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Proximal Origin of Epidemic Highly Pathogenic Avian Influenza H5N1 
Clade 2.3.4.4b and Spread by Migratory Waterfowl
Nicolas Hulscher*1, John Leake2, Peter A McCullough1

1Department of Epidemiology, McCullough Foundation, Dallas, USA; 2Department of Investigations, McCullough Foundation, Dallas, 
USA

ABSTRACT

We investigate the possible laboratory origins of the Highly Pathogenic Avian Influenza (HPAI) H5N1 clade 2.3.4.4b 
genotype B3.13, currently affecting various animal species and causing sporadic human infections. The proximal 
origins may be the USDA Southeast Poultry Research Laboratory (SEPRL) in Athens, Georgia, and the Erasmus 
medical center in Rotterdam, the Netherlands. The first detection of HPAI H5N1 clade 2.3.4.4b in the Netherlands 
in 2020 raises concerns about earlier gain-of-function research. Genetic analysis indicates genotype B3.13, emerging 
in 2024, and links to genotype B1.2, which originated in Georgia in January 2022 after the start of serial passage 
experiments with H5Nx clade 2.3.4.4 in mallard ducks at SEPRL in Athens, Georgia, in April 2021. Genotype B1.2 
was found in a bottlenose dolphin in March 2022 in Florida, indicating sudden new adaptations. The NP gene of 
H5N1 clade 2.3.4.4b (genotype B3.13) likely originated from avian influenza A virus in mallard ducks. Significant 
mutations found in recent human cases suggest possible links to serial passage experiments. However, causation has 
not been established, and further investigation is urgently needed to confirm these findings and to identify all H5N1 
laboratory leaks that may have occurred with a focus on mallard ducks and other migratory waterfowl, which have 
the potential to infect a large number of poultry and livestock facilities around the world. A moratorium on GOF 
research including serial passage of H5N1 is indicated to prevent a man-made influenza pandemic affecting animals 
and humans. 

Keywords: H5N1, Clade 2.3.4.4b, Laboratory leak, Gain-of-function, Bird flu, USDA, Pandemic

INTRODUCTION

As of 29 May, 2024, there has been significant media coverage 
concerning a new highly pathogenic variant of H5N1 avian 
influenza, commonly referred to as “bird flu.” According to a 16 
May, 2024 advisory issued by the World Health Organization: 
“The goose/Guangdong-lineage of H5N1 avian influenza viruses 
first emerged in 1996 and has been causing outbreaks in birds 
since then. Since 2020, a variant of these viruses has led to an 
unprecedented number of deaths in wild birds and poultry in many 
countries. First affecting Africa, Asia and Europe, in 2021, the 
virus spread to North America, and in 2022, to Central and South 
America. From 2021 to 2022, Europe and North America observed 
their largest and most extended epidemic of avian influenza with 
unusual persistence of the virus in wild bird populations. Since 
2022, there have been increasing reports of deadly outbreaks among 
mammals also caused by influenza A (H5)-including influenza A 

(H5N1)-viruses. There are likely to be more outbreaks that have 
not been detected or reported. Both land and sea mammals have 
been affected, including outbreaks in farmed fur animals, seals, sea 
lions, and detections in other wild and domestic animals such as 

foxes, bears, otters, raccoons, cats, dogs, cows, goats and others” [1].

The variant referred to in this WHO advisory is known as highly 
pathogenic avian influenza (HPAI) H5N1 clade 2.3.4.4b. A 
literature review on this variant revealed that it-and the subtype 
(H5Nx) from which it emerged-possess conspicuous functions that 
were not evident in the viruses from which this new clade is alleged 
to have evolved. These functions include the following:

1. Increased transmissibility leading to markedly faster 
intercontinental spread.

2. Increased persistence, causing uncharacteristic outbreaks 
during summer seasons.
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3. Increased virulence for both domesticated and wild birds.

