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Abstract

Avian metapneumovirus (aMPV) is an important pathogen in poultry, primarily affecting
chickens and turkeys, and it causes acute respiratory disease or reproductive disorders.
Considering previous molecular or serological evidence of aMPV in different wild bird species,
the role of non-domestic hosts in the virus epidemiology has been called into question. A molecular
survey was therefore performed on wild aquatic bird species sampled during the Italian Avian
Influenza Surveillance plan from 2021 to 2023 in the Bologna province. A total of 250
oropharyngeal swabs were collected and screened for all circulating aMPV subtypes through
multiplex real time RT-PCR. An aMPV-B strain, named aMPV/B/Italy/Northern_shoveler/80/21,
was detected in an adult Northern shoveler (Spatula clypeata) wintering in Italy in 2021, and it
was characterized by partial amplification and sequencing of the attachment glycoprotein gene.
Phylogenetic analysis showed close relationships between this strain and those circulating in
Italian poultry from 2014 to 2019. Given the high aMPV-B burden on the Italian poultry sector
and the similarity of aMPV/B/Italy/Northern_shoveler/80/21 strain to those circulating in chickens
and turkeys, potential virus spillover from domestic to wild birds could have occurred at the
livestock-wildlife interface. Considering that aMPV-B is well adapted to gallinaceans, this
represents one of the rare molecular detections of this subtype in waterfowl species. Expanding
aMPV monitoring and conducting further biological studies on wild hosts are essential for a better

understanding of their role in maintaining aMPV circulation.



Keywords: Avian Metapneumovirus subtype B; Northern shoveler; Spatula clypeata; waterfowl;

molecular epidemiology; domestic-wild bird interface.

Research Highlights:
e Wild birds sampled in Italy tested for aMPV detection and characterization
e aMPV-B found for the first time in a wintering Northern shoveler

e Close phylogenetic relationship with aMPV-B strains circulating in Italian poultry



Introduction

Avian metapneumovirus (aMPV) is a pathogen with a growing impact on the poultry sector.
aMPV mainly affects chickens and turkeys and it is associated with acute respiratory disease or
reproductive disorders (Cecchinato et al., 2016). aMPV is an enveloped, single stranded, non-
segmented, negative-sense RNA virus belonging to the Pneumoviridae family, genus
Metapneumovirus. Since its first detection in diseased turkeys in South Africa in 1978 (Buys & du
Preez, 1980), different aMPV subtypes have been recognized according to their genetic and
antigenic features (Rautenschlein, 2020). Subtypes A and B have been isolated from poultry
worldwide, except for the Australian continent. Subtype C was first reported in turkeys in the US
in 1996 and remained the predominant subtype in the New World with cases in both poultry and
wild birds (Goyal et al., 2000), until a recent emergence of the subtype B in gallinaceous birds
(Lugman et al., 2024). Simultaneously, aMPV-A subtype was also detected in the US and the
introduction and circulation of these two subtypes in a new niche had profound economic
consequences on the poultry sector (Goraichuk et al., 2024). Based on the attachment glycoprotein
(G) gene sequence of aMPV-C subtype, North American and Eurasian lineages were identified
(Toquin et al., 2006) and strains belonging to the latter lineage were identified in domestic and
wild birds in France, Italy, The Netherlands, Korea, and China (Graziosi et al., 2022a; Jesse et al.,
2022; Sun et al., 2014; D. Toquin et al., 1999; Tucciarone et al., 2022; Wei et al., 2013). Subtype
D was retrospectively detected once in 1986 from diseased turkeys from France (Bayon-Auboyer
et al., 2000). Lastly, two genetically divergent aMPV have been identified in a great black-backed
gull (Larus marinus) and a monk parakeet (Myiopsitta monachus) through deep sequencing
technologies, tentatively increasing the number of known aMPV subtypes to six (Canuti et al.,

2019; Retallack et al., 2019).



Due to aMPV global spread and emergence in new niches (Goraichuk et al., 2024; Lugman et
al., 2024), the role of migratory birds in the viral epidemiology has been called into question.
Contacts at the domestic-wild bird interface might indeed mediate virus introduction into poultry
farms, as it is for other poultry pathogens such as avian influenza (Graziosi et al., 2024a).
Molecular or serological evidence of aMPV-A, B or C infection has been reported in different wild
bird species (Graziosi et al., 2022b). While detections of subtype A or B in wild birds were
sporadic (Felippe et al., 2011; Rizotto et al., 2019), aMPV-C has been more frequently reported.
In particular, North American ducks, geese, and passerine birds were found positive to aMPV-C
(Bennett et al., 2002; Bennett et al., 2004; Cha et al., 2013; Jardine et al., 2018; Shin et al., 2000;
Turpin et al., 2008). In Europe, evidence of aMPV-C infection in wild ducks and gulls has been
reported in the Netherlands and Italy (Graziosi et al., 2022a; Jesse et al., 2022; Tucciarone et al.,
2022; van Boheemen et al., 2012). Furthermore, serological (Catelli et al., 2001; Gethoffer et al.,
2021) and molecular (Curland et al., 2018) evidence of aMPV infection in wild pheasants
(Phasianus colchicus) has been reported in Italy and Germany, without further subtype
identification.

