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Gene-Swaps Could Let Influenza Jump Species

Influenza viruses like bird flu can mix and match their genomes, and this has played a role in at least three of the last four flu pandemics

By Stephanie Pappas edited by Jeanna Bryner
[image: Microscopic view of round viruses with textured surfaces]Avian influenza, a virus of the orthomyxoviridae family. The flu virus causes an infectious and contagious respiratory disease, and often results in a pandemic and/or smaller seasonal epidemic.
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Influenza viruses are shifty entities. They accumulate small genetic changes on a regular basis, necessitating yearly updates to the flu vaccines because the prior year's strain may not look much like the following year's. But they can also make sudden leaps by incurring big genetic changes that may allow them to jump from one animal species to another or to humans.
A seemingly ingenious and sneaky way for viruses to make these leaps is by swapping genetic material with other flu strains. Called reassortment, this exchange happens when a person or animal is infected with two types of flu virus at the same time. While replicating inside the host cell, the viruses can grab bits of each other's genetic code and incorporate them into their own gene sequences.
Reassortment is much less common than small mutations that change the flu year to year, but it's important: at least three of the last four human flu pandemics have involved reassortment.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

"Reassortment has played a major, major role in the emergence of pandemic influenza," says Daniel Perez, a professor of poultry medicine at the University of Georgia College of Veterinary Medicine, who studies how flu moves between species.
[image: Diagram shows how seasonal influenza and bird flu viruses could swap RNA segments inside a person's cells, resulting in new strains.]Amanda Montanez



The past century saw four flu pandemics. The first was the notorious 1918 Great Influenza, which killed around 50 million people. The second was in 1957, when a new flu killed between one million and four million people worldwide. In 1968 another new flu emerged, killing another one million to four million people. Finally, in 2009, a novel swine flu appeared, killing between 151,000 and 575,000 people that year.
Flu viruses are categorized by two types of proteins on their surfaces, hemagglutinin (HA) and neuraminidase (NA). These proteins each have multiple subtypes, which is why you'll see labels such as H1N1 or H5N1. The H refers to the HA protein type, and the N refers to the type of NA protein. The Great Influenza that swept the globe during World War I was an H1N1 flu that likely emerged in Kansas. Its descendants circulated in both humans and pigs until 1957, when it was suddenly replaced in humans by an H2N2 flu. This new virus first popped up in southern China. Its main genetic backbone belonged to the 1918 flu, Perez says, but it had acquired three new gene sequences from an avian flu, swapping its HA and NA proteins for new subtypes. For reasons not completely understood, this new H2N2 wiped out H1N1 in humans for decades--H1N1 wouldn't be seen again in people until 1977.
The 1968 pandemic was another reassortment event. This time, the H2N2 that was circulating in humans swapped genes with an H3N2 avian influenza, probably somewhere in China. (The first identified outbreak was in Hong Kong.)
Then came the 2009 pandemic, a true "globalized pandemic," Perez says. In the early 2000s there had been a few sporadic human infections in the U.S. with so-called triple-reassorted flu viruses that contained genes from human, avian and swine influenzas. These cases were rare and mostly in people who worked on pig farms; these viruses didn't transmit from human to human. That changed in 2009 when the triple-reassorted viruses picked up new genes from a Eurasian swine flu. "It's a perfect example of globalization," Perez says, "because the virus contains not only gene segments from an avian flu, from a swine flu [and] from a human flu but also from very different geographical locations."
The reassortment of flu viruses that infect different species fortunately happens relatively infrequently, says Charlotte Kristensen, a postdoctoral researcher in veterinary clinical microbiology at the University of Copenhagen. "It has to be two different viruses infecting the same host cell, and the reassortment has to be successful. And it's not always like the gene segments are compatible," she says.
Such reassortment happens all the time between avian flu strains that infect birds, says Yuan Liang, also a University of Copenhagen veterinary clinical microbiology postdoctoral researcher. "Especially since 2020, there have been a lot of new variants emerging because of reassortments" in birds, Liang says.
The various strains of H5N1 circulating now in wild birds, domestic poultry and dairy cows have yet to cause a pandemic in people. It's hard to say whether the virus will stay mostly in animals or whether we're now in a period like the one before the 2009 flu pandemic, when farmworkers occasionally came down with a reassorted virus that would later gain the gene sequences it needed to spread from person to person. No one expected H5N1 to take hold in dairy cattle, Liang says, so the question now is what new, unexpected step this virus might take.
"This whole situation really highlights how little we know and how complex it is," Kristensen says.

Stephanie Pappas is a freelance science journalist based in Denver, Colo.
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What Would It Take for Bird Flu to Spread among Humans?

The H5N1 avian flu is circulating in cows and other mammals. Whether it will make a permanent leap to humans is another question

By Stephanie Pappas edited by Jeanna Bryner
[image: A Caucasian female farmer in blue coveralls gently pets a cow, channeling care and connection with her livestock on the farm] vm/Getty Images



H5N1 avian influenza has long been a concerning virus. Since its discovery in 1996 in waterfowl, bird flu has occasionally caused isolated human cases that have quite often been fatal. But last year H5N1 did something strange: it started infecting cattle.
The absolute oddity of this leap may have been somewhat lost in the flood of bad news about H5N1, which by 2024 had already caused mass die-offs of seals and other marine mammals and which was simultaneously devastating chicken farms and causing periodic shortages of eggs. But infectious disease specialists were shocked. "Flu in cows is not really a thing," says Jenna Guthmiller, a microbiologist and immunologist at the University of Colorado Anschutz Medical Campus. "If you would ask anybody that studies flu on their 2024 bingo card if they had, you know, mammary infection of dairy cows on there, no one would have."
Influenza hadn't previously been known to infect cattle, much less cause the kind of infections in their udders that have now begun circulating in milking parlors across the country. The continued circulation of H5N1 in cows is one of the biggest concerns experts have about this flu subtype. Though H5N1 hasn't yet spread human-to-human, people can catch the disease from cattle, mostly through close contact with infected milk. And the more it circulates in an animal that humans regularly interact with, the more chances the flu has to stumble on just the right mutation to leap to people and start adapting into something with pandemic potential.

On supporting science journalism
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"That's the main thing I worry about in terms of potential human disease," says Jonathan Runstadler, a professor of infectious disease and global health at the Tufts University Cummings School of Veterinary Medicine. "[It's] increasing that interface and giving the virus the opportunity to establish infection in humans."
Researchers are still trying to catalogue the ways the virus has adapted to spread within cows, seals, cats and hundreds of other mammal species. They're watching for particular mutations and adaptations that might hint that a certain strain of H5N1 could start spreading from person to person. But as the surprise leap into cows shows, flu viruses sometimes do something unexpected and unpredictable. There may be unknown genetic mutations not yet on scientists' watchlists that could change H5N1's behavior overnight.
The Leap to Cows
The early spring day that H5N1 was first reported to be circulating in dairy cattle was a memorable one for Guthmiller and her colleagues. Guthmiller grew up on a 70-head dairy cattle farm in South Dakota, a biographical tidbit she never expected to overlap with her work as a flu researcher. Flu infecting the udders of cows was such an out-of-left-field idea that when cows started to show signs of sickness (such as poor appetite and discolored milk) in early 2024, veterinarians didn't think to test for influenza at first. It was actually the simultaneous sickening of barn cats, which then tested positive for flu, that led researchers to look for the virus in the cows.
Guthmiller and her lab members were already trying to figure out the genetic sequences of the receptor-binding domain (RBD) of the H1N1 seasonal flu that regularly infects humans. The receptor-binding domain is a crucial but delicate fragment of the flu virus that allows it to dock onto and enter specific cells in the body. Mutations within the RBD can enable a virus to lock on to new receptors on new host cell surface. Different species have different types of these receptors, so a genetic switch by the virus can open up new host species for infection. Sometimes, however, a mutation can turn a functional virus into a functionally dead one that's unable to invade any host at all. Guthmiller asked her graduate student Marina Good to pull the genetic sequences for the receptor-binding domain of this bizarre cow strain of H5N1. She feared that the mutated form of RBD in this strain could unlock a cell receptor that predominates in the human respiratory tract.
In general, flu viruses like to bind to tiny strings of sugars on cell surfaces called sialic acids. These sialic acids are linked together by different kinds of bonds. Avian flu tends to attach to an alpha-2,3 bond. Alpha-2,3 receptors are bountiful in the gastrointestinal tracts of waterfowl and the upper respiratory tracts of chickens.
Humans have alpha-2,3 receptors, too, but mostly in the conjunctiva, or lining of the eye, and deep in our lungs. Our upper respiratory tract is largely filled with alpha-2,6, which is the preferred target of the seasonal influenzas that typically circulate in humans. The fact that humans carry alpha-2,3 receptors in the eyes and lower respiratory tract means that we can catch H5N1; currently this appears as mild pink eye or occasionally as a profoundly serious viral pneumonia. Even so, the virus doesn't easily infect the lining of our nose and throat. If it did, humans likely would have spread the disease to one another rapidly via coughing, sneezing and simply breathing.
Less than a month after the first public report of H5N1 in a dairy cow in March 2024, Good, Guthmiller and their colleagues discovered a bit of good news that they posted on the preprint site bioRxiv: The flu hadn't made this crucial shift, meaning the circulating strain still preferred alpha-2,3 receptors. (These findings have been replicated multiple times since then, suggesting this is still the case.) What the virus had done, however, was become less choosy about the alpha-2,3-containing sugars it could bind with, Guthmiller says, likely helping enable the sudden spread within cows and other mammals.
[image: Graphic uses a matrix structure with species on one axis and body region on the other to highlight which receptor types are found in which body regions of chickens, cows, pigs and humans.]Amanda Montanez



In some ways, labeling influenza types "avian" or "mammalian" can be a little misleading, says Daniel Perez, a professor of poultry medicine at the University of Georgia who studies how viruses leap from animals to humans. Perez and his team have been studying a modified form of H5N1 that is less deadly to animals, and they're finding that the virus's big evolutionary shift has been to replicate more easily in wild bird airways, not just in their gastrointestinal tracts.
"The changes that we're actually seeing in the virus are not necessarily mammalian-adapted mutations," Perez says. "What we are seeing is more of these respiratory-adapted mutations that occasionally do help it to replicate better in mammals."
The shift to mammals might have been incidental at first. But now mutations are accumulating in the cattle version of the virus. For instance, they found a mutation in the amino acids at a position in the virus strain's genome called 631, a spot where changes are known to help a virus better interact with mammalian proteins inside the cell. These proteins are involved in the translation of genetic instructions to cellular activity, including the replication of genes that the virus needs to reproduce. "What we're starting to see are sprinklings of more of these mammalian adaptions happening in the background of this cattle strain," says Seema Lakdawala, an associate professor of immunology and microbiology at Emory University.
As this mammalian spread continues, Lakdawala and other infectious disease researchers worry about further mutations that would help this flu spread even more easily between mammals. This might happen in a slow and stepwise fashion, leading to more animal-human spillovers, followed by household transmission between close contacts and finally to community spread, Lakdawala says. Or it might be quick: another worry is reassortment, the ability of a flu virus to snag genetic material from another flu virus more adept at infecting people. A person who happened to be infected with both avian flu and seasonal flu could be ground zero for this kind of change. "If this virus continues to circulate in cows and continues to have these sporadic spillover events, eventually it's going to gain segments through reassortment with either a human seasonal strain or a pig strain or another bird strain," Lakdawala says. If that happens, a pandemic could take off overnight.
Flu Red Flags
When people are exposed to a high enough viral load of H5N1, they can become infected. There have been 70 known human cases in the U.S., including one death. But to establish itself in a human host, H5N1 would need to do three things, says Richard Webby, the director of the World Health Organization Collaborating Center for Studies on the Ecology of Influenza in Animals and Birds who studies host-microbe interactions at St. Jude Children's Research Hospital.
One is to better attach to the receptors found in the human upper respiratory tract, those alpha-2,6 receptors that the virus has not yet unlocked. Fortunately, that seems to be a difficult evolutionary trick for the virus to pull off, Webby says. Perhaps multiple simultaneous evolutionary changes would be needed to make the switch successfully, or maybe receptor binding is so important to a virus's survival, that this part of its genome doesn't mutate so quickly. Whatever the reason, Webby says, "we haven't really seen any movement there" since H5N1 was discovered.
The second change the virus must make is to adapt itself to better interact with the proteins inside human cells. The virus needs these proteins to hijack host cells and replicate, and these proteins in birds and mammals are quite different from each other. There are some changes that researchers suspect would create a strain of H5N1 that is more suited to infecting humans, Webby says. A variant gene sequence in a part of the virus called the PB2-627 domain is known to enable H5N1 to better interact with the human protein ANP32A and more effectively replicate itself. "It's a change the virus can make pretty easily when it does start to replicate in a mammal system, unlike the receptor change," Webby says.
Finally, an adapted avian flu would need to evade our innate immune system, the body's nonspecific defenses against new invaders. Human influenzas, for example, are adept at evading human antiviral proteins called Mx GTPases, while H5N1 is not.
There are other considerations as well, including how long the virus can survive outside the body, which determines how easily it can transmit. The cattle strain of H5N1 is very stable in milk, Lakdawala and her team have found. For a virus to transmit between people, though, it needs to be stable in human mucus or saliva. Seasonal influenzas that infect humans are expelled into the world in tiny globules of spit or snot, and those secretions protect the virus as it travels between hosts, Lakdawala says. "Novel viruses that come in may not have that same kind of protection," she says.
On the other hand, if dairy workers continue to catch H5N1 pink eye from milking cows, there is a risk of further adaptation--in all of these ways. Being able to recognize alpha-2,3 alone seems sufficient for the virus to keep spreading in cows, Guthmiller says, so there doesn't seem to be much evolutionary pressure for the virus to recognize alpha-2,6 receptors in the cow mammary glands, Guthmiller says. But the human nose, connected to the eye lining by the tear ducts, could be fertile ground for H5N1 if it could unlock those ample receptors. Each time the virus spreads from a cow to a person, it gets another shot at this evolutionary opportunity.
The virus may or may not take it. It may or may not be able to. One complication to this story, Guthmiller says, is that though the nose is probably the first place in the body that the immune system encounters most viruses, researchers know little about the immune response in the nasal tissue. It's a labyrinth of folded mucosa, and unlike blood, it's not easy to get samples of the actual tissue from a person who is sick or recovered. Guthmiller's lab is now studying internal nose samples from people who have had this tissue surgically removed for unrelated medical reasons. They're mapping the cell types found in the layers of tissue, trying to understand how the nose responds to new incursions by unfamiliar viral visitors.
The Future of Flu
The CDC ended its emergency response to avian flu in early July, citing a decline in animal cases and the absence of human cases since February 2025. Avian flu is somewhat seasonal, with peaks in fall and spring as wild birds migrate.
But evolution happens over longer time scales. The 2009 H1N1 pandemic, known as the "swine flu" pandemic, was caused by a new H1N1 flu strain that had emerged from a mix of several pig flus, a human flu and an avian flu. Oddly, people older than age 60 had some preexisting immunity to this new Frankenstein's monster of a virus, which turned out to be because it shared similarity with the descendants of the devastating 1918 pandemic flu. These long-ago flu lineages had been in circulation when people aged 60-plus in 2009 were kids but had been replaced by H2N2 viruses in 1957. Pig versions had persisted, however, gradually evolving and swapping bits of genes with avian and human flus. Before the 2009 virus had emerged, a handful of farm workers had been infected with these "triple-reassorted" viruses, but these infections didn't go on to infect others. Then, "all of a sudden, the North American pig lineage grabbed two segments from the Eurasian pig lineages, probably somewhere in [Mexico], and that virus started to spill over," Lakdawala says. A new human pandemic, which may have killed around half a million people worldwide, was born.
Fortunately, there are already approved human vaccines for H5N1, Perez says. These are based on older strains, but the vaccines would probably still protect against severe disease should the virus start spreading human-to-human. Preexisting vaccine know-how and newer technologies such as those used to create mRNA vaccines would also allow for the quick development of updated vaccines, he says.
Whether H5N1 causes the next flu pandemic, it's safe to say one will come. There have been four flu pandemics since 1918, and today's high-density agricultural practices provide prime hunting ground for viruses. On poultry farms, nearly 175 million birds have been affected since 2022, according to the U.S. Department of Agriculture. Egg-laying operations have been dense for decades, but similar practices are spreading to other types of animal husbandry. Small farms with a few dozen cows, like the one Guthmiller grew up on, were once common. Now farms with at least 1,000 cows comprise more than 55 percent of the dairy herds in the U.S., according to the USDA. This density, along with the practice of moving cows between herds, means that viral spillovers that might have once died out on a small farm in South Dakota can now spread far and wide.
In that sense, rather than a revolutionary understanding of influenza, Perez says, the best course of action might be a rethinking of agricultural practices. Humans are increasing the size of farms without increasing farm hygiene, which sets the stage for the emergence of new pathogens.
"Yes, we can keep making better vaccines faster," he says. But an ounce of prevention is worth a pound of cure. "It would be much easier if we created the conditions of raising animals in a way that actually prevents emergence of disease instead of promoting them," Perez says. "The best vaccine is the one we don't have to use."

