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ORIGINAL ARTICLE

Detection and genetic characterization of chicken astrovirus and avian
nephritis virus from hatchery to farm
Elena Gregoa, Luigi Bertolottia, Barbara Colittia, Maria Cristina Stellaa, Angela Maria Cataniaa and
Carlo Castellinab

aDepartment of Veterinary Science, University of Torino, Torino, Italy; bAglietto Natura SRL, Bianze’, Italy

ABSTRACT
Astroviruses are an emerging hazard in hatchery management, and they are responsible for
great economic losses in poultry farms worldwide. Chicken astrovirus (CAstV) and avian
nephritis virus (ANV) are involved in decreased hatching rate, mainly due to embryo deaths,
and pale and runted chicks too weak to hatch. Hatchery diseases occur through direct egg
infection or vertical transmission. However, the specific role of astroviruses in these diseases
is still largely unknown. To elucidate this a high-quality Piedmont hatchery (Italy) was
selected based on farm clinical signs and the astrovirus serological positivity in the breeder
farm. The viral dynamics were followed from the hatchery to the farm. The presence of both
CAstV and ANV was monitored by evaluating the viral load in environmental and bird
samples. Interestingly, both viruses were detected in chick yolk sacs at 18 days of
incubation, and in the gut contents of 1-day chicks, whereas in the hatchery environmental
samples, the eggs’ external surfaces and the embryos’ intestinal contents were negative. The
CAstV copy number was higher in bird tissues from the hatchery, while a greater ANV load
was detected in bird tissues from the farm. Moreover, our data suggest vertical transmission
of both viruses. Frequent co-infection was also observed in samples from both the hatchery
and the farm. Lastly, the first Italian full-length genome and molecular characterization of
ANV was obtained.

RESEARCH HIGHLIGHTS
. Identified the role of the hatchery in astrovirus transmission.
. Sequenced the avian nephritis virus complete genome.
. Investigated tissue distribution of astrovirus from egg to chicks.
. Demonstrated co-infection of ANV/CAstV.
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Introduction

Astroviruses are small, round, nonenveloped viruses,
with a single-stranded positive-sense RNA genome
of 7.5 kb length. This genome contains three overlap-
ping open-reading frames including ORF1a, ORF1b,
and ORF2. ORF1a and ORF1b encode for viral poly-
merase and protease, respectively, and ORF2 encodes
a VP90 capsid precursor protein which is expressed
from a subgenomic RNA (Patel et al., 2017).

The Astroviridae family contains two genera,
Mamastrovirus and Avastrovirus (AAstV), which
infect mammalian and avian species, respectively.
The AAstV group includes viruses infecting commer-
cial breeds. According to the International Committee
on Taxonomy of Viruses, AAstV are divided into
three species according to the infected host species.
The AAstV 1 group includes turkey astrovirus type 1
(TAstV-1) and 2 (TAstV-2), whereas the AAstV 2
group includes avian nephritis virus (ANV) and
chicken astrovirus (CAstV); finally, duck astrovirus
type 1 (DAstV-1) and duck astrovirus type 2

(DAstV-2) belong to the AAstV 3 group (Palomino-
Tapia et al., 2020; Zhang et al., 2022).

The presence of ANV has been documented in
poultry since 1976 (Yamaguchi et al., 1979). The
classification of ANV as a member of the Astroviridae
family occurred in 2000, as a result of genetic charac-
terization and analysis of its complete genome (Imada
et al., 2000; Lagan Tregaskis et al., 2021). It has been
detected in many countries worldwide (Hewson
et al., 2010; Mettifogo et al., 2014; Espinoza et al.,
2016; De la Torre et al., 2018). According to molecular
studies involving the ORF2 gene, the presence of six
genotypes, ANV-1 to ANV-6 was described (Todd
et al., 2011) and, more recently, two other novel gen-
otypes, namely 8 and 9, were included (Espinoza et al.,
2016).

CAstV and ANV are emerging viruses recently
identified as members of the avian astroviruses
(Smyth, 2017), which are associated with growth pro-
blems, enteritis, and kidney lesions in young chickens
(Nuñez et al., 2018; Raji & Omar, 2022a). CAstV
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infections are common in young birds causing runting
and stunting syndrome (RSS), as well as hatchery con-
demnations (Smyth et al., 2013; Sajewicz-Krukowska
et al., 2016). ANV is associated with growth retar-
dation of young chickens by causing interstitial
nephritis (Imada et al., 1979).