4. Increased host range, including a variety of mammal species 
[1,2].

Already in 2017, a team of avian influenza specialists stated that 
“the emergence and intercontinental spread of highly pathogenic 
avian influenza A H5Nx) virus clade 2.3.4.4 is unprecedented” 
[3]. These researchers noted that the emergence of H5Nx clade 
2.3.4.4 is accompanied by a change in receptor-binding specificity, 
though they also claim that “the potential role of altered receptor 
specificity in extended host range and the contribution to the rapid 
worldwide spread of influenza viruses is still unknown.” According 
to a 2017 paper by Imai and Kawaoka titled ‘The role of receptor 
binding specificity in interspecies transmission of influenza 
viruses,’ receptor binding specificity does indeed play a key role in 
the interspecies transmission of influenza A viruses [4]. Kawaoka’s 
research builds on the research published by a R.A.M. Fouchier’s 
Dutch team in 2010 in a paper titled ‘In Vitro assessment of 
attachment pattern and replication efficiency of H5N1 influenza 
A viruses with altered receptor specificity’ [5].

According to a 2021 paper titled ‘H5Nx Viruses emerged during 
the suppression of H5N1 virus populations in poultry’ by a research 
team of the University of Georgia: 

“We show that H5Nx viruses emerged during the successful suppression of 
H5N1 virus populations in poultry [in China], providing an opportunity 
for antigenically distinct H5Nx viruses to propagate. Avian influenza 
vaccination programs would benefit from universal vaccines targeting 
a wider diversity of influenza viruses to prevent the emergence of novel 
subtypes” [6].

The findings of these researchers present an illustrative case of Dr. 
Geert Vanden Bossche’s thesis that mass vaccination with non-
sterilizing vaccines can result in the emergence of a new, more 
virulent viral strain [7]. As the University of Georgia team note, 
“In particular, we show that the widespread use of H5N1 vaccines 
likely conferred a fitness advantage to H5Nx viruses due to the 
antigenic mismatch of the neuraminidase genes” [6].

Currently the world is facing a global pandemic of H5N1 clade 
2.3.4.4b-first detected in October 2020 in the Netherlands-that 
purportedly evolved from H5Nx viruses and possesses even greater 
pathogenic functions [8]. An especially striking feature of the newly 
emerged H5N1 clade 2.3.4.4b is how rapidly it spread from birds 
in Europe to birds in North America. This rapid spread contrasts 
with the previously slow intercontinental spread of the goose/
Guangdong-lineage of H5N1. After emerging in China in 1996, it 
was first detected in Europe in 2005, and then in the United States 
in 2014 [9]. While it apparently took nine years for earlier variants 
to spread from Europe to the United States, H5N1 clade 2.3.4.4b 
was first detected in the Netherlands in October 2020 and then in 
the United States in late 2021 [8,9]. What could account for the 
new variant’s extraordinarily rapid intercontinental spread?

In a July 11, 2022 paper in Nature titled ‘Transatlantic spread of 
highly pathogenic avian influenza H5N1 by wild birds from Europe 
to North America in 2021,’ a large international team offered the 
hypothesis that birds migrating from Europe to Iceland and other 
North Atlantic islands, and from there to North America in 2021, 
must have carried the virus across the Atlantic [10]. As they noted 
in their conclusion: 

“The HPAI H5N1 viruses that were detected in Newfoundland in 
November and December 2021 originated from Northwest Europe and 
belonged to HPAI clade 2.3.4.4b. Most likely, these viruses emerged in 
Northwest Europe in winter 2020/2021, dispersed from Europe in late 
winter or early spring 2021, and arrived in Newfoundland in autumn 
2021. The viruses may have been carried across the Atlantic by migratory 
birds using different routes, including Icelandic, Greenland/Arctic, or 
pelagic routes. The unusually high presence of the viruses in European 
wild bird populations in late winter and spring 2021, as well as the greater 
involvement of barnacle and greylag geese in the epidemiology of HPAI in 
Europe since October 2020, may explain why spread to Newfoundland 
happened this winter (2021/2022), and not in the previous winters” [10].