Stephanie Pappas is a freelance science journalist based in Denver, Colo.
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The Invisible Toll of Bird Flu on Wildlife

Bird flu fears have focused on the poultry and dairy industries and human health. But wild animals are threatened, too--at scales no one fully understands

By Meghan Bartels edited by Andrea Thompson
[image: Snow Geese flock in flight over field in foggy pink orange sunset light]A flock of Snow Geese in flight.
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25,669 Northern Gannets in Canada.
134 harbor and gray seals along the coast of Maine.
21 California Condors in the western U.S.
These are just a tiny fraction of the wild victims of a strain of high pathogenicity avian influenza--what we colloquially call bird flu. The virus, which scientists call H5N1, has spread like wildfire around the globe in recent years, surprising and horrifying scientists at every unpredictable turn. And while most people have fretted about the rising price of eggs, the possibility of viruses in our milk and the risk of a pandemic in humans, countless wild animals are dying almost entirely out of our view--so many that even the limited tallies scientists can make are incomprehensibly large.
"It's easier to treat the numbers as numbers and not think too hard about what they really represent," says Stephanie Avery-Gomm, a conservation scientist at Environment and Climate Change Canada. "But if you do take that time to think about it, it's pretty sad."

On supporting science journalism
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She lived that reality firsthand in early 2022, soon after the killer strain of bird flu arrived in North America. Northern Gannets, which span the Atlantic and spend most of their year out to sea but breed every spring at six colonies in eastern Canada, started washing up on beaches. Hundreds of their massive white bodies littered the shorelines across the region. Scientists couldn't figure out the source, so they enlisted a helicopter to fly over the largest breeding colony in the region, capturing footage that still makes Avery-Gomm emotional years later.
"It showed absolute devastation," she says. "Just so many dead gannets."
[image: Large white/ivory birds with black accent markings]Close-up of a couple of Northern Gannets greeting each other.
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Extrapolating from reports of dead birds, she and her colleagues calculated that in six months avian influenza killed 25,669 of Canada's 213,704 tallied breeding Northern Gannets--literally decimating the population. Totaling across all species, her team calculated more than 40,000 wild birds died in the region's monthslong outbreak. Common Murres were the second most heavily affected species, with more than 8,000 dead. "I don't think anything could have really prepared us for this mass mortality event," Avery-Gomm says.
But the numbers that came later were even harder to bear. Wildlife scientists knew all along they weren't seeing every bird flu casualty on land, much less at sea, where it is more difficult to monitor species. And since avian influenza's devastation began, they haven't seen nearly as many birds at the breeding colonies as previous years. At the largest Common Murre breeding site in her area, Avery-Gomm says tallies are down 9 percent from before the outbreak; Northern Gannet reductions are more like 40 percent of the Canadian population. "We have a lot fewer gannets in North America than we did in 2021," Avery-Gomm says quietly.
A Totally New Bird Flu
7,000 Snow Geese in Idaho.
2,712 Humboldt Penguins in Chile.
9,600 Sandwich Terns in the Netherlands.
Bird flu viruses have been circulating for a couple centuries, popping up in historical records as "fowl plagues," says Wendy Puryear, a scientist at Tufts University, who tracks influenza viruses in wildlife. Ducks and geese tend to act as reservoirs for the virus, but domestic poultry are also susceptible.
In crowded modern farming operations, poultry are very susceptible. Killer strains of bird flu can wipe out 75 percent or more of a flock in just days, earning them the designation of high-pathogenicity avian influenzas--a classification that's traditionally only reflected fatality in farmed birds, not wild ones.
Puryear is among a host of scientists who have been monitoring avian influenza strains in wild birds for decades now, on guard for potential spillovers into poultry and humans. How wildlife weathered the virus has historically been of little concern--wild birds and waterbirds particularly have been carrying flu strains for ages without serious issues. "There's this huge variation of influenza viruses that circulate out there in nature, in wild birds, and most of those, as far as we're aware, really don't cause much in terms of disease," Puryear says. "You don't see die-offs; you don't see an impact on their migration patterns--any sort of thing that we've been able to pick up."
"We are in uncharted territory." --Wendy Puryear, scientist, Tufts University

But influenza viruses are slippery beasts. Their genetic material is packaged on eight segments of RNA that can easily get swapped around into new arrangements when two different flu viruses infect the same animal. Sometimes this trading results in novel strains that cause more severe illness, spread more easily or survive better in particular species.
Scientists trace the heritage of the H5N1 virus that decimated Northern Gannets back to a goose in southern China in 1996. In the three decades since that infection, the virus has hopped around the world, swapping genes with local influenza viruses all along the way. In 2020--while the virus that causes COVID devastated humans worldwide--a group of bird flu viruses that scientists call 2.3.4.4b emerged and spread across swaths of Africa, Asia and Europe. By the late days of 2021, a virus in that killer strain made the leap across the Atlantic Ocean, showing up first in Canada, then the U.S.
And this bird flu strain is a whole new bird flu. "We are in uncharted territory," Puryear says. "It's doing things that we had not observed with flu ever in the past, and it doesn't show signs yet of going away."
Within months of bird flu reaching North America, scientists began detecting the virus in wild mammals--terrestrial and marine alike--in both the U.S. and Canada, as wild birds continued to turn up dead. Next, the virus zipped down into South America, then finally breached Antarctic islands and even the mainland in early 2024. And the harsh Antarctic winter didn't clear the disease, which returned with a vengeance during this year's southern summer. "The entire Antarctic peninsula is covered in outbreaks," says Marcela Uhart, a wildlife veterinarian at the University of California, Davis.
Today at least 406 wild bird species and 51 wild mammals globally have been infected. Australia is the only continent to remain free of the virus.
As it has spread, the virus has devastated some species and regions while leaving others unaffected. "What's emerged is just this really complex picture," says Brian Millsap, a raptor ecologist at New Mexico State University. "It flares up in a place kind of out of the blue and then fades away.... Then it pops up somewhere else."
The Hidden Declines
17,400 southern elephant seal pups in Argentina.
2,286 Dalmatian Pelicans in Greece.
24,463 Cape Cormorants in South Africa.
Scientists have seen glimpses of the virus's devastation, but the public has been largely unaware of the death unfolding often in the far reaches of the planet.
"This is a massive event, but I think it's pretty much invisible," Uhart says. She watched as avian influenza blazed through a massive breeding colony of southern elephant seals in Argentina in late 2023. Of the year's pups, 96 percent died--some 17,400 animals. Even a few adults died at the colony, which is an unusual occurrence.
[image: Dying sea lion with head resting on rock]A sea lion dies of bird flu in Buenos Aires, Argentina, on September 4, 2023.

Pablo Barrera/Anadolu Agency via Getty Images



And much like Avery-Gomm's team, Uhart and her colleagues have only gotten worse news in the virus's wake. In late 2024 only one third as many adult females arrived at the colony's most densely populated beaches to breed as researchers were used to seeing. "Instead of seeing long lines of animals, hundreds of animals and listening to their vocalizations," says Claudio Campagna, a wildlife conservationist, "it was a silent beach with a few animals and that's it."
The huge reduction in animals at the colony suggests that many adult elephant seals had died of avian influenza at sea, out of scientists' view, says Campagna, who worked with Uhart to model potential recovery scenarios. "It could take a century before we get back to 2022," he says.
Fortunately, many of the mammals in the U.S. being reported ill or dead with avian influenza are of common species. Infected red foxes, coyotes and raccoons, for instance, are appearing relatively frequently--but not at nearly the scale of the marine mammal mass mortalities. And these are plentiful species, says David Drake, an urban wildlife ecologist at the University of Wisconsin-Madison, so he isn't too concerned.
Other species aren't as fortunate. Bald Eagles were one of the early species to suffer from bird flu, and scattered populations continue to fall ill. Between January and June of 2022, 136 dead eagles were confirmed to have avian influenza across 24 states. Rebecca Poulson, a wildlife disease researcher at the University of Georgia, watched the outbreak unfold along the Georgia coast. "The reports of devastation from the field were just really sobering and daunting," she says.
Bird flu has also hit Bald Eagle populations in the Great Lakes region, where Bill Bowerman, a wildlife ecologist and toxicologist at the University of Maryland, has been studying the animals for 40 years. Here, too, devastation. In Minnesota's Voyageurs National Park--dubbed "eagle nirvana"--the iconic bird is now much harder to find than just a few years ago. Across the park, researchers found only four chicks last year.
Breeding adults are scarce, too. "Two thirds of the nesting pairs are gone," Bowerman says. "It may take three decades for them to recover."
The Limits of Data
5,500 Peruvian Pelicans.
600 Arctic Tern chicks in the U.K.
At least one walrus, plausibly six, on the Norwegian Svalbard islands in the Arctic.
The tallies of known dead animals and the calculations of missing breeders at colonies are heartbreaking, but there's a third number that's more distressing: the number of invisible deaths. "A lot of mortality happens in wildlife and no one sees it," Poulson says. "These events might be happening in expanses of the country where there just aren't a lot of human eyeballs to see them and characterize them."
Much of what Bowerman knows about Bald Eagles in the Great Lakes, for example, comes from the national park and from five sites he's monitoring as part of a pollution remediation project, watching eagles as a signal for the health of the ecosystem overall. The rest of the nation doesn't have that kind of monitoring in place.
[image: Flying eagle with fish in talons]A Bald Eagle soaring through British Columbia, Canada.
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And the problem isn't limited to Bald Eagles, Millsap says. Quite the opposite: Bald Eagles and Peregrine Falcons have more monitoring in place than most species he studies, after their near extinction in the 20th century. Other species--Merlins, Cooper's Hawks, Sharp-shinned Hawks--may be equally vulnerable bird flu but have never come as close to extinction. That means they don't have any dedicated surveys at all, so there's no sense of local or even regional declines. "The bottom line is we're in a place where we don't know, and we may not have a mechanism to really know unless it's hugely catastrophic," Millsap says.
And in order to really see the real effects of avian influenza, scientists needed these programs in place before the outbreak began, says Frank Baldwin, a waterfowl biologist at the Canadian Wildlife Service who studies Snow Geese. Because hunters target these birds, the government tracks them with a program that involves putting ID bands on individuals at their nesting sites across the Arctic. When a hunter kills a banded Snow Goose, they report it to the government, allowing scientists a glimpse of that animal's story.
The strategy has shortcomings: in the first few seasons of avian influenza, the team hadn't been able to band many birds as a result of the COVID pandemic, but the hunting data results looked normal. Then this spring, Baldwin began hearing more reports of dead geese, but he won't have any data until hunting season, beginning in the fall.
Still, it's better than no data at all. And it's exactly the sort of program that needs to be in place long before any unusual event begins in order to offer helpful insight. "You can't just build these monitoring programs in a few years, the value of them is in their long-term nature," Baldwin says.
Ecosystems in Flux
A polar bear in the North Slope of Alaska.
1,621 Caspian Terns in Washington State.
3,500 northern fur seals in southeast Russia.
Understanding the numerical impact on individual populations and species is only the first step of grasping the outbreak's scale.
Uhart worries that the devastated southern elephant seal colony in Argentina won't be able to breed as successfully into the future because of how many animals perished and that this can have larger repercussions. Already she's seen changes to the intricate harem system that governs breeding at the colony. "The whole reproduction system was damaged," she says. "There was no social structure anymore."
Large animal die-offs could also throw whole ecosystems in disarray, as deaths unfold within a network in which every species fills particular niches. The Northern Gannets of Canada, for example, act as apex predators for the ocean, Avery-Gomm says, feasting on fish such as mackerel and herring. With fewer gannets to eat them, fish populations may grow, potentially throwing off local balance.
"There's so many stressors that this is just an additional stressor that they really didn't need." --Johanna Harvey, wildlife disease ecologist, University of Rhode Island

And during breeding season, the birds are on land, depositing nutrients they gobbled from the ocean into terrestrial ecosystems through their droppings. Each changed dynamic can send ripples deeper into the ecosystem, often in ways too subtle for scientists to detect.
And then there are the carcasses. Every ecosystem has ways to break down dead animals, but death at the scale of avian influenza can overwhelm that system. Indeed, scavengers such as Black Vultures and raccoons in the U.S. have been hit relatively hard by the virus, likely from trying to clean up infected corpses. "Anything that might be feeding on infected individuals or mortalities, those are kind of sentinel species that give you an indication of how much virus is actually on the landscape that you're not detecting," says Johanna Harvey, a wildlife disease ecologist at the University of Rhode Island.
A different ecological crisis highlights the potential costs of lost scavengers. In India, a veterinarian treatment used in cows decimated local populations of vultures that feasted on bovine carcasses. In much of the nation, vultures nearly disappeared--and now scientists have estimated that human death rates increased four percent in these areas from diseases spread by carcasses that vultures were no longer scavenging. Uhart worries similar issues may develop because of bird flu--particularly in Antarctica, where Brown Skuas that eat seal carcasses, penguin chicks and seabird eggs have been hard hit. Especially in Antarctica's harsh climate, "if nobody is removing dead carcasses because there are no cleaners, well, the virus might just stay there," she says. "All those carcasses will be everywhere."
Fears of Extinctions, Glimmers of Hope
It's not clear yet whether avian influenza will drive any species to extinction--but it's a close prospect for some. Overall, one in six of the bird species and fully a quarter of mammals affected by avian influenza are considered near threatened or worse by conservationists, according to research from Sergio Lambertucci, an ecologist at Argentina's national science agency, CONICET, and at the National University of Comahue.
Lambertucci also points to a California Condor--one of the rarest birds in the U.S.--was found dead of the virus in March 2023. Officials were so concerned that they took the unprecedented step of vaccinating condors against bird flu, but the damage was already done. Before the immunizations were ready to administer, 21 of the fewer than 600 living birds had died in the outbreak.
Uhart, meanwhile, worries particularly about the continuing toll of infections in the 22 species of albatross, which is one of the most threatened groups of birds in the world--and about what could happen if the virus finds its way into the about 1,600 living endangered Hawaiian monk seals.
After all, bird flu is not the only threat struggling species face. "There are so many species that are already in decline," Harvey says. "There's so many stressors that this is just an additional stressor that they really didn't need."
It's not all doom, though. Many researchers are finding protective antibodies to avian influenza in wildlife and have found them in some animals. "There's good evidence from our group and many others that these animals, if they survive, can mount an immune response," Poulson says of the eagles and many other species as well. No one knows yet how effective that immunity is or how long it can last, but it's a promising sign that some infected animals are surviving and may be better prepared to weather another infection. "And that's true in lots of different species," Poulson adds.
That's a small glimmer of hope as animals continue to get sick. Among the most recently reported infections of bird flu in U.S. wildlife: a round-tailed ground squirrel and a desert cottontail in Arizona. Red foxes in Colorado, New York and Massachusetts. A pair of Common Eiders in Maine. A Gambel's Quail and a Black-necked Stilt in Arizona. Five Black Vultures in South Carolina.
All these numbers? They add up.

