RI-qPCR. Fur-
thermore, the assays demonstrated high analytical sensitivity, being capable of detecting
as little as a single copy of viral genetic material (Figure 1), and high specificity with no
amplification of other enteric viruses, which is further supported by the negative results ob-
tained in the 50 cloacal swabs from apparently healthy turkeys included as a control group;
this was repeatable, as inter- and intra-assays indicate values lower than 10% (Table 2).
Compared to previously reported studies, the present assays surpassed others [37-39] in
sensitivity. For instance, the multiplex RT-qPCR released in 2005 [37] demonstrated an
LoD of 100-600 copies for TAstV- 2 and TCoV, while this study achieved a lower detection
limit capable to identifying as few as one copy of viral genetic material, representing an
improvement in sensitivity. Similarly, an end-point multiplex RT-PCR targeting TAstV-1,
TAstV-2, ANV, and two other enteric viruses [38] showed limit of detections of 1.33 x 10%,
1.98 x 10%, and 4.22 x 10, respectively; these values are higher than the ones obtained in
this study, underscoring the superior sensitivity of the assays used in this study. Likewise,
another RT-qPCR for ANV and CAstV [39] described LoDs of 160 copies yet failed to match
the accuracy achieved by this study. A critical advantage of the present assay is its superior
detection limits, which enhances the ability to identify infections with low viral loads,
such as those during early stages or in latent infections [40]; these characteristics reduce
the likelihood of false negatives. These assays target all three types of astroviruses that
infect turkeys and do not amplify other enteric viruses, improving diagnostic accuracy. The
SYBR Green method used in this study also proved cost-effective compared to hydrolysis
probe-based assays [41], making it an accessible option for routine diagnostics.

The present study revealed a high presence of astroviruses, with 93% of the samples
of turkeys with enteric disease testing positive for at least one of the target viruses: 4.5%
for TAstV-1, 37.5% for TAstV-2, and 89% for ANV. These results differ from the findings
of a previous study performed in the United States [38], where 53.12% of samples tested
positive for TAstV-1, 71.8% for TAstV-2, and only 21.87% for ANV. The higher presence
of ANV in Ecuador compared to the United States may indicate differences in farming
practices or biosecurity measures. The practice of chicken farming in Ecuador predates
turkey farming, reflecting its earlier establishment and development within the Ecuadorian
poultry industry, which implies that as a chicken-origin virus, ANV has been present and
circulating within the territory earlier than turkey-origin viruses (TAstV-1 and TAstV-2).
Similarly, in 2011, a study performed in Poland [42] reported the presence of turkey
astroviruses in analyzed samples: 17.6% for TAstV-1, 58.8% for TAstV-2, and 0% for ANV.
The absence of ANV in Poland contrasts with its higher presence in Ecuador, suggesting
regional variations in virus circulation, potentially driven by different host population
or environmental reservoirs. Consistent with the background outlined earlier, in South
America, limited studies have been conducted on turkey astroviruses, as they have only
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been reported in Brazil [43—46]. One study reported the presence of TAstV-1 and ANV [44]
in 6/60 and 21/60 samples, respectively, while TAstV-2 was not evaluated. Another
Brazilian study in 2008 [17] identified both TAstV-1 and TAstV-2 in young turkey flocks
with enteric disorders. These findings suggest that turkey astroviruses are established in
certain South American regions, but studies for their detection have not been performed
yet. The high presence of these viruses in Ecuador emphasizes the need for surveillance
protocols to mitigate the spread of this virus in poultry industries. Nevertheless, since
sampling targeted clinically affected birds and intestinal tissues, the observed detection
frequency should not be interpreted as population-level prevalence. Although statistically
significant differences were observed for some parameters, the relatively limited sample
size and possible lack of representativeness across groups may affect the robustness of these
findings. Consequently, these results should be interpreted cautiously, and confirmation
through larger, more diverse cohorts is warranted [34].

