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Abstract

Emerging pathogens can threaten human and animal health, necessitating reliable
surveillance schemes to enable preparedness. We evaluated the repeatability and
reproducibility of a method developed previously during a single year at one study site.
Hunter-harvested ducks and geese were sampled for avian influenza virus at three discrete
locations in the UK. H5N1 highly pathogenic avian influenza (HPAIV) was detected in four
species (mallard [Anas platyrhynchos], Eurasian teal [Anas crecca), Eurasian wigeon [Mareca
penelope] and pink-footed goose [Anser brachyrhynchus]) across all three locations and two

non-HPAIV H5N1, influenza A positive detections were made from a mallard and Eurasian
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wigeon at two locations. Virus was detected within 1-to-4 days of sampling at every
location. Application of rapid diagnostic methods to samples collected from hunter-
harvested waterfowl offers potential as an early warning system for the surveillance and

monitoring of emerging and existing strains of avian influenza A viruses in key avian species.
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Introduction

The emergence of new multi-host pathogens, including novel strains and variants of
pathogens, threatens human health, livestock health and the persistence of some wildlife
populations (Cunningham et al. 2017). The goose/Guangdong (GsGd) lineage of H5Nx high
pathogenicity avian influenza viruses (HPAIVs), emerged over 25 years ago in East Asia as
the H5N1 subtype, and these viruses have continued to evolve into distinct clades (Wan
2012; Lee et al. 2017). The ongoing panzootic of the clade 2.3.4.4b of the H5N1 sub-type
emerged in 2020, rapidly spread around the world and infected a greater diversity of wild
bird species than other clades had during previous outbreaks (Byrne et al., 2023; Caliendo et
al. 2022; Lewis et al. 2021; Lo et al. 2022; Alkie et al., 2023). It has also been detected in
several wild mammalian species, causing mass mortality among some species (Venkatesan
2023). The apparent jump from birds to mammals causes concern for the virus’s ability to
infect humans, which it had done in a small number of high-exposure cases by the end of
2022 (EFSA 2022). In contrast, its impact on some seabird communities and on the poultry
industry has been severe (Banyard et al., 2022; Falchieri et al. 2022) and it continues to be a

major threat to avian health globally.

Novel surveillance schemes are needed to provide early-warning of pathogen emergence to
inform decisions on appropriate responses, in addition to providing information on virus
evolution in the field (Morner et al. 2002). Such schemes need to be repeatable and
reproducible. Surveillance for AlV in wild Anseriformes shot by hunters has been proposed
as a method for detection of AlV infection in North America and Europe (Bevins et al 2016;
Gobbo et al. 2021; Wade et al. 2022), but its repeatability has yet to be demonstrated. We

sought to evaluate whether different strains of AlV could be detected in wild Anseriformes
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shot by hunters at three discrete locations in the United Kingdom (UK) during winter 2022-
2023. To determine the level of circulating virus in these wild bird populations the presence
or absence of viral RNA (VRNA) and/or infectious virus was assessed within swab samples.
Since ducks have been observed excreting HPAIV despite no evidence of clinical disease (van
den Brand et al. 2018), we hypothesized that HPAIV would be detected in ducks throughout
the migration season. Furthermore, since anseriformes are the primary taxon most likely
responsible for transporting HPAIV over large distances (Caliendo et al. 2022) we expected
coincidence between migration rates of anseriformes and rates of HPAIV outbreaks on

poultry holdings.

