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lineages we found traced back to humans, not Eurasian swine. We 
saw the same pattern in other Latin American countries. There was 
no trace of the Eurasian lineage anywhere in the West, likely because 
there is not much trade in that direction. All evidence pointed toward 
an Asian origin, I conceded. And that seemed unlikely to change, as 
research on the 2009 swine flu was slowing as attention turned to 
more pressing disease threats, including Ebola in West Africa and Zika 
in the Americas. Funding for flu surveillance in pigs was drying up.

The smoking pig
Still, our work on swine influenza continued. The disease 
remained an issue for US swine farmers, and my collaborator Amy 
Vincent at the USDA maintained a vibrant surveillance program. 
So we organized a workshop at her lab in Ames, Iowa, to teach sci-
entists how to analyze genetic data from swine influenza viruses 
circulating in different countries. 

One workshop participant was Ignacio “Nacho” Mena, a virol-
ogist who was part of the NIH-funded Center of Excellence for 
Influenza Research and Surveillance (CEIRS) that Vincent and I 
also participated in. For the workshop, he brought the genomes of 
57 influenza viruses collected from swine by his local veterinarian 
partners all over Mexico between 2013 and 2015. These genomes 
were hot off the sequencer, so they hadn’t yet been fully examined. 
Astoundingly, one of Mena’s Mexican viruses had a gene segment 

that was related to Eurasian viruses from swine in Europe, seemingly 
the first documentation of the Eurasian swine H1N1 lineage in the 
Western hemisphere. The Eurasian segment didn’t match those in 
the 2009 pandemic virus, but the detection of any genetic pieces of 
the Eurasian lineage in Mexico meant it was possible that the 2009 
pandemic had emerged in North America.  

When we looked more closely, Mena’s data turned out to con-
tain 18 smoking pig viruses that matched the 2009 viral lineage 
segment for segment. Moreover, the 18 viruses were collected from 
swine in central Mexico, the same region where the earliest clini-
cal signs of a pandemic outbreak had been detected in humans in 
early 2009. And lastly, phylogenetic analyses placed the Mexico 
viruses in a clade on the tree that more closely adjoined the clade 
of human pandemic viruses than any other swine viruses. The pat-
tern was exactly what we would expect if the 2009 H1N1 pandemic 
originated in pigs in Mexico. 

Only one mystery remained: How did Eurasian viruses with a 
geographical range limited to Europe and Asia wind up in Mexico? 
US swine veterinarians remained convinced that Eurasian viruses 
had never reached America’s well-sampled herds. Fortunately, 
thanks to time-stamped sequences, background data from swine 
in Europe, Asia, and North America, and a decade of advances in 
phylogenetic tree-building methods, we were able to reconstruct a 
detailed history of influenza virus evolution in Mexico dating back 

to the 1990s. Our findings, published in eLife in 2016, confirmed 
Mexico’s role as a pig trade sink, and therefore a melting pot for 
influenza A viruses imported from Europe and the US.

According to the analysis, millions of US pigs were trucked into 
Mexico along with their classical and triple-reassortant viruses, 
which over time spread across the country’s northern, central, and 
eastern regions. Around the same time, Eurasian swine viruses were 
independently brought into Mexico directly from Europe on at least 
one, and possibly two, occasions, presumably by an infected sow in 
a plane’s cargo. The Eurasian viruses had circulated for more than 
a decade in Mexico undetected, but only in the central region sur-
rounding Mexico City, where the country’s major swine-producing 
states of Jalisco and Guanajuato are located. Here, American- and 
European-origin viruses exchanged genetic material through reas-
sortment to create an entirely new pathogen with a hitherto unseen 
combination of segments that helped the virus jump to humans.

Playing the long game
It took me and my colleagues seven years to piece together how 
the 2009 H1N1 pandemic happened. What drove us to persist, 
and continue tracing that virus’s origins even as the rest of the 
world moved on? 

For one, we needed to set the record straight. Although Adrian 
Gibbs had been wrong about the pandemic coming from a lab, he had 
laid out questions the scientific community still needed to answer, 
including why the virus was positioned on a long branch of the phy-
logenetic tree and where the virus had been hiding out all those years. 

It was also worth emphasizing that uncovering the complete evo-
lutionary history of the 2009 pandemic did not pin blame on a sin-
gle country. Although Mexico was the proximal source of the 2009 
pandemic, all the viral components were imported from pigs in the 
US and Europe. The deeper we dove into the complexity of pathogen 
emergence in a globalized world, the harder it became to point fingers. 