This conclusion contains an implausible element and a notable 
omission. First, the hypothetical spread of a new avian influenza 
variant by migratory birds from Europe to North America by 
crossing the North Atlantic has never been documented before 
and therefore appears to be unprecedented. Second, the paper’s 
conclusion omits the fact that at the same time (December 2021) 
the H5N1 clade 2.3.4.4b was purportedly detected in birds in 
Newfoundland, it was also detected in ducks in South Carolina, 
just two hundred miles east of the USDA’s Southeast Poultry 
Research Laboratory (SEPRL), which began performing serial 
passage experiments with H5Nx viruses on mallard ducks in the 
spring of 2021 [11-13]. H5Nx viruses share the H5 hemagglutinin 
(HA) protein but have different Neuraminidase (NA) proteins, 
ranging from H5N1 to H5N9.

HPAI H5N1 belonging to clade 2.3.4.4b (genotype B3.13) are 
currently infecting a large number and variety of animal species 
in the United States, resulting in sporadic human infections [14]. 
In the context of modern viral outbreaks involving pathogenic 
organisms, it is crucial to evaluate the potential origins of the virus, 
including the possibility of laboratory involvement [15]. In a recent 
televised interview, former CDC director Dr. Robert Redfield 
stated: 

“In the laboratory, Author could make it (H5N1) more infectious to 
humans in months, it’s been published the four amino acids that author 
need to change. That’s the real biosecurity threat, that these University labs 
are doing these bio experiments. Bird Flu, Author think, is going to be the 
cause of the great pandemic, where they are teaching these viruses how to 
be more infectious for humans” [16].

The above circumstances prompted us to pose a question-namely, 
it is possible that HPAI H5N1 clade 2.3.4.4b evolved not in nature, 
but as a result of serial passage or other Gain-of-Function (GOF) 
research in a laboratory? We hope the following report will serve as 
a starting point for further investigation by specialists in the fields 
of virology, molecular biology, and avian flu epidemiology.

H5N1 Gain-of-Function Research at SEPRL

H5Nx clade 2.3.4.4 serial passage experiments are currently being 
conducted in mallard ducks at the USDA Southeast Poultry 
Research Laboratory (SEPRL) in Athens, Georgia since April 
2021 [12,13]. A new H5N1 clade 2.3.4.4b genotype (B1) was first 
detected in Georgia in January 2022, with gene reassortments 
either in PB2 and NP or in PB2, PB1 and NP. This genotype 
resulted in a sustained wild bird outbreak in Florida and northern 
Midwestern states, causing a second major wild bird outbreak in 
Michigan (Figure 1). 
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the human case reported in Texas on 1 April, 2024, revealed a 
PB2 E627K mutation [22]. In contrast, the human case reported 
in Michigan on 22 May, 2024 (also genotype B3.13), exhibited a 
different mutation, PB2 M631L [23]. As we’ve outlined above, these 
two mutations can be a result of serial passage GOF experiments. 
Genotype B3.13 emerged in 2024, possibly after reassortment 
of genotype B3 viruses, and is the current genotype causing 
widespread H5N1 cattle outbreaks [14]. Elsmo et al., indicated 
that genotype B3.2 was derived from genotype B1.2, which is 
the strain that exhibited PB2/NP mutations and originated in 
Georgia in January 2022, shortly after the start of serial passaging 
experiments at SEPRL in April 2021 [24]. Concerningly, genotype 
B1.2 was found in a bottlenose dolphin (Tursiops truncatus) in 
March 2022 in Florida, indicating sudden new adaptations to 
different animal species [25]. The dolphin exhibited neuronal 
necrosis and inflammation of the brain and meninges, and RT-
PCR revealed the brain carried the highest viral load. Furthermore, 
the NP gene of H5N1 clade 2.3.4.4b (genotype B3.13), which is 
causing unprecedented cattle infections, was reported to have likely 
originated from an avian influenza A virus resembling A/mallard/
Alberta/567/2021 (H11N9)-like strains [14]. These data indicate 
that a laboratory leak of H5N1 clade 2.3.4.4b genotype B1 may 
have occurred and spread via mallard ducks, eventually resulting 
in the sudden outbreaks among various mammals, cattle, and 
sporadic human infections (Figure 2).

It’s possible that these mutations could have occurred naturally. 
Nevertheless, the jump from birds to a dolphin with genotype B1.2, 
first detected in Georgia, is a matter of grave concern [26].