Methods

Clinical sampling

Sampling and sample analysis methods were undertaken as described in Wade et al. (2022)
with the approval of the Faculty of Biological Sciences, University of Leeds Ethical Review
Panel (reference: BioSci 21-020). Sampling was undertaken at three locations, each of which
was on a major estuary: the Humber (northeast England, lat/long: 53.64, 0.02), the Ribble
(northwest England lat/long: 52.73, -2.92) and the Solway (southwest Scotland, lat/long:
54.99, -3.58) (Figure 1). Waterfow! hunters took oropharyngeal (OP) and cloacal (C) swabs
(Dryswab™ ENT, rayon-bud; MWE Mediwire, Corsham, UK) from Anseriformes that they
had shot, and stored them dry in sample tubes. Samples were dispatched on the same day
as sampling directly to the Animal and Plant Health Agency (APHA) to enable processing
within 48 hours of being collected. Upon receipt swabs were cut into 1 ml of Leibovitz L-15

medium (Slomka et al. 2019) and held at -80°C prior to testing.

RNA Extraction and AlV Reverse Transcription Real-Time PCR (RRT-PCR)
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RNA was extracted using the MagMAX CORE Nucleic Acid Purification Kit (Thermo Fisher
Scientific) and the KingFisher Flex system (Life Technologies) according to the
manufacturer’s instructions. Extracted RNA was tested for the presence or absence of vRNA
using the matrix (M)-gene specific RRT-PCR (Nagy et al. 2021). All samples positive for vVRNA
were further tested by H5 HPAIV (H5-HP) RRT-PCR, for the specific detection of HPAIV H5 as
described by James et al. (2022). M gene and H5-HP RRT-PCR Ct values <36.00 were
considered AIV and HPAIV H5 positive, respectively with higher (weaker) values being
interpreted as negative. Samples positive for M gene RRT-PCR, but negative for H5-HP RRT-
PCR were further tested for potential low pathogenicity H5 RNA using the H5-HA2 RRT-PCR
assay (Slomka et al., 2007) and other influenza A subtypes by H6-HA2 (manuscript in
preparation), H7-HA2 (Slomka et al. 2009) and H9-HA2 RRT-PCRs (Monne et al. 2008 and
Slomka et al, 2013) assays. The H9 RRT-PCR was undertaken using primers and probes with
the thermocycling conditions as described by Monne et al. (2008) but the chemistry was as
for the H5, and H7 RRT-PCR assays described by Slomka et al. (2013). Samples collected
from unidentified birds were tested by APHA’s in-house DNA barcoding method (details can

be supplied upon request) for the species identification.

Virus isolation and propagation

Following AIV RRT-PCR testing, where sufficient volumes of Leibovitz L-15 medium
remained, 14 swab samples were selected for virus isolation (VI). These swabs were
selected because their Ct values were <36.00; a threshold above which VI is unlikely (Slomka
et al 2012, Mahmood et al, manuscript in preparation). Each sample (100 uL) was diluted
1:1in antibiotic solution containing gentamycin, 50 mg.L%; penicillin G, 1 million units.L;

streptomycin sulphate, 10 g.L'%; and nystatin, 5 million units.L™ (Sigma). After an hour’s
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incubation at ambient temperature 200uL was inoculated into the allantoic cavity of specific
pathogen-free, 9-day-old embryonated fowls’ eggs (EFEs). Post infection, allantoic fluid was
periodically harvested and tested for the presence of a haemagglutinating agent using the
haemagglutinin assay (HA) (WOAH 2015). HA activity of 21/16 was considered positive for
virus isolation. Negative HA activity corresponded to a score <1/16 and indicated that no

virus was isolated. VI was attempted through two successive rounds of passage in EFEs.

Incursions of HPAIV into the UK

The temporal pattern of new HPAIV incidents on poultry holdings during the year 2022 was
summarised for England from reports produced by the UK Government’s Department for

Environment Food and Rural Affairs (https://www.gov.uk/animal-disease-cases-england and

https://webarchive.nationalarchives.gov.uk/ukgwa/20221018152851 /https://www.gov.uk/

guidance/avian-influenza-bird-flu-cases-and-disease-control-zones-in-england#disease-

control-zones-no-longer-in-force, accessed 27 July 2023). These include the approximate

location and date on which HPAI was confirmed in birds kept at premises, including poultry
producers, backyard poultry flocks, zoological collections, and wild animal rehabilitation

centres.