Age-related patterns in viral loads were also observed in this study, with young
turkeys (1-10 days) exhibiting the highest average of viral loads for TAstV-1; similar
characteristics were reported in Poland [42], where younger turkeys were more susceptible
to astrovirus infections, potentially due to immunological immaturity [47] and the early
contamination related to vertical transmission [48]. Meanwhile, older turkeys showed
higher viral loads for TAstV-2 and ANV. Although turkey astrovirus is predominantly
associated with young poults, longitudinal studies in commercial flocks have demonstrated
continued viral circulation and intermittent detection until slaughter age, suggesting
endemic flock persistence rather than age-limited infection [38,49]. These variations could
be influenced by flock management practices or exposure to environmental reservoirs [50].
The presence of astroviruses in adult turkeys raises concerns of horizontal transmission,
which may occur via direct contact, contaminated surfaces, or shared water sources [51],
as well as the potential role of wild birds such as pigeons or insect vectors in introducing
the virus to flocks [52]. ANV and TAstV-2 co-infection was the most common finding in
this study, with 63 out of 200 samples of affected turkeys testing positive for both viruses
simultaneously. A study performed in the United States [53] revealed the most frequent
astrovirus detected was TAstV-2, and TAstV-1 and ANV were less detected, but both were
always co-infected with TAstV-2, following the same trend as in this study, where the more
detected virus (ANV) was co-infected with both TAstV-1 and TAstV-2. These co-infections
patterns suggest potential interactions between these viruses, in which infection with one
agent may induce local or systemic immunosuppression and thereby enhance susceptibility
to secondary viral infections [54,55] The absence of single TAstV-1 infections in this study
should be interpreted cautiously. While it may suggest that TAstV-1 frequently occurs in
co-infections or may not be the primary etiological agent under the conditions evaluated,
this observation cannot exclude its independent pathogenic potential [42,56]. Controlled
experimental studies would be required to determine whether TAstV-1 alone can establish
infection and induce clinical disease, as has been demonstrated for TAstV-2 and other avian
astroviruses in experimental settings [57,58].

The phylogenetic analysis executed with a fragment of the ORF1b gene revealed the
presence of TAstV-1, TAstV-2, and ANV in Ecuadorian turkey flocks. As commonly de-
scribed in astrovirus molecular studies, this marker is widely used for initial molecular
typing because it is conserved and allows discrimination at the species or genogroup level,
although it provides limited resolution for strain-level epidemiology [38,56]. The ANV se-
quences were distributed across several branches, with some clustering closely to sequences
from the United States, while others grouped with sequences from Croatia and Brazil, indi-
cating a diverse presence in different regions. The TAstV-1 sequences obtained in this study
all clustered together within a single clade, showing high genetic similarity, and they were
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closely related with sequences from Brazil. Previous studies have indicated that TAstV-1
typically exhibits lower overall genetic diversity at the global scale, often forming compact
and well-supported clades, whereas TAstV-2 displays greater heterogeneity across conti-
nents [23,42]. However, the clearly defined clades observed in this study for both TAstV-1
and TAstV-2 are consistent with localized circulation patterns, where regional lineages
can appear highly structured when sampling is restricted to a single production system or
geographically close flocks. This situation has also been described in other country-level
studies of turkey astroviruses [24,59]. The TAstV-2 sequences were divided into two groups,
with three clustering together in a single clade and one close to sequences from the USA.
This pattern aligns with earlier reports describing TAstV-2 as a genetically more variable
species, often forming multiple subclusters across continents [55,60]. This highlights the
need for further research analysis with the variable region of the astrovirus genome (ORF2),
which contains the hypervariable region used to define genotypes, antigenic variants, and
lineage-specific markers, to understand the circulating strains present in Ecuador and
their interactions with other viruses [56,61]. Full-genome sequencing approaches are also
recommended to detect recombination events, which are well-documented in avian astro-
viruses and contribute to their evolutionary dynamics and pathogenic diversity [10,56,62].
Future studies should analyze the complete genome and explore potential recombination
events among these viruses, as recombination in the capsid gene has been reported as a key
mechanism shaping astrovirus diversity, particularly in TAstV and ANV. Notwithstanding
the merits of the present study, it is incumbent upon us to acknowledge its limitations,
including the clinically targeted sampling design, the use of different sample matrices
for diseased and control birds, the relatively limited cohort size, and the restricted cross-
reactivity panel, all of which should be considered when interpreting prevalence estimates
and assay performance.

