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PREFACE





After I graduated from medical school, I went to work in a public health hospital. It housed a maximum-security prison unit, a homeless shelter, and one of the last few locked tuberculosis wards in the country. It was like practicing medicine on a Doctors Without Borders mission, only right in the Boston suburbs.


The hospital also had an entire floor dedicated to AIDS patients. This was before the revolution in HIV antiviral drugs, and victims were dying of all manner of bizarre, horrifying infections. With their immune systems ravaged, they fell prey to fungal pneumonias, parasitic brain diseases, and purulent tumors that looked like cauliflower when they erupted from their skin. Throughout my medical training, I had never seen anything more heart-wrenching. What was an infectious disease specialist’s dream was a patient’s nightmare.


I can still see their sunken eyes. Often, the best I could offer was just morphine and massage. When I was growing up, there was no such thing as HIV/AIDS. Where did this virus come from? The question echoed in my head as I tended to patient after patient. That question fueled my interest in emerging infectious disease.


Today I am largely known for my achievements in lifestyle medicine, but years before I launched NutritionFacts.org and shifted my focus to the study of chronic illness, it was my infectious disease work that formed the bulk of my scientific publications and afforded me the opportunities to testify before Congress, appear on The Colbert Report, and help defend Oprah Winfrey in that infamous meat defamation trial. Many are surprised to learn that How Not to Die was my fourth book, not my first, and the one immediately prior was on preventing and surviving pandemic disease.


The current coronavirus crisis provided the impetus—and time—to revisit that body of work. I was in the midst of a two-hundred-city speaking tour for How Not to Diet, my most recent book, when COVID-19 started spreading around the globe. I was sadly disappointed my lectures and travel had to be suspended, but it enabled me to seize this opportunity to once again dive deep into the literature on pandemic preparedness to bring you the latest science amid so much of the prevailing noise and nonsense.


The time is not for panic but for common-sense measures to protect your family and community both now and in the future against emergent outbreaks.


The current coronavirus pandemic may just be a dress rehearsal for the coming plague. Decades ago, a flu virus was discovered in chickens—H5N1—that would forever change our understanding of how bad pandemics could get. It was a flu virus that appeared capable of killing more than half the people it infected. Imagine if a virus like that started explosively spreading from human to human. Consider a pandemic a hundred times worse than COVID-19, one with a fatality rate not of one in two hundred but rather a coin flip of one in two. Thankfully, H5N1 has so far remained a virus mainly of poultry, not people, but H5N1 and other new and deadly animal viruses like it are still out there, still mutating, with an eye on the eight-billion-strong buffet of human hosts. With pandemics, it’s never a matter of if, but when. A universal outbreak with more than a few percent mortality wouldn’t just threaten financial markets but civilization itself as we know it.


This book contains what you need to know to protect yourself and your family from the current threat, but it also digs deeper into the roots of the problem and tackles the fundamental question: How can we stop the emergence of pandemic viruses in the first place? If there is one concept to draw from my work on preventing and reversing chronic disease, it’s that we must—whenever possible—treat the cause.











PROLOGUE





On December 30, 2019, Dr. Li Wenliang, an ophthalmologist at Wuhan Central Hospital in the Hubei province of China, messaged his fellow physicians, alerting them to the appearance of a concerning cluster of pneumonia cases. In response, he was summoned to the Public Security Bureau and reprimanded for “spreading rumors” and “making false statements that disturbed the public order.” Thirty-nine days later, after becoming infected with the very virus he had tried to warn his colleagues about, he was dead at age thirty-three.1 By that time, the disease had already spread to dozens of countries.2


His initial message read “7 SARS cases confirmed at Hua’nan Seafood Market.”3 SARS stands for severe acute respiratory syndrome, which, seventeen years earlier, had been the first deadly global outbreak known to be triggered by a coronavirus. (Sadly, the doctor who first alerted the world to that epidemic, Carlo Urbani, also succumbed to the disease.4) Coronaviruses are named for their crown-like appearance under an electron microscope—from the Latin corona for “crown,” as in coronation—due to a fringe of protein spikes that radiate from the surface.5 Before the outbreak of SARS in 2002, only two coronaviruses were known to cause disease in humans, and both caused little more than the common cold.6 But the SARS coronavirus went on to kill about one in ten people it infected.7


A decade later, in 2012, another deadly coronavirus emerged: the Middle East respiratory syndrome coronavirus. Like SARS, MERS spread to infect thousands across dozens of countries, but this time, one in three died.8 Imagine if a disease like that went viral and caused a pandemic. COVID-19 is the third deadly human coronavirus to emerge since the turn of the century.


Emerge from where? Where do new infectious diseases come from? All human viral infections are believed to originate in animals.9




The Emergence of MERS


Most human coronaviruses appear to have arisen originally in bats,10 which make good viral hosts. Up to two hundred thousand can crowd together in dense roosting colonies, and they can fly more than a thousand miles, acquiring and spreading new viral strains.11 Their unique navigational tool—echolocation—may even facilitate bat-to-bat transmission by spraying out respiratory secretions.12 Bats are considered the primordial hosts, the “gene pool” from which genetic fragments of coronaviruses can mix and match,13 but breaching the species barrier to infect people appears to have involved intermediate hosts in whom coronaviruses can adapt, amplify, and access human populations.14 In the case of MERS, the intermediate hosts were found to be camels.15


A bat in Saudi Arabia was found carrying the MERS coronavirus,16 but it is contact with the bodily fluids of infected camels—particularly their nasal secretions—that is considered the major risk factor for human infection. Once camels infect people, MERS can then be spread human-to-human.17 Those in the camel business denied the link between MERS and camel exposure, responding to the government warnings that those in close camel contact “wear proper personal protective equipment at all times” with a social media campaign entitled Kiss Your Camel.18


But we domesticated camels three thousand years ago.19 What happened to turn camel slobber into a potential kiss of death? Archived samples of camel blood show MERS had long been circulating in them for decades before spilling over into the human population.20 Why now?


Camels used to be allowed to forage outdoors, but as more and more camels were being raised, desertification from overgrazing forced the industry to transition to thousands of camel farms using enclosed, high-density housing systems where they were confined indoors. The high-intensity contact between camels alongside their workers is thought to be what helped drive the spillover of the MERS coronavirus from camels to humans. By 2011, open grazing was completely banned in Qatar, the Middle Eastern country with the highest camel density. The next year, the first human cases of MERS were reported.21







The Emergence of SARS


Before MERS, there was SARS, the first new global disease outbreak of the twenty-first century.22 Many of the first cases of SARS were tied to the same kind of place most of the first cases of COVID-19 appeared to come from: live animal “wet” markets in China.23, 24


Freshly slaughtered animals are thought to be more nutritious by many regional consumers,25 and some seek ye wei, the “wild taste,” believing the consumption of exotic animals bestows benefits to health and social status.26 This combination leads to a perfect storm for zoonotic—animal-to-human—disease transmission, where crowded cages in these markets are contaminated with the blood, urine, and feces of countless species mixed together in a potential cauldron of contagion.27


There was a vast expansion of the wildlife trade in the 1990s to supply the emerging urban middle-class demand in China.28 Many of the wild animals, typically while still alive, entered China through Vietnam from Lao PDR (commonly known as Laos), where the wildlife meat trade rose to become the second-largest income source for rural families.29 A study of a single Laotian market estimated the annual sale of eight to ten thousand of at least twenty-three different types of mammals, six to seven thousand of more than thirty-three types of birds, and three to four thousand reptiles, for a total weight exceeding thirty-six tons.30


As demand surpassed supply, the transboundary wildlife trade was supplemented with the creation of intensive, captive production farms where wild animals could be raised under poor sanitation in unnatural stocking densities31 before being transported and caged at markets for sale. Six million people are involved in China’s wildlife farming industry, which is valued at $18 billion.32


The genetic building blocks for the SARS virus have since been identified from eleven different strains of coronaviruses found in Chinese bats,33 but there are bat-borne coronaviruses around the world. The reason China in particular has been ground zero for multiple jumps of deadly human coronavirus epidemics may be these wet markets.34


In the case of SARS, the intermediate host appeared to be the masked palm civet, a catlike animal prized for its meat, the purported aphrodisiac qualities of its penis,35 and the taste imparted to coffee beans they are fed to confer a scent from their perianal glands.36 Coronaviruses found in civets at wild animal markets were almost identical to the SARS virus.37 While civets at wildlife farms supplying the live markets were found largely free of infection, up to 80 percent of sampled civets at the markets showed evidence of exposure.38 This suggests that most infections happened at the market, perhaps due to a combination of crowded interspecies mixing and the immunosuppressive effect of stress.39


Live animal markets not only allow for cross-species transmission, human exposure, and viral amplification but viral modification, too. Apparently, civets are not just passive conduits for the virus; they appear to be incubators for human-adapting mutations in the virus itself.40 The virus uses its corona of spikes like a key in a lock to latch onto host receptors and gain entry into its victims’ cells. To switch from infecting one species to another, the genes that code for the spikes have to mutate to fit the spikes into the new host’s receptors.41 A new lock requires a new key. Both SARS-CoV, the virus that causes SARS, and SARS-CoV-2, the virus that causes COVID-19, attach to a specific enzyme coating the cells of our lungs.42 By the time a mishmash of bat coronaviruses43 made it into civets, the docking spikes of the virus were only two mutations away from locking in the configuration that bound to human receptors,44 and the SARS epidemic was born.


After the initial SARS outbreak ended in July 2003, four new human cases were confirmed in China the following winter. Unlike most of the previous cases, the four individuals had not had close contact with infected persons, and they presented with mild symptoms. Viruses sampled from palm civets both kept at a local market and served at the restaurant where most of the new patients had previously eaten were found to be nearly identical to those discovered in the new, milder human cases. The new civet viruses shared one of the two civet-to-human spike mutations found in all the new human patients but none of the previous year’s civet coronaviruses. These findings suggest that intermediate hosts can help transform coronaviruses from the primordial reservoir in bats into greater human infectivity.45


Yes, bats are trapped for meat in Asia, and most bat hunters report getting bitten.46 Yes, the handling and consumption of undercooked bat meat is still practiced in China, Guam, and other parts of Asia,47 with some markets reportedly selling five or six thousands bats a week.48 But it appears intermediate hosts may be needed as a stepping-stone for bat coronaviruses to trigger a human outbreak, and it’s hard to imagine a system that could be better designed to trip this kill switch than a live animal wet market.


In response to the SARS outbreak, the Chinese government implemented strict controls over the wildlife trade,49 including a ban on the sale of civet cats. Though the permanent closure of live animal markets has been called the “strongest deterrent to another zoonotic disease outbreak,”50 within months, the ban was lifted and trade resumed as before.51 Had authorities in China learned their lesson from SARS and enacted a permanent ban on live animal markets, it’s possible humanity would not now be suffering the worst pandemic in a century.







The Emergence of COVID-19


A review published in the December 2019 issue of the journal Infectious Disease Clinics of North America concluded: “The SARS epidemic demonstrated that novel highly pathogenic viruses crossing the animal-human barrier remain a major threat to global health security.”52 Little did the authors know that by the date of publication, just such a virus was brewing. “[I]t will not be surprising if new coronaviruses emerge in the near future,” read a review a few months earlier.53 Read another: “[I]t is highly likely that future SARS-or MERS-like coronavirus outbreaks will originate from bats, and there is an increased probability that this will occur in China.”54


These warnings are not new. They date back well before I first started writing about the threat of emerging coronaviruses more than a decade ago, in 2006.55 From a review published around that time: “The presence of a large reservoir of SARS-like coronaviruses in bats, together with the culture of eating exotic mammals in southern China, is a time bomb.”56 A time bomb that just went off.


We can now understand why Dr. Li’s “7 SARS cases confirmed at Hua’nan Seafood Market” forewarning was so ominous. It wasn’t SARS-CoV, though—it was a virus that would come to be known as SARS-CoV-2, the cause of COVID-19, short for coronavirus disease 2019.57 Before it became known as SARS-CoV-2, however, it was known as the Wuhan seafood market pneumonia virus.58


According to the director of the Chinese Center for Disease Control and Prevention, ground zero for the COVID-19 pandemic was the Hua’nan Market in Wuhan, China,59 where most of the first human cases could be traced back.60 Described as the largest wholesale seafood market in Central China,61 the Hua’nan Market reportedly also sold seventy-five species of wild animals.62 (To see photos of what the market looked like, visit bit.ly/HuananMarket.63) Although there are fish coronaviruses,64 more than 90 percent of the samples that turned up positive for the virus were found in the section of the half-million-square-foot65 seafood market that trafficked in exotic animals sold for food.66


The fact that the genetic sequences of the viruses obtained from some of the early human victims were 99.98 percent identical despite the rapid mutation rate of coronaviruses suggests the current pandemic originated within a very short period from a single source.67 Although there have been documented reports of SARS-CoV escaping from laboratories,68 the fact that the COVID-19 coronavirus, SARS-CoV-2, was optimized for binding to human cells in a novel way suggests that the new pandemic we now face is a product of natural selection. To achieve the necessary mutations, the “animal host would probably have to have a high population density,”69 but which animal host might that have been?


The new coronavirus appears to share a common ancestor with the original SARS virus, with which it is about 80 percent identical, but it’s more than 95 percent identical with a coronavirus found in a bat in 2013.70 The current thinking is that the COVID-19 virus originated in bats but then jumped to humans only after passing through an intermediate host.71 The pandemic emerged in winter, after all, when most bat species in Wuhan are hibernating, and no bats were reportedly found at the Hua’nan Market.72 It’s possible a bat virus might have escaped from labs located in proximity to the market,73 but the virus was apparently found in environmental samples taken from the market itself.74 Unfortunately, the market was closed and cleared before the animals were tested, complicating the forensic search for the source.75 Scientists would have to use genetic fingerprinting techniques to identify the animal most likely to have played the role of intermediate host.