Meghan Bartels is a science journalist based in New York City. She joined Scientific American in 2023 and is now a senior news reporter there. Previously, she spent more than four years as a writer and editor at Space.com, as well as nearly a year as a science reporter at Newsweek, where she focused on space and Earth science. Her writing has also appeared in Audubon, Nautilus, Astronomy and Smithsonian, among other publications. She attended Georgetown University and earned a master's degree in journalism at New York University's Science, Health and Environmental Reporting Program.
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Where Did Bird Flu Go?

Bird flu was nearly everywhere in the U.S.--in chickens, cows, pet cats and even humans. Cases have gone down, but experts warn that it hasn't disappeared

By Meghan Bartels edited by Lauren J. Young
[image: Man in hazmat suit releases duck]A French scientist frees a wild duck after testing for avian influenza viruses.
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For months, bird flu was seemingly everywhere in the U.S.: news headlines reported the highly pathogenic H5N1 avian influenza virus was rapidly sweeping through hundreds of herds of dairy cattle and leading to massive culls of poultry flocks, concerning infections in humans and grocery store aisles where nary an egg could be found.
But nearly as quickly as bird flu took hold in daily conversations, it disappeared from them and most people's thoughts--making it easy for the public to think avian influenza's threat had waned. Far from it, experts say. "The flu is still there, and we just don't know enough about it," says Angela Rasmussen, a virologist at the University of Saskatchewan.
What made the virus apparently fade away--and what does that mean for the future of bird flu?

On supporting science journalism
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One scenario experts have definitively ruled out is that the currently circulating bird flu virus--a member of a subtype of influenza called H5N1 for the proteins on its surface--is simply vanishing on its own, says Jennifer Nuzzo, an epidemiologist at Brown University. "There has been this wishful thinking that it's just going to wipe through and be gone, and we've just not seen that, and that's just not how flu viruses work," Nuzzo says. "This isn't going away."
Experts are still monitoring for H5N1 avian influenza in a variety of animals: wild birds, commercial poultry animals, wild mammals, dairy cattle and humans--and finding it, albeit at lower rates. But the virus is tricky, behaving somewhat differently in each host. Here's what we know about the current state of the virus.
The most reliable data on bird flu prevalence come from poultry operations. That's because the virus is so devastating in chickens and turkeys that farmers must cull flocks as soon as they detect an infection to reduce spread. They are also able to report outbreaks to the federal government to receive partial compensation. There's no way to ignore a sick flock or any incentive to hide one.
And right now poultry tolls to avian influenza are relatively low. Farmers reported just three million poultry birds killed by the virus or culled to stop it in March and April combined compared with 23 million and 12 million in January and February, respectively. May saw more than five million birds dead after the virus infiltrated several massive egg-laying facilities in Maricopa County, Arizona. But June rates fell far below one million birds, and July cases to date remain very low, with just one commercial facility affected so far.
These lower rates of bird flu aren't particularly surprising, given the virus's past behavior in poultry to date, says Mike Persia, a poultry specialist at Virginia Tech. "We generally see a reduction in infections over the summer," he says. Since the current outbreak began in early 2022, U.S. Department of Agriculture data show that, each year, the monthly count of affected poultry birds has tended to dip to under five million in June, July and August.
[image: Bubble chart based on USDA data from 2022 to 2025 shows that the number of poultry with highly pathogenic avian influenza seems to drop during the summer months as a seasonal pattern.]Eve Lu; Source: U.S. Department of Agriculture (data)



Two factors seem to contribute to the apparent seasonal trend, Persia says. The virus appears to falter in higher ambient temperatures, and the migratory wild birds that typically introduce the virus into poultry flocks aren't traveling as widely now that breeding season is in full swing.
But the outbreak's history tells a cautionary tale: each autumn, the number of affected poultry birds rises again--so it would be premature to assume H5N1 is done with us. "I'm optimistic that maybe this was the last of it, and it goes away forever. I wouldn't take the lull as proof of that, though," says Jada Thompson, an agricultural economist at the University of Arkansas. "We need to maintain vigilance."
Evaluating the outbreak in U.S. dairy cattle has been more difficult. Cows that are sick with bird flu eat less and produce thick and discolored milk. But the infection isn't nearly as fatal in cattle as it is in poultry, making the virus harder to see in the former. And there's no recompense for lost milk to encourage farmers to report being hit.
In addition, the virus's jump into dairy cattle in late 2023 was wildly unexpected and not publicly confirmed until March 2024, giving dairy farmers and virologists little time to understand bird flu's tendencies in the species. Last year cases continued throughout the summer, particularly in the hard-hit state of Colorado. Spread proved to be difficult to contain, in part because of the movement of animals required by the dairy industry. And although the virus can be monitored through milk, officials only began mandating such testing last December, after a full year of viral circulation.
This year reported infections have trailed off, with only two herds confirmed to have the virus in all of June. But it's unclear how to interpret the trend--dairy farmers, too, are left poised between caution and optimism.
[image: A hand removes an egg from a pack.]Egg prices have fallen in recent months after reaching record highs earlier this year.
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Throughout the outbreak, bird flu risk to humans has been low, although dairy and poultry workers with exposure to infected animals have been more vulnerable. The first detected human infection in 2024 came shortly after confirmation that dairy cattle had become sick with H5N1. Additional human cases came in flurries throughout the intervening months, totaling 70 confirmed infections, including one death, by mid-February. Since then, infection tallies at the Centers for Disease Control and Prevention have stalled.
Experts doubt that's a good thing. "I can't rule out that part of why we're not finding infections is: we're just simply not looking for them," Nuzzo says.
Throughout the outbreak, the CDC has kept a running tally of the testing it is conducting, and those numbers paint a clear picture. As of July 1, the CDC noted that more than 880 people had been subject to targeted testing after exposure to infected animals. On March 1 that number had been more than 840; in contrast, the February 1 number was more than 660. The CDC tested more than four times as many people in February as in March, April, May and June combined. Another way experts have kept tabs on bird flu has been through existing national flu surveillance--but because normal flu infections are in a seasonal lull, so are tests through that network.
The result is a lot of question marks. "We are in sort of a perfect storm of no testing," Rasmussen says.
Even wastewater monitoring, which has proven helpful in understanding levels of the virus that causes COVID as testing rates have fallen, is of limited help. The approach looks for the presence of viruses in community water processing plants, but H5N1 is spread so broadly across species that it is nearly impossible to use these detections to definitively trace sources.
"No news in my world is not good news." --Angela Rasmussen, virologist, University of Saskatchewan

"You don't know how it got there," Nuzzo says of the virus in wastewater. "You don't know if people are infected; you don't know if [the virus is present] because birds were hanging out in the wastewater." In some cases, spikes in wastewater levels of H5N1 have even been linked to farmers dumping milk from their infected cows.
Nuzzo suspects that there have certainly been more human cases of avian influenza than the 70 confirmed to date but that the virus is not spreading widely. "I don't think there's some huge iceberg of infections that we're missing," Nuzzo says.
Nuzzo and Rasmussen find that cold comfort, however. Instead they emphasize how vital it is to have as much intel as possible about what H5N1 is doing. Choosing not to seek out evidence of the virus's behavior means passing up on the opportunity to catch any early signs of a pandemic in the making.
"No news in my world is not good news," Rasmussen says. "We're just not collecting any data, and those are two very, very different things."
The U.S.'s current approach is simply further shrouding a situation that is already difficult to parse--given the complexity of a multispecies outbreak and the unpredictable nature of rapidly changing influenza viruses.
"This is the kind of thing that could become a pandemic tomorrow, [or] it could never become a pandemic. And I don't know which one is going to happen," Rasmussen says.
"This is a huge risk, but it's also a risk that may never come to pass," she says. "But we won't know if we just stop looking for it."

Meghan Bartels is a science journalist based in New York City. She joined Scientific American in 2023 and is now a senior news reporter there. Previously, she spent more than four years as a writer and editor at Space.com, as well as nearly a year as a science reporter at Newsweek, where she focused on space and Earth science. Her writing has also appeared in Audubon, Nautilus, Astronomy and Smithsonian, among other publications. She attended Georgetown University and earned a master's degree in journalism at New York University's Science, Health and Environmental Reporting Program.
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How to Protect Pets and Backyard Chickens from Bird Flu

As bird flu outbreaks continue to affect animals, experts answer questions about keeping pets and their owners healthy

By Jude Coleman edited by Lauren J. Young
[image: A-frame chicken coop containing two red hens, in a lush garden] Toni Jardon/Getty Images



Editor's Note (7/15/25): This story was updated after posting to remove outdated references.
Bird flu briefly blew up egg prices and has killed millions of chickens around the country. Most of these deaths have come in large commercial flocks, but more individual backyard flocks have been affected by the virus. Meanwhile the virus continues to infect cattle and other animals, including cats and rodents.
Where does that leave people with pets or backyard chickens? Scientific American spoke with experts about managing bird flu risks for animals and their owners.
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What pets are at higher risk for bird flu?
The current circulating strain of highly pathogenic H5N1 avian influenza is particularly deadly in cats--around two thirds of those infected will die, says Jane Sykes, a veterinarian at the University of California, Davis, who specializes in infectious diseases in cats and small dogs. Dogs can be infected as well, but they seem to be more resistant to getting ill. "If dogs were as susceptible as cats, we would have seen it by now," Sykes says.
Eating raw food amplifies a pet's risk, Sykes says, because that can expose them to meat that is contaminated with bird flu or other pathogens. Animals that live on dairy farms or that have access to unpasteurized milk also have elevated risk because research has found raw milk from infected cows has very high levels of the virus. Likewise, cats and dogs living on a poultry farm or with backyard chickens are more likely to be exposed to the virus.
How can owners keep their pets safe?
Keeping cats indoors greatly limits their exposure to wild birds and bird feces, both of which can carry the virus. Feeding pets heat-processed, commercial food can help them avoid exposure. If you prepare homemade meals for your animal companions, make sure meat is cooked to the correct temperature: 165 degrees Fahrenheit (74 degrees Celsius) is recommended for poultry, for example.
Experts generally recommend making sure your pets avoid any dead animals, not just birds. Rodents have also tested positive for H5N1, and while it has not been confirmed that they can be a route of transmission to other animals, Sykes says that is possible.
Following these steps significantly lowers the chance that pets, particularly more vulnerable cats, will get sick. Sykes notes that relatively few cats are known to have been infected, but reported cases are likely a tiny fraction of what exists out there. "I think it does represent the tip of the iceberg," she says.
What's the risk to backyard chickens?
Like commercially farmed poultry, backyard chickens are also vulnerable to bird flu. Several factors contribute to the risk level, says Maurice Pitesky, an epidemiologist and veterinarian at the University of California, Davis. Ducks and other waterfowl are a major reservoir for the bird flu virus, making backyard chicken flocks located near ponds or wetlands more susceptible, particularly if the chickens are free-range. In general, allowing poultry to roam outside will increase the risk because that creates a higher chance of exposure to wild birds. "Anytime you have potential for spatial overlap between waterfowl ... and domestic species, you have a risk," Pitesky says. "We do have situations where backyard chickens die."
Chicken owners who hunt waterfowl can also put their flock in danger if they wear their hunting garb in the coop. Their clothes or shoes could be contaminated after they have spent time in wet habitats. The U.S. Centers for Disease Control and Prevention also notes that tools used to clean game should be kept away from domestic poultry and pet birds, among other recommendations for hunters.
How do I know if my animal has bird flu? And then what do I do?
Chickens infected with highly pathogenic avian influenza will often stop laying eggs and will typically quickly die. Ideally, if a bird dies, it should be tested by a state veterinary lab, Pitesky says. If the lab confirms the chicken died of bird flu, the rest of the flock will need to be culled.
A cat or dog infection can be trickier to identify because many bird flu symptoms, such as runny nose or trouble breathing, look the same as those of other respiratory illnesses. Further complicating things, the virus can also cause neurological symptoms that resemble rabies; pets should receive up-to-date rabies vaccinations to rule this out and protect against rabies. If a cat or dog seems sick, take it to the vet and mention any possible H5N1 exposures (such as a recent history of drinking raw milk). A cat with respiratory symptoms is more likely to be ill with something other than bird flu, Sykes says.
What's the risk of humans getting the virus from pets?
In the U.S., most confirmed human cases of poultry-transmitted bird flu come from commercial poultry farms. But at least two human hospitalizations in the country, including one resulting in death, have been linked to backyard flocks. In both cases, the people who were infected had underlying health conditions that made them more vulnerable to severe disease. There is always going to be a risk of contracting the virus from backyard chickens, yet following proper safety measures will lower it. The chance of getting Salmonella from backyard-raised eggs is probably still higher right now, Pitesky says.
The chance of catching bird flu from pets is also relatively low. Because of the proximity of pets at home and the fact that the virus is shed through body fluids, including saliva, however, there is still a real transmission risk, Sykes says.
There are currently no confirmed cases of transmission to humans from infected pet cats. But recent a CDC report on H5N1 infections in two pet cats in the homes of dairy workers has prompted some researchers to suggest humans might transmit the virus to their felines.
As with most infectious diseases, an important preventive practice is handwashing. Soap up after handling things that contact wild birds, such as bird feeders. If you have a backyard flock, wash your hands after you have touched any chickens or eggs or have cleaned the coop. Wear a designated cleaning outfit and shoes that don't come in the house, Pitesky says. The CDC also recommends donning other protective gear such as an N95 or surgical mask and goggles when mucking out the coop. Also, clean up any spilled feed that would attract wild birds or rodents. Experts additionally recommend enclosing animal pens and coops with fencing--including on top--to keep spaces free of rodent and wild birds.
And getting a flu shot will help reduce the chance of seasonal influenzas mingling with H5N1 if you are exposed to bird flu. That can potentially result in the viruses mixing genetic material and creating new human-adapted strains. "To me, this is the worst animal disease outbreak we've ever had," Pitesky says. "And we don't know how to control it at this point."

