First report of a novel goose astrovirus outbreak in Muscovy ducklings in China
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ABSTRACT A highly acute disease characterized as
visceral gout broke out in Muscovy ducklings in
Henan province (China) in June 2020, with a mortal-
ity rate of up to 61%. In this study, common patho-
genic agents were screened using reverse-transcription
polymerase chain reaction or polymerase chain reac-
tion. The results found the novel goose astrovirus
(GoAstV) to be the pathogenic agent. We isolated
the GoAstV, which has been designated as
HNNY0620, using the Leghorn male chicken hepato-
cellular carcinoma (LMH) cell line and sequenced the
complete genome. The phylogenetic tree showed that

the amino acid (aa) sequences of ORFla and ORF2
and the completed nucleotide sequences of the
HNNY0620 strain were clustered in the GoAstV-I
clade. ORF1la aa and whole-genome sequences were
genetically close to TAstV-2 and DHV-3, whereas the
ORF2 aa sequences were clustered with TAstV-2 and
DHV2. Both the duck-origin GoAstVs and
HNNYO0620 harbored some special mutations, but
ORF1la in 700 (I/T), ORF1b in 288 (F/L), and ORF2
in 306 (A/T) were only found in HNNY0620. These
results suggest that the host range of GoAstV is dif-
fusing, which can potentially affect other waterfowl.
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INTRODUCTION

Astroviruses (AstVs) are single-stranded, positive-
sense, and non-enveloped RNA viruses that belong to
the Astroviridae family. The length of their genomes
range from 6.8 kb to 7.9 kb, comprising of a 5'-untrans-
lated region (UTR), 3 open reading frames (ORF1la,
ORF1b, and ORF2), a 3-UTR, and a poly-A tail (Pan-
tin-Jackwood et al., 2011). ORFla encodes nonstruc-
tural proteins, ORF1b encodes an RNA-dependent
RNA polymerase (RdRp), and ORF2 encodes the viral
capsid protein that encapsulates the viral genome
(Jiang B. et al., 1993; Arias and Rebecca, 2017).

AstVs are classified into the MamAstV (infecting
mammals) and the AvAstV genuses (infecting avian and
wild birds). The MamAstV genus viruses, including
human, cattle, sheep, pig, boar, cat, and deer AstVs, pri-
marily causes mild gastroenteritis and encephalitis
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(Smits et al., 2010; Reuter et al., 2011; Xiao et al., 2012;
Céline L Boujon et al., 2017; Roach and Ryan, 2021),
whereas the AvAstV viruses, including duck, chicken,
turkey, and goose AstVs, lead to duck hepatitis and self-
limited diarrhea (Todd D et al., 2009; Espinoza et al.,
2016; Victoria, 2017; Jin et al., 2018).

Goose gout due to a novel AstV was first reported in
2017 in Shandong province, China and is characterized
by urate deposition in the viscera, joint cavity, and other
interstitial tissues (Yang et al., 2018; Zhang et al.,
2018a). Duck gout resulting from novel AstVs was
reported in the Shandong province in 2019 and is charac-
terized by visceral gout, with a 30% mortality rate
(Chen et al., 2020a).

In this study, with similar gout symptoms in Mus-
covy-ducklings in the Henan province, we performed the
isolation and whole-genome sequencing of the AstVs
caused gout.

MATERIALS AND METHODS
Case Review and Sample Processing

The commercial Muscovy-duck farm (feeding approxi-
mately 6,000 birds), from where the ducklings were
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sourced, is located in the southwest Henan province,
China. Five-day-old Muscovy ducklings showed the
symptoms of joint swelling, claudication, growth retar-
dation, and recumbency. The anatomical characteristics
included urate deposits in the pericardium, liver capsule,
ureter, serosal surface, muscle, and hypodermis, with
the pericardium being the most conspicuous. Moreover,
swelling and necrosis were observed on in the liver sur-
face. The morbidity and mortality rates of the ducklings
infected with GoAstV decreases as their age increases.
Tissues from the liver, spleen, and kidney were collected
from the diseased Muscovy-ducklings from the Henan
province with their clinical characteristics and autopsy
results revealing gout.