The leading suspect for the stepping-stone civet of the current outbreak is the pangolin.76 Also known as scaly anteaters, pangolins look like a cross between a sloth and a pine cone. Between the demand for their meat as a delicacy and their scales for use in traditional medicines, pangolins are the most trafficked mammal in the world.77 Although other potential intermediate hosts were investigated, including snakes78 and turtles,79 most attention has turned to pangolins, after a coronavirus found in diseased pangolins being smuggled from Malaysia into China was found to be about 90 percent identical with the COVID-19 virus.80 Samples taken from pangolins earlier in the year in a different Chinese province revealed similar findings. What’s more, the critical receptor binding region of the pangolin coronavirus spike protein is virtually identical to the human strain.81


Regardless of which animal it was, that one meal or medicine may end up costing humanity trillions of dollars and millions of lives.







China’s Temporary Ban on Consuming Wildlife


Given the role exotic animal trafficking appears to have played in the current global health crisis, some in the international scientific community have called for a ban on the sale of wild animals82 and a closure of live animal markets.83 “[S]hut down those things right away,” said Anthony Fauci, director of the National Institute of Allergy and Infectious Diseases.84 Even infectious disease experts within Wuhan started calling for “completely eradicating wildlife trading.”85 On January 26, 2020, the Chinese government responded, announcing a total ban on the trade and sale of wild animal meat,86 reportedly shutting down or quarantining almost twenty thousand wildlife farms across seven Chinese provinces.87 The ban is only set to be temporary, however.88 After the SARS outbreak in 2003, Chinese officials enacted a similar ban on the trade of civet cats, but within months, the ban was lifted and the animals were back on the menu.89


Much of the wildlife trade was already illegal in China in the first place,90 with flaunted bans dating back more than a decade.91 The Chinese pangolin, for example, is officially considered a critically endangered species.92 That’s part of the draw, though, as a serving of extra-rare meat may project wealth and prestige.93 A thriving black market already exists, and it could be driven further underground by government action.94 “The ultimate solution,” wrote a group of scientists supported by the National Natural Science Foundation of China, “lies in changing people’s minds about what is delicious, trendy, prestigious, or healthy to eat.”95 Having spent the bulk of my professional life trying to get people to eat more healthfully to prevent chronic diseases, I can certainly relate.


Even in the unlikely96 event the current wildlife meat ban were to be made permanent and was enforced effectively, there remains a glaring loophole: The ban exempts the use of wild animals for traditional Chinese medicine. So, while it’s currently illegal to eat pangolin meat, it’s not illegal to eat other pangolin parts.97 Pangolin blood is said to “promote … circulation.”98 How ironic that the pandemic appears to have arisen in a market selling remedies purported to promote immunity and longevity.99


For only about thirty dollars a pound, anyone can go online and buy Chinese bat feces (Yè ming shǎ) to “treat … eye disorders.”100 While the drying of excrement would presumably inactivate coronavirus, the handling and trade of live and recently killed bats for use in traditional remedies could infect people directly or introduce opportunities for cross infection with other susceptible hosts.101 Even now the Chinese government has been pushing traditional animal-based remedies for the treatment of COVID-19.102


It’s easy for xenophobic Westerners to condemn cultures consuming rhino horns, tiger bones, or pangolin scales,103 or twenty-first-century manifestations such as mukbangs, livestreaming broadcasts of people eating bat soup and the like.104 But, as I discuss in “Tracing the Flight Path,” the last pandemic virus, the 2009 H1N1 swine flu, arose not from some backwater wet market in Asia but largely from industrial pig operations in the United States. So, for the emergence of SARS-CoV-3, we may need look no further than the food we put on our own plates.







Coronaviruses Infect Pigs Right Off the Bat


As we’ve seen, COVID-19 is only one of many coronavirus diseases to jump from bats in the twenty-first century to cause deadly outbreaks—not only SARS in 2002 and MERS in 2012 but SADS in 2016. A new disease killing up to 90 percent of young piglets, swine acute diarrhea syndrome devastated industrial pig farms in the same region in China where SARS had broken out. SADS-CoV was traced to a coronavirus discovered in a bat cave in the vicinity.105 The combination of deforestation and intensive pork production,106 with millions of pigs encroaching on bat habitat, may have facilitated the coronavirus spillover from bats to pigs.107


Porcine epidemic diarrhea virus is another presumed bat-to-pig coronavirus.108 In 2010, a highly virulent strain emerged in China that caused massive outbreaks when it hit the United States three years later, killing millions of pigs, approximately 10 percent of the U.S. herd.109 Porcine deltacoronavirus (PDCoV) is the third new pig coronavirus to emerge from China in the last decade,110 rapidly spreading coast to coast once it reached U.S. shores in 2014.111 This pattern of emergence and outbreaks of new coronaviruses appears to be accelerating, in part because “intensive farm-management practices result in thousands of animals being housed together in a closed environment.”112


Although continued public health monitoring is considered necessary,113 none of these emerging pig coronaviruses appears able to infect humans at this time. However, coronaviruses are known for their high rates of mutation and recombination, the process by which viruses swap parts of their genetic code to better adapt to their hosts or find new ones. The fact that many livestock coronaviruses cause persistent infections that can spread rapidly among thousands of intensively confined animals increases the likelihood that a coronavirus mutant could arise with an “extended host range,”114 meaning the potential to invite humanity to the party.


To trigger a pandemic of respiratory disease, the virus would first have to spread to the lungs. Most coronaviruses in bats and livestock to date have been intestinal infections.115 The exception is infectious bronchitis virus (IBV) in chickens, the first coronavirus ever discovered.116 IBV is a major cause of respiratory infections in the nine billion chickens raised for meat in the United States every year, but it is prevalent in all countries with industrial poultry production, with infection rates often approaching 100 percent.117 Currently, the only way IBV has been shown to cause disease in mammals, though, is by being directly injected into the brain.118


With so many different coronaviruses circulating among so many different species, it is considered likely a matter of when, not if, the next recombinant coronavirus will emerge and burst into the human population.119 Already, the spikes of porcine deltacoronavirus attach to receptors found not only in pig intestines120 but also in the respiratory tract of humans.121 In a petri dish, PDCoV can infect both human and chicken cells,122 and we know PDCoV can infect chickens123 (just like a bovine coronavirus in calves can infect turkeys).124 PDCoV can then spread rapidly from chicken to chicken.125 Given the susceptibility of human cells to infection, Ohio State University researchers in the February 2020 issue of the Centers for Disease Control and Prevention’s Emerging Infectious Diseases journal concluded: “Research regarding how PDCoV is adapting and mutating in different species and whether it infects humans is critical to determining if PDCoV poses a pandemic health risk.”126


SADS-CoV can also infect human cells in a petri dish and infect mice in a laboratory. Given the “ability of SADS-CoV to grow efficiently in human cell lines,” a team of researchers recently concluded, “we should not underestimate the risk that this bat-origin CoV may ‘jump’ from pigs to humans.”127 Pigs, not only pangolins, may act as the mixing vessel of the generation of new coronaviruses with pandemic potential.128


Coronaviruses are increasingly emerging129 and circulating among livestock populations around the world. The more novel coronaviruses we have mixing in more and more animals, the greater the likelihood that strains with pandemic potential may emerge.130 While global pangolin populations are in drastic decline,131 we produce and slaughter more than a billion pigs each year, nearly half in China alone,132 raising the specter that the next pandemic may arise from domestic rather than wild animals, an event that may actually have already happened.







COVID-19 May Not Have Been the First Coronavirus Pandemic


Coronaviruses are the second-most common cause of the common cold.133 So far, we’ve discovered four human cold coronaviruses, so that makes seven coronaviruses in all that can cause human disease. We suspect we got SARS from civets, MERS from camels, and COVID-19, perhaps, from pangolins. Where did we get the common cold coronaviruses?


The origin of two of the four mild coronaviruses remains a mystery, but one—HCoV-229E—has been traced back to camels134 and the other—HCoV-OC43—to cattle or pigs.135 Well, if the jump by the common cold from camels to humans foreshadowed the deadly MERS species jump that went on to kill one in three infected, might the mild coronavirus jump from livestock to humans portend a deadly human outbreak as well? Some speculate it may already have.


So-called molecular clock analyses dating the emergence of human coronavirus OC43 suggest that the bovine coronavirus now causing “shipping fever” disease jumped to humans around the year 1890. That’s interesting timing. There was a pandemic in 1890. While the 1889–1890 pandemic has traditionally been presumed to be influenza, the timing of the emergence of HCoV-OC43 has led some to conjecture that instead, it may have been a COVID-19-like interspecies transmission of a coronavirus. This is bolstered by the fact that in the years leading up to the pandemic, there were massive culling operations to eradicate a deadly respiratory disease devastating cattle herds the world over.136


We may never know what caused the 1889–1890 outbreak, but we can take steps to prevent the next one. To understand COVID-19 and other deadly diseases, we have to understand their history and evolution. We have to take lessons from the past to protect ourselves in the future. That’s the main subject of this book—pandemic prevention. The best way to survive a pandemic is not to have one in the first place.














INTRODUCTION







“It was ‘the perfect storm’—a tempest that may happen only once in a century—a nor’easter created by so rare a combination of factors that it could not possibly have been worse. Creating waves 10 stories high and winds of 120 miles an hour, the storm whipped the sea to inconceivable levels few people on Earth have ever witnessed.”


—Sebastian Junger, The Perfect Storm: A True Story of Men Against the Sea





Millions around the world may die in the COVID-19 pandemic.137 In the United States, a “best guess” estimate presented to the American Hospital Association was about a half a million American deaths.138 With sufficient social distancing, however, that may be reduced to under a hundred thousand.139 Even at half a million, it still, unbelievably, could be much, much worse.


With thousands already dead, millions projected to perish, billions in lockdown, and trillions lost as markets tumble, COVID-19 is still only shaping up to be a Category 2 or 3 pandemic.
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Figure 1. Pandemic Severity Index (Courtesy of the Centers for Disease Control and Prevention,140 reformatted for print by Dustin Kirkpatrick)




Fashioned after the Hurricane Severity Index to define the destructive capacity of a storm, the Pandemic Severity Index (figure 1) is the CDC’s attempt at classifying the destructive capacity of pandemics.141 It is based on case fatality rate, the percentage of those who fall ill who eventually succumb to the infection. In the worst plague in history, the 1918 flu pandemic, nearly one in three fell ill and, of those, about 2 percent died.142, 143 That made the 1918 pandemic a Category 5 pandemic, analogous to a “super typhoon” with sustained winds exceeding 150 miles per hour.144 The rate of those dying from COVID-19 is much lower, probably closer to 0.5 percent, based both on where the most extensive testing has been done to date145, 146,147 and historical trends when trying to capture such estimates in real time.148


As you can see in the figure, a 2 percent case fatality rate like that of the 1918 pandemic is just where Category 5 starts. COVID-19 shows that SARS-like coronaviruses can escape our grasp and spark a full-blown pandemic. SARS was rapidly stamped out by fever-monitoring travelers, but by the time it was all over, there were 774 deaths out of 8,096 cases.149 That’s a case fatality ratio of about 10 percent. Thank heavens we’re dealing with a SARS-CoV-2 pandemic and not a SARS-CoV pandemic. Even more lethal, MERS killed 858 out of 2,494.150 That’s 34 percent, a one in three chance of dying if you get it.


Since 2002 with SARS and then 2012 with MERS, we learned that coronaviruses could become extremely deadly. They’re not just the common cold viruses we thought they were. Now, with COVID-19, we realize this family of viruses can also explode unfettered onto the global stage. So coronaviruses have already shown us they can do both. It’s not hard to imagine a combination of transmissibility and lethality that makes the next coronavirus pandemic worse by an order of magnitude or more.


There’s an even greater cautionary tale to be told, though, which is the primary subject of this book. We’ve long known about the pandemic potential of influenza, but the deadliest it ever appeared to get was the 2 percent fatality rate of the 1918 flu. Now, 2 percent was enough to kill up to a hundred million people, making it the single deadliest event in human history151—but in 1997, H5N1 was discovered, the flu virus in chickens, with an apparent fatality rate exceeding 50 percent.152 What if a virus like that triggered a pandemic? What if instead of a 2 percent death rate, it was a flip of a coin?


The COVID-19 pandemic is devastating, but food is still being restocked in our grocery stores. The internet may be slow, but it’s still up. The lights are still on, and safe drinking water is still flowing from the tap. Doctors and nurses are still showing up to work. If the predictions are correct and “only” a hundred thousand Americans die,153 that’s less than one in three thousand. In the pandemic of 1918, in which 2 percent of the cases succumbed, about one in a hundred and fifty Americans died.154 Imagine if it were ten times as bad as 2 percent with one in fifteen dying. Or twenty-five times as bad, killing one in six of us.


Coronavirus or influenzavirus, the good news is that there is something we can do about it. And just as eliminating the exotic animal trade and live animal markets may go a long way toward preventing the next coronavirus pandemic, reforming the way we raise domesticated animals for food may help forestall the next killer flu.











I


STORM GATHERING







1918







“Humanity has but three great enemies: fever, famine and war; of these by far the greatest, by far the most terrible, is fever.”—Sir William Osler155


Most of us know the flu—influenza—as a nuisance disease, an annual annoyance to be endured along with taxes, dentists, and visits with the in-laws. Why worry about influenza when there are so many more colorfully gruesome viruses out there like Ebola? Well, because influenza is scientists’ top pick for humanity’s next killer plague. Up to 60 million Americans come down with the flu every year. What if it suddenly turned deadly, like it did in 1918?