Migration patterns of species in which AIV was detected were plotted using The British Trust
for Ornithology’s BirdTrack reporting rate data for England during the year 2022

(https://www.bto.org/our-science/projects/birdtrack/maps-reports, accessed 27 July 2023).

These report the percentage of complete bird lists submitted by observers, which include a
given species during each week of the year. Maximum weekly percentages were calculated
for each species and correlated (Spearman’s rank) with the weekly number of new HPAI

incidents on poultry holdings using IBM SPSS Statistics Release 26.0.0.0.
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Results

Between 26%™ October 2022 and 315t January 2023, hunters submitted swab samples from
404 shot Anseriformes of seven species (Table 1). Samples were collected from 246 birds by
three hunters between 26" October 2022 and 30™ January 2023 on the Humber, from 149
birds by four hunters between 27™ October 2022 and 29" November 2022 on the Ribble

and from 9 birds by one hunter on 25" January 2023 on the Solway.

HPAIV was detected in 18 birds across all three locations and a non-H5, non-H7 influenza A
virus was detected in three birds at two locations (Ribble and Humber) (Table 2). These
latter two samples were positive for the M gene but negative on the H5-HA2, H6-HA2, H7-
HA2 and H9-HA2 assays for LPAIVs. HPAIV H5N1 was first detected on the Humberin a
Eurasian teal (Anas crecca) shot on 27™ October 2022 and non-H5, non-H7 influenza A was
first detected on the Ribble in a mallard (Anas platyrhynchos) shot on 315t October 2022
(Table 2). HPAIV was detected at each location throughout the period over which samples
were collected. On the Humber, where sampling continued for the longest, HPAIV was
detected in ducks shot during every month of sampling. All positive detections were close to
the threshold of detection for the assays used (Table 2). Virus isolation was unsuccessful and
genomic analysis could not be undertaken on samples that were so weakly positive for
VRNA. Attempts to gain access to carcasses from positive birds, with the aim of gaining

material for isolation or genomic purposes were unsuccessful.

HPAIV H5N1 infection was confirmed on 206 premises in England during 2022, with new

cases arising throughout the spring and summer (Figure 2). The number of incidents was
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lowest in May, with two in Nottinghamshire. During October, 82 incidents were detected

nationwide, including locations closely associated with the three sampling regions.

Temporal patterns of migration were highly correlated between pink-footed goose, Eurasian
wigeon and Eurasian teal (Figure 2; r>0.71, P<0.01, n=53 in all cases), but correlations
between these species and mallard were weak at best (wigeon: rs=0.30, P=0.027; teal:
rs=0.28, P=0.040; pink footed goose: r;=0.217, P=0.119). The number of HPAIV H5N1
incidents per month was also highly correlated with reporting rates of pink-footed goose,
Eurasian wigeon and Eurasian teal (rs>0.59, P<0.01, n=12 in all cases), but not mallard

(P=0.406).

Discussion

The current study supports the utility of hunter harvested Anseriformes for AIV surveillance
(Wade et al. 2022). We have demonstrated that AlV can consistently be detected in wild
Anseriformes shot by waterfowl| hunters on the Humber and replicated these results at two
other estuaries: the Ribble and Solway. The over-summering of HPAIV H5N1 in some bird
species and concomitant outbreaks on poultry holdings during the summer of 2022
prevented assessment of whether strains isolated from shot Anseriformes were novel
reassortants that had arrived with migratory species or whether these viruses had been
cyclingin local populations, potentially in the absence of clinical disease. Enhanced
tolerance to HPAIV is likely to occur in some species (van den Brand 2018) and is considered
to be the mechanism behind movement of the virus over broad geographical ranges
(Caliendo et al. 2022). However, existing passive surveillance initiatives are unable to detect

these putatively mild infections of different species as they rely upon investigation of birds
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found dead (Bianco et al. 2020). Our detection of HPAIV in ducks shot throughout the
migration season, with no discernible temporal pattern, is consistent with the absence of

clinical disease despite virus excretion, at least in Eurasian teal.

