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and Nature, respectively. Both studies showed that the pandemic 
virus’s genome belonged to the H1N1 subtype, which is found in 
swine globally, and concluded that the virus arose through natu-
ral processes. But an unresolved question was where.  

The exact origins of the 2009 virus were difficult to pin down 
because flu virus genomes are composed of eight individual segments 
that can be swapped in their entirety during replication when two 
“parent” viruses co-infect a single host cell. This creates genetically 
new offspring in a process known as reassortment. And the 2009 
virus epitomized why swine are called “mixing vessels” for avian and 
human strains: the eight segments of the pandemic virus’s genome 
had notably different evolutionary histories connected to three geo-
graphically distinct swine flu lineages, some of which were intro-
duced into pigs from birds and others from humans. 

Two genome segments came from a Eurasian swine H1N1 lin-
eage that jumped from birds to pigs in the 1970s and remains prev-
alent in pigs in Europe and Asia today. One genome segment was 
derived from a classical swine H1N1 lineage that first emerged in 
US pigs during the 1918 flu pandemic and continues to circulate 
in the US and Canada, with occasional incursions into Asia. The 
remaining five segments were derived from the “triple-reassortant” 
lineage that emerged in US pigs in the 1990s and was itself a mix of 
avian, human, and classical swine influenza A viruses. Triple reas-
sortant viruses are established in the US and Canada, but also have 
been introduced into Asia.

In their Nature paper, the Hong Kong group provided data com-
patible with an Asian origin. They had found new swine flu viruses 
in abattoirs in Hong Kong that resembled the 2009 H1N1 pandemic 
more closely than any other swine virus known globally—viruses 
whose genomes were mixes of segments from the same three swine 
flu lineages as the pandemic virus. Although none contained the exact 
same segments as the newly emerged pathogen, the authors noted that 
all three major genetic components of the virus were found in swine in 
Hong Kong, which routinely receives pigs from mainland China. So, it 
seemed reasonable that with additional sequencing in Asian swine, a 
perfect segment-by-segment match would eventually show up. After 
all, China hosts half the world’s swine population and only a tiny slice 
had been sampled for flu. Plus, the genetic sequences of the flu viruses 
from Hong Kong’s pigs were more closely related to the pandemic 
virus in terms of mutational distance than viruses sampled from pigs 
elsewhere. The paper included strong caveats, especially with regard to 
sampling, but an Asian-origins scenario was easy to accept because it 
fit with Asia’s historical role as the source of H5N1 “bird flu,” SARS, and 
two previous influenza pandemics (in 1957 and in 1968), and matched 
where scientists presumed the next pandemic would arise.

Still, there were lingering gaps in the story that bugged experts 
in the field, myself and the Nature study authors included. Where 
the new virus overlapped with Asian sequences, there were muta-
tional differences that suggested many years of unobserved evo-
lution. What was the virus up to during that time? Plus, from a 
clinical perspective, the first major outbreak in humans occurred 
in North America. Weeks before the flu was first identified in Cali-
fornia, clusters of an unusual pneumonia appeared in Mexico. The 

viral sequences obtained from patients in Mexico were genetically 
diverse, suggesting the virus had already been circulating there for 
many weeks, possibly months. No scientist could explain how a 
virus that appeared to arise in Asian swine could trigger an out-
break in humans in Mexico without setting off similar transmis-
sion chains in Asia. And no one had found an animal with the exact 
same virus strain. That is to say, there was no “smoking pig.”

The hunt for the smoking pig
Interest in the pandemic waned after cases fell during 2010. But the 
question of the virus’s origins remained a topic of discussion among 
a small group of pathogen hunters and evolutionary biologists who 
met informally in Leuven, Belgium, a small Flemish city renowned 
for its beer, chocolate, and one of Europe’s leading universities. In a 
building marked for demolition, we sketched out on a whiteboard 
possible scenarios for the pandemic’s origins, each of which seemed 
far-fetched. Could “patient zero” be a Chinese hog farmer who flew 
to Mexico? Exactly how many people from China’s swine-farming 
regions fly to Mexico each day? Or did an infected Asian pig make 
its way to Mexico some time before the pandemic? Do pigs ever fly 
from China to Mexico? No one knew. 