Recent studies identified the Astroviridae viral
family as the main cause of RSS (Devaney et al.,
2016; Kang et al., 2018; Nuñez et al., 2018). Adult
birds typically do not show clinical signs of infection
although some broiler breeder flocks have experienced
slight egg drops (Sajewicz-Krukowska et al., 2016).

The hatchery environment has recently been
associated with CAstV disease; it occurs mainly
through infection of eggs and vertical transmission
but the precise role in the epidemiology of astrovirus
remains unclear.

Enteric CAstV is the agent responsible for the
hatchery disease characterized by White Chick
Syndrome. Substantial decreases in hatching are
experienced over 2 weeks, with an increase in mid-
to-late embryo deaths, chicks too weak to hatch, and
pale, runted chicks with high mortality (Smyth et al.,
2013; Sajewicz-Krukowska et al., 2016; De la Torre
et al., 2022). The presence of ANV particles in the
embryos was previously reported by Nuñez et al.
(2018). These authors demonstrated the presence of
the virus without macroscopic lesions. The disease
occurred before or during the hatch period and
usually 86% to 100% of the birds tested positive for
CAstV and/or ANV even if chicks were asymptomatic
(Todd et al., 2010; Sajewicz-Krukowska et al., 2016).

Considering these data, it is important to increase
the knowledge of viral distribution and understand
its dynamics from the hatchery to the farm.

This study focused on a hatchery which has special-
ized in backyard poultry production since 1956, and is
characterized by high-quality industrial production
(organic production, cockerels, slow-growing chick-
ens) since the serology of the breeders resulted positive
for astrovirus and RSS was observed the poultry farms.
The aim of this research was to genetically characterize
and monitor the presence of astrovirus from the
hatchery to the farm.

Materials and methods

Sample collection

The study was carried out between October 2018 and
September 2019 when delayed growth at the poultry
farms was observed, followed by the detection of 90%
seroconversion (by ELISA kit CAstV Gp B BioChek,
Reeuwijk, the Netherlands) of astrovirus in broiler bree-
ders without clinical signs (data not shown).

In light of this information, we focused our atten-
tion on the hatchery and farms. The hatchery uses

broiler breeder eggs and provides chicks to broiler
farms and backyard chicken flocks. A total of 295
samples were included in the study: 265 from the
hatchery and 30 from poultry farms.

The hatchery samples were collected from birds
(group A) and the environment (group B):

. group A: 45 samples were from embryo intestinal
contents, 30 yolk sacs of embryos on the 18th day
of incubation, 60 swabs of the external surface of
eggs, and 100 swabs from chick box papers after
chick transport.

. group B: five clean box papers, 20 environmental
swabs from each room of the hatchery, and five
water swabs from the incubation room.

From the poultry farm intestinal contents of 30 chicks
(1–7 days) were collected.

In detail, all the tissue samples were collected and
immediately transferred to Eppendorf tubes with Tri-
zol reagent. The chick box papers were collected and
transported in a sterile sack at the laboratory, the
paper was cut into 1 cm × 1 cm pieces and inserted
in Eppendorf tubes with Trizol reagent. The 1.5 ml
water samples were collected in Eppendorf tubes.
Samples were moved to the laboratory in a refrigerated
box and stored at −80°C upon arrival until RNA
extraction.

Post-mortem examination

In total, 15 embryos and 15 chicks (1–7 days) were col-
lected for post-mortem examination after natural
death. The birds and embryos involved in this study
were subjected to necroscopy after natural death.
This was performed by the Istituto Zooprofilattico
Sperimentale Venezie as an external service on the
18th day of incubation.

Real-time qPCR

The RNA was extracted using Trizol reagent (Thermo
Fisher Scientific, Waltham, MA, USA) according to
the manufacturer’s instruction and quantified using
a NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific).

A one-step real-time quantitative RT–PCR (RT-
qPCR) was performed in a volume of 20 μl using the
primers and probes previously published (Smyth
et al., 2010). In detail, the mix included 10 μl of 2x
One-Step PCR Mix (sensi Fast Probe HI-ROX one-
step kit, Bioline-Meridian Bioscience Inc., Rome,
Italy), 1 μl of Enzyme Mix (Bioline-Meridian Bio-
science Inc.) containing reverse transcription enzyme,
and DNA polymerase, CAstV probe (20 μM), ANV
ASN probe (20 μM), and amplification primers
(20 μM each, for both CAstV and ASNV). Five
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microlitres of RNA samples were added to each reac-
tion. The amplifications were carried out on an
Applied Biosystems ABI 7300 real-time PCR instru-
ment (Applied Biosystems, Waltham, MA, USA)
with the following thermal profile: 15 min at 55°C,
5 min at 95°C, 40 cycles of 5 s at 95°C, and 34 s at
60°C. A no-template control and a positive control
(RNA from a positive sample characterized by Istituto
Zooprofilattico Sperimentale) were also included. The
data were then analyzed with the 7300 Software
(Applied Biosystems).