It started back then, harmlessly enough, with a cough drowned out by the raging world war. It was known as Spanish influenza only because censorship by the warring governments wouldn’t allow reports of the spreading illness for fear it would damage morale.156 However, Spain, being neutral, allowed its press to publicize what was happening. The first cable read, “A STRANGE FORM OF DISEASE OF EPIDEMIC CHARACTER HAS APPEARED IN MADRID.” Because of the censors, even as millions were dying around the globe, the world press was apt to report little about the pandemic beyond what Spanish King Alfonzo’s temperature was that morning.157 In Spain, they called it the French flu.158


“The year 1918 has gone,” the editors of the Journal of the American Medical Association wrote in the Christmas issue, “a year momentous as the termination of the most cruel war in the annals of the human race; a year which marked the end, at least for a time, of man’s destruction of man; unfortunately a year in which developed a most fatal infectious disease.”159 That most fatal disease killed about ten times more Americans than did the war.160 In fact, according to the World Health Organization (WHO), “The 1918 influenza pandemic killed more people in less time than any other disease before or since,”161 the “most deadly disease event in the history of humanity.”162


The word “epidemic” comes from the Greek epi, meaning “upon,” and demos, meaning “people.” The word “pandemic” comes from the Greek word pandemos, meaning “upon all the people.”163 Most outbreaks of disease are geographically confined, just like most disasters in general. Wars, famines, earthquakes, and acts of terror, for example, tend to be localized both in time and space. We look on in horror, but may not be affected ourselves. Pandemics are different. Pandemics are worldwide epidemics. They happen everywhere at once, coast to coast, and can drag on for more than a year.164 “With Hurricane Katrina, people opened their homes, sent checks and people found safe havens,” wrote a global economic strategist at a leading investment firm about one of the deadliest natural disasters in U.S. history, but with a pandemic “there is nowhere to turn, no safe place to evacuate.”165


The word “influenza” derives from the Italian influentia, meaning “influence,” reflecting a medieval belief that astrological forces were behind the annual flu season.166 In 1918, though, the Germans called it Blitzkatarrh.167 To the Siamese, it was Kai Wat Yai, The Great Cold Fever.168 In Hungary, it was The Black Whip. In Cuba and the Philippines, it was Trancazo, meaning “a blow from a heavy stick.” In the United States, it was the Spanish Lady, or, because of the way many died, the Purple Death.




Purple Death


What started for millions around the globe as muscle aches and a fever ended days later with many victims bleeding from their nostrils, ears, and eye sockets.169 Some bled inside their eyes;170 some bled around them.171 They vomited blood and coughed it up.172 Purple blood blisters appeared on their skin.173


Chief of Medical Services, Major Walter V. Brem, described the horror at the time in the Journal of the American Medical Association, writing that “often blood was seen to gush from a patient’s nose and mouth.”174 In some cases, blood reportedly spurted with such force as to squirt several feet.175 The patients were bleeding into their lungs.


As victims struggled to clear their airways of the bloody froth that poured from their lungs, their bodies started to turn blue from the lack of oxygen, a condition known as violaceous heliotrope cyanosis.176 U.S. Army medics noted that this was “not the dusky pallid blueness that one is accustomed to in failing pneumonia, but rather [a] deep blueness … an indigo blue color.”177 The hue was so dark that one physician confessed that “it is hard to distinguish the colored men from the white.”178 “It is only a matter of a few hours then until death comes,” recalled another physician, “and it is simply a struggle for air until they suffocate.”179 They drowned in their own bloody secretions.180


“It wasn’t always that quick, either,” one historian added. “And along the way, you had symptoms like fingers and genitals turning black, and people reporting being able to literally smell the body decaying before the patient died.”181 “When you’re ill like that you don’t care,” recalled one flu survivor, at a hundred years old. “You don’t care if you live or die.”182


Major Brem described an autopsy: “Frothy, bloody serum poured from the nose and mouth when the body was moved, or the head lowered.… Pus streamed from the trachea when the lungs were removed.”183 Fellow autopsy surgeons discussed what they called a “pathological nightmare,” with lungs up to six times their normal weight, looking “like melted red currant jelly.”184 An account published by the National Academies of Sciences describes the lungs taken from victims as “hideously transformed” from light, buoyant air-filled structures to dense sacks of bloody fluid.185


There was one autopsy finding physicians reported having never seen before. As people choked to death, violently coughing up as much as two pints of yellow-green pus per day,186 their lungs would sometimes burst internally, forcing air under pressure up underneath their skin. In the Proceedings of the Royal Society of Medicine, a British physician noted “one thing that I have never seen before—namely the occurrence of subcutaneous emphysema”—pockets of air accumulating just beneath the skin—“beginning in the neck and spreading sometimes over the whole body.”187 These pockets of air leaking from ruptured lungs made patients crackle when they rolled onto their sides. In an unaired interview filmed for a PBS American Experience documentary on the 1918 pandemic, one Navy nurse compared the sound to a bowl of Rice Krispies. The memory of that sound—the sound of air bubbles moving under people’s skin—remained so vivid that for the rest of her life she couldn’t be in a room with anyone eating that popping cereal.188







“[A] dead man has no substance unless one has actually seen him dead; a hundred million corpses broadcast through history are no more than a puff of smoke in the imagination.”—Albert Camus, The Plague189


In 1918, it is estimated that half the world became infected.190 Unlike the regular seasonal flu, which tends to kill only the elderly and infirm, the flu virus of 1918 killed those in the prime of life. Public health specialists at the time noted that most influenza victims were those who “had been in the best of physical condition and freest from previous disease.”191 Ninety-nine percent of excess deaths were among people under sixty-five years old.192 Mortality peaked in the twenty-to thirty-four-year-old age group.193 Women under thirty-five accounted for 70 percent of all female influenza deaths. In 1918, the average life expectancy in the United States dropped precipitously to only thirty-seven years.194


Calculations made in the 1920s estimated the global death toll in the vicinity of twenty million, a figure medical historians now consider “almost ludicrously low.”195 The number has been revised upward ever since, as more and more records are unearthed. The best estimate currently stands at fifty to a hundred million people dead.196 In some communities, like in Alaska, 50 percent of the population perished.197


The 1918 influenza pandemic killed more people in a single year than the bubonic plague—the “black death”—in the Middle Ages killed in a century.198 The 1918 virus also killed more people in twenty-five weeks than AIDS killed in twenty-five years.199 According to one academic reviewer, this “single, brief epidemic generated more fatalities, more suffering, and more demographic change in the United States than all the wars of the Twentieth Century.”200







“Has one ever seen anything like this, ever heard reports of a similar occurrence? In what annals has one ever read that the houses were empty, the cities deserted, the farms untended, the fields full of corpses, and that everywhere a horrible loneliness prevailed?”—Petrarch, Civilization and Disease


In September 1918, according to the official published account of the American Medical Association, the deadliest wave of the pandemic spread over the world “like a tidal wave.”201 On September 11, Washington officials disclosed that it had reached U.S. shores.202 September 11, 1918—the day Babe Ruth led the Boston Red Sox to victory in the World Series—three civilians dropped dead on the sidewalks of neighboring Quincy, Massachusetts.203 It had begun.


When a “typical outbreak” struck Camp Funston in Kansas, the commander, a physician and former Army Chief of Staff, wrote the governor, “There are 1440 minutes in a day. When I tell you there were 1440 admissions in a day, you realize the strain put on our Nursing and Medical forces.”204 “Stated briefly,” summarized an Army report, “the influenza … occurred as an explosion.”205


October 1918 became the deadliest month in American history206 and the last week of October was the deadliest week from any cause, at any time. More than twenty thousand Americans died in that week alone.207 Numbers, though, cannot reflect the true horror of the time.







“They died in heaps and were buried in heaps.”—Daniel Defoe, 1665


One survivor remembers the children. “We had little caskets for the little babies that stretched for four and five blocks, eight high, ten high.”208 Soon, though, city after city ran out of caskets.209 People were dying faster than carpenters could make them.210 The dead lay in gutters.211 One agonized official in the stricken East sent an urgent warning west: “Hunt up your wood-workers and set them to making coffins. Then take your street laborers and set them to digging graves.”212 When New York City ran out of gravediggers, they had to follow Philadelphia’s example and use steam shovels to dig trenches for mass graves.213 Even in timber-rich Sweden, the dead were interred in cardboard boxes or piled in mass graves because they simply ran out of nails.214


Another survivor recalls:




A neighbor boy about seven or eight died and they used to just pick you up and wrap you up in a sheet and put you in a patrol wagon. So the mother and father are screaming, “Let me get a macaroni box”—macaroni, any kind of pasta, used to come in this box, about 20 pounds of macaroni fit in it—“please, please let me put him in a macaroni box, don’t take him away like that.”215





One nurse describes bodies “stacked in the morgue from floor to ceiling like cordwood.” At the peak of the epidemic she remembers toe-tagging and wrapping more than one still-living patient in winding sheets. In her nightmares, she wondered “what it would feel like to be that boy who was at the bottom of the cordwood in the morgue.”216


They brought out their dead. Corpses were carted away in anything—wheelbarrows, even garbage trucks.217 Often, though, the bodies were just pushed into corners and left to rot for days. People too sick to move were discovered lying next to corpses.218


All over the country, farms and factories shut down and schools and churches closed. Homeless children wandered the streets, their parents vanished.219 The New York Health Commissioner estimated that in New York City alone, twenty-one thousand children lost both parents to the pandemic.220


Around the world, millions were left widowed and orphaned.221 The New York Times described Christmas in Tahiti.222 “It was impossible to bury the dead,” a Tahitian government official noted. “Day and night trucks rumbled throughout the streets filled with bodies for the constantly burning pyres.”223 When firewood to burn the bodies ran out in India, the rivers became clogged with corpses.224 In the remote community of Okak in northern Labrador, an eight-year-old girl reportedly survived for five weeks at 20 below zero—among the corpses of her family. She kept herself alive by melting snow for water with the last of her Christmas candles while she lay listening to the sound of dogs outside feasting off the dead.225


Colonel Victor Vaughan, acting Surgeon General of the Army and former head of the AMA, lived through the pandemic. “If the epidemic continues its mathematical rate of acceleration,” Vaughan wrote in 1918, “civilization could easily disappear from the face of the earth.”226


But the virus did stop. It ran out of human fuel; it ran out of accessible people to infect. Those who lived through it were immune to reinfection, so many populations were, for the most part, either immune or dead. “[I]t’s like a firestorm,” one expert explained. “[I]t sweeps through and it has so many victims and the survivors developed immunity.”227 Influenza is “transmitted so effectively,” reads one virology textbook, “that it exhausts the supply of susceptible hosts.”228


As soon as the dying stopped, the forgetting began. As Arno Karlen wrote in Man and Microbes, “Many Americans know more about mediaeval plague than about the greatest mass death in their grandparents’ lives.”229 Commentators view the pandemic as so traumatic that it had to be forced out of our collective memory and history. “I think it’s probably because it was so awful while it was happening, so frightening,” one epidemiologist speculates, “that people just got rid of the memory.”230


For many, however, the virus lived on. As if the pandemic weren’t tragic enough, in the decade that followed, a million people came down with a serious Parkinson’s-like disease termed “encephalitis lethargica,” the subject of the book and movie Awakenings.231 Some researchers now consider this epidemic of neurological disease to be “almost certainly” a direct consequence of viral damage to the brains of survivors.232 The latest research goes a step further to suggest the pandemic had ripples throughout the century, showing that those in utero at the height of the pandemic in the most affected areas seemed to have stunted lifespans and lifelong physical disability.233







“This is a detective story. Here was a mass murderer that was around 80 years ago and who’s never been brought to justice. And what we’re trying to do is find the murderer.”—Jeffery Taubenberger, molecular pathologist and arche-virologist234


What caused the 1918 pandemic? Popular explanations at the time included a covert German biological weapon, the foul atmosphere conjured by the war’s rotting corpses and mustard gas, or “spiritual malaise due to the sins of war and materialism.”235 This was before the influenza virus was discovered, we must remember, and is consistent with other familiar etymological examples—malaria was contracted from mal and aria (“bad air”) or such quaintly preserved terms as catching “a cold” and being “under the weather.”236 The committee set up by the American Public Health Association to investigate the 1918 outbreak could only speak of a “disease of extreme communicability.”237 Though the “prevailing disease is generally known as influenza,” they couldn’t even be certain that this was the same disease that had been previously thought of as such.238 As the Journal of the American Medical Association observed in October 1918, “The ‘influence’ in influenza is still veiled in mystery.”239


In the decade following 1918, thousands of books and papers were written on influenza in a frenzied attempt to characterize the pathogen. One of the most famous medical papers of all time, Alexander Fleming’s “On the Antibacterial Actions of Cultures of Penicillium,” reported an attempt to isolate the bug that caused influenza. The full title was “On the Antibacterial Actions of Cultures of Penicillium, with Special Reference to Their Use in the Isolation of B. Influenzae.” Fleming was hoping he could use penicillin to kill off all the contaminant bystander bacteria on the culture plate so he could isolate the bug that caused influenza. The possibility of treating humans with penicillin was mentioned only in passing at the end of the paper.240


The cause of human influenza was not found until 1933, when a British research team finally isolated and identified the viral culprit.241 What they discovered, though, was a virus that caused the typical seasonal flu. Scientists still didn’t understand where the flu virus of 1918 came from or why it was so deadly. It would be more than a half century before molecular biological techniques would be developed and refined enough to begin to answer these questions—but, by then, where would researchers find 1918 tissue samples to study the virus?


The U.S. Armed Forces Institute of Pathology originated more than 150 years ago. It came into being during the Civil War, created by an executive order from Abraham Lincoln to the Army Surgeon General to study diseases in the battlefield.242 It houses literally tens of millions of pieces of preserved human tissue, the largest collection of its kind in the world.243 This is where civilian pathologist Jeffery Taubenberger first went to look for tissue samples in the mid-1990s. If he could find enough fragments of the virus, he felt he might be able to decipher the genetic code and perhaps even resurrect the 1918 influenza for study, the viral equivalent of bringing dinosaurs back to life in “Jurassic Park.”244


He found remnants of two soldiers who succumbed to the 1918 flu on the same day in September—a twenty-one-year-old private who died in South Carolina and a thirty-year-old private who died in upstate New York. Tiny cubes of lung tissue preserved in wax were all that remained. Taubenberger’s team shaved off microscopic sections and started hunting for the virus using the latest advances in modern molecular biology that he himself had helped devise. They found the virus, but only in tiny bits and pieces.245


The influenza virus has eight gene segments, a genetic code less than fourteen thousand letters long. (The human genome, in contrast, has several billion.) The longest strands of RNA (the virus’s genetic material) that Taubenberger could find in the soldiers’ tissue were only about 130 letters long. He needed more tissue.246


The 1918 pandemic littered the Earth with millions of corpses. How hard could it be to find more samples? Unfortunately, refrigeration was essentially nonexistent in 1918, and common tissue preservatives like formaldehyde tended to destroy any trace of RNA.247 He needed tissue samples frozen in time. Expeditions were sent north, searching for corpses frozen under the Arctic ice.