One silver lining of the 2009 H1N1 pandemic was an increase 
in funding for research and surveillance of influenza viruses in 
pigs on a global scale, allowing myself and other scientists to dig 
deeper into the many unknowns about influenza in pigs. Dur-
ing the pandemic, the US Department of Agriculture (USDA) 
established routine surveillance and genomic sequencing of flu 
viruses collected in US herds. The UK Animal and Plant Health 
Agency established a research consortium to characterize virus 
diversity in European swine herds. Numerous research groups 
published their countries’ first surveillance reports for influenza 
in swine, even in Brazil and Australia where the herds were con-
sidered influenza-free. It turned out that anywhere there were 
pigs, there was flu. Swine veterinarians in many countries sud-
denly became interested in teaming up with me and my collabo-
rators to figure out the genetic makeup of these newly discovered 
viruses and to develop customized vaccines.

Some of the flu viruses identified by these efforts were geneti-
cally similar to the Eurasian viruses found in Europe or the triple- 
reassortant and classical virus lineages circulating in the US, indi-
cating that the viruses had traveled from centers of swine pro-
duction in Europe and the US to other countries that regularly 
imported their live swine. Transporting live pigs across oceans 
is expensive and cumbersome, but many countries were rapidly 

in humans, but the pig story piqued my interest. So I switched to 
researching pigs. Dropping human research to study swine might 
seem like an ill-advised career move, but I had an unusual amount  
of freedom at the NIH. I wasn’t living grant-to-grant like most 
epidemiologists, so I could follow obscure hunches. 

It ultimately took our international teams seven years to track the 
pandemic’s origins to an unstudied corner of pig farming. Along the 
way, I learned that raising a pig—and a pandemic—is more compli-
cated than I imagined. Still, tracing the origin of a pandemic, even 
long after the fact, can be done using genetic data, and the full under-
standing of how a disease emerged is worth the years of sleuthing.

Quashing the “lab leak” rumors
While in retrospect it’s easy to be glib about the idea that the 
2009 virus leaked from a laboratory somewhere, Gibbs pointed 
out some features of the virus that were important to explain. He 
doubted the virus came from nature because no genetically simi-
lar influenza viruses were known to circulate in pigs anywhere 
in the world. As a result, the virus sat on a “long branch” of the 
influenza phylogenetic tree, separated by many mutational dif-
ferences from other swine flu viruses. Also, the virus’s proteins 
had an abundance of lysine residues. He and his colleagues noted 
that standard vaccine production practices of growing influenza 
viruses in chicken eggs—a method still used by the majority of flu 
vaccine developers—can lead to an increase in lysine residues, so 
Gibbs concluded that the newly emerged swine flu had been prop-
agated in a laboratory, likely as a part of vaccine-related research. 

This idea did not hold up long against scientific scrutiny. All 
five of the WHO’s collaborating influenza centers evaluated Gibbs’ 
claims, and all arrived at the same conclusion: there was no rea-
son to believe the virus was unnatural. Human, avian, and swine 
flu viruses naturally differ somewhat in lysine composition, and the 
amount of lysine seen in the strain responsible for the 2009 out-
break was consistent with natural increases seen in swine flu viruses 
historically. The genetic distance, too, proved unremarkable. 

Scientists had a wealth of genetic data from swine influenza 
viruses to compare against, as veterinarians have routinely per-

formed diagnostic testing, sometimes sequencing entire viral 
genomes, to combat flu and monitor viral trends. The NIH’s 
public repository GenBank contained more than 500 genetic 
sequences from swine influenza viruses collected in the US, Can-
ada, and multiple countries in Europe and Asia at the time of the 
2009 outbreak. And that data revealed many swine flu viruses 
are somewhat isolated on the phylogenetic tree—the result of 
insufficient sampling from certain time periods or locations. 

Research teams from the US CDC and the University of Hong 
Kong used these genetic data to catalog the natural evolutionary 
origins of the virus in fine detail in studies published in Science 

SCIENTISTS CANNOT CREATE DATA  
OUT OF THIN AIR EVERY TIME THERE  
IS AN OUTBREAK.

MIXING PIGS: Pigs housed in close proximity at large commercial 
farms give viruses the chance to intermingle, resulting in the  
emergence of new strains. ©
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A HISTORY OF VIRAL REASSORTMENT
The genome of the H1N1 virus that jumped to humans in 2009 included 
two segments from a Eurasian lineage, one segment from a classical  
lineage, and five segments from the “triple-reassortant” lineage,  
itself the product of viral intermixing.
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