Multiple attempts to recover live virus isolates from positive samples were unsuccessful and
weak PCR results on swab samples precluded genomic assessment and hence phylodynamic
modelling to reveal transmission pathways. Nevertheless, the increase in the number of
new HPAIV incidents on poultry holdings from August was coincident with the increase in
reporting rate of Eurasian wigeon and teal, and the detection of H5N1 in these species was
coincident with their peak migration into Great Britain. These observations are consistent
with at least some of the autumn poultry cases being due to immigrant strains, although
circulation of strains in species with enhanced tolerance of infection or the absence of

clinical disease cannot be ruled out.

Contemporary H5N1 is highly-adapted to Anseriformes (James et al. 2023) and this order
has been considered the natural wildlife host for many years (Verhagen et al. 2021).
Nevertheless, such rapid detection of HPAIV and non-H5, non-H7 influenza A following the
start of sampling (HPAIV: day 1 on Solway, day 2 on the Humber and day 4 on the Ribble),
and despite sampling relatively few birds was surprising. Rapid early detection of AlV is
consistent with either a high prevalence of infection or alteration of behaviour of infected
birds such that they become easier to shoot (Artois et al. 2009; Gallana et al. 2013). Our
detection of AIV throughout the shooting season was not consistent with a disease-induced
change in behaviour. Regardless, these characteristics are highly desirable for an efficient

surveillance scheme (Artois et al. 2009).
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Unforeseen circumstances resulted in sampling starting nearly 2 months after the 1°¢
September start of the waterfowl hunting season. We may have missed the opportunity to
detect AIV in some of the first immigrant Anseriformes of the 2022/23 season thus limiting
our early-detection capability. Nevertheless, the coincidence between the monthly number
of HPAIV outbreaks on poultry holdings and migration rates of pink footed geese, Eurasian
wigeon and particularly Eurasian teal, whose migration peaked during the month preceding
peak poultry outbreaks, is consistent with the ability to detect HPAIV in Anseriformes in
advance of outbreaks on poultry holdings, as identified by Wade et al. (2023). However,
unlike years prior to 2021 (Hansen et al. 2018), as HPAIV has remained in circulation among
wild and domestic birds over summer in Great Britain, the imperative for early-detection of
incursions into the country has diminished. Nevertheless, the reproducibility of the hunter-
harvest method for the detection of AlV extends its applicability to disease management by
offering the potential to track the emergence of new variants and their movement around

the country prior to and during the peak season of incidents among poultry holdings.

Sample sizes and the timing of sampling varied substantially between the three locations.
Duration of sampling also varied between hunters, with only two hunters providing samples
throughout the season. Five hunters provided samples early in the season but stopped
providing samples at least 2 months before the end of the sampling season. Anecdotal
evidence implied that the effort required to sample birds and record information was
considered excessive by some hunters, particularly on days when large numbers of birds
had been shot. Understanding the reasons for cessation of engagement of volunteer sample
providers can inform adaptations to sampling methods and study designs in order to
improve volunteer retention (Robinson et al. 2021). Moreover, a national surveillance

scheme for AIV in wild Anseriformes would benefit from engagement of a larger number of

10
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hunters at each location in order to mitigate the impact of disengagement by some.
Sampling at a greater number of more geographically dispersed locations would also be
required to reliably track the movement of new strains of AlV around the country. Under
such a design and with the alliance of the hunter-harvested sampling with rapid methods for
the isolation and typing of AlIV (Kwon et al. 2019), such a capability could inform policy or
action to mitigate the impact of AlV on poultry before its emergence on holdings. In the
absence of active surveillance of healthy birds, the sampling of shot birds, collected through
established waterfowl hunting activities, is the only mechanism to generate data on virus
circulation although studies are limited to excretion in swabs alone. With the continuation
of HPAIV epizootics across the globe, sampling techniques that might enable a greater
understanding of virus circulation and impact on different wild bird species is required more
than ever to understand factors influencing risk to the poultry industry from the ever-

present wild bird risk.

