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ABSTRACT
Highly pathogenic avian influenza (HPAI) virus subtype H5N1 has never been detected in New Zealand. The potential impact of 
this virus on New Zealand's wild birds would be catastrophic. To expand our knowledge of avian influenza viruses across New 
Zealand, we sampled wild aquatic birds from New Zealand, its outer islands and its subantarctic territories. Metatranscriptomic 
analysis of 700 individuals spanning 33 species revealed no detection of H5N1 during the annual 2023–2024 migration. A single 
detection of H1N9 in red knots (Calidris canutus) was noted. This study provides a baseline for expanding avian influenza virus 
monitoring in New Zealand.

Since highly pathogenic avian influenza (HPAI) A virus H5N1 
first emerged in poultry in China in 1996, global trade of poultry 

and recent spillovers to wild birds have resulted in the spread of 
HPAI H5N1 to every European, African and American country 
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[1]. Since 2014, the subclade 2.3.4.4 has been the predominant 
lineage causing epizootic waves resulting in mass mortal-
ity events of wild birds and mammals, as well as poultry [1]. 
Oceania remains the only continent yet to detect HPAI H5N1 
2.3.4.4.

Until recently, waterfowl have been the avian group believed 
responsible for long distance movement of avian influenza vi-
ruses (including HPAI H5N1 2.3.4.4) [2]. However, following 
the emergence of subclade 2.3.4.4b and associated epidemiolog-
ical change of this virus, seabirds and shorebirds have also con-
tributed to its long distance dispersal [3]. New Zealand's risk of 
HPAI has previously been considered low due to the absence of 
migratory waterfowl and its relative geographic isolation [4, 5]. 
However, the continued spread of HPAI to new geographic re-
gions, including Antarctica, the increasing role that seabirds 
and shorebirds play in its dispersal and the rising number of 
susceptible host species have increased the risk of HPAI H5N1 
being introduced to Oceania.

To date, New Zealand's avian influenza virus surveillance ef-
forts have largely focused on waterfowl from mainland New 
Zealand [6] and have not encompassed New Zealand's off-
shore and subantarctic islands, which host a diverse range 

of avian species including members of Charadriiformes, 
Sphenisciformes, Procellariiformes and Pelecaniformes [3]. 
Although H5N1 has never been detected in New Zealand, 
low pathogenic strains (LPAI) have frequently been detected 
through this surveillance over the past 20 years [6], and a local 
adaptation of LPAI subtype H7 to HPAI has occurred in chick-
ens [7]. Given the global spread of HPAI H5N1 subclade 2.3.4.4b, 
including to the Antarctic peninsula [8, 9], the risk of incursion 
into New Zealand and its subantarctic islands has increased [3]. 
Due to this risk and the dynamic situation of HPAI H5N1, it is 
crucial that we expand our knowledge about avian influenza vi-
ruses harboured by aquatic birds in New Zealand.

Herein, we aimed to expand New Zealand's avian influenza 
virus monitoring by sampling seabirds and shorebirds from 
both mainland New Zealand and its offshore and subantarctic 
islands. Between November 2023 and March 2024 (i.e., spring 
to autumn), oropharyngeal and cloacal swabs were collected 
from 700 individuals across 33 avian species from 13 locations 
(Figure 1). Following similar protocols to those previously de-
scribed [10], total RNA was extracted using ZymoBIOMICS 
MagBead RNA kit (Zymo Research). Equal volumes of extracted 
RNA were pooled into 207 libraries based on location, avian 
species and sample type. Pooled RNA was subject to total RNA 

FIGURE 1    |    Locations and species sampled during 2023–2024. Map (left) showing the 13 locations where birds were sampled during this study 
with the Firth of Thames in bold due to the detection of avian influenza virus in birds at this location. Table (right) listing the locations, taxonomic 
order, species (common name) and number of individual birds that were sampled. Both oral and cloacal swabs were taken from each individual, 
totalling 1400 samples.
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FIGURE 2    |     Legend on next page.
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metatranscriptomic sequencing with ribosomal RNA depletion 
using Ribo-Zero-Plus. Paired-end 150 bp sequencing of the RNA 
libraries was performed on the Illumina NovaSeqX platform, 
achieving an average read depth of 62 (range: 41–145) million 
reads per library. Although highly sensitive real-time reverse 
transcription polymerase chain reaction (RRT-PCR) was not 
utilised here, metatranscriptomics has shown to be sensitive for 
virus detection and characterisation of all viruses infecting ani-
mals, including avian influenza viruses [11, 12].