Scientists needed to find corpses buried below the permafrost layer, the permanently frozen layer of subsoil beneath the topsoil, which itself may thaw in the summer.248 Many teams over the years tried and failed. U.S. Army researchers excavated a mass grave near Nome, Alaska, for example, only to find skeletons.249 “Lots of those people are buried in permafrost,” explained Professor John Oxford, co-author of two standard virology texts, “but many of them were eaten by the huskies after they died. Or,” he said, “before they died.”250


On a remote Norwegian Island, Kirsty Duncan, a medical geographer from Canada, led the highest profile expedition in 1998, dragging twelve tons of equipment and a blue-ribbon academic team to the gravesite of seven coal miners who had succumbed to the 1918 flu.251 Years of planning and research combined with surveys using ground-penetrating radar had led the team to believe that the bodies of the seven miners had been buried deep in the eternal permafrost.252 Hunched over the unearthed coffins in biosecure space suits, the team soon realized their search was in vain.253 The miners’ naked bodies, wrapped only in newspaper, lay in shallow graves above the permafrost. Subjected to thawing and refreezing over the decades, the tissue was useless.254


Nearly fifty years earlier, scientists from the University of Iowa, including a graduate student who had recently arrived from Sweden named Johan Hultin, had made a similar trek to Alaska with similarly disappointing results.255 In the fall of 1918, a postal carrier delivered the mail—and the flu—via dogsled to a missionary station in Brevig, Alaska.256 Within five days, seventy-two of the eighty or so missionaries lay dead.257 With help from a nearby Army base, the remaining eight buried the dead in a mass grave.258 Governor Thomas A. Riggs spent Alaska into bankruptcy caring for the orphaned children at Brevig and across the state. “I could not stand by and see our people dying like flies.”259


Learning of Taubenberger’s need for better tissue samples, Johan Hultin returned to Brevig in 1997, a few weeks before his seventy-third birthday.260 Hultin has been described as “the Indiana Jones of the scientific set.”261 In contrast to Duncan’s team, which spent six months just searching for the most experienced gravediggers, Hultin struck out alone.262 Hultin was “there with a pickaxe,” one colleague relates. “He dug a pit though solid ice in three days. This guy is unbelievable. It was just fantastic.”263


Among the many skeletons from the missionary station lay a young woman whose obesity insulated her internal organs. “She was lying on her back, and on her left and right were skeletons, yet she was amazingly well preserved. I sat on an upside-down pail, amid the icy pond water and the muck and fragrance of the grave,” Hultin told an interviewer, “and I thought, ‘Here’s where the virus will be found and shed light on the flu of 1918.’”264 He named her Lucy. A few days later, Taubenberger received a plain brown box in the mail containing both of Lucy’s lungs.265 As Hultin had predicted, hidden inside was the key to unlock the mystery.


Many had assumed that the 1918 virus came from pigs. Although the human influenza virus wasn’t even discovered until 1933, an inspector with the U.S. Bureau of Animal Industry had been publishing research as early as 1919 that suggested a role for farm animals in the pandemic. Inspector J. S. Koen of Fort Dodge, Iowa, wrote:




The similarity of the epidemic among people and the epidemic among pigs was so close, the reports so frequent, that an outbreak in the family would be followed immediately by an outbreak among the hogs, and vice versa, as to present a most striking coincidence if not suggesting a close relation between the two conditions. It looked like “flu,” and until proven it was not “flu,” I shall stand by that diagnosis.266





According to the editor of the medical journal Virology, Koen’s views were decidedly unpopular, especially among pig farmers who feared that customers “would be put off from eating pork if such an association was made.”267 It was never clear, though, whether the pigs were the culprits or the victims. Did we infect the pigs or did they infect us?


With the entire genome of the 1918 virus in hand thanks to Hultin’s expedition, Taubenberger was finally able to definitively answer the Holy Grail question posed by virologists the world over throughout the century: Where did the 1918 virus come from? The answer, published in October 2005,268 is that humanity’s greatest killer appeared to come from avian influenza—bird flu.269


Evidence now suggests that all pandemic influenza viruses—in fact all human and mammalian flu viruses in general—owe their origins to avian influenza.270 Back in 1918, schoolchildren jumped rope to a morbid little rhyme:




I had a little bird,


Its name was Enza.


I opened the window,


And in-flu-enza.271





The children of 1918 may have been more prescient than anyone dared imagine.







Resurrection


Sequencing the 1918 virus is one thing; bringing it back to life is something else. Using a new technique called reverse genetics, Taubenberger teamed up with groups at Mount Sinai and the U.S. Centers for Disease Control and Prevention (CDC) and set out to raise it from the dead.272 Using the genetic blueprint provided by Lucy’s frozen lungs, they painstakingly recreated each of the genes of the virus, one letter at a time. Upon completion, they stitched each gene into a loop of genetically manipulated bacterial DNA and introduced the DNA loops into mammalian cells.273 The 1918 virus was reborn.


Ten vials of virus were created, each containing ten million infectious virus particles.274 First they tried infecting mice. All were dead in a matter of days. “The resurrected virus apparently hasn’t lost any of its kick,” Taubenberger noted. Compared to a typical non-lethal human flu strain, the 1918 virus generated thirty-nine thousand times more virus particles in the animals’ lungs. “I didn’t expect it to be as lethal as it was,” one of the co-authors of the study said.275


The experiment was hailed as a “huge breakthrough,”276 a “tour de force.”277 “I can’t think of anything bigger that’s happened in virology for many years,” cheered one leading scientist.278 Not knowing the true identity of the 1918 flu had been “like a dark angel hovering over us.”279


Critics within the scientific community, however, wondered whether the box Taubenberger had received from Hultin might just as well have been addressed to Pandora. One scientist compared the research to “looking for a gas leak with a lighted match.”280 “They have constructed a virus,” one biosecurity specialist asserted, “that is perhaps the most effective bioweapon known.”281 “This would be extremely dangerous should it escape, and there is a long history of things escaping,” warned a member of the Federation of American Scientists’ Working Group on Biological Weapons.282 Taubenberger and his collaborators were criticized for using only an enhanced Biosafety Level 3 lab to resurrect the virus rather than the strictest height of security, Level 4. Critics cited three separate examples where deadly viruses had escaped accidentally from high-security labs.283


In 2004, for example, a strain of influenza that killed a million people in 1957 was accidentally sent to thousands of labs around the globe within a routine testing kit. Upon learning of the error, the World Health Organization called for the immediate destruction of all the kits. Miraculously, none of the virus managed to escape any of the labs. Klaus Stöhr, former head of the World Health Organization’s global influenza program, admitted that it was fair to say that the laboratory accident with the unlabeled virus could have started a flu pandemic. Remarked Michael Osterholm, the director of the Center for Infectious Disease Research and Policy at the University of Minnesota. “Who needs terrorists or Mother Nature, when through our own stupidity, we do things like this?”284


Not only was the 1918 virus revived, risking an accidental release from the lab, but in the interest of promoting further scientific exploration, Taubenberger’s group openly published the entire viral genome on the internet, letter for letter. This was intended to allow other scientists the opportunity to try to decipher the virus’s darkest secrets. The public release of the genetic code, however, meant that rogue nations or bioterrorist groups had been afforded the same access. “In an age of terrorism, in a time when a lot of folks have malicious intent toward us, I am very nervous about the publication of accurate [gene] sequences for these pathogens and the techniques for making them,” said a bioethicist at the University of Pennsylvania.285 “Once the genetic sequence is publicly available,” explained a virologist at the National Institute for Biological Standards and Control, “there’s a theoretical risk that any molecular biologist with sufficient knowledge could recreate this virus.”286


Even if the 1918 virus were to escape, there might be a graver threat waiting in the wings.


As devastating as the 1918 pandemic was, the mortality rate was less than 5 percent on average.287 But the H5N1 strain of bird flu virus that first emerged in 1997 and spread to more than sixty countries288 seems to kill about 50 percent of its known human victims,289 on par with Ebola,290 making it potentially ten times as deadly as the worst plague in human history.291,292


Leading public health authorities, from the CDC to the World Health Organization, feared that this bird flu virus was but mutations away from spreading efficiently though the human population, triggering the next pandemic. “The lethal capacity of this virus is very, very high; so it’s a deadly virus that humans have not been exposed to before. That’s a very bad combination,” said Irwin Redlener, former director of the National Center for Disaster Preparedness at Columbia University.293 Scientists speculated worst-case scenarios in which H5N1 could end up killing a billion294 or more295 people around the world. “The only thing I can think of that could take a larger human death toll would be thermonuclear war,” said Council on Foreign Relations senior fellow Laurie Garrett.296 H5N1 had the potential to become a virus as ferocious as Ebola and as contagious as the common cold.










MASTER OF METAMORPHOSIS




“The single biggest threat to man’s continued dominance on the planet is a virus.”—Joshua Lederberg, Nobel laureate297


If, as Nobel laureate Peter Medawar has said, a virus “is a piece of bad news wrapped in a protein,”298 the world may have had all the bad news it could handle with the emergence of the H5N1 virus.


For more than a century, scientists marveled at how a virus, one of the simplest, most marginal life forms, could present such a threat. “It’s on the edge of life,” explains a former director of the CDC’s viral diseases division, “between living organism and pure chemical—but it seems alive to me.”299


For a virus, less is more. Viruses are measured in millionths of a millimeter.300 As one writer described them, “Like tiny terrorists, viruses travel light, switch identity easily and pursue their goals with deadly determination.”301


Viruses are simply pieces of genetic material, DNA or RNA, enclosed in a protective coat. As such, they face three challenges. First, they have genes, but no way to reproduce, so they must take over a living cell and parasitically hijack its molecular machinery for reproduction and energy production. The second problem viruses face is how to spread from one host to another. If the virus is too passive, it may not spread during the host’s natural lifespan and thus will be buried with its host. The virus must not be too virulent, though. If a virus comes on too strong, it may kill its host before it has a chance to infect others, in which case the virus will also perish. Finally, all viruses need to be able to evade the host’s defenses. Different viruses have found different strategies to accomplish each of these tasks.302







“A hen is only an egg’s way of making another egg.”—Samuel Butler


A virus is a set of instructions to make the proteins that allow it to spread and reproduce. Viruses have no legs, no wings, no way to move around. They even lack the whip-like appendages that many bacteria use for locomotion. So viruses must trick the host into doing the spreading for them. One sees similar situations throughout nature. Plants can’t walk from place to place, so many have evolved flowers with sweet nectar to attract bees who spread the plants’ reproductive pollen for them. Cockleburs have barbs to hitch rides on furry animals; berries developed sweetness so that birds would eat them and excrete their seeds miles away. Viruses represent this evolutionary instinct boiled down to its essence.


The rabies virus, for example, is programmed to infect parts of the animal brain that induce uncontrollable rage, while at the same time replicating in the salivary glands to spread itself best through the provoked frenzy of biting.303 Toxoplasma, though not a virus, uses a similar mechanism to spread. The parasite infects the intestines of cats, is excreted in the feces, and is then picked up by an intermediate host—like a rat or mouse—who is eaten by another cat to complete the cycle. To facilitate its spread, toxoplasma worms its way into the rodent’s brain and actually alters the rodent’s behavior, amazingly turning the animal’s natural anti-predator aversion to cats into an imprudent attraction.304


Diseases like cholera and rotavirus spread through feces, so, of course, they cause explosive diarrhea. Ebola is spread by blood, so it makes you bleed. Blood-borne travel is not very efficient, though. Neither is dog or even mosquito saliva, at least not for a virus that sets its sights high. Viruses that “figure out” how to travel the respiratory route, or the venereal route, have the potential to infect millions. Of the two, though, it’s easier to practice safe sex than it is to stop breathing.







Something in the Air


Viruses like influenza and coronavirus have only about a week to proliferate before the host kills them or, in extreme cases, they kill the host. During this contagious period, there may be a natural selection toward viruses of greater virulence to overwhelm host defenses.


Our bodies fight back with a triple firewall strategy to fend off viral attackers. The first is our set of barrier defenses. The outermost part of our skin is composed of fifteen or more layers of dead cells bonded together with a fatty cement.305 A new layer forms every day as dead cells are sloughed off, so the entire layer is completely replaced about every two weeks.306 Since viruses can only reproduce in live functional cells and the top layers of skin are dead, our intact skin represents a significant barrier to any viral infection.


But the respiratory tract has no such protection. Not only is our respiratory tract lined with living tissue, it represents our primary point of contact with the external world. We only have about two square yards of skin, but the surface area within the convoluted inner passageways of our lungs exceeds that of a tennis court.307 And every day we inhale more than five thousand gallons of air.308 For a virus, especially one not adapted to survive stomach acid, the lungs are the easy way in.


Our bodies are well aware of these vulnerabilities, however. It’s not enough for a virus to be inhaled—it must be able to physically infect a live cell. This is where mucus comes in. Our airways are covered with a layer of mucus that keeps viruses at arm’s length from our cells. And many of the cells themselves are equipped with tiny sweeping hairs that brush the contaminated mucus up to the throat to be coughed up or swallowed into the killing acid of the stomach. One of the reasons smokers are especially susceptible to respiratory infections in general is that the toxins in cigarette smoke paralyze and destroy these fragile little sweeper cells.309


Our respiratory tract produces a healthy half cup of snot every day,310 but can significantly ramp up production in the event of infection. However, influenza viruses belong to the orthomyxovirus family, from the Greek orthos-myxa-, meaning “straight mucus.” And these flu viruses have found a way to cut through this mucus barrier defense.


Unlike most viruses, which have a consistent shape, influenza viruses may exist as round balls, spaghetti-like filaments, or any shape in between.311 One characteristic they all share, though, is the presence of hundreds of spikes protruding from all over the surface of the virus, much like pins in a pincushion.312 There are two types of spikes. One is a triangular, rod-shaped enzyme called hemagglutinin.313 The other is a square, mushroom-shaped enzyme called neuraminidase.