Considering frequent aMPV detections in wild aquatic birds, a molecular survey was
conducted on selected resident and migratory species hunted or found deceased in the Po’s River

Valley of the Bologna province, Italy.

Materials & Methods
Background and sample collection
Samples were collected in the framework of the National Avian Influenza (Al) Surveillance

plan from 2021 to 2023. The study area included private hunting grounds located in the river Po



Valley of the Bologna province, Emilia-Romagna region, where densely populated poultry areas
intermingle with wetlands, strategic for wintering and breeding of migratory bird communities.
Setting the expected aMPV prevalence in wild birds at 6% (Graziosi ef al., 2022b), a minimum
of 87 samples was required to find at least one positive sample in an infinite population with a
confidence level of 95% (Cannon & Roe, 1982). For each sampled bird, data regarding species,
sex, and age classification (either juvenile of the year or adult) were documented by trained
ornithologists and recorded in a dedicated database.
Oropharyngeal swabs were collected using a sterile rayon-tipped wooden stick then
immersed in 600 pL of 1X PBS/glycerol (9/1). Samples were kept refrigerated during both
collection and transportation and then stored at —80 °C until analysis. Results on Al molecular

detection and characterization have been published separately (Graziosi et al., 2024a).

Sample processing and molecular analyses

Oropharyngeal swabs were thawed on ice, vortexed for one minute, and pooled in groups
of five based on sampling date and species by aliquoting 200 pL/sample into a new tube. The
obtained pools were then centrifuged at 11,000x g for 30 s at 4 °C. RNA extraction was performed
on 100 pL of supernatant from each pool using NucleoSpin® RNA (MACHEREY-NAGEL, Diiren,
Germany) following the manufacturer’s instructions for cultured cells and tissue.

A total of 50 pools were tested using a specific multiplex real time RT-PCR (rtRT-PCR) for A
and B subtypes and a multiplex rtRT-PCR designed to detect aMPV-C and the new subtypes
identified in gulls and parakeets, using probes, primers and protocols previously described by
Tucciarone et al. (2022). Real time RT-PCR reactions were performed using a SuperScript® 111

One-Step rtRT-PCR System with a Platinum® Taq DNA Polymerase kit (Invitrogen™, Waltham,



MA, USA) on a LightCycler® 96 Instrument (Roche, Basel, Switzerland). Pools positive for aMPV
detection were traced back to the original samples, which underwent individual RNA extraction
and were tested again to identify the positive individual. In order to characterize positive samples,
the G gene was selected for amplification as previously described by Mescolini et al. (2021) for
the A and B subtype, and by Graziosi et al. (2022b) for the C subtype. The N gene was chosen for
the characterization of possible positive samples for the new subtypes detected in gulls and
parakeets as described by Bdyon-Auboyer et al. (1999). The cDNA was obtained using a
Superscript® I1I Reverse Transcriptase and the subsequent PCR was performed with the Platinum®
Taq DNA Polymerase (Invitrogen™, Waltham, MA, USA). PCR products were purified using
PCR Clean-Up System (Promega). Bidirectional Sanger sequencing of the amplicons with their

respective primer pair was performed by a commercial sequencing service (Macrogen Europe,

Milan, Italy).

Phylogenetic analysis

The obtained chromatograms were visually inspected for a preliminary quality check using
BioEdit v7.2 (Hall, 1999), and consensus sequences were assembled using AliView v1.28
(Larrson, 2014). The sequences were aligned to and compared with homologous sequences
available on the GenBank® database (https://www.ncbi.nlm.nih.gov/genbank/, accessed on 13
April 2024). Viruses showing high sequence identity to the isolates hereby obtained were included
in the analysis (Supplementary Material 1). Aiming to maximize the available information,
particularly in term of geographical and time representatives, a minimum query coverage of 70%
was selected as sequences inclusion threshold. Multiple sequence alignment was performed using

the Multiple Alignment with Fast Fourier Transformation (MAFFT) online service with default