The USDA SEPRL in Athens, Georgia has a history of performing 
GOF research on H5N1 viruses prior to their current serial passage 
experiments. In 2008, Wasilenko et al., from SEPRL generated 
recombinant H5N1 viruses by exchanging individual gene segments 
from two parental H5N1 strains with differing pathogenicity. They 
specifically exchanged the PB1, PB2, NP, HA, NS and M genes in 
these recombinant viruses, which resulted in some mutant viruses 
exhibiting increased pathogenicity while others showed decreased 
pathogenicity [18]. Regarding the serial passage experiments being 
performed at SEPRL, several mutations can arise. Xu et al., found 
that serial passage of H4N6 in mice resulted in PB2 (E158K and 
E627K) mutations, which significantly increased polymerase 
activity, leading to the enhanced replication and virulence [19]. 
Danzy et al., mutated H1N1 via 10 serial passages in differentiated 
Human Tracheo-Bronchial Epithelial (HTBE) cells, which resulted 
in all isolates carrying mutations in the PB2 627 domain and 
regions of NP thought to interact with PB2 [20]. Zhang et al., serially 
passaged the H10N7 virus (BJ27) in mice and discovered that the 
well-known mammalian adaptation markers PB2-E627K and PB2-
D701N were absent in the mutated strain. Instead, the amino acid 
substitution PB2-M631L emerged as the dominant contributor 
to the virus's virulence [21]. Thus, to identify potential laboratory 
leaks resulting from serial passage experiments, sudden mutations 
in the PB2 genes and new adaptations to different species should 
be closely investigated.

Genetic Mutations Raise Suspicion of H5N1 Laboratory 
Leaks

Genetic analysis of the H5N1 clade 2.3.4.4b (genotype B3.13) from 

Figure 1: Spatial diffusion of US H5N1 clade 2.3.4.4b genotype B1.1 and B1.2.  Arrows indicate the direction of virus transition as estimated by 
a Bayesian stochastic search variable selection. The thickness of arrows represents the median Markov jump count/s for all the transitions between 
geographical location states along phylogenetic branches. The size and intensity of the red circles is proportional to the frequency of detections and 
number of genotypes found. The temporal formation and extinction of the red circles were superimposed during the surveillance time. The LMRCA 
(yellow dots) or the location (blue dots) represent the first or second highest mean Markov rewards. 
*Figure and legend adapted from Youk et al [17].  Permission to use this figure has been granted in accordance with the open access Creative Common CC BY 4.0 
license.
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Wang et al., and co-worker’s GOF experiments, while genotype 
B1 could be a direct or indirect result of the USDA SEPRL serial 
passage experiments. However, confirming this requires further 
detailed investigation. More comprehensive studies and analyses 
are necessary to determine the precise origins and evolutionary 
pathways of these genotypes.

H5N1 Gain-of-Function Risks and Biosecurity Concerns

It’s possible that other H5N1 lab leaks could have occurred 
in laboratories across the world. In 2014, the CDC published a 
perspective piece that highly advocated for performing GOF 
experiments on H5N1: “GOF studies are needed to inform our 
interpretation of genetic data obtained from naturally occurring 
viruses.” [32]. Not everyone in the virology field agreed with this 
assertion. Indeed, as noted in the introduction, former CDC 
director Dr. Robert Redfield recently expressed his grave concern 
about the danger of conducting GOF studies on H5N1 [16]. Many 
prominent virologists were appalled that Wang et al., published his 
laboratory methods for genetically manipulating H5N1 to make 
them transmissible among ferrets, thereby providing a blueprint to 
lab technicians all over the world who may not be operating in safe 
conditions, and who may not conduct their laboratory work for 
benevolent ends [33-37].