Jude Coleman is an Oregon-based freelance science journalist who covers stories about ecology, climate change and the environment.
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Can You Get Bird Flu from Eggs? Your Egg Safety Questions Answered

Eggs can carry nasty viruses and bacteria. Here's how to store and eat them safely

By Tanya Lewis edited by Jeanna Bryner
[image: Person's hands cracking an egg open with the yellow yolk over a round metal mixing bowl with natural light] Veronique Duplain/Alamy Stock Photo



Eggs can be eaten in many different forms: scrambled, poached, fried, boiled or in omelets, souffles, custards or meringues. But one way that food safety experts say they shouldn't be consumed is raw.
That's because eggs can harbor dangerous bacteria or viruses that can make us sick. The most familiar culprit is Salmonella, a bacterium that can result in a severe bout of food poisoning, causing diarrhea, stomach cramps and vomiting. The overall incidence of Salmonella in eggs is low: about one in 20,000. Nevertheless, "one of safest things to do is just cook food," says Michael Persia, John W. Hancock Professor of Animal Sciences at Virginia Tech.
How to Store and Cook Eggs Safely
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To minimize Salmonella risk, commercial eggs in the U.S. are washed to remove bacteria and then kept refrigerated until they are sold. Consumers in the U.S. must refrigerate store-bought eggs because their outer antimicrobial coating, called the cuticle or bloom, gets removed in the washing process, Persia says. In Europe eggs can be stored at room temperature because they aren't washed, leaving their bloom intact. Farmers market eggs in the U.S. may be washed or unwashed; even if they're unwashed, it's still a good idea to keep them in the fridge because they last longer.
Then there is pasteurization, a heating process that kills bacteria. Most whole-shell eggs you buy at the store are not pasteurized, so cooking them until they reach a temperature of 160 degrees Fahrenheit (71.1 degrees Celsius) is essential. A good rule of thumb is to cook eggs until the yolks are firm. In the U.S. all commercial egg products--such as liquid egg yolks and egg whites--are required to be pasteurized, however. Nursing homes, day cares and other places that serve people who may have weakened immune systems often use egg products for this reason.
Foods containing eggs should not be left out for more than two hours--or more than one hour if the ambient temperature is above 90 degrees F (32.2 degrees C). That said, plenty of baking recipes call for using room-temperature eggs, but you can just take them out of the fridge half an hour to an hour before baking.
Can You Get Bird Flu from Chicken Eggs?
In recent years, another nasty bug has been afflicting poultry and, in turn, egg production. A type of highly pathogenic avian influenza or bird flu known as H5N1 has been circulating in wild birds and poultry, causing hundreds of outbreaks in U.S. birds since January 2022 and triggering egg shortages. But humans are unlikely to contract the virus from eating commercial chicken eggs, says Persia, who does biosecurity audits of poultry farms. "The risk is very, very, very low to nonexistent," he adds. That's because commercial farms have strict biosecurity measures to keep the domestic birds separate from wild ones, and H5N1 is so deadly to poultry that farmers must quickly cull an entire flock before the virus can contaminate any eggs, he says. "One of the biosecurity points that we actually look at from an audit standpoint is 'If the bird is housed inside, is there any access that outdoor birds have to that?'" Persia says. "[Farmers] actually will put up different types of guards on the air inlet to make sure that birds don't have access to that flock."
That's easier to do with indoor birds than outdoor ones. Backyard poultry pose a potential risk because they may have contact with wild birds or contaminants, Persia notes. He recommends feeding backyard birds inside, even if they have outdoor access, to avoid attracting wild birds. Another tip: use dedicated shoes when walking inside a chicken coop so you don't tramp in pathogens from outside.
Dairy cows pose a different risk. When infected with H5N1, they don't get as sick as chickens do, so these cows aren't necessarily removed from the milking herd. Raw milk from infected cows contains high levels of H5N1, and cats have died from drinking it. But pasteurization kills the virus, so pasteurized milk is safe to consume.
Since the beginning of 2024, 70 people in the U.S. have been confirmed infected with H5N1; most of them have been dairy and poultry workers. Infections in dairy workers have generally been mild, causing conjunctivitis and mild respiratory symptoms. But at least two people have become seriously ill from a strain of H5N1 related to the D1.1 genotype that is currently circulating in poultry and wild birds. Those two cases included one person in Louisiana who died from their infection. The Louisiana patient had had contact with both wild birds and backyard poultry.
The longer H5N1 is allowed to circulate in cows and poultry, the higher the likelihood it could adapt to spread among humans. But at least for now, you can rest easy in the knowledge that your eggs will be safe--so long as you cook them.
Editor's Note (7/15/25): The tally of human cases of bird flu in the U.S. was updated.

Tanya Lewis is a senior editor covering health and medicine at Scientific American. She writes and edits stories for the website and print magazine on topics ranging from COVID to organ transplants. She also appears on Scientific American's podcast Science, Quickly and writes Scientific American's weekly Health & Biology newsletter. She has held a number of positions over her eight years at Scientific American, including health editor, assistant news editor and associate editor at Scientific American Mind. Previously, she has written for outlets that include Insider, Wired, Science News, and others. She has a degree in biomedical engineering from Brown University and one in science communication from the University of California, Santa Cruz. Follow her on Bluesky @tanyalewis.bsky.social
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How Bird Flu Became a Human Pandemic Threat

The first hints that a new strain of avian illness is emerging could be found on this beach on Delaware Bay, where migrating birds flock. Here's what virus detectives who return there every year know right now.

By Lauren J. Young, Jeffery DelViscio, Fonda Mwangi, Alex Sugiura & Rachel Feltman 
[image: A multitude of birds on a sandy beach.] Jeffery DelViscio/Scientific American