5. Conclusions

This study demonstrates for the first time the presence of turkey astroviruses (TAstV-1,
TAstV-2, and ANV) in Ecuadorian turkey flocks, with ANV being the most frequently de-
tected virus. The findings reveal age-related differences in viral loads and a high occurrence
of co-infections, particularly between ANV and TAstV-2, suggesting potential interactions
that may influence disease dynamics. The RT-qPCR assays developed in this study showed
superior sensitivity, specificity, and diagnostic accuracy compared to hemi-nested PCR and
previously reported molecular methods, making them a reliable tool for astrovirus detec-
tion. These results underscore the need for continuous surveillance and further research on
the role of these viruses in poultry health and production.
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AGROCALIDAD  Agency of Regulation and Control of Phytosanitary and Animal Health

of Ecuador

ANV Avian Nephritis Virus

AV Average

Bp Base pairs

CAstV Chicken Astrovirus

cDNA Complementary DNA

ChPV Chicken Parvovirus

Ccv Coefficient of Variation

Cq Cycle of Quantification

ddH,O Double-Distilled Water

DNA Deoxyribonucleic Acid

E. coli Escherichia coli

GDP Gross Domestic Product

GCs Gene Copies

Kb Kilobases

LoD Limit of Detection

LoQ Limit of Quantification

LTS Light Turkey Syndrome

MIQE Minimum Information for Publication of Quantitative Real-Time
PCR Experiments

