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Abstract: High pathogenicity avian influenza (HPAI) H5N1 clade 2.3.4.4b continues to have a 

substantial impact on wildlife, globally. A recent study has described the putative detection of HPAI 

in clinically healthy penguins, and those which were fitted with satellite tags reportedly engaged in 

apparently normal foraging behaviour in the months following sample collection. Herein we 

investigate the diagnostic approach utilised, and reveal that while the authors likely did detect 

subtype H5 influenza A virus, the most parsimonious conclusion is that they detected low 

pathogenicity H5 rather than HPAI H5N1. In response, we have provided an overview key 

considerations when selecting a diagnostic and outline published diagnostic assays that should be 

considered for future studies. 
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Introduction 

High pathogenicity avian influenza (HPAI) H5N1 clade 2.3.4.4b continues to have a substantial 

impact on wildlife, globally. This virus entered the Antarctic region in the 2023/24 austral summer, 

with the first detection on South Georgia Island as early as October 2023 [1], and detections on the 

Antarctic Peninsula occurring from February and March 2024 (https://scar.org/library-data/avian-

flu). In response to the initial elevated risk [2], numerous research teams have undertaken enhanced 

surveillance efforts through the screening of both apparently healthy as well as from sick and dead 

animals [1,3–5]. Understanding viral spread and its impact on wildlife in Antarctica is critical for 

further risk assessment, potential mitigation through enhanced biosecurity practises, and in the 

longer term, conservation impacts and strategies.  

Case Study: LPAI or HPAI in Apparently Healthy Infected Penguins?  

A preprint by León et al (2024)[4] describes the putative detection of HPAI H5N1 clade 2.3.4.4b 

in Adelie penguins (Pygoscelis adeliae) and an Antarctic hag (Leucocarbo bransfieldensis) in the Antarctic 

region. In their survey, they collected cloacal swabs from 115 seabirds of 4 species across 14 locations. 

All birds were apparently healthy and seven of the Adelie penguins which tested positive had been 

fitted with Argos satellite tags, and reportedly engaged in apparently normal foraging behaviour in 

the months following sample collection. The authors interpreted their findings as an indication that 

Adelie penguins and Antarctic shags could be asymptomatic carriers of HPAI H5N1 clade 2.3.4.4b 

viruses, potentially playing a role in the spread of these viruses in Antarctica. This interpretation was 

widely publicized in the international media [6–8] and raised interest and debate with the Antarctic 
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scientific community, as it would have important implications for governance and biosafety 

management of research and tourism operations in the region. 

The finding of apparently healthy animals infected with HPAI H5Nx viruses is not 

unprecedented – Mallards (Anas platyrhynchos) are known to migrate while infected [9,10], and in 

infection experiments >50% show no clinical disease [11]. However, based on the widespread 

mortality observed in seabirds [12–14], and specifically penguins and cormorants in South America 

and southern Africa [15–20], this finding was surprising.  

As both HPAI H5N1 and low pathogenic avian influenza (LPAI) H5N5 [21,22] have now been 

detected in Antarctica, one hypothesis to explain the findings of the authors pertains to the diagnostic 

approach used. To address this, we mapped the reported primers to both LPAI H5 and HPAI H5 

sequences. We selected two different LPAI sequences, including A/chinstrap 

penguin/Antarctica/B04/2015(H5N5) (GenBank accession KX458007) as it’s known to circulate on 

Antarctica, and (Genbank accession OL369953) A/wild duck/New South Wales/M10-13503-

MD07/2010(H5) as the LPAI H5 viruses in Australia form a discrete clade and have been circulating 

on the continent in isolation for decades, to capture LPAI diversity. We also included two HPAI 

sequences, specifically including A/Brown skua/Bird Island/128288/2023(H5N1) (GISAID accession 

EPI2780125). Alignments demonstrate that the degenerate sites in the forward primer aligns well 

with SNP diversity of both LPAI and HPAI sequences. The “test with saved primers” in Geneious 

Prime v 2023.2.1 indicated only a single mismatch in the forward primer to the alignment: the final 

base on the 5’ end of the primer is a C, whereas in all 4 sequences this base position is a T. Of note, 

the current pre-print provides only the forward primer sequence (the reported reverse primer 

sequence is a duplication of the forward primer). The corrected reverse primer, shared by the authors 

upon request, has only 1 mismatched base with the LPAI viruses tested, and is a perfect match to the 

HPAI viruses tested here. Using the corrected reverse primer, we used MFEprimer 3.1 

(https://mfeprimer3-1.igenetech.com/) to determine the diversity of viruses to which the forward and 

reverse primer would bind to LPAI sequences, by selecting the Influenza A virus database in the 

query, and allowing for 1 mismatch in the 3’ end. In addition to a diversity of HPAI H5 strains, the 

combination or primers would bind to KX458007 A/chinstrap penguin/Antarctica/B04/2015(H5N5), 

with a resultant product size of 773bp (Figure 2). It is similarly able to bind to the unique Australian 

lineage LPAI H5 viruses (e.g. CY096736). Overall, the RT-PCR employed by León et al. (2024) would 

not have been able to distinguish between HPAI and LPAI H5 strains. 