Rachel Feltman: For Scientific American's Science Quickly, I'm Rachel Feltman.
H5N1 bird flu has been making a lot of headlines since last year, and for good reason: since March 2024 this subtype of bird flu has infected upwards of 1,000 herds of dairy cattle, raising concerns about the virus's ability to pass between mammals.
This week Science Quickly is doing a three-part deep dive to bring you the latest research on bird flu. From visiting dairy farms to touring cutting-edge virology labs we'll explore what scientists have learned about bird flu--and why it poses such a potential risk to humans.
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Today's episode brings us back to the start: the wild flocks where new strains of bird flu evolve and spread. Our host is Lauren Young, associate editor for health and medicine at Scientific American.
(You can listen to episode two here and episode three here.)
[CLIP: Birds cawing.]
Pamela McKenzie: So many red knots--it's unbelievable.
Lauren Young: Out on Norbury's Landing, a small strip of sandy beach at the southern tip of New Jersey on the Delaware Bay, Pamela McKenzie peers through her binoculars at a massive flock of shorebirds.
McKenzie: It's just, like, a sea of red bellies.
Young: A flurry of different migratory birds, including red knots, ruddy turnstones and sanderlings, are making a pit stop on their long migration up to the Arctic Circle.
The birds are just in sight, and Pam desperately wants to get closer without disturbing them. But there's a problem: the high tide has filled a small channel that's blocking our path.
Young (tape): Wow, there's, like, tons of them over there. That's wild.
McKenzie: Of course, right where we need to go.
Young: So most people go to the beach for the cool waves, the salty breeze and the sunshine. Some might go to collect seashells. But Pam is out here collecting bird poop.
[image: A woman stands on a beach surrounded by birds]Pamela McKenzie of St. Jude Children's Research Hospital collects avian fecal samples at a beach in Delaware Bay in New Jersey. McKenzie is a virus hunter who has returned to the beaches in the area for years looking for new strains of avian influenza, including H5N1.
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Every year in mid-May she hops between the various beaches of Delaware Bay, scooping poop that just might contain avian influenza viruses. By the second day of this year's collection her team had already found samples that came back positive for different bird flu viruses, but not the headline-making H5N1--at least not yet.
McKenzie: What's unique about Delaware Bay is that it's a hotspot for influenza. Every year these birds migrate here, and we find influenza--and different influenza--every year.
Young: Pam is a virus detective. As director of surveillance for the St. Jude Center of Excellence for Influenza Research and Response she and her fellow research scientists take an annual visit to Delaware Bay. They do this to stay on top of the avian influenza viruses actively circulating in the flocks of migrating shorebirds.
Robert Webster: One of the very important contributions that the laboratory here at St. Jude has made was the realization that influenza in aquatic birds replicates mainly in the intestinal tract and the birds poop it out.
Young: That's Robert Webster. He first visited Delaware Bay in 1985. Robert began St. Jude's influenza surveillance research at the bay, which has continued for the last 40 years.
Webster: Vast quantities of virus [were] in the feces. And so going back to Delaware Bay we didn't have to catch the birds; we simply followed them and took fecal samples from the beach when they pooped.
Young: The reason the shorebirds are here, pooping out a lot of influenza, has to do with the full moon--the first full moon in May, to be exact. The moon's gravitational pull causes the high tides to swell, drawing in thousands of horseshoe crabs, tussling in huge mating piles along the waterline. And the birds know this is the start of the crabs' mating season.
[CLIP: Waves crash on the beach, and birds caw.]
Young: Standing on the shore of Norbury's Landing on a blustery mid-May afternoon, I watched this scene unfold.
Young (tape): So that one is attached and mating.
McKenzie: Yeah, so if she was over here laying eggs, it would be trying to fertilize the eggs, and--like right here: see how its claws are attached to her?
Young: The heavily armored crabs look a bit alien, and sometimes a bit silly, as they draw odd tracks in the sand like uncoordinated Roombas. The ancient arthropods burrow into the sand and lay millions of gelatinous eggs. Those eggs provide the perfect buffet for the migrating birds that need to bulk up before their next leg in their journey.
McKenzie: They're pretty thin though, so they'll be around for a while. They're not nice and fat.
Young: And Pam needs the birds to eat because she needs them to poop.
As time passes and the tide retreats, first the birds swoop in to feast, and then Pam comes in, hot on their trail of droppings. After 15 years of doing this work Pam has developed a special eye for bird poop. She can make a pretty good first guess of what poop belongs to the migratory bird she's most interested in.
McKenzie: Here's one. That's one. It's probably a sanderling, like, small--you know, it's small, so probably a small bird. So this right here, this is so crass [laughs], but it's like a little log, and ruddy turnstones tend to drop logs, so.
[image: A woman kneeling in the sand on one knee holds cotton swabs in purple gloved hands on a beach]Pamela McKenzie inspects a sample on the beach in southern New Jersey. She is collecting bird poop to test for avian influenza.
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Young: Fresh poop is best--damp but not drenched from the tide. This increases the odds it'll contain live virus that can be sequenced back at the lab. Once Pam spots a promising, intact poo she'll use a swab to swiftly scoop the sample from the sand and into a vial.
St. Jude's research center holds a library of more than 20,000 viruses, including isolates of various iterations, or subtypes, of avian influenza collected from Delaware Bay and other locations around the world.
Influenza subtypes are generally classified based on two specific surface proteins: hemagglutinin and neuraminidase. They represent the H and the N in flu names you've probably seen, like the common seasonal flu subtypes H1N1 and H3N2.
There are 144 H and N possible combinations of avian influenza. And over the years the St. Jude team has detected nearly every subtype in fecal samples collected at Delaware Bay. That includes the subtype that's been on our minds a lot lately.
Webster: Amongst those was H5N1, indeed, but not from the European or Chinese ones.
Young: The particular shorebirds stopping by Delaware Bay might not be carrying the kind of bird flu that could be dangerous to domestic animals or humans. But with the right genetic mixing we could potentially see outbreaks of a new "killer" strain like the one currently ripping through U.S. farms.
Since 2022 a deadly new strain of H5N1 has infected more than 170 million domestic poultry, according to the U.S. Department of Agriculture. The virus has raised our egg prices, led to the culling of millions of chickens and infected upwards of 1,000 herds of dairy cattle since March 2024.
But to really understand the high-pathogenic H5N1 in our cows and chickens--and where it might go from here--we have to go back in time and look at wild birds.
[image: An image of hands with blue rubber gloves holding a Q-tip that's swabbing a white blob from sand. The sand itself is covered in bird footprints.]Pamela McKenzie collects avian fecal samples with a keen eye and Q-tips at a beach in New Jersey.
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Young: Wild birds, particularly aquatic birds, are hosts, or reservoirs, of different influenza viruses. They're categorized as either low-pathogenic or highly pathogenic, depending on how well they cause disease in chickens. A highly pathogenic, or "high-path," virus, as many influenza researchers like to call it, can wipe out an entire poultry flock in just a few days.
The earliest records of high-path avian influenza are believed to come from the late 1800s, when what was known at the time as "fowl plague" ripped through poultry in Europe. Sporadic spillovers from wild to domestic birds have continued ever since.
Keiji Fukuda: In the influenza field it was clear that there was a very large group of influenza viruses, which infected birds and sometimes infected animals, and then there was a much smaller group of human influenza viruses, which infected people.
Young: That's Keiji Fukuda, a retired physician and influenza epidemiologist who worked for various institutions, including the University of Hong Kong, World Health Organization and the U.S. Centers for Disease Control and Prevention.
Fukuda: We thought these were separate groups of viruses and that animal influenza viruses did not infect humans.
Young: That changed in 1997, when a previously healthy three-year-old boy in Hong Kong was hospitalized and developed a severe pneumonia. Six days later the boy died. Influenza researchers around the world were called upon to help identify the exact type of virus. Robert was one of them.
Webster: It couldn't be identified at CDC. It couldn't be identified in London or in Holland, where they sent it, and they applied to me for the whole range of influenza virus reference serum, and they identified this virus as an H5, an H5N1. And no one would quite believe that this virus had killed the child.
Young: That shocked scientists and public health leaders, including molecular virologist Nancy Cox. She's retired now but worked at the CDC from 1975 to 2014 and was leading the agency's influenza branch in 1997.
Nancy Cox: We didn't expect to see high-path avian influenza viruses infecting humans. We just didn't expect that. We hadn't seen it before. It was really quite out of left field.
Young: Questions started flying rapid-fire.
Fukuda: How could this boy have become infected?
Cox: Where'd this virus come from? Could it have been a laboratory contaminant from eggs that had come in from an infected farm?
Fukuda: Was this boy associated with any kind of unusual exposures?
Cox: Were there other cases that had yet to be identified in Hong Kong?
Young: Everyone hoped the child was a tragic one-off case. But a few months later their worst fears became a reality: more people developed H5N1 infections.
Keiji, who was also with the CDC at the time and had worked with local public health officials on the ground on the first case, returned to Hong Kong.
[CLIP: A reporter interviews Keiji Fukuda during a 1997 press conference: "[Is there a] possibility this virus could, could become stronger in, in terms of its efficiency?"]
[CLIP: Fukuda responds to the reporter: "Well, by stronger, you mean it could become more adapted to humans and sort of pass through? Yes, there is that possibility."]
Young: That was younger Keiji back in 1997, talking to a reporter at a press conference in Hong Kong as the outbreak was unfolding.
Fukuda: We're dealing with a virus which has remained persistent for at least some period of time, and we have no idea: "Is this the beginning of another pandemic?" And the investigations took on a whole different flavor. It was very serious.
[image: A large group of white birds with black heads and red beaks in flight.]A large number of laughing gulls in flight on Norburys Landing in Delaware Bay.
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Young: Keiji says the team eventually determined that the virus seemingly spread through traditional live bird markets, often referred to as wet markets. As is the case in many Asian cultures it is common for people in Hong Kong to purchase fresh poultry, including chicken, duck and goose, that is often killed on-site.
Guided by public health advisers, government officials ordered that the markets suspend sales and get cleaned--and that farms and markets cull all poultry.
Fukuda: At that time it was a very kind of disquieting decision and implementation. You know, we had never before recommended the culling of such a large number of birds.
Young: Although it was a brutal decision for farmers and sellers the tactic worked, effectively squashing an outbreak that seemed on the verge of taking off. By the end of the outbreak six people had died of the 18 with confirmed infections. Thankfully there was no evidence of human-to-human transmission, which is key to kick-starting a pandemic.
The genetic sequences of the virus also revealed genes tracing back to its likely reservoir: waterfowl, or geese. Here's Nancy.
Cox: What we saw at the very beginning of the H5N1 outbreak back in 1997 is that the viruses that we identified from poultry and from people were really very, very similar.
Young: But she says a lot has happened since the 1997 Hong Kong outbreak.
Cox: Now we've had this virus circulating globally, and what we're seeing is a huge amount of diversity, and what does that mean? It means that we have a lot more opportunities for the virus to develop the ability to infect humans more efficiently and then eventually, potentially, to become transmissible from human to human.
Young: As H5N1 has fanned across the globe over the years its activity has been a bit like a simmering volcano: occasionally waking up in dramatic spurts, only to go quiet again. And each time it flares up the virus gets a new opportunity to tweak itself--ever so slightly.
Wendy Puryear: During that whole 30-year time period there continued to be ongoing evolution and shifts and changes in the virus.
Young: Wendy Puryear is a scientist studying influenza evolution and adaptation at the Cummings School of Veterinary Medicine at Tufts University.
Puryear: It's an RNA virus, and that means that it is sloppy in the way that it replicates, so there's constantly slight changes that are being introduced every time that virus goes through a replication cycle.
Young: Wendy's research at Tufts focuses on the surveillance of different subtypes of influenza and wildlife. She's been watching with increasing unease how changes, or mutations, are creating a vast diversity of H5N1 viruses--including ones that might be better at infecting different animals.
Puryear: Prior to the COVID pandemic the thing that many of us were very concerned would be the next pandemic of large impact on human health was influenza. So this is one that we've been worried about for a long time.
Young: Wendy says H5N1 keeps hitting mutation milestones that are getting too close for comfort.
Puryear: We keep going further down that road of "at least it hasn't."
"At least it hadn't gone into a lot of wild animals and was disseminating around the globe."
Young: Now lineages of the virus have been detected in animals in nearly every continent. H5N1 has established itself in domestic poultry in various countries in Asia, the Middle East, the Americas, Africa and Europe.
And [starting] a few years ago the number of bird species carrying H5N1 has ballooned. More than 500 different avian species, ranging from seabirds to songbirds, have tested positive for H5N1, according to the Food and Agriculture Organization of the United Nations.
Puryear: "Well, now it is. Well, at least it wasn't going into mammals."
Young: Then around 2020 and 2021 highly pathogenic H5N1 started to infect different mammals, to date affecting more than 90 different species in total, including coyotes, minks, opossums, skunks and rodents.
The virus had previously been found in the occasional fox or tiger, typically predators that might've eaten an infected wild bird. But the list of newly infected mammal species is growing in a way that hasn't been seen before.
Pruyear: "At least there wasn't evidence of mammal-to-mammal transmission." Well, then we had that in marine mammals in South America.
Young: In 2022 and 2023 the virus spread among various marine animals along the coast of Peru and Chile, killing more than 30,000 sea lions. It happened so rapidly that scientists suspected it must have traveled directly between animals.
The virus made its way around to the Atlantic coast. Groups of dolphins, porpoises and otters were also infected.
Puryear: "Well, at least it's not in a context that we're in close proximity between humans and those mammals." Well, now it's in dairy cattle.
Young: No one expected the virus to hit U.S. dairy cows. How it got onto farms in the first place is still a bit of a mystery; you'll hear a lot more about that in the next episode of this three-part series. But it's important to say that scientists do have a strong hunch about how the virus made that jump--and you probably guessed it: wild birds.
Louise Moncla: There's this whole diversity of low-path viruses that don't really cause as many problems that circulate endemically in these wild birds in North America.
Young: That's Louise Moncla. She's a pathobiologist leading a lab at the University of Pennsylvania that's building a family tree of avian influenza viruses.
Moncla: Through this process called reassortment this incurring kind of new virus that entered started mixing with those viruses, and so we now have this diverse mixture of viruses sort of circulating in wild birds, resulting in the emergence of these new genotypes ...
Young: New genotypes, or unique genetic profiles, like the high-path H5N1 that scientists think started infecting dairy cows. This genetic mixing, or reassortment of different influenza viruses, occurs when they co-infect one host: a bird, an animal or, worse, a human. That opens up the window for genetic information to be exchanged.
Here's Wendy again to unpack a bit of what Louise said.
Puryear: Not only do you have this regular evolution that happens with the virus being sloppy in how it replicates, but the fact that it has its genome on separate pieces, its genetic information is actually--those genes are on separate chunks of, of RNA, and that means that it can take a whole gene and swap it out with a different form of influenza, so that gives a whole new kinda Frankenstein version of the virus that can then move forward.
Young: And this process of virus info swapping can potentially spiral into something much bigger--and deadlier.
Here's Louise again.
Moncla: Reassortment is a really important process for influenza evolution because it has led to every past pandemic that we know about. So we usually get influenza pandemics when viruses from two different species mix via reassortment and [that] results in a virus for which a host population like humans doesn't have any prior immunity.
Young: But those viral swap meets leave footprints--clues that help researchers like Wendy and Louise track influenza evolution through time and space. Louise's flu family tree models, for instance, allow for real-time tracking of noteworthy genetic changes in H5N1. The tree's branches show small shifts from the virus's sloppy reproduction and the big evolutionary leaps from reassortment.
Moncla: If you sample and sequence those viral genomes, you can use those mutations to link cases together. So these genomes provide this nice little map of how this virus has been moving between different host species or populations or geographic areas.
Young: And wild birds help paint a picture of where the virus might be now and where it might go next. These feathered virus carriers have effectively moved influenza around the world and into our domesticated animals.
But Louise, Wendy, Nancy, Keiji and folks at St. Jude are all quick to say that migrating birds and wildlife shouldn't be blamed for H5N1's current stronghold--it's the way that humans monitor and respond to the situation.
Moncla: Now that these viruses are really being driven by transmission of wild birds we need to understand how these viruses evolve in wild birds a lot better. And so something I'm really hoping continues to happen is surveillance in wild birds. You know, so without this kind of continuous surveillance effort in wild birds we wouldn't have been able to understand the outbreak in dairy cattle or these human spillovers and where they're coming from.
Young: Wild birds can't be stopped, but they can be watched--just like how the St. Jude group is surveying the shorebirds at Delaware Bay, year after year.
[CLIP: Birds caw.]
Young: Back in Delaware Bay, armed with vials of bird poop and a compact scientific camper van, another virus hunter is doing exactly that.
Lisa Kercher: My name is Lisa Kercher. I am the director of laboratory operations for the Webby Lab group at St. Jude Children's Research Hospital, which is a--our lab group is a large influenza research laboratory.
Young (tape): Great, and tell us where we are right now.
Kercher: Yes, we're sitting in a 19-foot toy hauler that is a trailer camper that has been built out to work as a molecular biology lab.
[image: A respiratory masked woman in a laboratory dressing stands at the door or a camper van with a dog]Lisa Kercher, the director of laboratory operations for the Webby Lab group at St. Jude Children's Research Hospital, stands in the doorway of her converted camper that she has retrofitted as a mobile avian influenza testing laboratory. Next to her is her trusty lab assistant, Jax, a Labrador Retriever.
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Young: Lisa lives part time in her truck and camper, living and sleeping alongside carefully stored poop samples preserved in cold liquid nitrogen. The space is a cozy fit for the two of us and her sweet English Labrador retriever, Jax.
Like a lot of campers it's got a small kitchen, bathroom and a very comfortable bed, according to Lisa, but she's customized the space with a makeshift lab bench.
Kercher: I have like already shattered the door once and had to have it replaced.
Young (tape): No...!
Young: Her working area is stocked with protective gear, reagents, pipettes, well plates and a variety of miniature equipment, including a PCR machine that can quickly amplify DNA from samples Pam collected the day before.
Kercher: It can then immediately run a PCR for flu and for H5, and I know on my little laptop here if that's positive within about an hour. And so by the time I'm driving home I have the prevalence of the flu that was in these shorebirds for the time I was here. So it's a great first step.
Young: At that point in site collecting she had processed 250 fecal samples. By the end of the week the team will have collected 1,000. Later the samples will be transported to St. Jude's main labs in Tennessee to verify Lisa's initial readings.
Before she started doing this real-time surveillance work two years ago, the team wouldn't know what avian influenza subtypes they had on their hands until about six months after the sample collections.
Kercher: It's very hard to do epidemiology of how the virus is moving and tracking when you spend six months waiting for the sequence to come out of a national lab or any big lab. It's just hard logistically to then backtrack and figure that out. You can do it, but it's usually a year later. And then you are usually faced with a whole different virus by that time. So the point of doing it faster is so that you can do risk assessment in more real time.
Young: But if Lisa wants to be really fast, she needs more data. The poo samples from the beach are valuable sources of viral sequences, but they can't offer the full flu picture.
Kercher: So when you get a flu virus from a fecal sample you have to give it a name, you have to same say the species that it came from. How do you know?
Young: Like solving any mystery the researchers want to answer the big whodunit--or in this case, who-dung-it.
Knowing the exact bird species that pooed the poo requires more testing and more time, and it's not something that she can do from inside the camper lab. That's why Lisa is teaming up with local wildlife ecologists. Enter Larry Niles and his bird-catching cannon.
Young (tape): So what do we have here today? What, what are we looking at with the, the little squeaking noises we've got going on?
Larry Niles: Most of those noises are from the sanderling. We caught almost 100 sanderlings.
Young (tape): Wow.
Niles: We caught a handful of [red] knots and ruddy turnstones.
[image: A small bird is held between the clashed hand of a man whose face we cannot see]Larry Niles holds a sanderling that is about to be weighed and measured and sampled at a beach in Delaware Bay in New Jersey.
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Young: The day before visiting the mobile lab I was on the beach with Lisa and Larry. He co-leads the Delaware Bay Shorebird Project with Wildlife Restoration Partnerships. Larry has been catching shorebirds here as part of his conservation work for the last 29 years. And yes, his group uses something called a cannon net to nab these birds because ...
Niles: See, shorebirds very difficult to catch because they're hard to get close to because they're used to being out on flats like sand flats. Today we used two cannon, and see, the advantage of that is: the net, which is about 40 feet [roughly 12 meters] long, when we hook it up to the cannons, that net goes so fast that it gets over the birds before they have the time to react.
Young: The birds are temporarily corralled in cloth-covered boxes, waiting for Larry and the other researchers and volunteers to gently pull them out to collect various data points. They'll measure the birds' wings and beaks, weigh them and take a blood and feather sample before they're released back to the horseshoe-crab-egg feast on the beach.
And though Larry has his own research to do on the ecology of the birds--their health, their population numbers and what might threaten those things--he says it's a real bonus to have virus detectives like Pam and Lisa to work with, side by side.
Niles: I'm not a virologist; I'm an ecologist. But I understand the ecology of things, and I think melding the ecology of birds with the ecology of these viruses, that's our part--working with the virologists so that together we could figure it out.
Young: For Lisa, getting access to the shorebirds directly unlocks all sorts of crucial information.
Kercher: So, when you're getting the samples straight from the birds then you already know the species, so that just makes it a little bit easier.
Young: And it's along these migratory routes, called flyways, where the birds, the ecologists and the virologists with camper labs need to meet.
Kercher: When the avian virus jumps into a mammal it has the opportunity to mutate into becoming more mammalianlike, and that is why we are so concerned in the flyway.
Young: There are four main flyways, [also] called avian superhighways, that run through North America. Since getting her mobile lab up and running Lisa has driven it thousands of miles up and down these flyways to sites in Alberta, Canada, and northwest Tennessee. But these avian superhighways have also become increasingly concerning for H5N1.
[image: A woman in laboratory scrubs sits in a darkened camper van pipetting.]Lisa Kercher, the director of laboratory operations for the Webby Lab group at St. Jude Children's Research Hospital, works in her converted camper on avian fecal samples.
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Kercher: Those birds are carrying this virus in greater numbers and in lots more areas where there's potential for spillover into domestic poultry farms. And of course, this happened in the dairy farms--it spilled over into the cattle, so this virus is now very prevalent all over North America. But the flyways are important because the birds that carry it are moving quickly down the flyway in a very short period of time, and you have a lot of opportunity for spillover there.
Young: Lisa says that speed matters for a rapidly changing virus like H5N1. She could imagine her mobile lab getting scaled up into a large biosurveillance network: multiple satellite labs dotted up and down all the flyways, relaying genetic sequences to other influenza trackers like Louise and Wendy but also to farmers on the ground trying to keep their chickens and cows healthy.
Kercher: Wouldn't it be great if the farmer had a way to go on his computer and look at a dashboard and say, "Wow, I wonder where the flu is?" They need to know where it is circulating in the wild birds. And if they knew where it was ahead of time--or at least where it was coming from--they would have an opportunity, if they chose, to up their biosecurity a little bit.
Young: Until then virus detectors like Pam and Lisa continue to keep a watchful eye on the surprising twists and turns of H5N1, looking to the birds and the clues they leave behind.
Kercher: We'll never catch up with Mother Nature. We're never gonna catch up with the virus and how it mutates. But if we can get closer and approach it more, you can then look for mutations, much quicker things that make the virus resistant to antivirals or things that make it more mammalian adaptable. You would wanna know that sooner rather than later.
Feltman: That's all for today's episode, but there's lots more to come. Tune in on Wednesday for part two of our special series on bird flu, which explores how avian influenza made its unprecedented leap into cattle.
Science Quickly is produced by me, Rachel Feltman, along with Fonda Mwangi, Kelso Harper, Naeem Amarsy and Jeff DelViscio. This episode was reported and hosted by Lauren Young and edited by Alex Sugiura. Shayna Posses and Aaron Shattuck fact-check our show. Our theme music was composed by Dominic Smith. Special thanks to Michael Sheffield at St. Jude; the volunteers and collaborators with Wildlife Restoration Partnerships; and Kimberly Lau, Dean Visser and Jeanna Bryner at Scientific American. Subscribe to Scientific American for more up-to-date and in-depth science news.
For Scientific American's Science Quickly, I'm Rachel Feltman. See you next time!
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Why Dairy Farmers Were Surprised by Bird Flu Cases in Their Herds

The bird flu was long known to poultry farmers. Here's why the dairy industry was caught off guard by its jump to cattle.