Virus Screening and Isolation

The viral DNA and RNA were extracted from pooled
tissue samples from the same single bird using a commer-
cial kit (EasyPure Viral DNA /RNA Kit; TransGen Bio-
technology, Inc., Beijing, China) as per the
manufacturer’s instructions for the detection of common
duck-origin pathogenic agents, including fowl adenovi-
rus (FAdAV); goose parvovirus (GPV), hemorrhagic
polyomavirus (GHPV), and AstV (GoAstV); and
duck AstV (DAstV), circovirus (DCV), reovirus
(DRYV), and Tembusu virus (DTMYV), using reverse-
transcription polymerase chain reaction (RT-PCR)
and polymerase chain reaction (PCR). The primers pre-
viously reported were used (Chen et al., 2020b;
Wei et al., 2020).

Viruses from each sample were isolated on the male
Leghorn chicken hepatocellular carcinoma (LMH) cell
line as described previously and further tested for other
viruses as previously mentioned (Zhang et al., 2018b).
The whole-genome sequencing of the isolated GoAstV
was performed using RNAs obtained from positive cell
cultures using previously reported primer sets. PCR and
sequencing were performed at least 3 times (Jin et al.,
2018).

Sequence Analysis

Sequence identity searches were completed performed
via. BLASTx in GenBank (http://blast.ncbinlm.nih.
gov/Blast.cgi), pairwise comparison was carried out
using  ClustalW  (http://www.genome.jp/tools/clus
talw/), and transmembrane domains in ORFla were
predicted by TMHMM (http://www.cbs.dtu.dk/serv
ices/ TMHMM). Phylogenetic analysis was performed
using the maximum likelihood method with the Tar-
nura-Nei model of complete nucleotide sequence substi-
tution and the neighbor-joining method with the Jones-
Taylor-Thornton matrix-based model of the amino acid
(aa) substitution of ORFla and ORF2 and 1,000 repli-
cates with MEGA 6.06 (Tamura et al., 2013). The com-
parison of aa sequence variants and same gene segments
from all GoAstV were implemented using MEGA 6.06
(Tamura et al., 2013). Pairwise nucleotide sequence

identities of the whole genome and pairwise aa sequence
identities of ORFla and ORF2 were implemented and
visualized using SDT v1.2 (Mubhire et al., 2014). The
stem ring structures of nucleic acids were analyzed using
Rfam (http://rfam.xfam.org/).

RESULTS
Sample Screening

We collected a total of 19 visceral samples with gout
characteristics from the Muscovy-duck farm. We found
that the common duck-origin pathogenic agents FAdV,
GPV, DRV, GHPV, DAstV, DCV, DRV, and DTMUV
were negative except for GoAstV in all samples; cell cul-
ture was performed to isolate the virus. The GoAstV
strain isolated in this study was designated as
HNNY0620.

Characterization of the Full Genome and
Genes

The full-length genome segments of the HNNY0620
strain were obtained and deposited in GenBank (Acces-
sion no. MZ367612). The complete genome of the
HNNYO0620 strain is 7,166 nt in length, with a typical
genomic characteristic of AstVs, including a 5-UTR (18
nt), 3 ORFs [ORF1a (3,255 nt), ORF1b (1,551 nt), and
ORF2 (2,115 nt)|, a 3-UTR (206 nt), and a poly-A tail
(18 nt).

As reported previously (Sajewicz-Krukowska and
Katarzyna, 2016; Chen et al., 2020b), the sequence con-
struction was the same as that of the HNO1 strain and
contained the same characteristics and conserved aa
motifs as those in other AstVs: a serine protease motif
located at position 672 (GNSG); a nuclear localization
signal motif at positon 773 (KKKGKTK) of ORFla;
and 4 RARp motifs at positions 265 (DWTR), 327
(GNPSG), 377 (YGDD), and 405 (FGMWVK) in
ORF1b. ORF1la contained 4 predicted TM domains as
well as a predicted zinc finger protein model. Similar to
other known classical avian AstVs, the HNNY0620
strain also had an overlapping region between ORF1la
and ORF1b (3,259—3,265 nt), which was a highly con-
served heptameric—ribosome frameshift sequence (5'-
AAAAAAC-3') and had a downstream hairpin structure
(3,273—3,298 nt) as predicted via RNA folding analysis.
One 18-nt spacer was observed between the ORF1b stop
codon and the ORF2 start codon. A stem-loop-Il-like
motif including of 43 nt (6,953—6,995 nt) was found
adjacent to 10 nt of ORF2 in the 3-UTR of the genome
based on the Rfam analysis.