There have been multiple varieties of both enzymes described, so far eighteen hemagglutinin (H1 to H18) and eleven neuraminidase (N1 to N11). Influenza strains are identified by which two surface enzymes they display. The strain identified as “H5N1,” for example, denotes that the virus is studded with the fifth hemagglutinin in the WHO-naming scheme, along with spikes of the first neuraminidase.314


There is a reason the flu virus has neuraminidase jutting from its surface. Described by virologists as having a shape resembling a “strikingly long-stalked mushroom,”315 this enzyme has the ability to slash through mucus like a machete, dissolving through the mucus layer to attack the respiratory cells underneath,316 before moving aside as the hemagglutinin spikes take over.


Like the spike proteins coating coronaviruses, hemagglutinin is the key the flu virus uses to get inside our cells. The cells of our body are sugar-coated. The external membrane that wraps each cell is studded with glycoproteins—complexes of sugars and proteins—that are used for a variety of functions, including cell-to-cell communication. The viral hemagglutinin binds to one such sugar called sialic acid (from the Greek sialos for “saliva”) like Velcro. In fact, that’s how hemagglutinin got its name. If you mix the influenza virus with a sample of blood, the hundreds of surface hemagglutinin spikes on each viral particle form crosslinks between multiple sialic acid–covered red blood cells, effectively clumping them together. It agglutinates (glutinare or “to glue”) blood (heme-).317


The docking maneuver prompts the cell to engulf the virus. Like the classic Saturday Night Live “landshark” skit, the virus fools the cell into letting it inside. Once inside, it takes over, turning the cell into a virus-producing factory. The conquest starts with the virus chopping up our own cell’s DNA and retooling the cell to switch over production to make more virus with a single-mindedness that eventually leads to the cell’s death through the neglect of its own needs.318 Why has the virus evolved to kill the cell, to burn down its own factory? Why bite the hand that feeds it? Why not just hijack half of the cell’s protein-making capacity and keep the cell alive to make more virus? After all, the more cells that end up dying, the quicker the immune system is tipped off to the virus’s presence.


The virus kills because killing is how the virus gets around.


Influenza transmission is legendary. The dying cells in the respiratory tract trigger an inflammatory response, which triggers the cough reflex. The virus thus uses the body’s own defenses to infect other potential hosts. Each cough releases billions of newly made viruses from the body at an ejection velocity exceeding seventy-five miles an hour.319 Sneezes can exceed one hundred miles per hour320 and hurl germs as far away as forty feet.321 That’s why it’s so important to cover your mouth when you cough or sneeze. Standing six feet apart may not protect you from an uncovered cough.322


Furthermore, the viral neuraminidase’s ability to liquefy mucus promotes the formation of tiny aerosolized droplets,323 which are so light they can hang in the air for minutes before settling to the ground.324 Each cough produces about forty thousand such droplets325 and each microdroplet can contain millions of viruses.326 One can see how easily a virus like this could spread around the globe.


In terms of viral strategy, another advantage of the respiratory tract is its tennis court–sized surface area, which allows the virus to go on killing cell after cell, thereby making massive quantities of virus without killing the host too quickly. The virus essentially turns our lungs into flu virus factories. In contrast, viruses that attack other vital organs like the liver can only multiply so fast without taking the host down with them.327


Unlike some other viruses, like the herpes virus, which go out of their way not to kill cells so as not to incur our immune system’s wrath, the influenza virus has no such option. It must kill to live, kill to spread. It must make us cough, and the more violently the better.







Makings of a Killer


Once our barrier defenses—the first line of our triple firewall against infection—are breached, we have to rely on an array of nonspecific defenses known as the “innate” arm of our immune system. These include Pacman-like roving cells called macrophages (literally from the Greek for “big eaters”), which roam the body chewing up any pathogens they can catch. In this way, any viruses caught outside our cells can get gobbled up. Once viruses invade our cells, however, they are effectively hidden from our roaming defenses. This is where our interferon system comes in, another piece of the innate immune system.


Interferon is one of the body’s many cytokines, inflammatory messenger proteins produced by cells under attack that can warn neighboring cells of an impending viral assault.328 Interferon acts as an early warning system, communicating the viral threat and activating a complex self-destruct mechanism in the cell should nearby cells find themselves infected. Interferon instructs cells to kill themselves at the first sign of infection and take the virus down with them. They should take one for the team and jump on a grenade to protect the rest of the body. This order is not taken lightly; false alarms could be devastating to the body. Interferon pulls the pin, but the cell doesn’t drop the grenade unless it’s absolutely sure it’s infected.


This is how it works: When scientists sit down and try to create a new antibiotic (anti-bios, “against life”) they must find some difference to exploit between our living cells and the pathogen in question. It’s like trying to formulate chemotherapy to kill the cancer cells but leave normal cells alone. There is no doubt that bleach and formaldehyde are supremely effective at destroying bacteria and viruses, but the reason we don’t chug them at the first sign of a cold is they are toxic to us as well.


Most antibiotics, like penicillin, target the bacterial cell wall. Since animal cells don’t have cell walls, these drugs can wipe out bacteria and leave us still standing. Pathogenic fungi don’t have bacterial cell walls, but they do have unique fatty compounds in their cell membranes that our antifungals can target and destroy. Viruses, however, have neither cell walls nor fungal compounds, and, therefore, these antibiotics and antifungals don’t work against viruses. There’s not much to a virus to single out and attack. There’s the viral RNA or DNA, of course, but that’s the same genetic material as in our cells.


Human DNA is double-stranded (the famous spiral “double helix”), whereas human RNA is predominantly single-stranded.329 To copy its RNA genome to repackage into new viruses, the influenza virus carries along an enzyme that travels the length of the viral RNA to make a duplicate strand. For a split second, there are two intertwined RNA strands. That’s the body’s signal that something is awry. When a virus is detected, interferon tells neighboring cells to start making a suicide enzyme called PKR that can shut down all protein synthesis in the cell—stopping the virus, but also killing the cell in the process.330 To start this deadly cascade, PKR must first be activated, but how? By double-stranded RNA.331


What interferon does is prime the cells of the body for viral attack. Cells preemptively build up PKR to be ready for the virus. An ever-vigilant sentry, PKR continuously scans cells for the presence of double-stranded RNA. As soon as PKR detects that characteristic signal of viral invasion, PKR kills the cell and hopes to take the virus down with it. Our cells die, but they go down fighting. This defense strategy is so effective in blunting a viral onslaught that biotech companies have long been trying to genetically engineer double-stranded RNA to be taken in pill form during a viral attack in hopes of accelerating this process.332


Cytokines like interferon have beneficial systemic actions as well. Interferon release leads to many of the other symptoms we associate with the flu, such as high fever, fatigue, and muscle aches.333 The fever is valuable since viruses like influenza tend to replicate poorly at high temperatures. Some like it hot, but not the influenza virus. The achy malaise encourages us to rest so our bodies can shift energies to mounting a more effective immune response.334 On a population level, these intentional side effects may also limit the spread of the virus by limiting the spread of the host, who may feel too lousy to go out and socialize. Cytokine side effects are our body’s way of telling us to call in sick.


Normally when you pretreat cells in the lab with powerful antivirals like interferon, the cells are forewarned and forearmed and viral replication is effectively blocked.335 Not so with H5N1. Viruses have evolved a blinding array of ways to counter our body’s finest attempts at control. The smallpox virus, for example, actually produces what are called decoy receptors to bind up the body’s cytokines so that less of them make it out to other cells.336 “I am in awe of these minute creatures,” declared a Stanford microbiologist. “They know more about the biology of the human cell than most cell biologists. They know how to tweak it and how to exploit it.”337


So how exactly does H5N1 block interferon’s interference? After all, the virus can’t stop replicating its RNA. The H5N1 virus carries a trick up its sleeve called NS1 (for “Non-Structural” protein). If interferon is the body’s antiviral warhead, then the NS1 protein is H5N1’s antiballistic missile.338 NS1 itself binds to the virus’s own double-stranded RNA, effectively hiding it from the cell’s PKR cyanide pill, preventing activation of the self-destruct sequence. Interferon can pull the pin, but the cell can’t let go of the grenade. NS1 essentially foils the body’s attempt to protect itself by covering up the virus’s tracks. Influenza viruses have been called a “showcase for viral cleverness.”339


All influenza viruses have NS1 proteins, but H5N1 carries a mutant NS1 with enhanced interferon-blocking abilities. H5N1’s viral countermove isn’t perfect, but it doesn’t have to be. The virus just needs to buy itself enough time to spew out new virus. After that, it doesn’t care if the cell goes down in flames—in fact, the virus prefers that because the cell’s death may trigger more coughing. “This is a really nasty trick that this virus has learnt: to bypass all the innate mechanisms that cells have for shutting down the virus,” laments the chief researcher who first unearthed H5N1’s deadly secret. “It is the first time this mechanism has shown up and we wonder if it was not a similar mechanism that made the 1918 influenza virus so enormously pathogenic.”340


Once researchers actually had the 1918 virus in hand, the mechanism was one of the first things they tested in hopes of understanding why the apocalyptic pandemic was so extraordinarily deadly. They tested the virus in a tissue culture of human lung cells, and, indeed, the 1918 virus was using the same NS1 trick to undermine the interferon system.341 As the University of Minnesota’s Osterholm told Oprah Winfrey on her television program, H5N1 is a “kissing cousin of the 1918 virus.”342 Could H5N1 or a virus like it come to mean 1918 all over again?







“But what gave this pestilence particularly severe force was that whenever the diseased mixed with healthy people, like a fire through dry grass or oil, it would run upon the healthy.”—Boccaccio’s description of the plague in Florence in his classic Decameron, published in 1350343


H5N1 shares another ominous trait with the virus of 1918: they both have a taste for the young. One of the greatest mysteries of the 1918 pandemic was, in the words of the Acting Surgeon General of the Army at the time, why “the infection, like war, kills the young vigorous robust adults.”344 As the American Public Health Association put it rather crudely: “The major portion of this mortality occurred between the ages of 20 and 40, when human life is of the highest economic importance.”345


Seasonal influenza, on the other hand, tends to seriously harm only the very young or the very old. The death of the respiratory lining that triggers fits of coughing accounts for the sore throat and hoarseness that typically accompany the illness. The mucus-sweeping cells are also killed, which opens up the body for a superimposed bacterial infection on top of the viral infection. This bacterial pneumonia is typically how stricken infants and elderly may die during flu season every year. Their immature or declining immune systems are unable to fend off the infections in time.


The resurrection of the 1918 virus offered a chance to solve the great mystery. The reason the healthiest people were the most at risk, researchers discovered, was that the virus tricked the body into attacking itself. It used our own immune systems against us.


Those who suffer anaphylactic reactions to bee stings or food allergies know the power of the human immune system. In their case, exposure to certain foreign stimuli can trigger a massive overreaction of the body’s immune system that, without treatment, could literally drop them dead within minutes. Our immune systems are equipped to explode at any moment, but there are layers of fail-safe mechanisms that protect most people from such an overreaction. The influenza virus has learned, though, how to flick off the safety.


Both the 1918 virus and the H5N1 threat seem to trigger a “cytokine storm,” an overexuberant immune reaction to the virus. In laboratory cultures of human lung tissue, infection with the H5N1 virus led to the production of ten times the level of cytokines induced by regular seasonal flu viruses.346 The chemical messengers trigger a massive inflammatory reaction in the lungs. “It’s kind of like inviting in trucks full of dynamite,” says the lead researcher who first discovered the phenomenon with H5N1.347 A similar storm can rage in severe cases of COVID-19.348


While cytokines are vital to antiviral defense, the virus may trigger too much of a good thing.349 The flood of cytokines overstimulates immune components like natural killer cells, which go on a killing spree, causing so much collateral damage that the lungs start filling up with fluid. “It actually turns your immune system on its head, and it causes that part to be the thing that kills you,” explains Osterholm.350 “All these cytokines get produced and [that] calls in every immune cell possible to attack yourself. It’s how people die so quickly. In 24 to 36 hours, their lungs just become bloody rags.”351


People between twenty and forty years of age tend to have the strongest immune systems. You spend the first twenty years of your life building up your immune system, and then, starting around age forty, the system’s strength begins to wane. That is why this age range is particularly vulnerable to such viruses, because it’s your own immune system that may kill you.352 A new dog learning old tricks, H5N1 may have been following in the 1918 virus’s footsteps.353


Quite simply, either we wipe out the virus within days or the virus wipes us out. The virus doesn’t care either way. By the time the host wins or dies, the virus expects to have moved on to virgin territory. And, in a dying host, the cytokine storm may even produce a few final spasms of coughing, allowing the virus to jump the burning ship. As one biologist recounted, the body’s desperate shotgun approach to defending against infection is “somewhat like trying to kill a mosquito with a machete—you may kill that mosquito, but most of the blood on the floor will be yours.”354







“There is nothing permanent except change.”—Heraclitus


The final wall of defense, after barrier methods and the best attempts of the innate immune system have failed, is the “adaptive” (or “acquired”) arm of the immune system: the ability to make antibodies. Antibodies are like laser-guided missiles specific for a particular foreign invader. They are made by immune cells called B cells that arise in our bone marrow. We make a billion of these cells every day of our lives, each recognizing a specific target. Once one of these B cells is activated, it can pump out thousands of antibodies a second.355 And some of the B cells can remember prior activations and attacks.


So-called memory B cells retain a memory of past invaders and lie in wait for a repeat attack. If that same invader ever tried anything again, the body would be armed and ready to fight it off before it could gain a foothold. This is why once you get chicken pox, you tend never to get it again. Our adaptive immune system is the principle behind vaccination. People can get vaccinated against measles as infants, for example, setting in place a “memory” of the virus, and retain immunity for life.


Why can you get a few shots against something like mumps as a kid and forget about it, whereas there’s a new flu vaccine out every year? Because the influenza virus, in the words of the World Health Organization, is a “Master of Metamorphosis.”356


Influenza viruses are like Hannibal Lecter. Like the COVID-19 coronavirus, they bud from infected cells and cloak themselves in a stolen swatch of the cell’s own membrane, wrapping itself in our cells’ own skin as a disguise. The virus can’t hide completely, though. Out of necessity, it must poke neuraminidase and hemagglutinin spikes through the membrane to clear through mucus and bind to new cells. These spikes are the primary targets, then, that our antibodies go after. So that it doesn’t go the way of chicken pox, the influenza virus’s only chance for reinfection is to stay one step ahead of our antibodies by presenting an ever-moving target.