Positive samples were further purified with Exo-
SAP-IT™ PCR Product Cleanup Reagent (Thermo
Fisher Scientific) and sent to an external service
(BMR Genomics, Padua, Italy) for Sanger sequencing
analysis.

The amplified fragments were cloned using the
pCR-XL-TOPO Invitrogen Kit (Thermo Fisher Scien-
tific) according to the manufacturer’s instructions.
The plasmids were then extracted and purified (Qia-
quick gel extraction kit, Qiagen, Hilden, Germany)
and quantified using a NanoDrop 2000 spectropho-
tometer (Thermo Fisher Scientific). The obtained
quantification was used to serially dilute each plasmid
(to 5 × 105, 5 × 104, 5 × 103, 5 × 102, 5 × 101, 5 copies of
DNA in 5 μl) to obtain the standard curve and to get
an absolute RT-qPCR optimization. Moreover, the
two positive controls were used to assess the specificity
of the assay.

Virome evaluation by next-generation
sequencing (NGS)

A sample isolated from intestinal content, which
showed a high positivity for CAstV/ANV, was further
analysed by NGS. Briefly, viral RNA was reverse tran-
scribed into double-stranded cDNA with Maxima H
Minus Double-stranded cDNA Synthesis kit (Thermo
Fisher Scientific) following manufacturer instructions
and quantified with a fluorimetric method, Qubit
dsDNA kit (Thermo Fisher Scientific). Samples were
used for DNA library preparation using the Nextera
XT DNA Library Prep Kit (Illumina, San Diego, CA,
USA), according to the manufacturer’s protocol. The
amount of DNA was assessed using Agilent DNA

High Sensitivity chip assay (Agilent Technologies,
Waltham, MA, USA) and the Qubit dsDNA kit
(Thermo Fisher Scientific). Paired-end libraries were
sequenced using Illumina V2 chemistry and the Illu-
mina MiSeq platform (Illumina).

Reads obtained by the MiSeq runs were checked for
quality analysis (FastQC) and trimmed (Trimmomatic
ver. 0.32). Two parallel pipelines were followed. Reads
were aligned to all known reference genomes to ident-
ify and confirm the viral strain (Geneious ver. 11.1.2);
the reads were further aligned to the consensus
sequence obtained after the first step, to confirm the
genome sequence. In parallel, the reads were used
for de novo assembling (Velvet software ver. 1.2.10);
the obtained contigs were compared to the consensus
sequence derived from re-sequencing. Annotation of
the main genes was performed manually, by compar-
ing amino acid sequences among the new and refer-
ence genomes.

Given the low coverage obtained in some genomic
regions, four sets of primers were designed (Table 1).
PCR amplifications and Sanger sequencing were per-
formed on the cDNA produced before, to complete
the genome sequence and to confirm covered contigs.

The complete genome sequence was used to depict
phylogenetic relationships among the newly charac-
terized and reference strains using a Bayesian
approach implemented in MrBayes package version
3.2.7a (Ronquist et al., 2012). All phylogenetic analyses
were performed by selecting the best molecular evol-
utionary model using the ModelTest software and
creating phylogenetic trees using Bayesian approaches
implemented in the MrBayes software. Moreover, a
recombination analysis was performed by Simplot
software comparing the Italian sequence to reference
genomes ANV1 (HM029238), ANV2 (MH028405),
pigeon avian nephritis (HQ889774), and CAstV
(NC003790) available on GenBank.

Results

Post-mortem examination

On the 18th day of incubation, no pathological altera-
tions were detected in the embryos.