Analysis of the Phylogenetic Tree and
Identity

As shown in Figures 1A—1C, a phylogenetic tree
was created based on the whole-genome and aa
sequences of ORFla and ORF2 that were deduced
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from the nucleotide sequences, representative of avian
and non-avian AstV species, obtained from GenBank.
The whole-genome and aa sequences from the ORF1la
phylogenetic tree showed that the HNNY0620 strain
was clustered with the TAstV-2 and DHV-3 AstV
strains. However, the ORF2 phylogenetic tree showed
that the HNNY0620 strain was adjacent to the
TAstV-2 and DHV-2 AstV strains. As described in
Figures 2A—2C, the HNNY0620 strain was highly
similar to goose-origin AstVs with respect to the
genome (96.3—99.2%) and aa sequences (ORFla:
96.0—99.8%; ORF2: 98.1-99.7%) and to the duck-ori-
gin GoAstV (SDXT) (96.9, 96.0, and 99.0% for the
whole-genome, ORF1la, and ORF2 sequences, respec-
tively). However, the HNNY0620 strain shared lower
identity with FLX and AHDY with respect to the
whole-genome  (55.7—55.9%) and aa sequences
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Figure 1. Phylogenetic tree of the whole sequence (A), ORF1la (B), and ORF2 (C) of the HNNY0620 strain (A ) and other AstVs.
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Figure 2. Identity of the whole sequence (A),
AstVs and MamAstV.

Mutation Analysis

We analyzed the mutation sites of ORF1la, ORF1b,
and ORF2 compared with SDXT (MN399857) and
SDTA (MN809622), which are duck-origin GoAstVs,
and to HN1G (KY807085), HNO1 (MN307114), and
HLJO01 (MN175321), which are goose-origin GoAstVs.
As Tables 1—3 show, some special mutations were
observed in both duck-origin GoAstV and HNNY0620;
however, ORFla in 5 (G/C), 700 (I/T); ORF1b in 288
(F/L); and ORF2 in 306 (A/T) were found only in the
HNNY0620 strain.

Analysis of the Gene Segments of Different
GoAstVs

The GoAstV-II cluster can result in clinical symptoms
that are highly similar to those produced by the
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GoAstV-I cluster, although their identities were low.
Based on the whole-genome analysis of strains grouped
from GoAstV-I and GoAstV-II, some segments, includ-
ing 1,324—1,333, 1,341—1,351, 1,468—1,477, 1,876
—1,889, 2,504—2,519, 2,561-2,578, 3,426—3,436, 3,693
—3,706, 4,374—4,384, 4,551—-4,561, 4,641—4,654, 4,753
—4,766, 7,158—7,168, 7,123—7,132, and 7,205—7,251,
were highly conserved (>10 nt in length) among the
strains isolated from the ducks in this study compared
with the HNO1 and FLX strains isolated from geese.

DISCUSSION

Since 2017, when gosling gout induced by novel
GoAstV was discovered in the Shandong province, gout
symptoms related to GoAstV infection have persisted in
mainland China; and caused enormous financial losses
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Table 1. ORFla mutation sites, original amino acid residues,
and corresponding amino acid residues after mutation.

Strain name

Position  HN01 SDXT SDTA  HNNY0620 HN1G HLJO1
5 G - - G—C G -
183 S S—T S S S S
200 W W—S w w w W
309 I I-T I I I I
426 I I-L I I I I
520 A A A—1 A A A
640 T T—-K T T T T
700 I I I I-T I I
723 G G—R G G G G
724 F F->V F F F F
985 S S—T S S S S
993 N N—-K N N N N
997 K K—E K K K K
1,015 R R—G R R R R
1,028 F F—L F F F F

” Represents without any amino acid residues.
“—” Represents the mutation that changed from the preceding amino
acid residue to the subsequent amino acid residue.

Table 2. ORF1b mutation sites, original amino acid residues,
and corresponding amino acid residues after mutation.