The World Health Organization describes influenza viruses as “sloppy, capricious, and promiscuous.”357 Sloppy, because an RNA virus thrives on mutation. The human genetic code is billions of DNA letters long. Every time one of our cells divides, each of those letters has to be painstakingly copied to provide each progenitor cell with the identical genetic complement. This is a tightly controlled process to prevent the accumulation of mutations (errors) in our genetic code. RNA replication is different.


RNA viruses have no spell-checker, no proofreading mechanism.358 A virus like influenza is no perfectionist. When RNA viruses make copies of their genomes, they intentionally include mistakes, so odds are that each new virus is unique.359 Once a cell is infected and its molecular machinery pirated, it starts spewing out millions of viral progeny, each a bit different from the next, a population of viruses known in the scientific world as a “mutant swarm.”360 Essentially, every virus is a mutant.361


Most of the new viruses are so mutated, so crippled, that they won’t survive to reproduce, but thousands of the fittest will.362 This represents millennia of evolution by the hour. This is how other RNA viruses like HIV and hepatitis C can exist for years within the same individual; they are constantly changing, constantly evading the immune system.363 One of the reasons we haven’t been able to come up with a vaccine against HIV is that it mutates so rapidly364—and the influenza virus mutates even faster.365 This is why it’s so hard for our immune system to get a handle on influenza. By the time we’ve mounted an effective antibody response, the virus has changed appearances ever so slightly, a process called genetic drift. Thus, influenza can come back year after year.


Professor Kennedy Shortridge, the virologist who first identified H5N1 in Hong Kong’s chickens, describes influenza as being caused by an “unintelligent, unstable virus.”366 A fellow colleague put it bluntly: “Flu’s not clever. Forget this idea that the virus is clever. The virus is clumsy. It makes lots of mistakes when it’s copying itself, the ones that have an advantage get selected, and that’s why it’s successful.”367 No other human respiratory virus has this kind of mutation rate.368 It’s like the worst of all worlds: respiratory spread of a deadly virus with a high mutation rate. Scientists fear a virus like H5N1 could become like an airborne HIV—half the mortality rate of untreated HIV, but able to kill us within days.







Viral Sex


The few genes the influenza virus has are distributed among eight discrete strands of RNA within each virus. It must be a nightmare for the virus to package each new outgoing progenitor with the correct RNA octet. Why not just keep all its genes on a single strand? Because with separate strands, influenza viruses can have sex.369


Variability is the engine of evolution. Survival of the fittest only works if there are some more fit than others. That is how natural selection works, how, over time, species can adjust to unpredictable changes in their environment. If all progeny are identical, if all progeny are simply clones of the parent, then the species has less flexibility to adapt. This is thought to be why the birds and the bees (and many plants) evolved to combine genetic endowments with one another in order to reproduce. This genetic mixing greatly increases variation among the offspring.


Suppose two completely different types of influenza viruses take over the same cell. They each make millions of copies of their eight individual RNA strands. Then what happens? As each new progeny virus buds from the cell, it can mix and match genes from both “parents.” This segmented nature of the genome allows different flu viruses to easily “mate” with each other, swapping segments of RNA to form totally new hybrid viruses.370 This is one way pandemics can be made.


Only one strain of influenza has historically tended to dominate at any one time within the human population.371 Since 1968, one such strain has been H3N2. Each year, the virus’s protruding spikes drift subtly in appearance, but the virus is still H3N2, so antibodies we made against the virus in previous years still recognize it as somewhat familiar and confer us some protection. As such, year after year for decades now, H3N2 has been kept in check by our immune systems, thanks to our prior run-ins with the virus.


If the virus didn’t change its appearance at all from year to year, our immunity could be absolute, and, as with chicken pox, we’d never get the flu again. But, because the appearance of the virus does drift a bit annually, every year some of us come down with the flu. For most of us, though, the illness only lasts a few days before our prior partial immunity can vanquish the familiar foe and we can get on with our lives.


Pandemics happen when a dramatically different virus arrives on the scene, a virus to which we have no prior immunity. This can happen when the virus undergoes an entire shift, acquiring a new H spike. And that is where gene swapping can come in.


The 1918 pandemic virus was H1N1. It came back in subsequent years, but by then it was old hat. Those who had survived the virus during the pandemic retained much of their immunity. The annual flu strain remained H1N1, infecting relatively few people every year for decades until 1957, when an H2N2 virus suddenly appeared as the “Asian flu” pandemic. Because the world’s population had essentially only acquired immunity to H1 spikes, the virus raced around the globe, infecting a significant portion of the world’s population. For example, half of U.S. schoolchildren fell ill.372 Thankfully, it was not very virulent and only killed about a million people worldwide.373 H2N2 held seasonal sway for eleven years. In 1968, the H3N2 “Hong Kong Flu” virus triggered another pandemic and has been with us every year since. It attacked even fewer people than the H2N2 flu—only about 40 percent of U.S. adolescents got sick—and killed fewer still. Experts suspect that partial immunity to at least the N2 spike afforded a baseline level of protection.374 Since 95 percent of the surface spikes are hemagglutinin and only 5 percent are neuraminidase,375 though, and because the hemagglutinin directly determines infectivity since it is what attaches to host receptors, it is the appearance of a new H spike that triggers a pandemic.376


If only a limited number of types of human virus dominate at one time, with which viruses can the dominant virus swap genes? Birds are the reservoir from which nearly all human and nonhuman animal influenza genes originate. Thus, pandemic viruses can arise when human influenza dips into the bird flu gene pool and pulls out some avian H or N combination that the present human generation has never seen before. The human virus has lots to choose from, since birds harbor sixteen different hemagglutinin spikes and nine different spikes of neuraminidase.377 (Two new Hs and Ns have been recently discovered in bats.378)


Researchers speculate that sometime shortly before February 1957, somewhere along the road between Kutsing and Kweiyang in southern China, an H2N2 bird flu virus may have infected either a pig or a person already suffering from the regular H1N1 seasonal human flu, and an unholy viral matrimony took place.379 From one of those co-infected cells came a human-bird crossbreed virus containing five of the original human viral gene segments and three new segments from the bird virus, including the new H and new N spikes.380 Then, in 1968, the virus swapped its H2 for an H3 from another bird flu strain. With each new avian addition, the virus became sufficiently alien to the human immune system and quickly blanketed the globe.


So there were three influenza pandemics in the twentieth century—in 1918, 1957, and 1968—but, as the director of the National Institute for Allergy and Infectious Diseases has said, “There are pandemics and then there are pandemics.”381 The half-and-half bird/human hybrid viruses of 1957 and 1968 evidently contained enough previously recognizable human structure that the human population’s prior partial exposure dampened the pandemic’s potential to do harm. In contrast, the pandemic strain of 1918 was wholly avian-like.382 Instead of diluting its alien avian nature, the 1918 bird flu virus “likely jumped straight to humans and began killing them,” noted Taubenberger, the man who helped resurrect it.383 The same could be happening with the new spate of avian influenza viruses sporadically infecting people in more recent years, like H5N1. The human immune system had never been known to be exposed to an H5 virus before. As the WHO points out, “Population vulnerability to an H5N1-like pandemic virus would be universal.”384


H5N1 developed a level of human lethality not thought possible for influenza. Half of those known to have come down with that flu so far have died.385 H5N1 is good at killing, but not at spreading. To trigger a pandemic, the virus has to learn how to spread efficiently from person to person. Now that the genome of the 1918 virus has been completely sequenced, we understand that it may have taken only a few dozen mutations to turn a bird flu virus into humanity’s greatest killer,386 and we saw some of those changes taking form in H5N1.387 The further H5N1 spread and the more people it infected, the greater the likelihood that it might lock in mutations that could allow for efficient human-to-human transmission. “And that’s what keeps us up at night,” said the chair of the Infectious Diseases Society of America’s task force on pandemic influenza.388


Research funded by the National Institutes of Health (NIH) suggests that influenza viruses mutate even faster than previously thought.389 Some scientists theorize the existence of a “mutator mutation” that makes replication even sloppier, predisposing the virus for the species jump.390 As if its sloppiness and segmentation don’t create enough novelty for our immune system, influenza viruses have devised a third way to mutate. The process of swapping genes between two viruses has been named “reassortment,” like reshuffling two decks of cards—one human deck and one bird deck with eight cards each. A process now known as recombination allows influenza viruses to swap mere pieces of individual RNA strands with each other. It’s as if the virus not only reshuffles both decks together, but also cuts each card in half and then randomly tapes the halves back together.391 Masters of metamorphosis indeed.


All influenza viruses are capable of high rates of mutation, but never had the scientific world seen a virus like H5N1. Very few human pathogens even approach 50 percent mortality. The director of the Center for Biosecurity of the University of Pittsburgh noted this at a congressional briefing: “Death rates approaching this order of magnitude are unprecedented for any epidemic disease.” University of Minnesota’s Osterholm described the specter of a deadly superflu as “the beast lurking in the midnight of every epidemiologist’s soul”—the “Ace of Spades in the influenza deck.”392


It’s hard to believe a flu virus could be that deadly, though. The 50 percent fatality figure is calculated by taking the number of people who have died and dividing it by the total number of cases, but what if we don’t have an accurate count? What if there are people who got infected but were overlooked because they showed little or no symptoms? In that case, the 50 percent mortality could be a gross overestimate.


The results of an investigation to help answer this question were published by the CDC.393 In the Cambodian province of Kampot, dozens of chicken flocks were dying from H5N1, but there was only one reported human case, a young farmer who subsequently died. This was the signal for researchers to swoop in and take blood from every family in the area to determine the actual human infection rate. How many cases were we missing? How many infected people had been overlooked? They analyzed bloodwork from 351 area villagers. Not a single person showed evidence of present or past infection.394


There are two conclusions we can draw from this study. First, at present, H5N1 remains almost exclusively a bird virus. In the decades since it was discovered, less than a thousand people seem to have gotten infected, even though it has led to the deaths of hundreds of millions of birds. The concern, of course, is that the virus will mutate into a human form that is easily transmissible from one person to the next, thereby triggering the next pandemic. This leads us to conclusion number two: If this study is an accurate reflection of what’s happening on the ground, then the human case mortality rate may really be on the order of 50 percent. Based on that study, we don’t seem to be missing many cases.


A total of twenty-nine other such similar surveys in Bangladesh,395 Cameroon,396 China,397 Germany,398 Indonesia,399 Nigeria,400 South Korea,401 Thailand,402 Turkey,403 and Vietnam404 have found no evidence of significant numbers of asymptomatic or clinically mild cases even among those with frequent high-risk exposures, suggesting that the high case fatality ratio may accurately reflect the severity of infection.405 And if a flip-of-a-coin death rate isn’t bad enough, experimental data suggest that a pandemic H5N1 pathogen could initiate neurodegenerative disorders such as Parkinson’s and Alzheimer’s diseases in the survivors.406


Even if H5N1 does indeed have Ebola-like human lethality at this time, for it to be able to mutate into an easily transmissible human form, many assume the virus would necessarily have to ratchet down its ferocity. A panel of experts convened by the World Health Organization, however, brought that assumption into question, positing that it could retain its extreme lethality.407 Pandemic influenza has the potential to infect billions of people. If H5N1 is able to preserve its ability to kill a significant proportion of its victims, “it could be more lethal than anything we’ve ever seen in history,” said one WHO scientist.408 Or as another flu expert remarked, “All bets would be off.”409


Robert Webster, chair of the Virology Division of St. Jude Children’s Research Hospital in Tennessee, is arguably the world’s top bird flu expert. He is often referred to as the “pope” of influenza researchers.410 In characteristically unpapal language, Webster puts it bluntly. H5N1, he said, is “the one that scares us shitless.”411










H5N1




Hong Kong, 1997


It seems to have started with a three-year-old boy in Hong Kong who had a sore throat and tummy ache.412 On May 14, 1997, Lam Hoi-ka was admitted to Queen Elizabeth Hospital with a fever; a week later he was dead. The causes of death listed were acute respiratory failure, acute liver failure, acute kidney failure, and “disseminated intravascular coagulopathy.” Basically, on top of the multiple organ failure, his blood had curdled.413


The top specialist of the government virus unit was called in.414 Samples were taken from the boy’s throat. As far as anyone knew at the time, human beings were susceptible to getting sick only from H1, H2, and H3 viruses. When the samples came back positive for influenza, but negative for all known human strains, Hong Kong’s chief virologist forwarded the mystery samples to the world’s top labs in London, Holland, and Atlanta, to the CDC.415


The Dutch were the first to make the discovery. Virologist Jan de Jong, now a senior investigator at Rotterdam’s Erasmus University, received the sample. He found that the boy had been killed by an H5 virus, H5N1.416 The scientific world was stunned.


“We thought we knew the rules,” recalled the director of the Center for Public Health Preparedness at Columbia University, “and one of those rules was that H1, H2 and H3 cause flu in humans, not H5. This is like the clock striking 13.”417 H5 was supposed to cause disease only in birds, not in people.


Within two days, de Jong was on a plane to Hong Kong. “We had to act very, very quickly,” he remembers. “We realized this could be a pandemic situation.”418 Keiji Fukuda, chief of epidemiology in the CDC’s influenza branch, followed shortly behind. It had been a hard death. The child had had to have a breathing tube inserted and reportedly had been in great pain. Fukuda at the time was the father of two young children. “It drove home for me how much suffering there might be if this bug took off.”419


If H5N1 had spread from Hong Kong in 1997, Lam Hoi-ka would have been patient zero for a new global pandemic.420 Keiji Fukuda was asked in an interview years later what his first thought had been upon hearing the news that an H5 virus had killed a child. He said that he distinctly remembered hanging up the phone and thinking, “This is how it begins.”421


What this first death showed, according to the director of Holland’s National Influenza Center, “was what everyone until then had thought impossible—that the virus could leap directly from birds to humans.”422 “This had never happened before in history,” agreed the head of the University of Hong Kong’s Emerging Pathogens Group. “It was terrifying.” These statements, however, were taken before the 1918 virus was resurrected in 2005.423 In fact, it had happened before in history, many scientists now believe, in 1918—and that makes it all the more terrifying.