NCBI National Center for Biotechnology Information

NPV Negative Predictive Value

NT Nucleotide

NTC Non-Template Control

ORF Open Reading Frame

PBS Phosphate Buffered Saline

PEC Poult Enteritis Complex

PEMS Poult Enteritis and Mortality Syndrome

PES Poult Enteritis Syndrome

PPV Positive Predictive Value

rcf Relative Centrifugal Force

RNA Ribonucleic Acid

RSS Runting-Stunting Syndrome

RT-PCR Reverse Transcription Polymerase Chain Reaction

RT-gPCR Reverse Transcription Quantitative Polymerase Chain Reaction
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TAstV Turkey Astrovirus
TAstV-1 Turkey Astrovirus type 1
TAstV-2 Turkey Astrovirus type 2
TCoV Turkey Coronavirus
N True Negatives
TP True Positives
TuPV Turkey Parvovirus
US. United States
UDG Uracil-DNA Glycosylase
UTR Untranslated Region
WOAH World Organization for Animal Health
References
1.  CONAVE. Carne de Pavo, Algunas Cifras Importantes; CONAVE: Quito, Ecuador, 2023. Available online: https://conave.org/carne-
de-pavo-algunas-cifras-importantes/ (accessed on 22 August 2023).
2. Cooper, K.K,; Songer, ].G.; Uzal, F.A. Diagnosing Clostridial Enteric Disease in Poultry. J. Vet. Diagn. Investig. 2013, 25, 314-327.
[CrossRef] [PubMed]
3. De la Torre, D.; Nufiez, L.; Astolfi-Ferreira, C.; Piantino Ferreira, A. Enteric Virus Diversity Examined by Molecular Methods in
Brazilian Poultry Flocks. Vet. Sci. 2018, 5, 38. [CrossRef] [PubMed]
4. Koci, M.D,; Schultz-Cherry, S. Avian Astroviruses. Avian Pathol. 2002, 31, 213-227. [CrossRef]
5. Han, X,;Yin, L.; Liang, X.; Liang, H. Molecular Characterization of Chicken Astrovirus and Pathogenicity of a Novel Isolate in
China. Front. Microbiol. 2023, 14, 1280313. [CrossRef]
6.  Smyth, V. A Review of the Strain Diversity and Pathogenesis of Chicken Astrovirus. Viruses 2017, 9, 29. [CrossRef]
7. Jindal, N.; Patnayak, D.P.; Chander, Y.; Ziegler, A.F.; Goyal, S.M. Comparison of Capsid Gene Sequences of Turkey Astrovirus-2
from Poult-Enteritis-Syndrome-Affected and Apparently Healthy Turkeys. Arch. Virol. 2011, 156, 969-977. [CrossRef] [PubMed]
8.  Tregaskis, PL.; Devaney, R.; Smyth, V.J. The First Whole Genome Sequence and Characterisation of Avian Nephritis Virus
Genotype 3. Viruses 2021, 13, 235. [CrossRef]
9. Xue, J.; Han, T.; Zhao, Y.; Yang, H.; Zhang, G. Complete Genome Sequence and Phylogenetic Analysis of Novel Avastroviruses
Circulating in China from 2016 to 2018. Virus Res. 2020, 278, 197858. [CrossRef] [PubMed]
10. Kurtz, J.B.; Lee, T.W. Astroviruses: Human and Animal. In Ciba Foundation Symposium 128—Novel Diarrhoea Viruses: Novel
Diarrhoea Viruses: Ciba Foundation Symposium 128; Wiley: Hoboken, NJ, USA, 2007; pp. 92-107.
11. El Taweel, A ; Kandeil, A ; Barakat, A.; Alfaroq Rabiee, O.; Kayali, G.; Ali, M.A. Diversity of Astroviruses Circulating in Humans,
Bats, and Wild Birds in Egypt. Viruses 2020, 12, 485. [CrossRef]
12.  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. [CrossRef]
13. Jindal, N.; Mor, S.K.; Goyal, S.M. Enteric Viruses in Turkey Enteritis. Virusdisease 2014, 25, 173-185. [CrossRef]
14.  McNulty, M.; Curran, W.; McFerran, J. Detection of Astroviruses in Turkey Faeces by Direct Electron Microscopy. Vet. Rec. 1980,
106, 561. [CrossRef]
15. Koci, M.D,; Seal, B.S.; Schultz-Cherry, S. Molecular Characterization of an Avian Astrovirus. J. Virol. 2000, 74, 6173-6177.
[CrossRef]
16. Singh, A.; Mor, S.K.; Jindal, N.; Patnayak, D.; Sobhy, N.M.; Luong, N.T.; Goyal, S.M. Detection and Molecular Characterization of
Astroviruses in Turkeys. Arch. Virol. 2016, 161, 939-946. [CrossRef] [PubMed]
17. DaSilva, S.E.L.; Bonetti, A.M.; Petrocelli, A.T.M.; Ferrari, H.F.; Luvizotto, M.C.R.; Cardoso, T.C. Detection of Turkey Astrovirus in
Young Poults Affected with Poult Enteritis Complex in Brazil. J. Vet. Med. Sci. 2008, 70, 629-631. [CrossRef]
18. Kashi, F; Madani, S.A.; Ghalyanchilangeroudi, A.; Najafi, H. Diagnosis of Poult Enteritis Complex (PEC) and Molecular Detection
of Avian Coronaviruses in Some Commercial Turkey Flocks in Iran. Iran. J. Vet. Res. 2021, 22, 342-346. [CrossRef] [PubMed]
19. Shehata, A.A.; Basiouni, S.; Sting, R.; Akimkin, V.; Hoferer, M.; Hafez, H.M. Poult Enteritis and Mortality Syndrome in Turkey
Poults: Causes, Diagnosis and Preventive Measures. Animals 2021, 11, 2063. [CrossRef] [PubMed]
20. Kwit, E.; Rzezutka, A. Molecular Methods in Detection and Epidemiologic Studies of Rabbit and Hare Viruses: A Review. J. Vet.
Diagn. Investig. 2019, 31, 497-508. [CrossRef]
21. Peeling, RW.; Heymann, D.L.; Teo, Y.-Y.; Garcia, P.J. Diagnostics for COVID-19: Moving from Pandemic Response to Control.
Lancet 2022, 399, 757-768. [CrossRef]
22.  Wang, C.-Y. Recent Advances of Avian Viruses Research. Viruses 2025, 17, 99. [CrossRef]
23. Domarnska-Blicharz, K.; Jacukowicz, A.; Bocian, L.; Minta, Z. Astroviruses in Polish Commercial Turkey Farms in 2009-2012.