Strain name

Position ~ HN01 ~ SDXT SDTA  HNNY0620 HN1G HLJO1
28 D D—H D D D D
114 S S—R S S S S
167 K K K—R K K K
225 K K K—R K K K
288 F F F F—L F F
319 G G—R G G G G
423 M M—I M M M M

Note: “—” represents the mutation that changed from the preceding
amino acid residue to the subsequent amino acid residue.

to the Chinese goose industry. Several gout-causing
GoAstV strains have been recently observed in geese
(Yang et al., 2018; Zhang et al., 2018b; Miaomiao Liu
et al., 2019; Chen et al., 2020a,b; Wang et al., 2020),
and most of the GoAstV strains in GenBank are goose-
origin strains. The AstVs detected in ducks were once
associated only with hepatitis prior to the reports of
ducks with gout (Chen et al., 2020a; Wei et al., 2020).
To the best of our knowledge, this is the first study to

Table 3. ORF2 mutation sites, original amino acid residues, and
corresponding amino acid residues after mutation.

Strain name

Position ~ HNO1 ~ SDXT SDTA  HNNY0620 HNIG HLJ01
249 S S—>W S S S S
295 D D—A D D D D
306 A A A A—>T A A
573 N N N—-D N N N

Note: “—” represents the mutation that changed from the preceding
amino acid residue to the subsequent amino acid residue.

report on the Muscovy duck-origin GoAstV, expanding
the variety of hosts of GoAstV.

The whole-genome sequence length of the HNNY 0620
strain is 7,166 nt, with a classical AstVs construction: 5'-
UTR-ORF1a-ORF1b-ORF2-3'UTR-poly(A). The phy-
logenetic analysis of the deduced aa sequences of ORF's
and the whole-genome sequences revealed that the
HNNY0620 strain can be classified into the mnovel
GoAstV-I clade. A similar phylogenetic relation has
been found in the strains of SDTA from duck-origin and
SDXT from Cherry Valley duckling-origin GoAstV
(Chen et al., 2020a; Wei et al., 2020). Of note, all strains
from the cluster of FLX (representing GoAstV-II) and
HNO1 (representing GoAstV-I) can lead to the clinical
symptoms of urate deposition in the viscera and joint
cavity, although their identity was low. In the present
study, all sequences of the GoAstV (from GoAstV-I and
GoAstV-1I) strains were compared together, and several
highly conserved gene segments (>10-nt) were found.
They were speculated to get relation to the special simi-
larly clinical characteristic. Furthermore, the reverse
genetic and virus rescue tests of more strains originating
from different hosts need to be completed to verify
whether these gene segments play an important role in
pathogenic mechanisms.

Recently, another study on duck-origin GoAstV
causing spontaneous gout disease in Cherry Valley
ducklings has indicated that cross-host transmission
from goose to duck may have occurred (Chen et al.,
2020a). In this study, the identity of duck-origin and
goose-origin GoAstVs from gout causing GoAstV-I
was high (nt >96.9%, aa of ORFla >96.0%, and
ORF2 >98.1%) (Chen et al., 2020b). Thus far,
although only 2 reports on ducklings infected with
GoAstV have been published (Chen et al., 2020a),
the high mortality of ducklings was the same as that
for goslings infected with GoAstVs, suggesting that
the virulence of GoAstV was unchanged during cross-
species spread. Therefore, GoAstV may also infect
other species of aquatic birds.

To explore the mutations of duck-origin GoAstV,
the SDXT, SDTA, and HNNY0620 strains were com-
pared to HNO1 (goose-origin GoAstV) and analyzed.
The results found several special mutations in ORF2
in 249 (S/W) and 295 (D/A) of SDXT, 573 (N/D) of
SDTA, and 306 (A/T) of HNNY0620 of only duck
GoAstVs. However, whether these mutation sites are
related to the recognition site of the host as well as
with pathogenicity and virulence must be explored
further.

CONCLUSIONS

To our knowledge, this is the first study to report the
novel GoAstV causing gout in Muscovy ducks. Based on
the genome and phylogenetic relationship, the
HNNY0620 strain should be classified into the GoAstV-
I group. The present study also suggests that GoAstV
may be easily transmissible across hosts in waterfowl.
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