Fowl Plague


More than a century ago, researchers confirmed the first outbreak of a particularly lethal form of avian influenza that they called “fowl plague.”424 Plague comes from the Greek word meaning “blow” or “strike.”425 Later, the name “fowl plague” was abandoned and replaced by “highly pathogenic avian influenza” or HPAI.426


Domesticated poultry can also become infected with a low-grade influenza, so-called low pathogenic avian influenza, or LPAI, which may cause a few ruffled feathers and a drop in egg production.427 Influenza viruses with H5 or H7 spikes, however, are able to mutate into the high-grade variety that can cause devastating illness among the birds. Webster’s term for H5 and H7 strains of flu says it all: “the nasty bastards.”428 And you don’t get nastier than H5.


Webster is credited as being the one who first discovered the part avian influenza plays in triggering all known human pandemics. The Washington Post described him as “arguably the world’s most important eye on animal influenza viruses.”429 Webster had more reason than most to be especially concerned about the death in Hong Kong. He had seen H5 before; he knew what it could do.


In 1983, an H5N2 virus struck commercial chicken operations in Pennsylvania and seventeen million chickens died or had to be killed. It quickly became the world’s largest outbreak of avian influenza and the most costly animal disease control operation in U.S. history430—until an even bigger H5N2 chicken epidemic struck in 2015 that wiped out fifty million birds, that is.431 As striking as the numbers of deaths are, it is the way the chickens died that continues to haunt scientists. In the veterinary textbooks, the deaths are described as “a variety of congestive hemorrhagic, transudative and necrobiotic changes.”432 One researcher described it in lay terms: The chickens were essentially reduced to “bloody Jell-O.”433


In the spring of 1997, two months before Lam Hoi-ka fell ill, the same thing started happening in Hong Kong. Thousands of chickens were dying from H5N1. “Their bodies began shaking,” one farmer described, “as if they were suffocating and thick saliva starting coming out of their mouths … The faces then went dark green and black, and then they died.”434 Some of the birds were asphyxiating on large blood clots lodged in their windpipes.435 “One minute they were flapping their wings,” another reported, “the next they were dead.”436 Others had given birth to eggs without shells.437 In the lab, the virus was shown to be a thousandfold more infectious than typical human strains.438 The virus, one Hong Kong scientist remarked, “was like an alien.”439


Kennedy Shortridge, then chair of the University of Hong Kong’s Department of Microbiology, went personally to investigate. Growing up in Australia, Shortridge was shaken by his mother’s haunting stories of the 1918 pandemic and decided to dedicate his life to trying to understand the origins of influenza pandemics.440 He had already been working for twenty-five years on this question in Hong Kong before H5N1 hit. He found “chickens literally dying before our eyes.”441 “One moment, birds happily pecked their grain,” he recalled, “the next, they fell sideways in slow motion, gasping for breath with blood slowly oozing from their guts.”442 On necropsy, pathologists found that the virus had reduced the birds’ internal organs to a bloody pulp. “We were looking at a chicken Ebola,” Shortridge recalled.443 “It was an unbelievable situation, totally frightening. My mind just raced,” he remembered. “I thought, ‘My God. What if this virus were to get out of this market and spread elsewhere?’”444







Close Call


The second human to die in Hong Kong was a thirteen-year-old girl with a headache. She soon started coughing blood as her lungs began hemorrhaging. The internal bleeding spread to her intestinal tract, and then her kidneys shut down.445 She fought for weeks on a ventilator before she died. “To me,” remarked Webster, “the startling thing about the second case is that there is a second case.” The experts still couldn’t believe that a virus supposed to be “strictly for the birds” was directly attacking human children.446


These initial cases started with typical flu symptoms—fever, headache, malaise, muscle aches, sore throat, cough, and a runny nose. They weren’t dying of a superimposed bacterial pneumonia as one tends to see in seasonal influenza deaths of the elderly and infirm. H5N1 seemed to have gotten the immune system to do the dirty work.


Autopsies were performed on two of the first six victims, the thirteen-year-old girl in Hong Kong and a twenty-five-year-old Filipino woman. Both died of multiple organ failure. Their lungs were filled with blood, their livers and kidneys clogged with dead tissue, and their brains swollen with fluid.447


In both cases, cytokine levels were found elevated as expected. The virus evidently had tricked the body into unleashing massive cytokine storms, burning their livers, kidneys, and lungs in their immune systems’ not-so-friendly fire. Interestingly, viral cultures taken at autopsy from all their organs came up negative. It seems that in their bodies’ brutal counter-attack, their immune systems were able to triumph in a way and kill off the virus. Of course, in burning down the village in order to save it, the patients were killed off as well.448


Most of the 1997 victims had either bought chickens (or, in one case, chicken feet) or had shopped next door to a chicken merchant.449 Lam Hoi-ka may have been infected by baby birds in his preschool’s “feathered pet corner.”450 The strongest risk factor to shake out of the subsequent investigations was “either direct or indirect contact with commercial poultry.”451


Human-to-human transmission remained very limited. An infected banker, for example, didn’t pass the virus on to coworkers, but when a two-year-old boy had “played with and been hugged and kissed by his symptomatic 5-year old female cousin,” he joined her in the hospital three days later.452 Thankfully, they both recovered. The virus only seemed to be spread by close, rather than casual, contact. One of Lam Hoi-ka’s doctors came up positive for the virus, for example, but it is believed she had come in contact with his tears.453 The virus was still learning, but the scientific community was bent on putting an end to its education.


Realizing the disease was coming from chickens, leading scientists called for every chicken in the entire territory to be killed at once to stop any and all new human cases. “The infection was obviously tearing away at the inside of the birds,” Shortridge realized. “My reaction was: ‘This virus must not escape from Hong Kong.’”454 Biologically the plan made sense, but politically it was a tough sell. “It was absolutely terrifying.” Shortridge remembered. “You could feel the weight of the world pressing down on you.”455


The weight of world opinion may indeed have been what finally led to the government’s concession. Hong Kong had just been reunified with China and with eyes focused on the fledgling power, it could not afford to be perceived as endangering the rest of the world.456 Amid mounting panic, Margaret F. C. Chan, who would go on to lead the investigation into SARS and become the World Health Organization’s influenza chief, ordered the death sentence for more than a million birds.457


For four days, hundreds of Hong Kong’s government workers—many of them desk workers—engaged in the slaughter.458 Scuffles broke out with chicken vendors. Buddhist monks held a seven-day prayer chant for the souls of the birds.459


Overnight, new human infections ceased. The last human case in the 1997 Hong Kong outbreak was recognized the day before the slaughter commenced.460 In all, only eighteen people got sick and only six people died.







“Next to a battle lost, the greatest misery is a battle gained.”—Duke of Wellington


Books have been written about the 1997 outbreak. Noted journalist Pete Davies was with Webster eight months after the mass slaughter, perched on an Arctic mountainside within miles of the North Pole. He asked Webster if they had done the right thing killing all those chickens in Hong Kong. “It was a killer—like 1918 on its way.”461 If the chickens hadn’t been killed, Webster replied, “I would predict that you and I would not be sitting here talking now. Because one of us would be dead.”462


Other experts agree. “Imagine if that virus obtained a little additional capacity to be freely transmitted in humans,” said Klaus Stöhr, head of the World Health Organization’s influenza program, “a large proportion of the population of the world would presumably have died.”463 Fukuda explained: “When you look at the people who died … [most] were basically healthy young adults. These are not the kinds of people you normally see dying from influenza … and most of them died from illnesses generally consistent with viral pneumonia—so it’s very similar to the picture we saw in 1918. It’s disturbingly similar—and that’s what gave this added sick feeling in all our stomachs.”464


The Hong Kong government took heat from the poultry industry for its decision to kill more than a million birds, but was vindicated by a 1998 joint proclamation signed by nineteen of the world’s experts on influenza, including the World Health Organization’s chief authority, expressing gratitude for Hong Kong’s decision. The proclamation concluded: “We may owe our very lives to their actions.”465


Only years later did intensive research on the H5N1 virus reveal how close the world had truly come to facing a pandemic. There was evidence that during the Hong Kong crisis the virus was rapidly adapting to the new human host, acquiring mutations that increased its ability to replicate in human tissue. Shortridge, who first identified H5N1 in Hong Kong’s chickens, wrote in 2000, “It is probably fair to say that a pandemic had been averted.”466


The Hong Kong Medical Association’s infectious disease expert, however, warned that this may not have been the end to H5N1. “And as long as we have the circumstances which can favour the spread of H5N1,” he said, “it can occur again.”467 The CDC’s Keiji Fukuda was asked in an interview whether the prospect of H5N1’s return robbed him of any sleep. “More nights than I like,” he admitted.468


Closely studying the Hong Kong H5N1 virus, Webster estimated that it may have taken only months for it “to acquire whatever mutations are needed for transmitting between people—but it would have done it,” he said. “And if it had got away, my God.… I am convinced that this virus was probably like 1918. It was wholly avian, yes—but it had human aspects that we’ve never seen before.”469 We now suspect the 1918 virus was wholly avian as well, a “human adapted variant of a pathogenic avian strain.”470


Mike Ryan, founding member of the Global Outbreak Alert and Response Network at the World Health Organization, described H5N1 in birds as “a disease of biblical proportion.”471


In a textbook published by Oxford University, Webster wrote this about the Pennsylvania H5 outbreak in 1983:




How do we cope with such an epidemic? The Agriculture Department used the standard methods of eradication, killing the infected chickens and exposed neighboring birds and burying the carcasses. But we can’t help asking ourselves what we would have done if this virus had occurred in humans. We can’t dig holes and bury all the people in the world.472










What Happens to a Pandemic Deferred?


The killing of all the chickens in Hong Kong in 1997 stopped H5N1, but not for long. The same underlying conditions that originally led to its emergence were still in place; it was just a matter of time.


Experts think human influenza started about 4,500 years ago with the domestication of waterfowl like ducks, the original source of all influenza viruses.473 According to Professor Shortridge, this “brought influenza viruses into the ‘farmyard,’ leading to the emergence of epidemics and pandemics.”474 Before 2500 B.C.E., it’s likely that nobody ever got the flu.


Duck farming dramatically spread and intensified over the last five hundred years, beginning during the Ching Dynasty in China in A.D. 1644.475 Farmers moved ducks from the rivers and tributaries onto flooded rice fields to be used as an adjunct to rice farming. This led to a permanent year-round gene pool of avian influenza viruses in East Asia in close proximity to humans.476 The domestic duck of southern China has been considered the principal host of all influenza viruses with pandemic potential.477


This is probably why two of last three flu pandemics started in China.478 According to the United Nations’ Food and Agriculture Organization (FAO), China is the largest producer of chicken, duck, and goose meat for human consumption.479 It accounts for 70 percent of the world’s tonnage of duck meat and more than 90 percent of global goose meat.480 China has more than two dozen species of waterfowl.481 As Osterholm has said, “China represents the most incredible reassortment laboratory for influenza viruses that anyone could ever imagine.”482


Extensive sampling of Asian waterfowl in the years following the Hong Kong outbreak seems to have tracked H5N1 to a farmed goose outbreak in 1996, the year the number of waterfowl raised in China exceeded two billion birds.483 The virus seemed to have been playing a game of Duck, Duck, Goose … then Chicken.


In 2001, the virus arose again from the primordial reservoir of waterfowl to make a comeback among chickens in Hong Kong.484 Once again, all the chickens were destroyed—this time before anyone fell ill.485 Sporadic outbreaks continued through 2002, but people didn’t start dying again in Hong Kong until 2003.486 By the end of that year, the virus would escape China and start its rampage across the continent.


As revelers got ready to ring in 2004, the FAO and other international organizations began to hear rumors of widespread outbreaks of a virulent disease obliterating chicken flocks across the region.487 Reports were coming from so many directions at the same time that authorities didn’t know which to believe. Within a month, though, they were all confirmed. H5N1 had burst forth from China, erupting across eight countries nearly simultaneously. It quickly became the greatest outbreak of avian influenza in history.488


Given the pattern and timing of outbreaks, trade in live birds was blamed for the spread throughout Southeast Asia.489 For example, chickens made nearly a thousand-mile trek from the Ganzu province in China to Tibet via truck.490 The Vietnamese Prime Minister quickly imposed a ban on all transport of chickens,491 but the widespread smuggling of birds is thought to have continued the viral spread throughout the region.492 It would be another year before the virus would learn how to hitch rides on migratory waterfowl to wing its way westward,493 although the poultry trade may also have played a role in the spread of H5N1 to the Middle East, Europe, and Africa.494 Even in the United States, a shipment of chicken parts marked “jellyfish” was allegedly smuggled in from Thailand and distributed to ten states before it was confiscated.495 At a single port in California, customs agents intercepted illegal shipments of nearly seventy-five tons of poultry smuggled in from Asia and about a hundred thousand eggs within a three-month period in 2005.496 One biologist remarked that the reason why the focus has remained on the birds in the poultry trade is that “[c]orporations pay more taxes than migratory birds do.”497


Within a few months, more than a hundred million birds across Asia were killed by the disease or culled.498 Birds were buried alive by the millions in Thailand and burned alive in China.499 Birds were stomped to death in Taiwan and beaten to death in Vietnam.500 The French media reported: “Soldiers stripped to the waist pound terrified ducks with bloody sticks; farmers dressed in grubby clothes grab chickens squawking from their cages to wring their necks, and twitching bags stuffed with live birds are tossed into a ditch and covered in dirt.”501 Lest Westerners judge, the U.S. egg industry has thrown live hens with waning egg productivity into wood chippers502 and continues to drop living male baby chicks of egg-laying breeds into high-speed grinders.503 Humane considerations aside, the World Health Organization is concerned that the methods of culling and disposal could increase the risk of human exposure. “If [the killing of birds] is done in such a way that exposes more people [to the virus],” said one WHO spokesperson, “then this … could be increasing the risk of developing a strain that you would not want to see.”504


Despite the culling, the virus came back strong in the fall of 2004, first spreading its wings throughout Southeast Asia505 and then the Middle East, Africa, and Europe.506 As 2004 came to an end, former U.S. Secretary of Health and Human Services Tommy G. Thompson told reporters in his farewell news conference that H5N1 was his greatest fear, eclipsing bioterrorism. Bird flu, he said, was a “really huge bomb.”507







Year of the Rooster


The year 2005, the Chinese zodiac’s Year of the Rooster, saw a resurgence of human deaths. By June, more than a hundred laboratory-confirmed cases were reported to the WHO, with more than fifty deaths.508 The year also saw the continuation of an alarming trend in the growth of H5N1’s learning curve.