Laboratory leaks are far more common than one may realize from 
news reporting. Since 2001, there have been 309 confirmed and 
reported lab-acquired infections globally, with a vast majority 

The world’s first detection of H5N1 clade 2.3.4.4b occurred in 
the Netherlands in October 2020 [8]. Concerningly, Wang et al., 
modified H5N1 to become airborne transmissible via HA and PB2 
alterations in ferrets at the Erasmus medical centre in Rotterdam, 
the Netherlands in 2012. H5N1 clade 2.3.4.4b, derived from a 
2022 farmed mink outbreak in Spain, was recently reported to 
be airborne transmissible in ferrets due to PB2 T271A mutation 
[27]. This raises the concern that the original emergence of H5N1 
clade 2.3.4.4b may be a result of Wang Y et al., GOF experiments. 
Moreover, the primary authors of the Youk et al., study work at the 
SEPRL in Athens, Georgia. It’s a salient fact that these recognized 
authorities, entrusted with researching H5N1 clade 2.3.4.4b, are 
known for performing Gain-of-Function experiments on H5N1 
viruses [12,13,18]. This raises the concern that-like Peter Daszak 
and Ralph Baric in the case of SARS-CoV-2-these researchers are 
unlikely to serve as impartial investigators of possible leaks from 
their labs [28-30]. In none of their studies regarding H5N1 clade 
2.3.4.4b, do they mention the possibility that human agency may 
have contributed to its emergence. Instead, they attribute the 
emergence of these viruses to a reassortment with Eurasian wild 
bird LPAIVs. They postulate that H5N1 clade 2.3.4.4b genotype 
A1 first arrived in North America via the East Atlantic flyway 
in November 2021 [17]. It's notable that the Erasmus Medical 
Centre, headed by Wang et al., previously collaborated closely 
with the SEPRL to develop vaccines against H9 avian influenza 
viruses, indicating the two laboratories likely share virus samples 
[31]. This raises the concern that genotype A1 may be linked to 

Figure 2: The Proximal Origin of Highly Pathogenic Avian Influenza H5N1 Clade 2.3.4.4b. The left side of the figure depicts H5Nx Clade 2.3.4.4 
serial passage experiments at SEPRL (1) resulting in the detection of H5N1 clade 2.3.4.4b genotype B1.1/B1.2 in Georgia (2), which then spread 
throughout the U.S. via mallard ducks (orange dotted lines). Light red shaded states indicate genotype B1 spread as estimated by Youk et al [17]. A few 
months later, genotype B1.2 was detected in bottlenose dolphins in Florida (3). After several more mutations, H5N1 clade 2.3.4.4b (genotype 3.13b) 
was detected in Texas cattle for the first time in history (4). The right side of the figure depicts the serial passage gain-of-function experiments conducted 
with H5N1 clade 2.3.4.4 in mallard ducks. Initially, natural H5N1 clade 2.3.4.4 strains are injected into ducks and assessed for pathogenicity (1). The 
virus is then serially passaged from one duck to another to induce mutations (2). After multiple passages, the mutated H5N1 clade 2.3.4.4 strains are 
collected (3) and subsequently tested for pathogenicity (4).
Abbreviations: SEPRL; USDA Southeast Poultry Research Laboratory, GA; Georgia, TX; Texas, FL; Florida.
*Created with Biorender.com.
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escape even within high-containment facilities such as SEPRL. 
Moreover, in 2012, Imai et al., using GOF techniques, modified 
H5N1 in the laboratory to better infect ferrets at the University of 
Wisconsin-Madison by introducing four specific mutations in the 
viral Haemagglutinin (HA) protein within a 2009 pandemic H1N1 
virus backbone [4]. These modifications allowed the H5N1 virus to 
preferentially recognize human-type receptors, replicate efficiently 
in ferrets, and transmit via respiratory droplets, while causing lung 
lesions and weight loss without high pathogenicity or mortality 
[43]. 

In November 2013, a researcher at the University of Wisconsin-
Madison accidentally pierced their finger with a needle containing 
this engineered H5N1 virus [44]. The injured researcher was 
quarantined at home rather than in a specialized facility, raising 
concerns about the university's preparedness for such incidents. In 
December 2019, another breach occurred at the same university 
when a trainee's respirator hose detached during an experiment 
with a lab-engineered H5N1 virus. The university delayed notifying 
health officials and federal oversight bodies, raising concerns about 
inadequate safety measures and reporting practices [44]. 