By Meghan Bartels, Jeffery DelViscio, Fonda Mwangi, Alex Sugiura & Rachel Feltman 
[image: A group of cows stands behind a barrier in a barn]Dairy cows inside the Teaching Dairy Barn at Cornell University in Ithaca, New York.
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Rachel Feltman: For Scientific American's Science Quickly, I'm Rachel Feltman. You're listening to part two of our three-part series on the battle against bird flu.
(You can listen to episode one here and episode three here.)
On Monday we followed flocks of wild birds to learn how new strains of avian influenza emerge and spread. Today we're headed out to pasture to check out the next link in the chain from shorebird to human: poultry and dairy farms.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Our host today is Meghan Bartels, a senior news reporter at Scientific American. Here's Meghan now.
Meghan Bartels: It's a clear spring day in central New York. It's only 5:00 A.M., so it's still nearly pitch-black out, but the birds are singing.
[CLIP: Birds chirp.]
Bartels: I'm in front of Cornell University's Teaching Dairy Barn, and I'm here to see how milk enters our food supply--and how bird flu has infected the cows making that milk.
Carolyn Kokko: Here's our milking parlor. It's a double 10, so we've got 10 stalls on one side, 10 on the other, parallel. And we have two milking technicians. Mostly there's one here in the pit; another one will help push up, also scrape the pens, clean things out while the cows are not in the pen and then come and help out in here.
Bartels: That's Carolyn Kokko, director of the Teaching Dairy Barn, which is home to about 200 cows, most of whom are actively lactating.
[image: A man in coveralls with his back to the camera walks down a line of dairy cows that are being milked by machine inside a metal barn]A technician checks milking apparatus in Cornell University's Teaching Dairy Barn in Ithaca, N.Y.
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That means they need to be milked every day, three times a day, for about 10 months straight. Carolyn says it takes about two hours to get through the full herd during each milking.
Milkers Kevin and Mike: Hup, hup, hup!
Bartels: The cows aren't particularly concerned with making things go any faster, so the milkers nudge the animals along as 10 of them file into each side of the milking parlor--heads facing out, tails in. Each cow wears a collar with an RFID chip that the milking machine recognizes, tallying who produces how much milk each day.
Once a group is in, the milkers prep each cow, wiping off any bedding material from their udders, sanitizing their teats and getting a little milk from them manually to make sure it looks normal. Today at Cornell everyone's milk passes inspection. But that hasn't been the case for more than 1,000 dairy herds in 17 states across the nation over the past year or so.
In February 2024 dairy farmers in Texas started noticing cows who were under the weather. The animals weren't eating well, and their milk was coming out thick and discolored.
Elisha Frye: Another veterinarian who is an alumni at Cornell called me because I knew him when we were vet students, and he said, "There's this mystery disease going through Texas, and it's hit my farm now."
Bartels: That's Elisha Frye, a veterinarian at the Cornell Animal Health Diagnostic Center.
Frye: So I said, "Send me milk, and send me blood, and swab their noses, and send me some fecal samples, and we're gonna just see what we can do." I remember he had said there were 200,000 sick cows in the area, and I didn't believe him because that was such a high number.
Bartels: Elisha and her colleagues received the samples and got to work. At this point, she says, scientists were antsy enough about pinning down what it was that was making the cows sick that the team decided to skip the basic diagnostics, which methodically rule out various known bugs. Instead the scientists went straight to genetically sequencing what they found in the samples.
Frye: Sequencing is when you just look for a pathogen in a sample. It's kind of casting a very wide net.
Bartels: Within days Cornell and two other testing labs had identified the culprit: H5N1, a subtype of avian influenza, or bird flu. It was a shocking discovery, even for those accustomed to following the disease, like Wendy Puryear of Tufts University, who talked to my colleague Lauren Young in the previous episode.
Wendy Puryear: Dairy cattle have really just thrown all the rules out the window and everything that we thought we knew. Really none of us had this on our bingo card going into dairy cattle.
[image: A gloved hand holds up a tray of vials filled with a white liquid]John Beeby of the Animal Health Diagnostic Center of Cornell University holds up samples of milk that will be tested for avian influenza, or H5N1.
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Bartels: We'll come back to cattle, but it's worth taking a step back to understand the bigger picture of bird flu in domesticated species. As we learned in episode one of this three-part series, avian influenza has been circulating for a long, long time.
The H5N1 strain that made the surprising leap into cows traces its roots all the way back to China in the late 1990s. From there it hitched rides around the world with migrating birds like those congregating on the shores of Delaware Bay. And it mutated all along the way.
What's now responsible for the outbreak was first detected in wild birds in the U.S. on December 30, 2021. Within just a few weeks, on February 7, 2022, it had infected a commercial chicken farm.
That wasn't nearly as surprising as the jump into dairy. U.S. poultry farmers have faced bird flu outbreaks before from other subtypes of the virus. For example, in an outbreak of H5N2 and H5N8 bird flus from 2014 to 2015 farmers lost more than 50 million poultry birds.
From these previous outbreaks poultry farmers knew firsthand how devastating bird flu could be when it was one of these highly pathogenic strains, which kill at least 75 percent of poultry in a commercial flock.
Mike Persia: Unfortunately, it's a very quick process.
Bartels: That's Mike Persia, who specializes in poultry nutrition and management at Virginia Polytechnic Institute and State University.
Persia: As those birds start to become infected that entire flock will just stop vocalizing altogether as they don't feel well. From first detection, generally within 24 to 48 hours you're gonna have a very high mortality level.
Bartels: That's why after that devastating 2015 outbreak poultry farmers have worked really hard to keep bird flu out of their flocks through what's called biosecurity measures, which include a whole host of techniques meant to stop the spread of the viruses into and between flocks.
[image: A close up of a chicken, which is looking at the camera from its right side]A chicken at a farm in upstate New York.
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Some farmers discourage wild birds and other potential viral carriers from getting too close to their poultry by surrounding barns with gravel. They might also plant a row of trees alongside structures to break winds that could carry viral particles to chickens. And they implement rules about what humans do, such as requiring personal protective gear and not allowing equipment to be moved from one farm to another. Mike says all these measures cost money, but they do seem to make a difference in keeping birds safe.
The most painful biosecurity measure comes when a bird flu infection does hit a flock. Because the virus can be so lethal, experts tasked with doing the awful math have concluded that it's better for everyone to kill the whole flock right away. A mass cull reduces the virus's opportunity to spread and mutate. Mike says that's tough on farmers.
Persia: Yeah, I think that's' something that doesn't get enough attention is the actual psychological effects. Even though these birds are raised for food there's still a bond that develops there between the birds and the farmer. Having to depopulate an entire building of birds, I think that's very hard on the farmers--not just from a psychological standpoint, but that's also how they derive their living and their value.
Bartels: Since 2022, 787 commercial flocks and 919 backyard flocks in the U.S. have been infected, with a total of more than 174 million birds lost, according to government data as of early June. Those numbers are brutal, but after the 2014-2015 outbreak of H5N2 and H5N8 poultry farmers knew what to expect from the virus in terms of bird losses. What they couldn't have predicted was that the current outbreak would last so long.
Previous outbreaks of avian influenza in the U.S. ended in the summertime because of two factors: migratory birds have gotten where they were going, so they're not spreading the infection geographically; and the virus historically hasn't survived well in warmer conditions.
But that changed this time around. Case rates have risen and fallen seasonally, just like human flu infections do, but the virus has lingered, never quite burning out. For more than three years now avian influenza has circulated in the U.S. among wild birds and poultry farms.
Jada Thompson: It's different than 2015. It didn't go away after a year.
Bartels: That's Jada Thompson, an agricultural economist at the University of Arkansas. She says avian influenza has reshaped how the poultry industry operates--and in ways we don't necessarily understand when we walk into the grocery store, despite all the hubbub about egg prices.
Thompson: It's changed how we produce our birds and how we manage those farms in the U.S.
Bartels: But the impacts of bird flu haven't been felt evenly across the sector, which Jada explains is really three or four industries in one.
Thompson: We have the turkeys, we have layers, and we have broilers.
Bartels: Turkeys are making the news a lot less, but yes, they catch bird flu, and it tends to hit them even harder. Then there are the chickens.
[image: A wide angle view of several turkeys behind a fence at a farm]Turkeys on a farm in upstate New York. They haven't been in the news nearly as much as chicken when it comes to avian influenza, but the virus affects them as well.
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Thompson: The layer industries are laying those eggs that we consume; those are the eggs we buy at the grocery store. And the broiler industry are those chickens that we're gonna eat.
Bartels: In the background there's also a breeding industry, a supply chain that moves new birds into each of these farms. Each mini industry is located in different parts of the country, exposing them to different spillover threats from wild birds.
But there are also systemic differences that shape bird flu's impact. Among chickens broilers are only kept alive for about six to nine weeks, so farmers are used to moving them in and out of the system pretty quickly. Jada says there's also some evidence suggesting these younger birds may be more resistant to avian influenza.
The egg layers are a different story entirely. Hens only start laying when they reach about six months old; then these birds stay in the system for a year or two, Jada says, making them much older at the end of their production time. That means losing a single layer has a bigger economic impact on a farmer than losing a single broiler.
Thompson: This isn't just: "Birds out today, tomorrow we've replaced them, and then we all get on with our own way." The system can adjust, can squeeze a little bit, but it's really not going to fully recuperate until six months from now.
Bartels: Those differences are part of why chicken prices stayed much steadier, while egg prices rose so dramatically. Jada says egg producers were stuck in the lag between losing birds to avian influenza and cycling new birds in, right alongside the usual seasonal increase in overall demand from November to March or April, driven by the holidays.
Now that we're past big egg season and new layers are at work, prices are coming down. The big question, of course, is what will happen next autumn. Temperatures will fall, and birds will migrate again, potentially kicking off another surge in poultry infections.
[CLIP: Cows moo.]
[image: A view of a cow milking parlor that shows the cow's legs and utters and milking machines in a row]Dairy cows at Cornell University's Teaching Dairy Barn in Ithaca, N.Y.
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Bartels: But we started our journey today in a milking parlor, so let's go back to talking about cows.
Diego Diel: Everybody was surprised initially with the detection and the spillover into dairy cows.
Bartels: That's Diego Diel, who leads the Virology Lab at Cornell's Animal Health Diagnostic Center.
As difficult as bird flu has been for the poultry industry at least those farmers had some familiarity with the infection. For dairy farmers it was a totally unexpected experience. That makes a lot of sense given how surprising it was that avian influenza jumped into the animals that power the nation's milk supply.
Diel: Spillovers of viruses is not something that happens on a daily basis. There are many factors that have to align and be in place for that to happen.
Bartels: And spillovers of a typically avian virus into mammals are even more unusual. As we learned in episode one of the series this particular strain of bird flu had already done that to a degree, infecting wild carnivores such as foxes and skunks within months of arriving in the U.S.
Lisa Kercher: Wild birds are dead on the landscape in much greater numbers than before with a much more virulent form of H5N1. What happens is, terrestrial mammals have started to scavenge that. So you've seen all that in the news, where lots of mammalian infections are happening, and so that is particularly concerning. When the avian virus jumps into a mammal it has the opportunity to mutate into--becoming more mammalianlike.
Bartels: That's Lisa Kercher, the virus hunter from St. Jude's with the tricked-out camper-van-turned-lab you heard from in Episode One.
But is this how the infection of that first dairy herd happened? Once the mysterious illness in Texas cows was found to be H5N1 scientists pinpointed the likely spillover source: an interaction between a sick wild bird and a dairy cow around December 2023. From there, researchers determined, most sick cows have caught the virus from other cows.
The virus has made the jump from wild birds to cows a couple more times in the year and a half since the original spillover. But in general the virus seems to spread directly within and between infected herds--more than 1,000 to date. And researchers believe that the spread was potentially accelerated by the dairy industry's reliance on moving cows throughout the nation, a mass bovine migration that is mostly invisible to people on the outside.
Carolyn says that fortunately, unlike those early days of 2024, dairy farmers now know what to look for, like the cows stop eating as much food.
Kokko: I worked with this farm in Colorado remotely and could see from the intake data, everything just dropped one day, and it was amazing.
[image: A woman in coveralls stands with hands on hips outside an office door inside a barn]Carolyn Kokko, director of Cornell University's Teaching Dairy Barn in Ithaca, N.Y.
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Bartels: They also spend less time chewing their cud. That's something that each cow's collar tracks, although this bovine Fitbit of sorts measures the animals' contented lounging instead of their daily steps.
Carolyn says that the flow of milk also slowed, with the milk machine's daily tally for each cow falling.
Kokko: To be able to identify a virus just from something like that remotely, it was like, "They've got bird flu."
Bartels: Bird flu has been most commonly detected in herds across the western half of the U.S., and H5N1 in dairy cows has come no closer to Cornell than Ohio. But the dairy cow outbreak has brought another concerning development: sick cats.
Many of the early cases were linked to dairies where farm cats who drank raw milk became very sick. Since then pet cats owned by dairy workers and even cats with no known exposures to the virus in any reservoir have also gotten sick. And unlike the cows, who typically recover from the virus, the cats are often showing neurological symptoms and even dying, which is quite rare in cows.
So it's no surprise that Carolyn and her colleagues at the dairy barn are wary, on guard for bird flu to surprise them again.
Kokko: Things can change. Viruses change. We know that.
Bartels: But to see exactly how they can change you need viral surveillance. Just a few minutes' drive from the dairy barn sits a hub of that monitoring network: the Animal Health Diagnostic Center, where Elisha and Diego work. The diagnostic center is one of dozens of labs across the country watching the bird flu outbreak in cows unfold by monitoring milk.
But before we go any further it's really important to note that tests have shown heat-based pasteurization kills H5N1 in milk. So drinking milk and enjoying other dairy products is still super safe, as long as you're not consuming raw milk.
But one of the strange aspects of avian influenza and cattle is that it seems to affect lactating cows the most. Way more virus is found in an infected cow's milk than in other types of samples. There are even hints that milk from infected cows carried by milking equipment is potentially transmitting the virus within herds--and even to the occasional dairy worker who's gotten a mild infection.
Still, cows need to be milked--rain or shine, sick or well. When a farmer knows their herd has bird flu they can keep sick cows separate and discard their milk. But if they have no reason to think their cows are sick, they'll keep up business as usual--now, sometimes with one additional step: they can send vials of milk from the big tanks where the milking machines collect the goods to a lab like the one at Cornell.
[CLIP: Van driving up to dock.]
Bartels: Each day one or more vans roll up to a small warehouse space at the laboratory building. Staffers unpack a pile of boxes onto metal carts, then roll them down the hall to a big room called "receiving."
[CLIP: Boxes moving.]
[image: A man in bioharzard personal protective equipment and mask sits at a desk surrounded by sample boxes and lab equipment]Esref Dogan, a lab processing supervisor at the Cornell Animal Health Diagnostic Center, processes milk samples to be tested for highly pathogenic avian influenza in Ithaca, N.Y.
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Bartels: The samples are unpacked, checked in and then sent up two floors to the Molecular [Diagnostics] Lab.
Mani Lejeune: If you get 100 samples a day or 500 samples a day, individually piping them out to a different plate is time-consuming.
Bartels: That's Mani Lejeune, who oversees the Molecular [Diagnostics] Lab. The team is coordinating samples coming from New York as well as states like California that need more testing support than local labs can provide.
Fortunately for Mani and his colleagues, Cornell built up on-site testing capacity during the worst days of COVID, including acquiring two big machines called liquid handlers. These machines pull a little milk from each vial into one of the wells on a small plastic tray that allows the scientists to process 93 samples at a time.
The tray makes a series of stops around the lab, with a machine in each location handling one part of the preparation.
John Beeby: And that other plate would be a wash plate.
Bartels (tape): Okay.
Beeby: That allows you to start washing all of the other cellular material off of that original DNA sample in order to purify the DNA. And that's, that's really our whole goal here, is isolating that DNA and then purifying it: just pure DNA here--DNA and RNA, both.
Bartels: That's John Beeby, the lab manager, who walked me through the testing procedure, which relies on a process called polymerase chain reaction, or PCR. If it sounds familiar, that's because it's the process used in the 24-hour tests for COVID.
[image: A man in a lab coat and mask stands at a fume hood surrounded by lab equipment]John Beeby of the Animal Health Diagnostic Center of Cornell University processes milk samples for bulk testing for H5N1.
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And it works the same way when it comes to testing for bird flu in milk. Scientists essentially add a tag that recognizes and binds to genetic material from the virus. Then the sample is heated and cooled in a particular way that selectively duplicates whatever is bound to the tag. A fluorescent dye attached to the probe lights up during the process.
Beeby: So as amplification happens you actually will have these samples giving off fluorescence that can then be detected by the optics.
Bartels: The more virus in a particular sample, the earlier in the process it will start to light up, and the brighter it will get overall. John says the whole process in the lab, from vial to verdict, takes about four and a half hours. And it will all start again tomorrow.
When the Cornell team finds bird flu in a sample it then gets sent along to another lab run by the U.S. Department of Agriculture for confirmation. There they also sequence the virus's actual genome so scientists can see whether and how it's evolving. That information's value stretches far beyond dairy barns like the one where we started the day.
Here's Diego again.
Diel: My perspective is, given what we have seen so far, this virus is likely to continue to circulate in dairy cows. The continuous circulation of the virus in mammals can lead to mutations that will make this virus more adapted to the human receptor. That could increase the risk of infection in humans, severity of disease in humans and the potential transmissibility of the virus from human to human.
Bartels: And humans are getting sick from H5N1, although not very frequently. So far the Centers for Disease Control and Prevention has reported 70 confirmed bird flu infections in humans since 2024. The majority of these cases were in farmworkers who had contact with sick cows or chickens, and most of the infections have been pretty mild. But there's no guarantee that will remain true.
Nancy Cox, who we heard from in episode one about her experience leading the CDC's influenza branch in 1997 during the first H5N1 outbreak in Hong Kong, sums up our current predicament.
Nancy Cox: It's just an unprecedented situation. It just places the U.S. at greater risk for being the source of a new pandemic strain ...
Bartels: Which is why scientists are hard at work developing vaccines that could protect people from avian influenza.
Feltman: That's all for today's episode. Tune in on Friday for the final installment of this three-part series, where we'll meet some of the virologists racing to get a better understanding of H5N1--and hopefully keep it from becoming the world's next pandemic.
Science Quickly is produced by me, Rachel Feltman, along with Fonda Mwangi, Kelso Harper, Naeem Amarsy and Jeff DelViscio. This episode was reported and hosted by Meghan Bartels and edited by Alex Sugiura. Shayna Posses and Aaron Shattuck fact-check our show. Our theme music was composed by Dominic Smith. Special thanks to Becka Bowyer and Kaitlyn Serrao at Cornell University and to Kimberly Lau, Dean Visser and Jeanna Bryner at Scientific American. Subscribe to Scientific American for more up-to-date and in-depth science news.
For Scientific American, this is Rachel Feltman. See you next time.
Additional reporting by Lauren J. Young.
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This is How We Fight Bird Flu If H5N1 Becomes the Next Human Pandemic

This San Antonio, Tex., lab takes biosecurity seriously. Suit up with its scientists and go behind the scenes of the science of vaccine creation.