parameters (Katoh & Standley, 2013). The alignment was trimmed maintaining the region where
complete coverage could be achieved. Selection for the best evolutionary model was performed
using ModelFinder (Kalyaanamoorthy et al., 2017), as implemented in IQ-TREE web server
(Trifinopoulos et al., 2016). Maximum likelihood (ML) phylogenetic inference was performed
using IQ-TREE, nodal support was estimated using UltraFast bootstrap (UFBoot) 10000 replicates.
The obtained phylogenetic trees were visualized with FigTree v1.4.2. Percentages of nucleotide
(nt) and amino acid (AA) identity between the obtained strain and its closest relatives, as identified

by the phylogenetic investigation, was computed using BioEdit software v7.2 (Hall, 1999).

Results

A total of 250 oropharyngeal swabs were eventually obtained from nine species of wild
aquatic birds (Table 1) sampled during three consecutive hunting seasons (October 2021 — January
2022, October 2022 — January 2023, and October — December 2023). Of the individuals included
in the study, 91.6% (229/250) belonged to different species of dabbling ducks, 4.8% (12/250) were
Eurasian coots (Fulica atra), 2.4% (6/250) were Northern lapwings (Vanellus vanellus), and 1.2%
(3/250) were common snipes (Gallinago gallinago). According to age classes as defined by trained
ornithologists, 48.8% (122/250) of the birds sampled were adults, 34.8% (87/250) were juveniles

(first calendar year), and 16.4% (41/250) were not categorized.
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One oropharyngeal swab obtained from an adult female Northern shoveler (S. clypeata)
sampled in November 2021 tested positive for aMPV subtype B through rtRT-PCR (cycle
threshold value of the positive pooled sample: 42.5; cycle threshold value of the positive individual
sample: 39.5). A partial G gene sequence of 360 bases was obtained by RT-PCR and sequencing.
Sequence data was submitted to the NCBI GenBank database under the Accession Number
PQ285410, and the strain was named aMPV/B/Italy/Northern_shoveler/80/21 following the
nomenclature used by Mescolini et al. (2021).

The phylogenetic tree, based on a final alignment of 360 nt, demonstrated that the
aMPV/B/Italy/Northern_shoveler/80/21 strain clustered together with Italian aMPV-B strains
obtained from chickens and turkeys during 2014-2019 (Figure 1).

A 100% nt and AA identity was detected with Italian strains detected in 2016 and 2019 (Table

2).

Discussion

To enlighten the potential epidemiological role of migratory and resident wild aquatic birds
with respect to aMPV epidemiology, samples collected during Al surveillance activities were
screened for aMPV molecular detection. One adult Northern shoveler (S. clypeata) wintering in
Italy in 2021 tested positive to aMPV subtype B. To our knowledge, this is the first evidence of
the detection of aMPV subtype B in a wild migratory duck in Europe. The low prevalence obtained
in the studied population could be explained by the unknown susceptibility of the investigated
species. However, the choice of a direct diagnostic method narrows the time window for detecting

the infection, likely leading to a prevalence underestimation.
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Experimental infections showed domestic ducks to be resistant to aMPV-B subtype
(Brown et al., 2019; Gough et al., 1988). The herein detection of aMPV-B in a wild duck of the
genus Spatula spp., might indicate a varying susceptibility among duck species. For wild birds,
aMPV-B molecular detections have been reported only in Brazil in two species of resident ducks,
the white-cheeked pintail (Anas bahamensis) and the white-faced whistling duck (Dendrocygna
viduata), and in pigeons (Columba livia) (Felippe et al., 2011). Considering the 99.5-100%
sequence similarity among these strains and that aMPV-B live vaccination is widely used in
Brazilian poultry, an environmental vaccine contamination was hypothesized (Felippe et al.,
2011).

In Italy, field studies in poultry have revealed sporadic aMPV-A detections over time (Catelli
etal., 2006; Lupini etal., 2011), outnumbered by the widespread circulation of aMPV-B in densely
populated poultry areas (DPPAS) in the Northeastern part of the country (Catelli et al., 2004;
Cecchinato et al., 2018; Listorti et al., 2014; Lupini et al., 2022; Tucciarone et al., 2018), where
the above-mentioned sampling activities occurred.

The phylogenetic analysis showed the close relationships among the hereby obtained aMPV-
B strain and field strains circulating in Italian poultry from 2014 to 2019. Accordingly, a virus
spillover from poultry to wild birds might have occurred, through direct or indirect contacts at the
domestic-wild bird interface (Graziosi et al., 2024b).