Acknowledgements

This work was supported by the Biotechnology and Biological Sciences Research Council and
Department for Environment, Food and Rural Affairs research initiative ‘FIUMAP’ [grant
number BB/X006204/1]. APHA staff were also supported by funding from Defra and the
devolved administrations of Scotland and Wales [grant numbers SE2213 and SV3400]. We
thank Simon Johnson and Jacob Peers-Dent at APHA for technical assistance and James
Pearce-Higgins and Simon Gillings of the British Trust for Ornithology for the provision of
BirdTrack data. We are particularly grateful to those waterfowl hunters who generously

volunteered to provide samples for this project.

11



235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

References

Alkie, T.N.; Byrne, A.M.P.; Jones, M.E.B.; Mollett, B.C.; Bourque, L.; Lung, O.; James, J.;
Yason, C.; Banyard, A.C.; Sullivan, D.; et al. 2023. Recurring trans-Atlantic incursion of clade
2.3.4.4b H5N1 viruses by long distance migratory birds from northern Europe to Canada in

2022/2023. Viruses 15, p.1836.

Artois, M., Bengis, R., Delahay, R.J., Duchéne, M.J,, Duff, J.P., Ferroglio, E., Gortazar, C.,
Hutchings, M.R., Kock, R.A., Leighton, F.A. and Mdrner, T., 2009. Wildlife disease

surveillance and monitoring. Management of disease in wild mammals, pp.187-213.

Bevins, S.N., Dusek, R.J., White, C.L., Gidlewski, T., Bodenstein, B., Mansfield, K.G., DeBruyn,
P., Kraege, D., Rowan, E., Gillin, C. and Thomas, B., 2016. Widespread detection of highly
pathogenic H5 influenza viruses in wild birds from the Pacific Flyway of the United States.

Scientific Reports, 6(1), p.28980.

Bianco, C., Nunez, A., Sanchez-Cordon, P., Hansen, R., Reid, S., Jeckel, S., Brown, I.H.,
Thomas, S., Poulos, C. and Brooks, S.M., 2020. Pathology of natural highly pathogenic avian
influenza viruses (HPAIV) H5N8 (2017) and HPAIV H5N6 (2018) infection in wild birds in the

UK. Journal of Comparative Pathology, 174, p.176.

van den Brand, J.M., Verhagen, J.H., Veldhuis Kroeze, E.J., Van de Bildt, M.W., Bodewes, R.,
Herfst, S., Richard, M., Lexmond, P., Bestebroer, T.M., Fouchier, R.A. and Kuiken, T., 2018.
Wild ducks excrete highly pathogenic avian influenza virus H5N8 (2014—-2015) without

clinical or pathological evidence of disease. Emerging Microbes & Infections, 7(1), pp.1-10.

Caliendo, V., Lewis, N.S., Pohlmann, A,, Baillie, S.R., Banyard, A.C., Beer, M., Brown, |.H.,

Fouchier, R.A.M., Hansen, R.D.E., Lameris, T.K. and Lang, A.S., 2022. Transatlantic spread of

12



258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

highly pathogenic avian influenza H5N1 by wild birds from Europe to North America in 2021.

Scientific Reports, 12(1), p.11729.

Cunningham, A.A., Daszak, P. and Wood, J.L., 2017. One Health, emerging infectious
diseases and wildlife: two decades of progress? Philosophical Transactions of the Royal

Society B: Biological Sciences, 372(1725), p.20160167.