Avian Dis. 2014, 58, 158-164. [CrossRef] [PubMed]

https://doi.org/10.3390/v18030308


https://conave.org/carne-de-pavo-algunas-cifras-importantes/
https://conave.org/carne-de-pavo-algunas-cifras-importantes/
https://doi.org/10.1177/1040638713483468
https://www.ncbi.nlm.nih.gov/pubmed/23572451
https://doi.org/10.3390/vetsci5020038
https://www.ncbi.nlm.nih.gov/pubmed/29596389
https://doi.org/10.1080/03079450220136521
https://doi.org/10.3389/fmicb.2023.1280313
https://doi.org/10.3390/v9020029
https://doi.org/10.1007/s00705-011-0931-1
https://www.ncbi.nlm.nih.gov/pubmed/21327787
https://doi.org/10.3390/v13020235
https://doi.org/10.1016/j.virusres.2020.197858
https://www.ncbi.nlm.nih.gov/pubmed/31904408
https://doi.org/10.3390/v12050485
https://doi.org/10.3390/ani12202873
https://doi.org/10.1007/s13337-014-0198-8
https://doi.org/10.1136/vr.106.26.561
https://doi.org/10.1128/JVI.74.13.6173-6177.2000
https://doi.org/10.1007/s00705-016-2753-7
https://www.ncbi.nlm.nih.gov/pubmed/26780891
https://doi.org/10.1292/jvms.70.629
https://doi.org/10.22099/ijvr.2021.40378.5853
https://www.ncbi.nlm.nih.gov/pubmed/35126543
https://doi.org/10.3390/ani11072063
https://www.ncbi.nlm.nih.gov/pubmed/34359191
https://doi.org/10.1177/1040638719852374
https://doi.org/10.1016/S0140-6736(21)02346-1
https://doi.org/10.3390/v17010099
https://doi.org/10.1637/10611-070813-ResNote.1
https://www.ncbi.nlm.nih.gov/pubmed/24758130
https://doi.org/10.3390/v18030308

Viruses 2026, 18, 308 21 of 22

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.
35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Pantin-Jackwood, M.].; 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. [CrossRef]

Loor-Giler, A.; Galdo-Novo, S.; Nuiiez, L. Enteric Viruses in Turkeys: A Systematic Review and Comparative Data Analysis.
Viruses 2025, 17, 1037. [CrossRef] [PubMed]

Chu, D.K.W.; Poon, L.L.M.; Guan, Y.; Peiris, ].5.M. Novel Astroviruses in Insectivorous Bats. . Virol. 2008, 82, 9107-9114.
[CrossRef]

Tamura, K.; Stecher, G.; Kumar, S. MEGA11: Molecular Evolutionary Genetics Analysis Version 11. Mol. Biol. Evol. 2021,
38, 3022-3027. [CrossRef]

Loor-Giler, A.; Muslin, C.; Santander-Parra, S.; Coello, D.; Robayo-Chico, M.; Ferreira, A.P.; Nunez, L. 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 RT-QPCR. Front.
Vet. Sci. 2025, 12, 1536420. [CrossRef]

Nufiez, L.LEN.; Chacén, R.D.; Charlys da Costa, A.; Santander-Parra, S.H.; da Costa Pereira Innocentini, R.; Sdnchez-Llatas, C.J.;
Cea-Callejo, P; Valdeiglesias Ichillumpa, S.; Astolfi Ferreira, C.S.; de Sa, L.R.M.; et al. Detection and Molecular Characterization
of Chicken Parvovirus and Chicken Megrivirus in Layer Breeders Affected by Intestinal Dilatation Syndrome. Avian Pathol. 2024,
53, 520-532. [CrossRef]