In fact, the great infectious pressure that aMPV exerts on the poultry sector might ease a viral
exchange towards the wild population. The direct identification of aMPV-B in one individual is a
significant finding, attesting its circulation in the wild population, which is profoundly different
from the domestic population in terms of density and contacts. aMPV presence in waterfowl opens

to the existence of a wild niche, where viral strains might circulate, evolve, or be maintained, as
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attested by the present retrieval of an “old” Italian strain, possibly constituting a permanent viral
source for the poultry sector. The lack of recent aMPV-B lItalian sequences prevents a precise
evaluation of the directionality of the viral flux. Comparably, the retrieval of a single sequence
from the wild population impedes the exploration of the within-population heterogenicity and thus
to speculate whether this strain has been maintained in the wild or has newly spilled over from the
domestic population. Finally, the limited length of the obtained and available sequences and their
only partial overlapping decrease the resolution in the analysis of among-strains relationships. In
fact, the phylogenetic tree reveals a higher distance of the Northern shoveler’s strain compared to
the raw genetic distance calculated on the trimmed region only, which might suggest slightly
independent evolutionary paths.

The potential relevance of wild birds as a source of viral spreading in domestic flocks has
found recent support since wild migratory birds were considered as the most likely vectors of
aMPV-B and aMPV-A introduction in the US in early 2024 (Animal and Plant Health Agency &
U.S. Department of Agriculture, 2024; Franzo et al., 2024; Goraichuk et al., 2024; Lugman et al.,
2024). While epidemiological data are currently insufficient to fully explain this phenomenon, the
present detection of aMPV-B in a migratory duck could further support this hypothesis.

Given the high burden of aMPV-B infection on poultry in Italy, poor biocontainment measures
could mediate disease transmission from domestic to wild birds (Graziosi et al., 2024b).
Considering the peculiarities of the Italian poultry sector, with DPPAs intermingled with wetlands,
where numerous migratory wild ducks seasonally gather, the extension of the survey to other areas
with similar features could prove interesting. In the light of the confirmed presence of aMPV-B in
waterfowl, dedicated surveys involving viral isolation and whole genome sequencing will set the

premises for further studies investigating the biological features of aMPV strains detected in wild
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hosts through in vitro and in vivo studies. The characterization of the virus-host relationship will
be necessary to assess the susceptibility of wild species, thus the impact of aMPV in the wild, as
well as their ability to maintain the infection, acting as reservoir and increasing the risk for the

domestic population.

Statement of Animal Ethics

Wild aquatic birds included in this study were sampled within the application of the
National Al Surveillance Plan 2021-2023 (https://www.izsvenezie. it/documenti/temi/influenza-
aviaria/piani-sorveglianza/piano-nazionale-influenza-aviaria-2021.pdf, accessed on 13 October

2021; https://www.izsvenezie.it/documenti/temi/influenza-aviaria//piani-sorveglianza/piano-

nazionale-influenza-aviaria-2022.pdf, accessed on 21 November 2022;

https://www.izsvenezie.it/documenti/temi/influenza-aviaria//piani-sorveqglianza/piano-nazionale-

influenza-aviaria-2023.pdf accessed on 4 October 2023) and the Commission Delegated

Regulation (EU) 2020/689. Al surveillance activities were carried out in the province of Bologna,
on behalf of the Veterinary Services of the Local Health Unit of Imola (A.U.S.L. of Imola), by
sampling birds provided by local hunters. Waterfow! species were hunted according to the
National Hunting law 157/1992, without the necessity of any additional permits. Ethical review

and approval were therefore waived for this study.
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Table 1. Wild aquatic birds included in the study with respective age class, sampling period and

migratory status.

Age classes? Sampling period Migrator
Tot

Taxonomic identification 202 | 202 | 202 | 202 y

juv. |ad. |n.s. al

1 2 3 4 status®

Anseriformes
Common teal (Anas crecca) 48 |5 |20 |70 (19 |16 |19 |124 |wW;B
Northern pintail (Anas acuta) | 1 1 4 - - 1 5 6 W
Mallard (Anas platyrhynchos) | 2 30 |- 2 1 16 |11 |30 W; B; R
Eurasian wigeon (Mareca

8 9 - 1 - 11 5 17 W
penelope)
Gadwall (Mareca strepera) 2 3 4 1 2 3 3 9 W; B
Northern shoveler (Spatula

22 17 4 14 11 14 4 43 W; B
clypeata)
Charadriiformes
Common snipe (Gallinago

1 2 - 2 1 - - 3 W; B; R
gallinago)
Northern lapwing (Vanellus 3 3 - -

2 4 - 6 W; B; R
vanellus)
Gruiformes
Eurasian coot (Fulica atra) 1 2 9 - - 3 9 12 W; B; R
Total 87 122 |41 |94 |36 |64 |56 |250
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8Age classes: juv. = juvenile; ad. = adult; n.s. = not specified.
PMigratory status in Italy: W = wintering; B = breeding; R = resident. According to Spina &

Volponi (2008).