Falchieri, M., Reid, S.M., Ross, C.S., James, J., Byrne, A.M., Zamfir, M., Brown, |.H., Banyard,
A.C., Tyler, G., Philip, E. and Miles, W., 2022. Shift in HPAIl infection dynamics causes
significant losses in seabird populations across Great Britain. Veterinary Record, 191(7),

pp.294-296.

Gallana, M., Ryser-Degiorgis, M.P., Wahli, T. and Segner, H., 2013. Climate change and
infectious diseases of wildlife: altered interactions between pathogens, vectors and hosts.

Current Zoology, 59(3), pp.427-437.

Gobbo, F., Fornasiero, D., De Marco, M.A., Zecchin, B., Mulatti, P., Delogu, M. and Terregino,
C., 2021. Active surveillance for highly pathogenic avian influenza viruses in wintering

waterbirds in Northeast Italy, 2020—-2021. Microorganisms, 9(11), p.2188.

Hansen, R., Brown, |., Brookes, S., Welchman, D. and Cromie, R., 2018. Current status of

avian influenza in Europe and the UK. The Veterinary Record, 182(2), p.54.

James, J., Billington, E., Warren, C.J., De Sliva, D., Di Genova, C., Airey, M., Meyer, S.M.,
Lewis, T., Peers-Dent, J., Thomas, S.S., Lofts, A., Furman, N., Nunez, A., Slomka, M.J., Brown,
I.H., Banyard, A.C. 2023. Clade 2.3.4.4b H5N1 high pathogenicity avian influenza virus
(HPAIV) from the 2021/22 epizootic is highly duck adapted and poorly adapted to chickens.

Journal of General Virology, 104 (5), p.001852.

13



280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

James, J., Seekings, A. H., Skinner, P., Purchase, K., Mahmood, S., Brown, |. H., Hansen, R. D.
E., Banyard, A. C., Reid, S. M. 2022. Rapid and sensitive detection of high pathogenicity
Eurasian clade 2.3.4.4b avian influenza viruses in wild birds and poultry. Journal of

Virological Methods, 301, 114454,

Kwon, N.Y., Ahn, J.J., Kim, J.H., Kim, S.Y., Lee, J.H., Kwon, J.H., Song, C.S. and Hwang, S.Y.,
2019. Rapid subtyping and pathotyping of avian influenza virus using chip-based RT-PCR.

BioChip Journal, 13, pp.333-340.

Lewis, N.S., Banyard, A.C., Whittard, E., Karibayev, T., Al Kafagi, T., Chvala, I., Byrne, A,
Meruyert, S., King, J., Harder, T. and Grund, C., 2021. Emergence and spread of novel H5NS,
H5N5 and H5N1 clade 2.3. 4.4 highly pathogenic avian influenza in 2020. Emerging Microbes

& Infections, 10(1), pp.148-151.

Lee, D.H., Bertran, K., Kwon, J.H. and Swayne, D.E., 2017. Evolution, global spread, and
pathogenicity of highly pathogenic avian influenza H5Nx clade 2.3. 4.4. Journal of Veterinary

Science, 18(S1), pp.269-280.

Lo, F.T., Zecchin, B., Diallo, A.A., Racky, O., Tassoni, L., Diop, A., Diouf, M., Diouf, M., Samb,
Y.N., Pastori, A. and Gobbo, F., 2022. Intercontinental spread of Eurasian highly pathogenic
avian influenza A (H5N1) to Senegal. Emerging Infectious Diseases, 28(1), p.234.

Monne, I., S. Ormelli, A. Salviato, C. De Battisti, F. Bettini, A. Salomoni, A. Drago, B. Zecchin,
I. Capua, and G. Cattoli. 2008. Development and validation of a one-step real-time PCR assay
for simultaneous detection of subtype H5, H7, and H9 avian influenza viruses. Journal of

Clinical Microbiology 46, pp.1769-1773.

14



301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

Morner, T., Obendorf, D.L., Artois, M. and Woodford, M.H., 2002. Surveillance and
monitoring of wildlife diseases. Revue Scientifique et Technique-Office International des

Epizooties, 21(1), pp.67-76.