There is also the lingering idea that birds are the only important 
source of flu; they’re not. Novel flu lineages have been detected in 
all sorts of animals, most recently in dogs, bats, and cattle. Even we 
humans play a role; people transmit hundreds of influenza viruses 
to pigs for each virus that successfully jumps from pigs to humans. 
If there’s another pandemic swine flu in the future, it will be because 
humans repeatedly restock pigs’ viral gene pool with new genetic 
diversity that combines with other pig viruses. 

Really, it shouldn’t have come as such a surprise that the first 
global pandemic of the 21st century came from pigs. For most 
of the 20th century, influenza was not a problem for pig farm-
ers. But as agricultural production of pigs expanded and modern-
ized at a blistering pace, with backyard farms being displaced by 
large commercial operations all over the world, the opportunity 
for viral intermixing grew exponentially and cases of flu in swine 
began to climb.

Drug companies have tried to manufacture vaccines for swine 
flu, but they struggle to keep pace with a moving target. Influenza 
simply evolves too fast and has too many different strains. As the 
NIH and other funders invest in improving influenza vaccines for 

humans that broadly protect against diverse strains, it is worth test-
ing out new candidates in pigs, where the problem of matching vac-
cine and field strains is even more dire. The risk of another pan-
demic coming from pigs only grows each year.

Of course, the next globe-trotting influenza virus won’t necessar-
ily come from swine. It’s impossible to predict the origin of the next 
pandemic flu, as scientists struggle to keep up with the effects of glo-
balization, climate change, and economic development in an unpre-
dictable and ever-changing landscape for disease emergence. Impugn-
ing a single country or animal species oversimplifies a geographically 
and ecologically intermixing world. As we enter the third year of the 
COVID-19 pandemic, to prevent future pandemics, there is an urgent 
need for scientists from different countries to work together and share 
data on emerging pathogens.

There is value in being able to explain the animal origins of a 
new disease right at a pandemic’s onset, not seven years later, to 
reduce fear and avert misdirected mitigation efforts, for example 
culling of pigs in 2009. But scientists cannot create data out of 
thin air every time there is an outbreak. Tracking the global diver-
sity and movement of animal diseases in real time requires ongo-
ing investment and infrastructure. Some countries like Australia 
already do rigorous testing and quarantine, but most do not. Cur-
rently, there is no requirement for animals being shipped around 
the world to be tested for flu.  

We hope our small success emboldens efforts to uncover the 
zoonotic origins of other novel viruses, even if it takes years of 
digging. Tracing the earliest chains of human infections becomes 
near impossible for a respiratory virus like flu or SARS-CoV-2 
that causes so many asymptomatic infections and transmits so 
rapidly. Fortunately, remarkable advances in genomic sequencing 
and phylogenetic reconstruction can extract hidden signals from 
animal data going back decades, and the origins of a virus can be 
uncovered many years after a pandemic event by continuing to 
follow the genetic traces of its descendants still circulating in ani-
mals. Eventually, such work forms a full picture of a disease sys-
tem spanning humans, wildlife, and domestic animals over time 
and space, unearthing the root causes of pandemics, including 
animal trade. The potential of DNA to sleuth unsolved mysteries 
is only beginning to be tapped. g

Martha Nelson is an evolutionary biologist in the Intramural 
Research Program at the US National Institute of Allergy and 
Infectious Diseases.

Around the same time, at least 
once and possibly twice, Eurasian 
swine viruses were imported from 
Europe to central Mexico. 

There, American- and 
European-origin viruses 
exchanged genetic 
material to create the 
pathogen that jumped  
to humans in early 2009.

IMPORTED AND REASSORTED
In early 2009, a virus with an unusual genome popped up in people in central Mexico. It had pieces derived from three 
different swine influenza lineages, including a Eurasian lineage not previously observed in the Americas.

Beginning in the 1990s, millions of US pigs were trucked 
into Mexico, some of which carried classical H1N1 and 
triple-reassortant H3N2 viruses that then spread across 
the country’s northern, central, and eastern regions. 

IMPUGNING A SINGLE COUNTRY OR 
ANIMAL SPECIES OVERSIMPLIFIES A 
GEOGRAPHICALLY AND ECOLOGICALLY 
INTERMIXING WORLD.
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