279  Table 2. Percentage of nucleotide (nt) and amino acid (AA) identity and number of different nt
280 and AA  residues  between overlapping G gene partial sequences  of
281  aMPV/B/IT/Northern shoveler/80/21 and selected Italian aMPV-B strains from 1987 to 20109.

282  Strains in bold were identical to the aMPV-B hereby detected.

. Year % homology N. differences
Strain of detection nt AA nt AA
aMPV/B/Italy/Ty/Vr240/87 1987 98.0% 97.6% 5 2
Italy 16/91 1991 97.6%  97.6% 6 2
Italy 2119 Before 1993 98.0%  97.6% 5 2
aMPV/B/Italy/Ty/2a/01 2001 98.4%  98.8% 4 1
aMPV/B/Italy/Ck/33a/02 2002 98.4%  98.8% 4 1
aMPV/B/Italy/Ck/34a/02 2002 98.4%  98.8% 4 1
aMPV/B/Italy/Ty/205-16/04 2004 98.4%  98.8% 4 1
aMPV/B/Italy/Ty/129-08/04 2004 97.6%  96.4% 6 3
aMPV/B/Italy/Ck/1348-01/07 2007 98.4%  98.8% 4 1
aMPV/B/Italy/Ty/53/09 2009 98.0%  97.6% 5 2
aMPV/B/Italy/Ty/1077-02/09 2009 97.6%  97.6% 6 2
aMPV/B/Italy/GuineaFowl/1818/12 2012 98.8%  98.8% 3 1
aMPV/B/Italy/Ty/2009/13 2013 98.8%  98.8% 3 1
aMPV/B/Italy/Ck/164/13 2013 99.2%  98.8% 2 1
aMPV/B/Italy/Ck/92/14 2014 99.6% 100.0% 1 0
aMPV/B/Italy/Ck/86/14 2014 99.6%  98.8% 1 1
aMPV/B/Italy/Ck/95/14 2014 99.6% 100.0% 1 0
aMPV/B/Italy/Ty/175/14 2014 99.6% 100.0% 1 0
aMPV/B/Italy/Ty/477/14 2014 99.6% 100.0% 1 0
aMPV/B/Italy/Ck/185/15 2015 99.6%  98.8% 1 1
aMPV/B/Italy/Ck/248/15 2015 99.2% 100.0% 2 0
aMPV/B/Italy/Ck/336/15 2015 98.4%  97.6% 4 2
aMPV/B/Italy/Ck/376/15 2015 97.6%  98.8% 6 1
aMPV/B/Italy/Ck/395/15 2015 98.4%  97.6% 4 2
aMPV/B/Italy/Ck/569-03/15 2015 98.8%  98.8% 3 1
aMPV/B/Italy/Ck/573-03/15 2015 97.6%  96.4% 6 3
aMPV/B/Italy/Ck/575-03/15 2015 98.8%  98.8% 3 1
aMPV/B/Italy/Ck/478/16 2016 100.0% 100.0% 0 0
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aMPV/B/Italy/Ck/500/16
aMPV/B/Italy/Ck/509/16
aMPV/B/Italy/Ck/541/16
aMPV/B/Italy/Ck/556/16
aMPV/B/Italy/Ty/626-10/16
aMPV/B/Italy/Ty/627-10/16
aMPV/B/Italy/Ty/628-19/16
aMPV/B/Italy/Ty/629-04/16
aMPV/B/Italy/Ty/629-16/16
aMPV/B/Italy/Ck/1298/19

2016
2016
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2016
2016
2019

98.8%
100.0%
100.0%
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Figure captions

Figure 1. Phylogenetic analysis based on the partial G gene alignment (360 nt). The strain
aMPV/B/Italy/Northern_Shoveler/80/21 (in bold) is compared to homologous coding sequences
available on GenBank and to aMPV-B vaccine strain sequences (shown in red). Circles at nodes
indicate the ultrafast bootstrap (UFBoot) score range, and are labelled in white (UFBoot 20-69),
grey (UFBoot 70-89), and black (UFBoot 90-100). The substitution model for the maximum

likelihood phylogenetic reconstruction was K2P.