A broader overview of the methodology suggests that the authors utilized an H5 end-point PCR 

approach with no preliminary matrix detection step, no post PCR confirmation (neither running of a 

reference gold-standard test and/or post-PCR sequencing), and no positive controls. The authors did, 

however, repeat the assay to confirm positives. As such, confirmation of the agent behind the positive 

test samples was not demonstrated. 

Taken together, while the authors likely did detect subtype H5 influenza A virus, the most 

parsimonious conclusion is that they detected LPAI H5N5 rather than HPAI H5N1. In contrast to 

HPAI, LPAI is known to cause a typically mild to asymptomatic disease outcome upon infection in  

wild birds [23] and may or may not have a minor effect on bird movement [24–27]. Unsurprisingly, 

due to the dramatic increase of surveillance in the Antarctic this season and its known prevalence, 

teams have reported the detection of LPAI in Antarctica (pers. comm). In cases where pan-influenza 

assays, or degenerate primers are used, it is important that confirmation work is undertaken. In the 

case of León et al. (2024), sequencing of the PCR products would likely resolve the outcome rapidly.  

 

Figure 1. Forward primer (AH5-918F) binding to an alignment comprising two LPAI sequences and 

two HPAI sequences. Degenerate bases in the primer region match the SNP diversity of the alignment, 

as indicated by orange boxes. Alignment generated in Geneious Prime. 
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Figure 2. Binding affinity of forward and reverse primers used in Léon et al. (2024) to KX458007 

A/chinstrap penguin/Antarctica/B04/2015(H5N5) generated by MFE Primer 3.1. 

Considerations for the Detection of HPAI H5 Viruses 

In the Antarctic context, disease surveillance has largely been on the onus of researchers in field 

laboratories rather than by veterinary officers/authorities with testing performed in accredited 

laboratories. As there is no limitation on diagnostic choice by researchers compared to accredited 

laboratories, a diversity of HPAI diagnostic assays have been used and are routinely published in 

literature. The internationally accepted gold standard approaches for influenza A testing are outlined 

in the World Organisation for Animal Health Terrestrial Manual [28]. Herein we provide some key 

considerations when selecting an in-field diagnostic approach (Table 1). For simplicity, we will limit 

our discussion to real-time PCR (qPCR/rRT-PCR) -based diagnostics which are the gold-standard for 

HPAI virus, and influenza A virus in general, due to their high sensitivity and specificity.  

Table 1. Consideration for the selection or design of PCR assays for the detection of 2.3.4.4b HPAI 

H5N1. 

Consideration Reason What to do 

Assay is sensitive Assay can detect influenza 

A viruses from samples 

adequately.  

> Select an assay that is well validated 

> Select an assay that is frequently assessed 

against new strains containing mutations 

within primer and probe binding regions 

> Known well-characterised positive controls 

(should fall into known Ct value range) 

Assay is specific 

to target (clade 

2.3.4.4b HPAI 

H5N1) 

Both LPAI H5 and HPAI H5 

co-circulate, so imperative 

to distinguish as risk, 

response, notification 

pathway differs depending 

on the result.  

> Select an assay that is well validated 

> Use both LPAI H5 and HPAI H5 controls 

> Sequencing of either the HA PCR products, 

or whole genome sequencing 

The general diagnostic approach for avian influenza is a multi-step process. First, samples are 

assayed for the matrix gene, which is highly conserved across influenza A viruses. The most 

frequently used assays are those developed by Spackman et al (2002) [29] and Nagy et al (2021)[30] . 