By Naeem Amarsy, Jeffery DelViscio, Fonda Mwangi, Alex Sugiura & Rachel Feltman 
[image: A man and women in full body personal protective gear complete with head shroud and helmet bubble visors are seen inside a laboratory] Naeem Amarsy/Scientific American



Rachel Feltman: For Scientific American's Science Quickly, I'm Rachel Feltman. This is the final episode of our three-part series on bird flu.
(You can listen to episode one here and episode two here.)
On Wednesday we met scientists who are getting their hands dirty with dairy cows and poultry to better understand how H5N1 bird flu is spreading. Today we'll take a look at efforts to create vaccines for H5N1--and learn why eggs are so critical to the vaccine-making process.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Our host today is Naeem Amarsy, a multimedia journalist based in New York City. Here's Naeem now.
Naeem Amarsy: It's barely 10 A.M. in San Antonio, Texas, and it's nearly 90 degrees--in the middle of May. While the rest of the city steps out in sandals and shorts, I'm watching a team of scientists at Texas Biomedical Research Institute. They're rummaging through metallic shelves to find the extra layers of protective gear they need to start their day: scrubs, gowns, gloves, shoe covers, hairnets and long white coveralls.
Luis Martinez-Sobrido: So, we need to change all our clothes. That's why we have all these cabinets there.
Amarsy: That's virologist Luis Martinez-Sobrido. He observes with a keen eye as two members of his lab dress up for their next shift.
Martinez-Sobrido: You take everything out--only the scrubs and the bunny suit. They also use this head net to cover the head. I don't have that problem. I don't need that [laughs].
Amarsy: Luis's team is preparing to enter a BSL-3--which is short for biosafety level three--facility. In these highly secure labs scientists handle some of the world's potentially deadliest viruses.
Martinez-Sobrido: So mainly here we are working with tuberculosis, we are working with SARS-CoV-2 and H5N1.
Amarsy: H5N1 is the reason I am here. As we learned in the first two episodes of this series the virus is moving between species, from wild birds to their domesticated counterparts to cows and other mammals. And now it's reached humans.
The currently circulating strains have already infected dozens of people, mostly poultry and cattle farmworkers. Luckily, most of these infections have been mild. But historically, H5N1 viruses have killed nearly 50 percent of the people they've infected, according to the World Health Organization. And that's a major concern. The more these H5N1 viruses circulate, the greater the chance they change into forms that cause severe disease--and that easily spread between people.
Martinez-Sobrido: We do not have any preexisting immunity against this H5N1 virus, and if it's able to transmit, it will potentially cause a pandemic.
Amarsy: I wanted to understand what virologists like Luis are discovering about bird flu and how they might try to protect us if it does start jumping between humans.
Inside the anteroom, a sealed space between the outside world and the BSL-3 lab, each of Luis's colleagues puts on their final piece of equipment: a battery-powered respirator connected to a large white hood with a transparent front that they call "the bubble."
[image: A man and women can be seen dressing up in full body personal protective gear inside a laboratory]From left: Ramya Smithaveni Barre and Ahmed Elsayed of the Texas Biomedical Research Institute put on personal protective equipment before entering a BSL-3, or biosafety level three, laboratory.
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Ahmed Elsayed: So we start with checking our bubble and connecting the battery.
[CLIP: Elsayed's respirator battery makes a noise as it's plugged in.]
Elsayed: And then start the bubble.
[CLIP: Elsayed's bubble beeps.]
Elsayed: Then we connect the shroud that we put to protect our face.
Amarsy: That's Ahmed Elsayed, a staff scientist working in Luis's lab. In his immaculate white coveralls he reminds me of a beekeeper. At the back of his head a thick cable connects his bubble to the air filter around his belt, it's a lifeline from any contagion inside the lab.
Elsayed: We are waiting to have everyone ready before opening the second door because we cannot open it twice. So once everything is fine then we enter the PIN number and enter the lab.
[CLIP: Elsayed types the entry code into the PIN pad. The PIN pad beeps, and the lab's second door opens and shuts.]
Amarsy: As they disappear into the lab I am left wondering what Ahmed and his [colleagues] will do over the next six hours of their shift, working with those potentially deadly viruses. So I ask Luis.
Martinez-Sobrido: So the main specialty of our lab is reverse genetic approaches, and reverse genetics mainly refer to the ability to generate recombinant viruses in the laboratory. It's not a virus that has been isolated from an animal or from a human.
Amarsy: Recombinant viruses are one of the most powerful tools in virology. They let scientists like Luis use genetic sequences to re-create and modify viruses found in the wild--all that without having to rely on samples from the outside world.
This helps researchers test a bunch of things about viruses such as H5N1, from how they respond to antiviral treatments to how they mutate and how sick they can make us.
Martinez-Sobrido: More importantly, like in the case of the influenza vaccines, allow you to generate attenuated forms of the virus that then you can use as vaccines for the treatment of viral infections.
Amarsy: Every year tens of millions of Americans get a flu shot. This prevents tens of thousands of hospitalizations. And making the annual seasonal flu vaccines is a coordinated global effort.
The World Health Organization offers recommendations on the vaccines' makeup twice a year--in February for the Northern Hemisphere and September for the Southern Hemisphere. They make these recommendations based on which strains experts think are most likely to spread. In the U.S., the Food and Drug Administration considers that data and then makes its own recommendations, which pharmaceutical manufacturers use to produce millions of doses that are distributed across the country.
Along the way, labs like Luis's get involved.
Martinez-Sobrido: Well, we generate some of the stocks, or the seeds, of the vaccine. we cannot produce vaccines for a large population; we just do it [on a] smaller scale here.
Amarsy: What Luis calls the "seed" of the vaccine is a specifically designed virus that pharma companies use to develop flu vaccines. It doesn't make us sick but instead helps our body create antibodies. It's also known as a candidate vaccine virus.
Amarsy (tape): So if I get a flu shot at the end of the year ...
Martinez-Sobrido: It could be coming from here, yeah.
Amarsy: In addition to its contribution to your annual flu shot, Luis's lab makes candidates for potential vaccines to protect against H5N1. These so-called pandemic vaccine viruses are an essential line of defense against the threat of an avian flu pandemic. They can be used to create vaccines to help reduce severe illness.
And whether we're talking about flu shots for seasonal or avian strains, making them usually involves a surprising tool.
Martinez-Sobrido: We infect eggs with the virus.
[image: A blue egg tray with eggs marked on their tops with circles and lettering under a laboratory light with a hand in a black glove plunking an egg from the back row]Ahmed Elsayed of the Texas Biomedical Research Institute picks-up fertilized chicken eggs from a crate before inspecting them for infection with an an H5N1 vaccine virus.
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Amarsy: These aren't your everyday supermarket eggs. They are fertilized eggs, produced in secret biosecure farms across the country. It's believed that we go through millions of these eggs every year. They are used because flu viruses grow very well in the allantoic cavity, which is full of a liquid that contains waste from the embryo as well as various proteins.
Luis and his team showed me how they make H5N1 vaccine seeds. They said it all starts in their super-secure BSL-3 lab that only authorized researchers can enter. I can't go in.
Martinez-Sobrido: So, we usually start with a vaccine virus that we generate in the laboratory. It does not infect or replicate [in] humans, but it grows very well in eggs.
Amarsy: Once the scientists create the virus they conduct a bunch of tests to make sure it actually isn't dangerous to humans. Only when they know the virus is safe do they move it to another lab with less stringent safety rules--no need for respirators--and this time I could join.
Martinez-Sobrido: We have egg incubators like these where we keep the eggs inside, and they actually rotate, like, every 15 minutes, 20 minutes.
[CLIP: The incubator rotating.]
Amarsy: Ahmed removes a dozen white eggs from the incubator and turns off the ceiling lights.
Elsayed: So we get the egg at day one, so then we keep it until day 10, [when] the embryo will be ready and the egg will be ready for infection to propagate the viruses. So now we will start to candle the egg.
Amarsy: He holds an egg in one hand. He moves the egg below a small light attached to his workstation, causing it to glow orange--except for a small circular patch at the top, which remains white. That's the air sac, he explains. He wants to avoid injecting the virus there because it won't grow.
[image: A hand covered in a black glove lifts a chicken egg up to a light illuminating the egg's inside contents with an orange glow inside a science laboratory]Ahmed Elsayed of the Texas Biomedical Research Institute uses a laboratory light to observe the inner contents of a fertilized chicken egg.
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[CLIP: Elsayed marks an egg's air sac.]
Elsayed: Then we find [a] certain point in which we can use to inoculate safely the embryonated egg without affecting the embryo.
Amarsy: After labeling a dozen eggs Ahmed turns the lights back on. He passes the crate to Ramya Smithaveni Barre, a Ph.D. student who also works in Luis's lab.
Ramya Smithaveni Barre: We will actually be making a hole here at the point, and we will be injecting the virus into the allantoic fluid.
Amarsy: Under a loud biosafety hood she pokes small holes into the eggs and injects them with the specially designed vaccine virus.
Barre: These are 18-gauge needles. These are very thick, so it just helps drill a hole quickly. So just make a hole here. So you see this point here, which--where the X mark is made? So from here we will be injecting using a syringe.
[CLIP: Barre opens a syringe packet and injects virus into an egg.]
Barre: So after this is done I will basically be covering them with the glue to seal them.... So after that they go into the incubator, and they stay there for, like, 48 hours.
Amarsy: Now that the eggs have been infected the team needs to wait for the virus to propagate in large enough quantities. In two days they will extract the allantoic fluid, which now contains the virus, conduct a number of tests and put the samples with the highest virus concentration into vials. Each has enough virus to make thousands of flu vaccine doses.
After leaving Luis's lab the vials go through a series of quality control evaluations and testing. And then they'll be sent to manufacturing labs, which, in the case of a pandemic, can use them to replicate the process in millions of eggs.
Martinez-Sobrido: Since this is a virus that is still alive the next thing they do after growing the virus is to kill the virus, inactivate the virus. So once they inactivate the virus they process [it], and then they put it in the tube, and then they send it to the pharmacy, and that's what you get.
Amarsy: For the 2024-2025 flu season the CDC said it expected about 80 percent of flu vaccines in the U.S. to be made using the egg-based method. And without the science that has--even if most people don't know it--gone into every flu shot you've ever had, we might not be able to prepare for what scientists say is the growing threat of a potential bird flu pandemic.
Martinez-Sobrido: We recently are aware of how important the vaccines are because of the COVID-19 pandemic, right? That these vaccines have clearly saved millions of lives. But, clearly [this] is the best mechanism that we have to protect us against any type of infectious disease, including influenza.
Amarsy: And if H5N1 does become easily transmissible between humans, the seeds that Luis's lab makes and the H5N1 vaccines that follow, could become central to our pandemic response.
Amesh Adalja: So there are stockpiled vaccines against H5N1. This is a process that began during George W. Bush's administration. These are not well-matched to what's circulating now, but there have been efforts to update that stockpile.
[image: Two hands hold up a gridded sample holder to the light which shines through the holder and samples showing that the wells contain pink liquid with a red dot in the middle of each well]Luis Martinez-Sobrido of the Texas Biomedical Research Institute holds up a test to detect the presence of an egg-grown H5N1 vaccine virus in diluted samples of allantoic fluid from inside fertilized chicken eggs.
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There's not enough in the stockpile currently to vaccinate the entire U.S. population. There are efforts underway to increase that stockpile if needed, and there are contracts in place to be able to do that. In the event of a threat change you would anticipate manufacturers coming online and some of the seasonal flu capacity being shifted to pandemic flu requirements.
Amarsy: That's Amesh Adalja. He's a pandemic-preparedness specialist at Johns Hopkins University and an infectious disease physician.
Amesh emphasizes the importance of vaccines as one of our first lines of defense against a potential avian influenza pandemic. But he sees some challenges in our current system.
Adalja: The issue will always be: Does the vaccine work very well? Is it well-matched to what--the strain that's circulating or that's causing the issue? And how much of it do we have, and how fast can we have it in the arms of those people who are at most risk?
Amarsy: Part of what complicates addressing these concerns is the use of chicken eggs, he says.
Adalja: If you're in an avian influenza outbreak, it might affect chicken farms and chicken egg production. However, people recognize that, and there have been specific flocks that have been segregated away and kept under high biosafety to not allow them to be infected. They're not kept in [the] open, where a passing goose can't put its droppings in the chicken cage. The individuals that have to interact with them have to wear aggressive personal protective equipment.
Amarsy: So to experts like Amesh, threats to egg availability aren't the main problem. The larger concern is that creating vaccines by using chicken eggs takes so long that scientists have to pick the strains about six months before a vaccine gets into our arms.
Adalja: And that creates a problem because when they're making that strain selection, things might change later in the season, and they're pretty much stuck with what they picked. So that's why we sometimes have vaccine mismatches: because of that long lead time required by the egg-based vaccine manufacturers.
Amarsy: This means that if the H5N1 viruses currently circulating were to mutate into a new strain that doesn't respond to the vaccine seeds made in labs like Luis's, it would be at least half a year before we even had egg-based shots available. By that time many people could already be infected.
Additionally, Amesh says there's another problem with growing bird flu vaccines in eggs.
Adalja: When you propagate the virus in chicken eggs, the virus mutates and you might end up at the end with something different than what you started with that might not work as well, so I think it also decreases the efficacy.
So, long lead time, which allows mismatches to occur more frequently, and you get egg-based mutations that decrease the efficacy of the vaccine.
Amarsy: As mentioned before we still use eggs to make most flu shots, and most of the time it works well. It's the cheapest option, and we have a widespread manufacturing infrastructure built around this process. But there are also quicker alternatives, like cell-based vaccines, which are grown in mammalian cells. And though these approaches cost more right now, experts like Amesh have advocated for them to be adopted more widely.
Some labs are trying to develop even newer solutions based on messenger RNA, like many of the COVID vaccines. This process could allow countries to deploy a vaccine that matches a new strain much quicker. The Trump administration, however, recently canceled $766 million in funding for the pharmaceutical company Moderna to develop an mRNA-based bird flu shot. This has added to concerns about the U.S. Department of Health and Human Services' approach to vaccination.
But for H5N1 to trigger the next pandemic it would need to acquire the ability to easily transmit between humans. And that, we think, hasn't happened yet.
Adolfo Garcia-Sastre: We have these little entities, microscopic entities, viruses--flu has only eight genes, eight genes, and they get inside a cell of an organism that--we have [about] 30,000 genes. And how [is] the virus ... able to--these eight genes [able to] code information that take over the whole 30,000 genes and then change completely the cell to make copies of themselves? How can you achieve that with so little information, right? That's fascinating.
Amarsy: That's Adolfo Garcia-Sastre. He's one of the world's leading flu virologists, and he trained Luis back in the 2000s. He now runs a lab at the Mount Sinai Icahn School of Medicine in New York City.
His lab looks at pretty much everything that has to do with flu--vaccination, treatments, viral evolution, transmission, mutations--but even he was surprised by what H5N1 has done.
Garcia-Sastre: I could never imagine in my life that there will be cows infected with flu.... Before that they say, "You think that flu can replicate and establish a cycle in dairy cows by replicating in the mammary glands of the dairy cows?" I say, "What, are you crazy or what?"
[image: A long-haired older man in a lab coat sits behind a messy desk covered with papers and mosquito statues]Virologist Adolfo Garcia-Sastre of Mount Sinai Icahn School of Medicine in his office in New York City.
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Amarsy: As we heard my colleague Meghan Bartels explain in Episode Two, scientists were astonished when they learned that H5N1 had jumped from birds to cows. And now the big fear is that the virus manages to adapt well enough to our bodies to transmit efficiently between people.
One way that could happen is through reassortment, the genetic mixing of multiple influenza viruses that we learned about in episode one.
Garcia-Sastre: So if we get, for example, the 2009 H1N1 pandemic of flu, ... it [had acquired] gene chromosomes coming from four different viruses: one was a virus circulating in humans, the other was a virus circulating in birds, the other virus circulating in pigs and the other virus circulating in pigs but [in] a different geographical area. So somehow these viruses got together into a pig and then created this particular virus.
Amarsy: Another way H5N1 could develop the ability to move from human to human is by simply mutating. Mutations happen when viruses make copies of themselves and mistakes slip in. Most of the time the mutations that don't benefit the virus are less likely to pass down.
Garcia-Sastre: But it can happen that if a new mutation gives you a new characteristic that makes you more likely to replicate faster than your previous brothers and [sisters], then this mutation dominates.
Now, let's say H5N1, if it requires 20 different mutations to replicate and transmit in humans and if each mutation by itself doesn't make it better, that is very rare because these 20 mutations, it's very difficult [for them to] happen at the same time. But if it requires only four mutations, that's a different story. Maybe you can get four mutations being [generated] at one moment and it just [happens] to be that this--there is a human that gets infected with this mutant virus; then it starts to propagate in humans.
Amarsy: There's an ongoing debate among virologists about how many mutations it would take for the H5N1 viruses we are currently dealing with to better adapt to humans. One study found that for the strain that has been circulating in dairy cows since last year, one single mutation could potentially do the job. Here's what Adolfo had to say.
Garcia-Sastre: It's very unlikely because I think the number of encounters of this virus with humans has been so many that if it [would] be only one mutation required for [transmissibility] in humans, it would have happened already.
Amarsy: Flu pandemics are historically very rare. But there's one notable exception: experts believe that in 1918 an H1N1 virus thought to have avian origins mutated in a way that made it better adapted to humans. Eventually, the virus caused one of the deadliest pandemics in recorded history, with estimates suggesting it killed anywhere from 50 to 100 million people worldwide.
In 2005 Adolfo was part of a team that re-created this virus in the lab. And here's what they found.
Garcia-Sastre: So 1918 was always a, a mystery and a speculation [among] flu researchers. We realized that the virus was a very nasty virus to start with, and many of the deaths happened because that was an extreme case of a very virulent virus for humans of influenza. And that means that this can happen again, but will it happen again?
When we started to try to understand what are the determinants of virulence of this virus, we found that it needed to have a perfect storm--a combination of multiple mutations happening in multiple genes of the virus--and only this combination makes the virus as lethal as it was.
Amarsy: Just in the last roughly 140 years there have been five flu pandemics, ranging from the disastrous 1918 pandemic to the relatively mild 2009 outbreak. Virologists tend to agree that another flu pandemic is inevitable. But there's disagreement about how likely H5N1 is to be the trigger, so I asked Adolfo's longtime colleagues what they thought.
Peter Palese: Some people think that it's just a question of time when any of these H5 ... they are bound to, to jump into humans. I turn it around and say, "They have been with us so long already, in all kinds of animals--avian, mammalian--why hasn't it happened?" And so I'm not so sure it will happen, right? And I'm not so sure that this is the next pandemic strain, which will cause us all the grief, which we have seen with other pandemic strains.
Amarsy: That's Peter Palese, Adolfo's mentor at Mount Sinai, and a leading figure behind a lot of innovations in influenza research.
Florian Krammer: I think it's really hard to predict. You know, people were saying this would become a pandemic in 1997, in 2003 and since then very often, right? I think there is a high chance right now, or higher than before, just because there is so much virus out there and because it seems to adapt to mammals better.
Amarsy: And that's Florian Krammer, who also works with Adolfo and Peter at Mount Sinai.
[image: Three men, two in lab coats and one in normal clothing, stand in a research lab facing the camera]From left: Virologists Peter Palese, Florian Krammer, and Adolfo Garcia-Sastre, all of the Mount Sinai Icahn School of Medicine in New York City.
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Garcia-Sastre: What is really clear is that there's gonna be another flu pandemic--doesn't need to be H5, but there have been, all the time, pandemics.
Amarsy: It's not a foregone conclusion that H5N1 will trigger the next pandemic. But if it does, are we ready to respond effectively?
I talked to epidemiologists Jennifer Nuzzo and Shira Doron. Here's what they told me.
Jennifer Nuzzo: So historically, H5N1 has been observed to be one of the most deadly viruses we've seen. Meaning that of all the cases we've been able to find, about half of them have died, and that is truly extraordinary when you sort of rank pathogens in terms of their potential to kill the people that we know are infected.
Amarsy: That's Jennifer. She directs the Pandemic Center at Brown University.
Shira Doron: That has not been the case with the current strain. What we've seen with this particular strain is very mild illness, and so often what we're seeing with the individuals who have developed H5N1 influenza from cows and poultry is just conjunctivitis, or just conjunctivitis with some mild upper respiratory symptoms, like a sore throat.
Amarsy: And that's Shira. She's the chief infection control officer at Tufts Medicine.
From the beginning of the current outbreak to early June 2025 there have been 70 known human cases of H5N1 in the United States. And though most cases have been mild we made be undercounting them--by a lot.
Doron: We know that our known cases are a relatively small proportion of total actual cases, especially because the disease has been so mild in most of the farmworkers who have become infected. Most people with very mild infection don't go to the doctor and don't request testing. Add to that the fact that many of these workers are undocumented migrants who are trying to stay under the radar.
Amarsy: If many cases go undetected, it means that H5N1 could be spreading silently. And every time it infects a new person it gets a chance to mutate, possibly into a form that adapts better to our bodies.
Nuzzo: I think it's quite concerning that we continue to see new outbreaks on farms being reported and yet no new human cases have been identified in months. So the number of animals who are getting infected continues to climb, and somehow the number of people who are being infected has just remained unchanged. We are also seeing that the amount of tests that states are doing has decreased. So we have a lot of reason to be concerned that we haven't found new cases because there's been a contraction in the surveillance efforts directed at H5N1.
There may be lower H5N1 activity; I'm not ruling that out. But we also know that H5N1 is not going away.
Amarsy: So in order to stay ahead of the curve Jennifer says we'd need to ramp up our monitoring efforts, from testing for possible infections to conducting wastewater surveillance. We'd also need to do much more to protect those who are most exposed to the virus.
Nuzzo: We know just telling people to wear personal protective equipment to protect themselves against the virus every time they're around animals is not working because people have continued to get sick despite making those recommendations. So, I do think there is a case to be made to offer the vaccines that we do have to the agricultural sector--not mandate but offer--as another tool to protect them.
Amarsy: Otherwise, we could be caught off guard.
Nuzzo: H5N1 could be a lot less severe and still cause a tremendous amount of chaos and damage. You know, COVID-19 has [been] observed to be far less lethal than what we've observed H5N1 to be. And if H5N1 became able to infect people easily and able to transmit easily between people, thus triggering a pandemic, and anything close to the case fatality that we've seen it have, it would be far and away so much worse than anything we've ever observed with COVID-19.
Amarsy: Of course, that's a scenario nobody wants. But if it happened, it's not like we'd be taking shots in the dark.
As we learned from Luis we can make vaccines that are thought to be effective, at least against the current circulating strains of H5N1. Additionally, we have antiviral treatments, some of which researchers such as Adolfo and Peter have tested against the nastiest flu viruses, including viruses with genes from the 1918 strain, and they tend to work well against many different flu viruses.
[image: A full table of virus samples shown in petri dishes under laboratory lights]Diluted samples of an inactivated egg-grown H5N1 vaccine virus in petri dishes at the Texas Biomedical Research Institute in San Antonio, Tex.