While H5N1 was not detected in any of the 207 pooled librar-
ies via metatranscriptomic sequencing, a near-complete viral 
genome comprising all eight segments (GenBank accessions: 
PQ358076-PQ358083) of H1N9 was identified in pooled RNA 
from cloacal samples from four red knots (Calidris canutus) 
sampled in March 2024 in the Firth of Thames, a site that is part 
of the East Asian-Australasian Flyway terminus and hosts thou-
sands of migratory birds annually (Figure 2). A time-calibrated 
maximum likelihood phylogenetic analysis showed that the 
hemagglutinin (HA) segment fell into a broader Oceania clade 
with Australian viruses but diverged from a common ancestor 
of H1N1 viruses in Australia in the early 1990s. Similarly, the 
neuraminidase (NA) segment fell into an Oceania clade, related 
to sequences from both Australia and Asia (Figure 2). Red knots 
are a migratory species that arrive in New Zealand from mid-
September. The detection of this virus in March 2024, combined 
with the phylogenetic position of HA and NA segments and the 
relatively large time gap between this virus and the last sam-
pled common ancestors, suggests this LPAI lineage is not a new 
introduction to New Zealand. However, limited sampling of 
avian influenza viruses in New Zealand's migratory birds has 
hindered our ability to accurately resolve these lineages and de-
termine their likely source. Increasing sampling efforts, partic-
ularly throughout the East Asian-Australasian Flyway, will help 
to clarify the evolutionary history and global connectedness of 
these viruses, enhancing our ability to better understand the 
transmission dynamics of avian influenza virus throughout this 
part of the world.

The identification of H1N9 in red knots at an internationally 
important coastal wetland has highlighted the need for of en-
hanced avian influenza virus surveillance in migratory shore-
birds. Approximately 30,000 red knots migrate to New Zealand 
annually from Siberia, travelling down the East Asian coast, 
making stopovers in Asia and Australia [16]. This migration 
poses a potential risk for the introduction of H5N1 into New 
Zealand. Similar to these findings, a recent investigation in 
Australia also found high prevalence and seroprevalence of 
LPAI in red knots as well as ruddy turnstones (Arenaria inter-
pres), sharp-tailed sandpipers (C. acuminata) and red-necked 
stints (C. ruficollis), whereas very low antibody levels were de-
tected in bar-tailed godwits (Limosa lapponica), great knots (C. 

tenuirostris), curlew sandpipers (C. ferruginea) and sanderlings 
(C. alba) [17]. Although these species are from the same avian 
family, Scolopacidae, the differences in viral prevalence and 
seroprevalence suggest that there are interspecies differences 
that may alter avian influenza virus carriage, transmission and 
exposure potential [17]. Nevertheless, with the now wide geo-
graphical and host range of HPAI H5N1 subclade 2.3.4.4b, con-
tinued surveillance of a broad range of seabirds and shorebirds 
remains critical.

This work has established a framework for the broader surveil-
lance of avian influenza viruses using state of the art genomics 
approaches, not only in mainland New Zealand but extending 
to birds located on New Zealand's offshore and subantarctic is-
lands. Although HPAI was not identified in any of the birds sam-
pled during last season's 2023–2024 migration to New Zealand, 
high-risk periods are imminent when migratory birds arrive 
back in New Zealand between September and November every 
year [5]. It is crucial to continue this enhanced surveillance to 
rapidly detect any viral incursions and build a longitudinal data 
set to better understand the dynamics of avian influenza virus 
evolution in New Zealand.
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