This step is intended as a triage to detect all influenza A virus strains, narrowing down which samples 

merit further testing. In an outbreak scenario, and/or when HPAI is suspected, this assay may or may 

not be used but has great utility where infection with non-notifiable subtypes is a possibility. Samples 

are subsequently tested for H5 (and H7) as these are globally recognised notifiable avian influenza 

subtypes. There is a diversity of primers/probes available for H5/H7 testing due to the continued 

requirements for updating in light of viral evolution, and differing country context. Finally, 

confirmation through sequencing is considered essential. 
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The diagnostic assay selected should be both sensitive, specific, and fit-for purpose. As influenza 

A viruses have a rapid rate of evolution, continuously monitoring fitness-for-purpose testing of assay 

performance using both in silico and in-vitro methodology is critical, and thus laboratories frequently 

re-evaluate diagnostic panels against new and circulating strains to ensure assays are performing 

optimally [31]. Due to the presence of both LPAI and HPAI virus strains co-circulating on almost all 

continents, it is critical that the diagnostic approach used is able to distinguish between LPAI and 

HPAI viruses as the risk, response and reporting requirements of these pathotypes varies. For 

example, if a more general H5 test is used, i.e., one that detects multiple lineages of H5 such as 

employed by León et al (2024), then confirmation of LPAI or HPAI through sequencing is critical. The 

use of appropriate controls is also essential to enable evaluation of diagnostic assay performance, as 

well the inclusion of within and between assay performance assessments. For example, to ensure that 

the H5 detected is indeed HPAI, it is necessary to have both a LPAI H5 and HPAI H5 control in test 

panels. These positives can include extracted viral RNA, but alternatively can include synthesized 

sequences. 

As outlined by the WOAH terrestrial code [28]: “RNA detection test methodologies should be 

validated to the WOAH standard (see Chapter 1.1.6 Validation of diagnostic assays for infectious 

diseases of terrestrial animals) using clinical material to demonstrate the tests as being ‘fit for 

purpose’ for application in a field diagnostic setting, which may include the use of internal test 

standards. The control reactions enable greater confidence in the integrity of the molecular reactions, 

clinical samples and results”. 

If a more general H5 test is used, i.e. one that detects multiple lineages of H5, then confirmation 

through sequencing is critical. Ideally, whole genome sequencing should be performed since it will 

provide valuable insight into the phylogenetics of the virus, genomic reassortment and adaptive 

mutations. Even when using assays that are believed to be specific to specific HPAI lineages, 

confirmation through sequencing is always beneficial, and is particularly warranted in new/atypical 

contexts – e.g. new hosts, new geographic areas, asymptomatic/aberrant hosts. 

Of note is that H5 diagnostics are specific to only one part of the genome (hemagglutinin [HA] 

gene), and thus don’t provide insight into the neuraminidase (NA) subtype. While currently 

circulating clade 2.3.4.4b H5 is generally linked to N1, previous 2.3.4.4 lineages were detected with a 

diversity of NA subtypes, including N6 and N8 [32]. The NA subtype can be distinguished through 

a specific end point or rRT-PCR N1 assay [33,34], through sequencing the NA gene, or whole genome 

sequencing. 

These considerations are particularly important in the Antarctic context due to the presence of 

other LPAI viruses, including a LPAI H5N5. Furthermore, due to limited capacity, and in some cases 

inability to perform sequence confirmation, a robust, sensitive and specific diagnostic assay is critical. 

Wherever possible samples should be shipped to an appropriate reference laboratory for 

confirmatory testing wherever the conclusions are in doubt or are not supported by the appropriate 

scientific diagnostic evidence. 

While a number of diagnostic approaches are present in the literature, it would be ideal to align 

the diagnostic approach selected with that of the relevant national veterinary authority. National 

reference laboratories have collaborated to define and validate protocols that can be recommended 

for use [28], and further, confirmation and reporting by national laboratories will ensure the detection 

is notified to WOAH. Herein we highlight select assays available in the literature which have been 

recommended in the WOAH terrestrial manual and/or are in used by accredited reference 

laboratories (Table 2). Importantly, not all validated diagnostic assays are available in the public 

domain (e.g. [3,35,36]). In general, a combination of assays, as outlined in Slomka et al. 2023 is ideal 

as to ensure there is no doubt, which is particularly important if no confirmatory sequencing is being 

performed in the field. Final, confirmatory whole genome sequencing is of the essence to provide 

deeper insight on the ecology and evolution of these viruses in Antarctic wildlife communities.   

Conclusions 
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Accurate and robust diagnostics play a pivotal role in the timely identification and management 

of HPAI. The selection of appropriate diagnostic tools is crucial, ensuring sensitivity, specificity, and 

rapidity in detecting HPAI viral strains. Molecular techniques such as rRT-PCR offer high sensitivity 

and specificity, facilitating early detection and containment efforts. However, challenges persist in 

deploying these diagnostics in field settings, and in the Antarctic setting the onus is on researchers in 

field laboratories, rather than veterinary officials and accredited laboratories to respond, potentially 

leading misunderstandings around caveats and limitations and misinterpretations of the results.  