Naeem Amarsy/Scientific American



So what seems to concern epidemiologists such as Jennifer and Shira the most is not whether we have the right treatments and prevention mechanisms available to fight bird flu. Instead, the question is whether we have enough resources right now to handle another pandemic.
Doron: We have tested a number of strategies and figured out how to do some really hard things, and those are triggers we could pull again if need be. So for example, in my hospital, we now know how to set up, very quickly, a mass testing site, a mass vaccination site. We know how to expand intensive care and expand patient care, so in some ways we're more prepared today because of COVID-19.
Amarsy: But in other ways we are less prepared, the experts say.
Nuzzo: The thing that I'm most worried about is the loss of experienced personnel. During the start of COVID-19 one of the things that states tried to do was contact tracing, but it was really hard because states didn't have the kind of personnel. So there was a massive, quick effort to try to build that personnel. Now not only do we not have that workforce anymore, but we've also lost a lot of public health leaders. You know, it's like we had an enormous fire rip through the U.S. and we decided to systematically dismantle all of the fire departments. So I am deeply worried about how the U.S. would fare in another pandemic.
Amarsy: Jennifer says that sooner or later there will be another flu pandemic. Whether it will be caused by H5N1 or another bird flu virus, we just don't know. But the way we prepare today, from the vaccine seeds built in labs like Luis's to the critical research conducted by Adolfo to the care administered in Shira's hospital, will determine how strong our response is--and whether the next outbreak will upend our world.
Feltman: That's all for today's episode. We hope you've enjoyed this week's special series on bird flu. We'll be back with something new on Monday.
Science Quickly is produced by me, Rachel Feltman, along with Fonda Mwangi, Kelso Harper, Naeem Amarsy and Jeff DelViscio. This episode was reported and hosted by Naeem Amarsy and edited by Alex Sugiura. Shayna Posses and Aaron Shattuck fact-check our show. Our theme music was composed by Dominic Smith.
Special thanks to Laura Petersen and Catie Corcoran at the Texas Biomedical [Research] Institute; Jane Deng and Elizabeth Dowling at the Mount Sinai Icahn School of Medicine; and Kimberly Lau, Dean Visser and Jeanna Bryner at Scientific American. Subscribe to Scientific American for more up-to-date and in-depth science news.
For Science Quickly, this is Rachel Feltman. Have a great weekend.

Naeem Amarsy is a documentary filmmaker and multimedia editor based in New York City.

Jeffery DelViscio is currently chief multimedia editor/executive producer at Scientific American. He is former director of multimedia at STAT, where he oversaw all visual, audio and interactive journalism. Before that he spent more than eight years at the New York Times, where he worked on five different desks across the paper. He holds dual master's degrees in journalism and in Earth and environmental sciences from Columbia University. He has worked onboard oceanographic research vessels and tracked money and politics in science from Washington, D.C. He was a Knight Science Journalism Fellow at the Massachusetts Institute of Technology in 2018. His work has won numerous awards, including two News and Documentary Emmy Awards.

Fonda Mwangi is a multimedia editor at Scientific American and producer of Science Quickly. She previously worked at Axios, The Recount and WTOP News. She holds a master's degree in journalism and public affairs from American University in Washington, D.C.

Alex Sugiura is a Peabody and Pulitzer Prize-winning composer, editor and podcast producer based in Brooklyn, N.Y. He has worked on projects for Bloomberg, Axios, Crooked Media and Spotify, among others.

Rachel Feltman is former executive editor of Popular Science and forever host of the podcast The Weirdest Thing I Learned This Week. She previously founded the blog Speaking of Science for the Washington Post.




This article was downloaded by calibre from https://www.scientificamerican.com/article/creating-bird-flu-vaccines-for-humans-at-a-biosecure-laboratory



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Science Crossword: On the Fly


By Aimee Lucido 
This crossword is inspired by the August 2025 special digital issue of Scientific American. Read it here.
We'd love to hear from you! E-mail us at games@sciam.com to share your experience.

Aimee Lucido makes crosswords part-time for several outlets and writes trivia full-time for Bloomberg's news quiz, Pointed. She is also the author of several books for kids, including Emmy in the Key of Code, Recipe for Disaster, and Pasta Pasta Lotsa Pasta. Lucido lives with her husband, daughter and dog in New York.
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How Flu Virus Reassortment Works

If a person became infected with both seasonal influenza and bird flu at once, the viruses could
swap RNA segments inside their cells, resulting in new strains.
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Receptor Location Is Key to Viral Spread
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Bird Flu Poultry Data Hint at Seasonal Trends

USS. Department of Agriculture data show that the number of poultry with highly
pathogenic avian influenza seems to drop during the summer months.

Total Number of Birds Affected

°OOO

500K 5M 10M 20M

July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June

2022
January 2026 saw the
highest number of
20222023 . poulty affected in the
outbrezk to date
2023-2024 The number of birds
affected rose slightly
2020205 @ in May, driven by

infections in Arizona,





feed_0/article_3/images/img1_u7.jpg





feed_0/article_3/images/img3.jpg





feed_1/article_0/images/img8_u1.jpg





feed_1/article_1/images/img8_u2.jpg





feed_1/article_1/images/img2_u1.jpg





feed_1/article_0/images/img1.png





feed_1/article_0/images/img5_u2.jpg





feed_1/article_0/images/img4_u1.jpg





feed_1/article_0/images/img7_u2.jpg





feed_1/article_0/images/img6_u2.jpg





feed_1/article_0/images/img3_u4.jpg





feed_1/article_1/images/img6_u1.jpg





feed_1/article_1/images/img3_u1.jpg





feed_0/article_2/images/img4_u2.jpg





feed_0/article_2/images/img1_u2.jpg





feed_0/article_2/images/img2_u3.jpg





feed_0/article_2/images/img3_u2.jpg





feed_0/article_4/images/img1_u6.jpg