Table 1. Primers used to complete and sequence the genome sequencing following the NGS analysis.
Name 5’ sequences Positions* Final contig

Astro_f2 GGGAGGATACTTGGTGTTCACTTTGG 1922 Contig 1
Astro_r2 CACCTTCAGGCTTTTCTTCAATCTGTG 2778
Astro_f3 GGAAGGTGATGATGATTGGTACGAAC 2395
Astro_r3 RACCTTCTTCTTACGCTCAACTAGC 3159
Astro_f4 CGACTTCTACAGAAAAATCTGGTGAG 4551 Contig 2
Astro_r4 CAGTGGCCCAGTATATGTGGAG 5404
Astro_f5 AATCGCCCGCAGATGCATATGG 5181
Astro_r5 GGTGGAGTGTAAGTACTGCCATC 5911
Astro_f6 CCATCTGAAGATCCCATACTTCCG 6225
Astro_r6 CACCAACTTTAGCGCAGTGGAG 6866

*Specific Primers targeting identified contig gaps for amplification (the position is on the contig).
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No significant lesions were detected in the embryos
subjected to post-mortem analysis.

Instead, the chicks (1–7 days) appeared dehydrated,
and the principal gross intestinal abnormalities were
pale intestines, with watery contents undigested feed,
and thin intestinal walls (data not shown).

Interestingly, the examination revealed no differ-
ences between birds infected with CAstV and birds
infected with ANV, or co-infected birds (data not
shown).

Quantification of CAstV and ANV by RT qPCR

To determine the detection limit of our method, two
plasmids, carrying the CAstV gene and ANV gene,
were constructed. Standard curves showed a linear
correlation between 5 × 105 and 5 copies of the target
DNAs in multiplex detection. In addition, the linear
relation ship expressed by the standard curves of
CAstV and ANV were y =−3.346x + 39.272 (efficiency
99.01%, R2 0.997) and y =−3.43x + 40.183 (efficiency
95.67%, R2 0.998), respectively. Moreover, the multi-
plex detection limit of CAstV and ANV RT-qPCR
was 5 copies/μl.

Finally, no cross-reactions were detected (CAstV
primers with ANV plasmid and vice versa).

A good reproducibility was demonstrated by multi-
plexing standards in triplicate.

The results of the multiplexing RT-qPCR for ANV/
CAstV are summarized in Table 2. Interestingly, all

the group B (hatchery environmental) samples were
negative for CAstV/ANV.

Group A (hatchery bird samples) tested negative
for the 60 swabs of the external surface of the eggs
and the 45 embryo intestinal contents. However 78%
(n = 78/100) of the transport papers tested positive
(Table 2). Overall, 67 papers were positive for CAstV
with a viral load ranging from 5 × 103 to 6 × 103 copies,
and ANV was detected with a load from 2 × 102 to 4 ×
103 in 11 samples. Furthermore, 10 of these samples
showed positivity for both viruses (Table 2). Roughly
half of the embryo yolk sacs at the 18th day of incu-
bation (n = 16/30) were positive for CAstV with a
median viral load of 5 × 104 copies, three were positive
for ANV (3 × 102 copies) and two samples were co-
infected (Table 2).

Regarding the poultry farm samples, among the 30
chick guts (1–7 days old) analysed, n = 11 tested posi-
tive for ANV with a viral load higher than 5 × 105

copies, n = 13 were positive for CAstV with a viral
load ranging from 2 × 101 to 3 × 102 copies and six
of them were co-infected (Table 2).

NGS analysis

A sample collected from the gut of a chick 1–7 days
old, displaying high positivity for ANV, was further
analysed by NGS analyses. A total of 960,618 reads
were obtained. Velvet assembly produced 375 contigs,
but all of these were recognized as bacterial

Table 2. Description of samples.
Site of sampling Origin Type of sample Number of samples ANV CAstV Co-infection

Hatchery Group A Bird samples Embryo intestinal content 45 0 0 0
Embryo yolk sac at 18th-day incubation 30 3 16 2
Swabs of eggs’ external surface 60 0 0 0
Transport papers 100 11 67 10

Group B Environmental samples Control papers 5 0 0 0
Swabs from each hatchery room 20 0 0 0
Water swabs from the incubation room 5 0 0 0

Total samples from the hatchery 265 14 83 12
Farm Bird samples Chick gut (1–7 days) 30 11 13 6

Notes: Numbers of RT-qPCR positive for each tested category.

Figure 1. Similarity plot. Comparison of the newly characterized ANV-IT2018 strain to reference genomes available in GenBank.
Non-structural and capsid proteins are schematically represented on the top.
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Figure 2. ORF2 phylogenetic analysis. Numbers close to internal nodes represent posterior probability values.

Figure 3. Complete genome phylogenetic analysis. Numbers close to internal nodes represent posterior probability values.
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contaminants. The remaining Illumina reads were
assembled and, jointly with Sanger sequencing, the
complete genome of this novel ANV strain was
obtained. The re-sequencing approach revealed the
presence of the avian astrovirus genome.