Surveillance results from the Antarctic region reported in the literature are of high interest, and 

can have significant impacts on both scientific and tourist activities in the region, including site 

closures and cessation of research activities, including important long-term ecological studies. As 

recommended by Dewar et al (2023)[2] and the World Organisation for Animal Health[37], it is 

essential that researchers:  

 Use validated and accredited methods to confirm the presence of the virus (whether in a field or 

reference laboratory),  

 Provide an absolute definition of the presence of either HPAI or LPAI strains wherever detection 

of these pathogens are reported 

 Submit all results to the World Organisation for Animal Health and the SCAR HPAI monitoring 

database to assist in the global monitoring and surveillance of the virus in the region and around 

the globe.  

 Undertake full genome sequencing of any positive samples to enable genomic surveillance to 

assist with understanding of virus movement into and within the region and to identify any 

potential mutations. Submit genome sequences to a publicly-available database (e.g. GenBank) 

in a reasonable timeline. 
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Table 2. Diagnostic approaches recommended in the WOAH terrestrial manual and/or are in use by accredited H5 reference laboratories. 

Reference Target Assay type Confirmation 

required? 

Select examples of use 

Spackman et al (2002) [29] 99bp region of the M  

 

Highly conserved to detect all avian 

influenza viruses 

rRT-PCR Yes, H5 diagnostic 

and/or sequencing 

2001 citations. Detection of clade 2.3.4.4b in farmed 

mink in Spain [38] and wild birds in North 

America [39] 

Nagy et al. (2021)[30] 149bp region of the M 

 

Highly conserved to detect all influenza 

A viruses 

rRT-PCR Yes, H5 diagnostic 

and/or sequencing 

Detection of clade 2.3.4.4b in Gannets in UK [13] , 

in carnivores in Finland [40]. Is integrated into 

combination HA, NA, M test by Slomka et al 

(2023)[33] 

Hassan et al. (2022)[41] 

which is updated from 

Hoffmann et al. (2016)[42] 

All HA and NA subtypes, M. 

 

Designed to detect all avian influenza 

viruses 

Multiplexed 

rRT-PCR 

Yes, sequencing to 

reveal H5 lineage. 

Detection of clade 2.3.4.4b in Sandwich Terns in 

Germany [43] and in Grey Seals in Europe [44] 

Slomka et al. (2007)[45], 

updated from Spackman et 

al (2002) [29] 

229 bp of HA segment in the HA2 region 

 

Designed to detect all H5 viruses 

rRT-PCR Yes, sequencing to 

reveal H5 lineage. 

Detection of clade 2.3.4.4b in Sandwich Terns in 

the Netherlands [46] . Integrated into combination 

HA, NA, M test by Slomka et al (2023)[33] 

Slomka et al (2012)[47] 191bp of HA segment across HA 

cleavage site. 

 

rRT-PCR No, but best 

practice. 

Detection of clade 2.3.4.4b in mammals in a 

rehabilitation centre [48] . Integrated into 

combination HA, NA, M test by Slomka et al 

(2023)[33] 

James et al. (2022)[49] 

modified from an 

unpublished protocol based 

on Naguib et al. (2017)[50] 

109bp region of HA cleavage site. 

 

Designed to be specific to 2020/21 clade 

2.3.4.4b H5Nx viruses 

rRT-PCR No, but best 

practice. 

Detection of clade 2.3.4.4b in birds in South 

Georgia Island and the Falkland (Malvinas) 

Islands[1], Gannets in the UK[13], ducks in 

Botswana [51] 
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Confirmed not to detect LPAI  

Naguib et al. (2017)[50] 109-161bp of HA segment in the HA1 

region 

 

Designed to discriminate gs/GD clades 

2.2.1.2, 2.3.2.1 and 2.3.4.4 and LPAI 

Multiplexed 

rRT-PCR 

No, but best 

practice. 

Detection of clade 2.3.4.4b in Swedish wild birds 

and poultry [52], and a novel 2.3.4.4 H5N8 

reassortant in Germany [53]  

Fereidouni et al. (2009)[54] 126-250bp of NA segment End point RT-

PCR 

Yes Detection of clade 2.3.4.4b in carnivores in Finland 

[40], emergence 2.3.4.4b in wild birds in South 

Korea[55] 

James et al. (2018)[34] 

updated from Hoffman 

(2016) [42] 

~150bp of NA segment rRT-PCR Yes Detection of clade 2.3.4.4b in ducks in Botswana 

[51], in birds in South Georgia Island and the 

Falkland (Malvinas) Islands[1]. Integrated into 

combination HA, NA, M test by Slomka et al 

(2023)[33] 
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