Nagy, A., Cernikova, L., Kunteova, K., Dirbakovad, Z., Thomas, S.S., Slomka, M.J., Dan, A.,
Varga, T., Maté, M., Jitincova, H., Brown, I.H. 2021. A universal RT-qPCR assay for "One

Health" detection of influenza A viruses. PLoS One. 16(1) p.e0244669.

Robinson, J.A., Kocman, D., Speyer, O. and Gerasopoulos, E., 2021. Meeting volunteer
expectations—a review of volunteer motivations in citizen science and best practices for
their retention through implementation of functional features in CS tools. Journal of

Environmental Planning and Management, 64(12), pp.2089-2113.

Slomka, M.J., Puranik, A., Mahmood, S., Thomas, S.S., Seekings, A.H., Byrne, A.M.P., Nunez,
A., Bianco, C., Mollett, B.C., Watson, S., Brown, |.H., Brookes, S.M., 2019. Ducks are
susceptible to infection with a range of doses of HSN8 HPAIV (2016, clade 2.3.4.4b) and are
largely resistant to virus-specific mortality, but efficiently transmit infection to contact

turkeys. Avian Disease 63, pp.172-180.

Slomka M. J., Hanna, A., Mahmood, S., Govil, J., Krill, D., Manvell, R. J., Shell, W., Arnold,
M.E., Banks, J., and Brown I. H. 2013. Phylogenetic and molecular characteristics of Eurasian
H9 avian influenza viruses and their detection by two different H9-specific RealTime reverse

transcriptase polymerase chain reaction tests. Veterinary Microbiology 162, pp.530-542.

Slomka, M. J., T. Pavlidis, J. Banks, W. Shell, A. McNally, S. Essen, and |. H. Brown. 2007.
Validated H5 Eurasian real-time reverse transcriptase-polymerase chain reaction and its

application in H5N1 outbreaks in 2005-2006. Avian Diseases 51, pp.373-377.

15



323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

Slomka, M. J., Pavlidis, T., Coward, V. J., Voermans, J., Koch, G., Hanna, A., Banks, J., and
Brown, I. H. 2009. Validated RealTime reverse transcriptase PCR methods for the diagnosis
and pathotyping of Eurasian H7 avian influenza viruses. Influenza and Other Respiratory

Viruses, 3, pp.151-164.

Slomka, M. J., To, T. L., Tong, H. H., Coward, V. J., Hanna, A., Shell, W., Pavlidis, T., Densham,
A. L. E., Kargiolakis, G., Arnold, M. E., Banks, J., and Brown, I. H. (2012). Challenges for
accurate and prompt molecular diagnosis of clades of highly pathogenic avian influenza

H5N1 viruses emerging in Vietnam. Avian Pathology, 41(2), pp.177-193.

Venkatesan, P., 2023. Avian influenza spillover into mammals. The Lancet Microbe, 4(7),

p.e492.

Verhagen, J.H., Fouchier, R.A., and Lewis, N., 2021. Highly pathogenic avian influenza viruses
at the wild—domestic bird interface in Europe: Future directions for research and

surveillance. Viruses, 13(2), p.212.

Wade, D., Ashton-Butt, A., Scott, G., Reid, S.M., Coward, V., Hansen, R.D., Banyard, A.C., and
Ward, A.l., 2023. High pathogenicity avian influenza: targeted active surveillance of wild
birds to enable early detection of emerging disease threats. Epidemiology & Infection, 151,

p.el5.

Wan, X., 2012. Lessons from emergence of A/goose/Guangdong/1996-like HSN1 highly
pathogenic avian influenza viruses and recent influenza surveillance efforts in southern

China. Zoonoses and Public Health, 59, pp.32-42.

WOAH (OIE), 2015. Chapter 2.3.4. Avian influenza. Manual of diagnostic tests and vaccines

for terrestrial animals, 6th edition World Organisation for Animal Health, Paris, pp.465-481.