These incidents underscore critical lapses in laboratory safety and 
oversight that can occur at BSL-3 laboratories such as the SEPRL 
and the Erasmus Medical Center, highlighting the significant 
risks associated with GOF research. Merler et al., estimated that 
there’s a 5% to 15% chance that an H5N1 lab escape would not 
be detected at all using model simulations of a lab leak originating 
in Rotterdam, the Netherlands, the same city were Wang et al., 
conducted GOF experiments (Figure 3). 

The authors conclude the study by indicating that controlling 
escape incidents, potentially by mallard ducks or other migratory 
waterfowl, is not always possible, particularly in highly populated 
areas. With the rapid proliferation of biosafety laboratories globally, 
this represents a significant threat to public health. 

(78.6%) occurring in the U.S. [38]. This number is expected to 
be even higher because not all cases are reported to the media or 
published in peer-reviewed journals. The risk of unreported lab 
leaks is suspected of being especially high in China, where the 
Chinese Communist Party (CCP) imposes a high level of secrecy 
about the activities of Chinese biolabs [39]. In 2022, an illegal 
biolab tied to the People’s Republic of China was discovered 
in Reedley, CA. It contained thousands of samples of potential 
pathogens, including HIV, malaria, tuberculosis, and SARS-CoV-2, 
as well as nearly a thousand transgenic mice genetically engineered 
to mimic the human immune system. Lab workers said that the 
mice were designed "to catch and carry the COVID-19 virus." 
Additionally, the lab contained a freezer labelled "Ebola" [40]. 

The most common cause of pathogen escape is "procedural error" 
[38]. Animal escape is another cause of pathogen escape and 
could be the culprit behind any possible H5N1 leaks. Mallard 
ducks, which are used in serial passage experiments at the SEPRL 
facility, serve as natural reservoirs for many influenza A viruses. 
The mallard is the most numerous duck species in North America 
and Eurasia and is known to be an efficient asymptomatic carrier 
and spreader of H5N1 viruses [41]. As mentioned previously, the 
NP gene of H5N1 clade 2.3.4.4b (genotype B3.13) was reported to 
have likely originated from an avian influenza A virus derived from 
mallard ducks [14]. 

In January 2014, the CDC experienced an inadvertent cross-
contamination incident where a Low Pathogenic Avian Influenza 
(LPAI) A (H9N2) virus culture was contaminated with a HPAI A 
(H5N1) virus [42]. This contaminated culture was subsequently 
shipped to the SEPRL in Athens, Georgia, but the issue wasn't 
identified until May 2014, meaning that unrecognized H5N1 
contamination could have been occurred for months. The 
contamination event revealed gaps in laboratory safety protocols 
and reporting mechanisms, underscoring the risk of H5N1 

Figure 3: Area of laboratory escape model simulation. The map shows population density of the Netherlands (colors from yellow to dark brown 
indicate increasing densities, from 1 to 3,500 inhabitants per km2), the location of the laboratory in a randomly chosen simulation (in Rotterdam, red 
point), the location of the workers houses (blue points), the location of workplaces and schools attended by household members of laboratory workers 
(green). Black concentric circles indicate distances of 10 km, 20 km, 30 km from the laboratory. The inset shows the probability of commuting to (at) 
a certain distance by laboratory workers.
*Figure and legend reprinted from Merler et al [45]. The legend title has been adapted.  Permission to use this figure has been granted in accordance with the open access 
Creative Common CC BY 2.0 license.
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CONCLUSION

The proximal origins of highly pathogenic avian influenza H5N1 
Clade 2.3.4.4b may be the USDA Southeast Poultry Research 
Laboratory (SEPRL) in Athens, Georgia and the Erasmus Medical 
Centre in Rotterdam, the Netherlands. Genetic evidence and 
historical context suggest that laboratory activities, including 
serial passage and GOF research, could have contributed to the 
emergence of H5N1 clade 2.3.4.4b. However, causation has not 
been established, and further investigation is urgently needed to 
confirm these findings and to identify all H5N1 laboratory leaks 
that may have occurred with a focus on mallard ducks and other 
migratory waterfowl, which have the potential to infect a large 
number of poultry and livestock facilities around the world. A 
moratorium on GOF research including serial passage of H5N1 
is indicated to prevent a man-made influenza pandemic affecting 
animals and humans.
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