In total, 181 reads were aligned to the CAstV refer-
ence genome (GenBank accession number:
NC_003790), with a mean coverage of 3.7x, a mean
similarity of 86.2%, and covering 88.2% of the refer-
ence genome. The same number of reads were aligned
to the ANV reference genome (GenBank accession
number: MN732558) with a mean coverage of 3.9x,
a mean similarity of 86.6% and covering 88.2% of
the reference genome.

The uncovered regions were located within the
ORF2 coding sequence. Sanger sequences of the
obtained amplicons overcame the NGS missing data
and allowed completion of the genome of a new
ANV strain, named IT2018. The new strain was com-
pared to four different avian astrovirus reference gen-
omes, and it had a mean similarity of 79%. As
expected, the similarity decreased in the ORF2 homolo-
gous region (67.8%) as shown in Figure 1. The ORF2
region was used to depict the phylogenetic relationship
between the newly described ANV-IT2018 strain and
the sequences available in GenBank from samples
belonging to the Avastrovirus genus.

The Bayesian tree reported in Figure 2 shows how
ANV-IT2018 belongs to the ANV-2 group, and it is
phylogenetically related to viral strains characterized
in chicken. Moreover, the nucleotide sequence iden-
tity was 90.84% with HQ330485 and the amino acid
sequence identity was 96.32% with AEB15584; both
PubMed sequences belong to group 2. The complete
genome phylogenetic tree is shown in Figure 3. No
recombination events were observed in the ANV-
IT2018 sequence. The GenBank accession number
for the ANV-IT2018 nucleotide sequence is
OQ870553.

Discussion

Astroviruses are newly emergent viruses that have
been associated with poor growth of poultry flocks,
diarrhoea, enteritis, and nephritis and are the princi-
pal candidate pathogen in the RSS. They are character-
ized by a higher resistance to disinfection and cleaning
compared to other viruses. They are transmitted hori-
zontally by the faecal-oral route and some strains can
also be vertically transmitted from naive in-lay parent
birds, resulting in chicks that may hatch shedding high
levels of this virus.

We focused our attention on a Piedmont hatchery
and in part on the poultry farm, after the discovery
of 90% of astrovirus seropositivity in the breeder
and RSS-related problems in the chicks aged from
1–7 days on the farm.

The sample collection was carried out from
October 2018 to September 2019 in the hatchery and
the poultry farm. A duplex real-time RT-qPCR
(Smyth et al., 2010), slightly modified for quantifi-
cation of viral copy number, was applied on
different types of samples (environmental samples
and water swabs, chick intestinal contents, yolk sac
of embryos on the 18th day, external surface of eggs,
and papers used for chick transport) to evaluate and
monitor the presence of CAstV and ANV.

Since astrovirus is ubiquitous on poultry farms, its
mere presence is not sufficient to confirm its associ-
ation with RSS, for this reason, the virus load
quantification is essential. Indeed, it has been
reported that low copies of astrovirus can be detected
in flocks without any evident clinical signs of illness
(Raji & Omar, 2022b), in contrast, pathological con-
ditions seem to be correlated with a massive astro-
virus load.

Our results showed a high number (96 out of 295)
of CAstV-positive samples and (25 out of 295) ANV-
positive samples with 18 out of 295 cases of co-infec-
tion (CAstV/ANV). The positivity for both viruses
was observed in group A (hatchery bird samples and
transport papers) and poultry farms (birds aged 1–7
days). The highest viral load of CAstV was detected
in group A (bird samples) and the highest ANV
viral load in the poultry farm (birds aged 1–7 days).
This may reflect a different tropism of the two viruses.
Probably the reduced viral load of ANV detected in
the eggs allowed the hatching of some of the infected
embryos, as previously reported (Yamaguchi et al.,
1979), leading to a high viral load of ANV infection
in the farm. In addition, given the positivity reported
in broiler breeders, we must also consider the possible
influence of maternal antibodies, which can reduce the
viral load and the clinical signs of both viruses.

The high ANV viral load found on the farm allowed
the amplification of the first Italian complete genome
of ANV. The sequences were obtained from the gut
content of a 1-to-7-day chick demonstrating the circu-
lation of genotype 2 in the Piedmont area.

In this study, no macroscopic alterations were
observed in 18-day-old embryos and the virus was
detected in the yolk sac but not in the intestinal con-
tent. Yolk sac tissue develops from the midgut of the
intestine and shares some morphological features
(Patten, 1971).