16



345

346

347

348

349

~0lway

JRibble

.Humber

Figure 1. Three UK estuaries at which waterfowl hunters sampled shot wild anseriform birds

for AIV.
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Figure 2. Migration patterns of four species of anseriform birds, as the monthly average

percentage of complete lists of bird records on which each species was present, in England

during 2022. The waterfowl reporting rates were from birdtrack.net and used with

permission from the British Trust for Ornithology. The four species were those in which

H5N1 avian influenza virus was detected from samples collected by waterfowl hunters. PFG

= pink footed goose. Bars show the number of new incident cases of HSN1 on poultry

holdings in England during 2022.
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360 Table 1. Sample sizes and AlV test results for Anseriformes birds shot at three estuaries.
361 Numbersin parentheses are percentages. HPAIV = high pathogenicity AlV, AlV= non-H5,

362 non-H7 AlV positive.

Species Number Numberof Numberof Number of
of birds  birds AIV birds H5 birds non-
sampled Positive (%) HPAIV H5, non-H7

positive (%) AIV positive

(%)
Greylag goose (Anser anser) 4 0 0 0
Mallard (Anas platyrhynchos) 72 3(4.2) 2(2.8) 1(1.4)
Pink-footed goose (Anser 34 3(8.8) 3(8.8) 0
brachyrhynchus)
Northern pintail (Anas acuta) 2 0 0 0
Northern shoveler (Anas clypeata) 7 0 0 0
Eurasian teal (Anas crecca) 189 13 (6.9) 11 (5.8) 2(1.1)
Eurasian wigeon (Mareca 92 2(2.2) 2(2.2) 0
penelope)
Unidentified 4 0 0 0
Total 404 21(5.2) 18 (4.5) 3(0.7)
363
364
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365

366

367

Table 2. Dates and species of Anseriformes shot at three estuaries, which tested positive for

AlV. Ct = RT-PCR cycle threshold value. No Ct = No Ct value for H5 or H7, so considered

LPAIV. *Indicate the 14 swabs for which VI was attempted.

Species Estuary Collection Cloacal swab Oropharyngeal swab

date

MgeneCt HS5HPCt MgeneCt HSHPCt

Eurasian teal Humber 27.10.2022 33.23 29.79 *32.56 *28.88
Mallard Ribble 31.10.2022 *34.5 *No Ct
Eurasian wigeon  Ribble 04.11.2022 35.22 31.28 *30.25 *29.32
Mallard Humber 10.11.2022 33.97 34.58
Eurasian wigeon  Ribble 11.11.2022 39.19 34.95
Eurasian teal Humber 18.11.2022 *35.98 *No Ct
Eurasian teal Humber 18.11.2022 *26.63 *No Ct
Eurasian teal Humber 19.11.2022 36.84 33.96
Eurasian teal Humber 19.11.2022 *34.53 *32.57
Eurasian teal Humber 19.11.2022 37.39 34.76
Eurasian teal Humber 19.11.2022 *34.85 *32.22
Mallard Humber 09.12.2022 *34.45 *32.8
Eurasian teal Humber 09.12.2022 *30.25 *28.75
Eurasian teal Humber 16.12.2022 28.08 26.79 *27.04 *25.38
Eurasian teal Humber 16.12.2022 36.5 35.03
Pink footed Humber 21.12.2022 *25.88 *23.46 27.81 25.6
goose
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368

369

Eurasian teal

Eurasian teal

Eurasian teal

Pink-footed

goose

Pink-footed

goose

Humber
Humber
Humber

Solway

Solway

30.12.2022

06.01.2023

20.01.2023

25.01.2023

25.01.2023

*33.43

32.35

37.96

*30.89

30.02

35.52

35.32

*31.91

38.14

*30.31

32.26

*29.49

35.86

*28.92
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