Nurfiez, L.EN.; Santander Parra, S.H.; Mettifogo, E.; Astolfi-Ferreira, C.S.; Piantino Ferreira, A.]. Isolation and Molecular
Characterisation of Chicken Parvovirus from Brazilian Flocks with Enteric Disorders. Br. Poult. Sci. 2015, 56, 39—47. [CrossRef]
Nufez, L.EN,; Parra, S.H.S.; Mettifogo, E.; Catroxo, M.H.B.; Astolfi-Ferreira, C.S.; Ferreira, A.J.P. Isolation of Chicken Astrovirus
from Specific Pathogen-Free Chicken Embryonated Eggs. Poult. Sci. 2015, 94, 947-954. [CrossRef]

Bustin, S.A.; Ruijter, ].M.; van den Hoff, M.].B.; Kubista, M.; Pfaffl, M.W.; Shipley, G.L.; Tran, N.; Rodiger, S.; Untergasser, A.;
Mueller, R.; et al. MIQE 2.0: Revision of the Minimum Information for Publication of Quantitative Real-Time PCR Experiments
Guidelines. Clin. Chem. 2025, 71, 634—651. [CrossRef]

World Organization for Animal Health. Principles and Methods of Validation of Diagnostic Assays for Infectious Diseases. In
Manual of Diagnostic Test and Vaccines for Terrestrial Animals; World Organization for Animal Health: Paris, France, 2023; pp. 1-25.
Fletcher, R.; Fletcher, S.W. Clinical Epidemiology: The Essentials, 6th ed.; Wolters Kluwer Health: Philadelphia, PA, USA, 2020.
Barnes, H.J.; Guy, ].S.; Vaillancourt, ].P. Poult Enteritis Complex. Rev. Sci. Tech. L’oie 2000, 19, 565-588. [CrossRef] [PubMed]
Day, ] M.; Zsak, L. Recent Progress in the Characterization of Avian Enteric Viruses. Avian Dis. 2013, 57, 573-580. [CrossRef]
Spackman, E.; Kapczynski, D.; Sellers, H. Multiplex Real-Time Reverse Transcription—Polymerase Chain Reaction for the Detection
of Three Viruses Associated with Poult Enteritis Complex: Turkey Astrovirus, Turkey Coronavirus, and Turkey Reovirus. Avian
Dis. 2005, 49, 86-91. [CrossRef]

Day, ].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.
[CrossRef]

Smyth, VJ.; Jewhurst, H.L.; Wilkinson, D.S.; Adair, B.M.; Gordon, A.W.; Todd, D. Development and Evaluation of Real-Time
TagMan® RT-PCR Assays for the Detection of Avian Nephritis Virus and Chicken Astrovirus in Chickens. Avian Pathol. 2010,
39, 467-474. [CrossRef] [PubMed]

Lieberman, PM. Epigenetics and Genetics of Viral Latency. Cell Host Microbe 2016, 19, 619-628. [CrossRef]

Tajadini, M.; Panjehpour, M.; Javanmard, S. Comparison of SYBR Green and TagMan Methods in Quantitative Real-Time
Polymerase Chain Reaction Analysis of Four Adenosine Receptor Subtypes. Adv. Biomed. Res. 2014, 3, 85. [CrossRef]
Domanska-Blicharz, K.; Seroka, A.; Minta, Z. One-Year Molecular Survey of Astrovirus Infection in Turkeys in Poland. Arch.
Virol. 2011, 156, 1065-1072. [CrossRef]

Espinoza, L.L.; Beserra, L.A.R.; Soares, R.M.; Gregori, F. Avian Nephritis Virus (ANV) on Brazilian Chickens Farms: Circulating
Genotypes and Intra-Genotypic Diversity. Arch. Virol. 2016, 161, 3455-3462. [CrossRef] [PubMed]

Espinoza, L.L.; Beserra, L.A.R.; Soares, R.M.; Gregori, F. Turkey Astrovirus Type 1 (TAstV-1) and Chicken Astrovirus (CAstV)
Detection in Brazilian Chicken Flocks. Avian Dis. 2016, 60, 681-687. [CrossRef]