This data agreed with that from previous research
by Nuñez et al. (2018) in specific-pathogen-free
chicken embryonated eggs in which no alterations
were evident in the organs on day 14 of the embryos.
Other studies detected the virus in the kidneys, bursa,
jejunum, and spleen, but no macroscopical alterations
in embryos between days 3 and 21 (Imada et al., 1979;
Yamaguchi et al., 1981; Imada et al., 1982), probably
due to a low viral load in tissues.
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ANV/CAstV inoculated into 1-day-old specific-
pathogen-free chickens produced dwarfism, enteric
alterations, diarrhoea, and mild yellowish-tan dis-
colouration in kidneys (Nuñez et al., 2018). Our data
are quite similar, but no kidney alteration was
described, and no difference was observed in CAstV/
ANV-positive or co-infected birds. As previously
reported by other authors, from days 3 to 21, the
virus was detected in the kidneys, bursa, jejunum,
and spleen, but no alterations were found (Imada
et al., 1979; Yamaguchi et al., 1981; Imada et al.,
1982; Shirai et al., 1991). All this information high-
lights the thin link between post-mortem examination,
viral load, maternal antibody, co-infection, and clini-
cal signs.

CAstV/ANV is considered one of the main causa-
tive agents of enteric problems, more specifically
those related to RSS (Kang et al., 2012; Mettifogo
et al., 2014; Day & Zsak, 2015; Smyth, 2017; De la
Torre et al., 2018). Unexpectedly, embryos with a
CAstV/ANV-positive yolk sac tested negative but the
virus RT-qPCR on the intestinal content. Indeed, the
high positivity found in the transport papers high-
lights the great ability of CAstV to spread through
the faecal route in 1-day chicks. This could be
explained by the withdrawal of the yolk sac into the
abdominal cavity, a process that is completed approxi-
mately 14 h before hatching (Freeman & Vince, 1974).
After 18 days of incubation of embryos and in early
postnatal life, the yolk stalk may play an important
role in the transportation of yolk content into the
intestines (Speier et al., 2012). This change-transpor-
tation may explain the negativity found in the intesti-
nal contents of 18-day embryos, the virus remains in
the yolk sac without spread in the intestine and the
finding of the virus in the faeces present on the trans-
port papers of 1-day chicks, because the virus pours
into the intestine after this phase.

Moreover, our data indicate no CAstV/ANV trop-
ism for intestinal cells during the egg incubation time,
strengthening the importance of embryo yolk sacs in
vertical transmission of astrovirus. Furthermore, the
co-infection was reported in embryos and chicks,
confirming the simultaneous presence of both viruses
and vertical transmission.

Group B (environmental samples) tested negative
for all pathogens investigated (including the external
surface of eggs). These data emphasize the role of
vertical transmission in the epidemiology of the astro-
virus family and exclude infection from environ-
mental and eggshell contamination in the examined
hatchery.

Moreover, the present study reports the first Ita-
lian ANV complete genome sequence obtained
from a 1–7 day chick. The phylogenetic analysis of
the Italian viral genome showed clustering in the
ANV-2 group.

The capsid protein is commonly used to correctly
classify the ANV as reported by Todd et al. (2011)
and Smyth et al. (2012); in our case the nucleotide
sequence identity was 90.84% and amino acid
sequence identity was 96.32% within the ANV-2
group.

NGS analysis indicated no other viral infection
(such as parvovirus and rotavirus) in the samples eval-
uated for complete genome analysis, validating the
possibility of ANV/CAstV as causative agents of RSS
in this case. Only the positive sample with the highest
viral load allowed the amplification and characteriz-
ation of the complete astrovirus genome by NGS.

Our data consolidate the hypothesis of astrovirus
vertical transmission of both viruses and exclude the
environment of the hatchery as a source of infection
in this study. Considering the high viral load and the
co-infections detected in the yolk sac, this tissue
seems to play an essential role in astrovirus vertical
transmission. The yolk sac showed the highest
CAstV viral load. However, intestinal contents of
chicks (1–7 days) exhibited the highest ANV copy
number. Moreover, the presence of astrovirus seems
to vary over time, in the embryo in the yolk sac, but
after hatching towards the intestinal content, but
other data are necessary to validate this hypothesis.

Further analysis is needed to clarify and better
assess the dynamics of ANV and CAstV in embryos
and chicks and to implement data related to the epide-
miology of this disease. The relationship between the
viral load present in post-infection tissues of eggs
and chicks and the maternal antibodies must be
investigated.
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