Moura-Alvarez, J.; Nuiiez, L.EN.; Astolfi-Ferreira, C.S.; Knobl, T.; Chacén, J.L.; Moreno, A.M.; Jones, R.C.; Ferreira, A.J.P. Detection
of Enteric Pathogens in Turkey Flocks Affected with Severe Enteritis, in Brazil. Trop. Anim. Health Prod. 2014, 46, 1051-1058.
[CrossRef]

da Silva, S.E.L.; Bonetti, A.M.; Petrocelli, A.; Ferrari, H.F.; Luvizotto, M.C.R.; Cardoso, T.C. Epidemiological Aspects of Astrovirus
and Coronavirus in Poults in the South Eastern Region of Brazil. Braz. J. Microbiol. 2009, 40, 248-253. [CrossRef] [PubMed]
Heggen-Peay, C.L.; Qureshi, M.A. Immunological Aspects of Poult Enteritis and Mortality Syndrome. CABI Rev. 2003,
2003, 564-569. [CrossRef]

Wei, E; Yang, ].; He, D.; Diao, Y.; Tang, Y. Evidence of Vertical Transmission of Novel Astrovirus Virus in Goose. Vet. Microbiol.
2020, 244, 108657. [CrossRef]

https://doi.org/10.3390/v18030308


https://doi.org/10.1637/7512-020606R.1
https://doi.org/10.3390/v17081037
https://www.ncbi.nlm.nih.gov/pubmed/40872752
https://doi.org/10.1128/JVI.00857-08
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.3389/fvets.2025.1536420
https://doi.org/10.1080/03079457.2024.2372486
https://doi.org/10.1080/00071668.2014.981797
https://doi.org/10.3382/ps/pev086
https://doi.org/10.1093/clinchem/hvaf043
https://doi.org/10.20506/rst.19.2.1234
https://www.ncbi.nlm.nih.gov/pubmed/10935280
https://doi.org/10.1637/10390-092712-Review.1
https://doi.org/10.1637/7265-082304R
https://doi.org/10.1637/1933-5334(2007)2[e13:AMRTFT]2.0.CO;2
https://doi.org/10.1080/03079457.2010.516387
https://www.ncbi.nlm.nih.gov/pubmed/21154056
https://doi.org/10.1016/j.chom.2016.04.008
https://doi.org/10.4103/2277-9175.127998
https://doi.org/10.1007/s00705-011-0958-3
https://doi.org/10.1007/s00705-016-3057-7
https://www.ncbi.nlm.nih.gov/pubmed/27638777
https://doi.org/10.1637/11403-030816-ResNote.1
https://doi.org/10.1007/s11250-014-0612-7
https://doi.org/10.1590/S1517-83822009000200008
https://www.ncbi.nlm.nih.gov/pubmed/24031389
https://doi.org/10.1079/cabireviews20033214217
https://doi.org/10.1016/j.vetmic.2020.108657
https://doi.org/10.3390/v18030308

Viruses 2026, 18, 308 22 of 22

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Ramsubeik, S.; Jerry, C.; Crossley, B.; Armién, A.G.; Rejmanek, D.; Pitesky, M.; Shivaprasad, H.L.; Stoute, S. Analysis of Diagnostic
Cases of Turkey Viral Enteritis in Commercial Turkey Poults in California. J. Appl. Poult. Res. 2022, 31, 100238. [CrossRef]
Sharma, J.M. Introduction to Poultry Vaccines and Immunity. Adv. Vet. Med. 1999, 41, 481-494.

Root, J.J.; Ellis, ].W.; Shriner, S.A. Strength in Numbers: Avian Influenza A Virus Transmission to Poultry from a Flocking
Passerine. Transbound. Emerg. Dis. 2022, 69, e1153-e1159. [CrossRef]

Turell, M.]. Horizontal and Vertical Transmission of Viruses by Insect and Tick Vectors. In The Arboviruses: Epidemiology and
Ecology; CRC Press: Boca Raton, FL, USA, 2020; pp. 127-152.

Pantin-Jackwood, M.].; Spackman, E.; Michael Day, J. Pathogenesis of Type 2 Turkey Astroviruses with Variant Capsid Genes in
2-Day-Old Specific Pathogen Free Poults. Avian Pathol. 2008, 37, 193-201. [CrossRef]

Kaboudi, K. Virus-Induced Immunosuppression in Turkeys (Meleagris gallopavo): A Review. Open Vet. J. 2020, 9, 349. [CrossRef]
Moura-Alvarez, J.; Chacon, J.V.; Scanavini, L.S.; Nufiez, L.EN.; Astolfi-Ferreira, C.S.; Jones, R.C.; Piantino Ferreira, A.]. 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. [CrossRef]

De Benedictis, P.; Schultz-Cherry, S.; Burnham, A.; Cattoli, G. Astrovirus Infections in Humans and Animals—Molecular Biology,
Genetic Diversity, and Interspecies Transmissions. Infect. Genet. Evol. 2011, 11, 1529-1544. [CrossRef]

Raji, A.A.; Omar, A.R. An Insight into the Molecular Characteristics and Associated Pathology of Chicken Astroviruses. Viruses
2022, 14, 722. [CrossRef]

Mor, S.K.; Abin, M.; Costa, G.; Durrani, A ; Jindal, N.; Goyal, S.M.; Patnayak, D.P. The Role of Type-2 Turkey Astrovirus in Poult
Enteritis Syndrome. Poult. Sci. 2011, 90, 2747-2752. [CrossRef]

Pantin-Jackwood, M.J.; Day, ].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. [CrossRef] [PubMed]
Jindal, N.; Patnayak, D.P.; Chander, Y.; Ziegler, A.F,; Goyal, S.M. Detection and Molecular Characterization of Enteric Viruses
from Poult Enteritis Syndrome in Turkeys. Poult. Sci. 2010, 89, 217-226. [CrossRef] [PubMed]

Quaglia, G.; Di Francesco, A.; Catelli, E.; Mescolini, G.; Lupini, C. Turkey Adenovirus 3: ORF1 Gene Sequence Comparison
between Vaccine-like and Field Strains. Vet. Res. Commun. 2023, 47, 2307-2313. [CrossRef]

Smyth, V.J.; Todd, D.; Trudgett, J.; Lee, A.; Welsh, M.D. Capsid Protein Sequence Diversity of Chicken Astrovirus. Avian Pathol.
2012, 41, 151-159. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/v18030308


https://doi.org/10.1016/j.japr.2022.100238
https://doi.org/10.1111/tbed.14397
https://doi.org/10.1080/03079450801932200
https://doi.org/10.4314/ovj.v9i4.13
https://doi.org/10.3382/ps.2012-02849
https://doi.org/10.1016/j.meegid.2011.07.024
https://doi.org/10.3390/v14040722
https://doi.org/10.3382/ps.2011-01617
https://doi.org/10.1637/8174-111507-Reg.1
https://www.ncbi.nlm.nih.gov/pubmed/18646452
https://doi.org/10.3382/ps.2009-00424
https://www.ncbi.nlm.nih.gov/pubmed/20075272
https://doi.org/10.1007/s11259-023-10148-4
https://doi.org/10.1080/03079457.2011.652938
https://www.ncbi.nlm.nih.gov/pubmed/22515534
https://doi.org/10.3390/v18030308

	Introduction 
	Materials and Methods 
	Sampling 
	Nucleic Acid Extraction 
	Hemi-Nested PCR 
	Sequencing and Phylogenetic Analysis 
	Primers Design for Specific Detection of TAstV-1 and TAstV-2 
	Standard Curve Construction 
	RT-qPCR Assay 
	Analytical Sensitivity of the RT-qPCR Assay 
	Analytical Specificity of the RT-qPCR Assays 
	Analytical Repeatability of the RT-qPCR Assays 
	Validation Metrics 
	Statistical Analysis 
	Genbank Accesion Numbers 

	Results 
	Standard Curves 
	Specificity Analysis of the RT-qPCR Assays 
	Diagnostic Test Performance Metrics 
	Repeatability Analysis 
	Detection of Turkey Astroviruses 
	Distribution of Astroviruses by Age in Turkeys with Enteric Disease 
	Quantification of Viral Agents in Turkeys with Enteric Disease 
	Co-Infection Analysis in Turkeys with Enteric Disease 

	Phylogenetic Analysis 

	Discussion 
	Conclusions 
	References