The WHO’s Klaus Stöhr explained in an editorial in The New England Journal of Medicine: “Recent laboratory and epidemiologic studies have yielded disturbing evidence that the H5N1 virus has become progressively more pathogenic in poultry, has increased environmental resistance, and is expanding its mammalian host range.”509 By 2003, H5N1 had undergone more than a dozen reassortments with other influenza viruses since its re-emergence among domestic poultry in 2001, trading genes like baseball cards and forming a powerhouse H5N1 mutant known to scientists as type Z. The virus was shuffling between more than a dozen decks, picking all the best cards. The adaptations that allowed Z to survive in the ambient environment augmented the virus’s ability to infect, spread, and mutate even further. Within a year, the mutant Z+ was born.510


Z+ led to the explosion of cases across Asia in 2004. H5N1 had slowly but surely mastered the ability to spread among chickens with supreme efficiency, flooding across poultry-raising nations. It had also gotten better at killing.


University of Wisconsin virologists were the first to show that the virus’s lethality was not limited to birds. Influenza viruses don’t typically kill mammals like mice, but in the lab, Z+ killed 100 percent of the test population, practically dissolving their lungs.511 “This is the most pathogenic virus that we know of,” declared the lead investigator. “One infectious particle—one single infectious virion—kills mice. Amazing virus.”512 Crystallography studies showed that on a molecular level the virus had begun structurally to look more like the virus of 1918.513


H5N1 began taking more species under its wing. Reports came from China that pigs were infected,514 raising a concern that these animals could act as additional gene “swap meets.” Since pigs can be infected with both human and avian flu, they are thought to act as “mixing vessels” for influenza viruses.515


Pet cats began to die.516 This was the first time on record that cats had ever come down with the flu. Cats had always been considered resistant to getting the disease.517 “If avian influenza has one predictable property, it is that it is not predictable,” lamented an Ohio State University biologist. “It has made a fool of us more than once.”518


Tigers and leopards in zoos who were fed chickens from the local slaughterhouse fell ill and died.519 In Thailand’s largest tiger zoo, more than a hundred big cats were killed. There was suggestive evidence that the virus was able to spread from tiger to tiger,520 and experimental studies seem to have confirmed the suspicion.521 Webster’s lab discovered that ferrets could also be infected with the virus, leading to rapid paralysis and death. “The outbreaks indicate that the virus has become highly pathogenic to more and more species,” reported Shigeru Omi, former WHO regional director for the Western Pacific region. “The virus remains unstable, unpredictable and very versatile. Anything could happen. Judging from the way the virus has behaved it may have new and unpleasant surprises in store for us.”522


The feline outbreaks had researchers very concerned. The virus was becoming better adapted to kill mammals. “Every species leap [by H5N1] represents a new virus mutation, increasing the chance that one will become highly infectious to humans,” explained one WHO epidemiologist.523 Not only was the virus getting a better feel for mammalian biology, it was beginning to learn how to spread mammal to mammal.


Because cats, unlike pigs, are resistant to human influenza, they would presumably not be able to act as mixing vessels in which viral gene shuffling could potentially form bird/human hybrid viruses like those that triggered the pandemics of 1957 and 1968. But what the cat could drag in is a facilitation of the stepwise adaptation of the avian virus towards direct human infection and transmission, as presumably occurred in the pandemic of 1918. These home and zoo outbreaks also suggest viral infection in the meat.










PLAYING CHICKEN




“Where chicken soup used to cure the flu, now it gives you the flu.”—Jay Leno524


To avoid contracting bird flu, an influenza expert at the UK Health Protection Agency warned, “[a]void being in touching distance [of birds who could be affected]. Don’t kiss chickens.”525 Kissing aside, what is the risk of putting our lips on them in other ways?


Investigators suspect that at least five people living near Hanoi contracted H5N1 after dining on congealed duck blood pudding, a traditional Vietnamese dish called tiet canh vit prepared from a duck’s blood, stomach, and intestines.526 This led the FAO to advise, “People should not eat raw blood.”527 But what about the skeletal muscle tissue we know as meat?


In 2001, the virus was found and confirmed in frozen Pekin duck meat exported from mainland China. The investigators concluded, “The isolation of an H5N1 influenza virus from duck meat and the presence of infectious virus in muscle tissue of experimentally infected ducks raises concern that meat produced by this species may serve as a vehicle for the transmission of H5N1 virus to humans.”528


Inexplicably, after meeting with the Chinese President in April 2006, then President George W. Bush agreed to allow the resumption of poultry imports from China starting in May. Although the meat would be cooked before export, which should kill the virus, members of the U.S. House and Senate agriculture committees expressed concern about quality control in Chinese processing plants.529 Some critics suspect that this concession was made in return for China’s promise to drop the mad cow disease–related ban on U.S. beef imports.530


The finding of H5N1-contaminated poultry meat triggered a more extensive survey. Investigators randomly sampled duck meat from China and found that thirteen of fourteen imported lots all contained up to a thousand infectious doses of virus. The researchers concluded that “the isolation of H5N1 viruses from duck meat reveals a previously unrecognized source for human exposure to potential highly pathogenic viruses.”531


Top flu researchers at the U.S. Department of Agriculture (USDA) looked into chicken. Chickens who inhaled H5N1 became infected even more systemically than did ducks.532 The virus spread through the internal organs, into the muscle tissue, and even out into the skin. Virus was found in both white and dark meat.533


There is a precedent for bird-borne virus-infected meat.534 Unlike bacteria, viruses can remain infective for prolonged periods even in processed foods. Some methods of preservation, like refrigeration, freezing, or salting, may even extend the persistence of viruses in food.535 On the other hand, since viruses cannot replicate without living tissue, improper storage of food is less problematic.536


When someone gets hepatitis from eating strawberries, it didn’t come from the strawberries—the fruits don’t have livers. The virus came from human or nonhuman fecal material, the cause of nearly all foodborne illness. For the same reason that people are likelier to get mad cow disease than Dutch elm disease or never seem to come down with a really bad case of aphids, food products of animal origin are the source of most cases of food poisoning,537 with chicken the most common culprit.538 Poultry and eggs seem to cause more food poisoning cases than red meat, seafood, and dairy products combined.539


Due to viral contamination of meat in general, those who handle fresh meat for a living can come down with unpleasant conditions with names like contagious pustular dermatitis. Fresh meat is so laden with viruses that there is a well-defined medical condition colloquially known as “butcher’s warts,” affecting the hands of those who handle fresh poultry,540 fish,541 and other meat.542 Even wives of butchers seem to be at higher risk of cervical cancer,543 a cancer definitively associated with wart virus exposure.544 Concerns about viral infection even led to recommendations that pregnant women and people with AIDS not work the slaughter lines.545 Proper cooking of the meat, though, utterly kills all known viruses.


Isolated viruses like influenza can be killed by exposure to 158 degrees Fahrenheit for less than a minute in a laboratory setting.546 In the kitchen, however, it’s a little more complicated. While some authorities feel that one can just cook until the meat is no longer pink and the juices run clear, USDA bird flu guidelines insist on the use of a meat thermometer. USDA recommends cooking whole birds to 180°F as measured in the thigh, while an individual breast need only reach an internal 170°F. Drumsticks, thighs and wings cooked separately should reach 180°F inside, but ground turkey and chicken need only be cooked to 165°F, though the minimum oven temperature to use when cooking poultry should never drop below 325°F.547


Because proper cooking methods kill the virus548 no matter how deadly it is, the standard government and industry line remains: “There is no risk of getting avian influenza from properly cooked poultry and eggs.”549 But that’s what they say about all foodborne illnesses. The CDC estimates that forty-eight million Americans come down with food poisoning every year. Annually, an estimated three thousand Americans die as a result of foodborne illness.550 And every single one of those millions of infections, every single one of those thousands of deaths, was caused by a virus or bacteria that should have been utterly destroyed by “proper” cooking. So why are tens of millions of Americans still falling ill?







Cooking the Crap Out of It


Cross-contamination—the infection of kitchen implements, surfaces, or food during preparation before cooking—may be considered the predominant cause of food poisoning.551 “It does not require much imagination,” reads a public health textbook, “to appreciate the ease with which a few hundred bacteria can be transferred from, say, a fresh broiler [chicken] covered in a million bacteria to a nearby bit of salad or piece of bread.”552


Knowing that poultry is the most common cause of food poisoning in the home, microbiologists had fifty people take chicken straight from a supermarket and prepare a meal with it as they normally would in their own kitchen. The researchers then took samples from such kitchen staples as sponges, dishcloths, and hand towels, and tested them for the presence of disease-causing bacteria like Campylobacter and Salmonella. They found multiple contaminated samples. “Antibacterial” dishwashing liquid did not seem to offer any protection. They concluded, “Pathogenic bacteria can be recovered relatively frequently from the kitchen environment.”553 Some animal parts are so contaminated that the CDC recommends that during preparation the household meat handler find caretakers to supervise his or her children so as not to infect them.554


The World Health Organization describes where most bird flu infections have originated: “[D]irect touching of poultry or poultry feces contaminated surfaces, eating uncooked poultry products (e.g., blood) or preparing poultry have been considered the probable routes of exposure leading to infection in most older children and adults.”555 Unfortunately, the “poultry feces contaminated surfaces” may be our countertops.


Medical researchers at the University of Minnesota took more than a thousand food samples from multiple retail markets and found evidence of fecal contamination in 69 percent of the pork and beef and 92 percent of the poultry samples, as evidenced by contamination with the intestinal bug E. coli.556 This confirms USDA baseline data stating, astonishingly, that “greater than 99% of broiler carcasses had detectable E. coli.”557 “If chicken were tap water,” journalist Nicols Fox wrote in her widely acclaimed book Spoiled, “the supply would be cut off.”558


Most Americans don’t realize that our poultry supply is contaminated with fecal matter. Delmer Jones, past president of the U.S. Meat Inspection Union, described USDA labels as misleading to the public. He suggested, “The label should declare that the product has been contaminated with fecal material.”559 Eric Schlosser in Fast Food Nation proposed a more straight-forward approach: “There is shit in the meat.”560


How did it get there? After chickens are shackled, stunned, have their necks cut, and bleed to death, they are scalded, defeathered, and have their heads and feet removed. The next step is evisceration. Birds are typically gutted by a machine that uses a metal hook to pull out the guts.561 The intestines are often ripped in the process, spilling the contaminated contents over the carcass. If even a single bird is infected, the machinery is then contaminated and can pass infection down the line. In one study, when one chicken was inoculated with tracer bacteria, the next forty-two birds subsequently processed were found to be cross-infected. Sporadic contamination occurred up to the 150th bird.562 The World Health Organization concludes that large, centralized, and mechanized slaughter plants may “create hazards for the human food chain.”563


Millions of chickens miss the killing blade and are drowned in the scalding tanks every year564 because the USDA does not include poultry under the protections of the federal Humane Methods of Slaughter Act.565 The birds, still conscious, may defecate in the tanks and inhale water polluted by fecal leakage into their lungs,566 which can lead to further contamination of the carcass down the line.567 Controlled atmosphere killing, which uses inert gases to essentially put the birds to sleep, is a more hygienic method of slaughter.568


According to former USDA microbiologist Gerald Kuester, “there are about 50 points during processing where cross-contamination can occur. At the end of the line, the birds are no cleaner than if they had been dipped in a toilet.”569 The toilet, in this case, is the chill water bath at the end of the line in which the birds’ remains may soak for an hour to increase profitability by adding water weight to the carcass. At this point, the bath water is more of a chilled fecal soup. This collective soak has been shown to increase contamination levels by almost a quarter. “That extra 24% of contamination the chill water adds,” writes Nicols Fox, “can be credited to pure greed.”570


As Fox points out in Spoiled, the microbiologist’s assertion that the “final product is no different than if you stuck it in the toilet and ate it” is not gross hyperbole. (Gross, perhaps, but not hyperbole.) In fact, the toilet might actually be safer than your sink. Researchers at the University of Arizona found more fecal bacteria in the kitchen—on sponges, dish towels, the sink drain, and countertops—than they found swabbing the rim of the toilet.571 Comparing surfaces in bathrooms and kitchens in the same household, the investigators note, “consistently, kitchens come up dirtier.”572 The excess fecal contamination is presumed to come from raw animal products brought into the home. As Fox points out. “The bathroom is cleaner because people are not washing their chickens in the toilet.”573







Handle with Care


Animal manure is the source of more than a hundred pathogens, including bacteria, parasites, and viruses that could be transmitted from animals to humans, such as influenza.574 According to the WHO’s International Food Safety Authorities Network, when it comes to bird flu viruses like H5N1, “handling of frozen or thawed raw poultry meat before cooking can be hazardous if good hygiene practices are not observed.”575 According to the USDA, this includes washing hands, cutting boards, knives, utensils, and all countertops and surfaces with hot, soapy water after cutting raw meats. All meat and their “juices” need to be quarantined away from all other foods. Further, cutting boards need to be sanitized with a chlorine bleach solution (1 teaspoon bleach in 1 quart of water) and food thermometers should be used without exception.576


One state epidemiologist describes what she does to avoid foodborne illness risks in general: “I assume that poultry is contaminated, and that any package of hamburger I buy is grossly contaminated too. When I’m preparing a turkey or hamburger, I have everything out and ready, the pan on the counter, right where my meat is, so that I don’t have to go in the cupboard to get it. Then I’ve got the soap handy, of course. After I handle the meat, I use my wrists to turn on the faucet so I’m not touching it with my dirty hands. I wash my hands thoroughly for at least thirty seconds.”577


This is why the official U.S. poultry industry’s slogan “Avian Influenza: It’s not in your food”578 may be so misleading. That’s like saying Salmonella is not in your food. Or Campylobacter is not in your food. Tell that to the millions of Americans who fall ill every year from these poultry pathogens.579 Would we go to the store and pick up a package of meat that might be contaminated with HIV or hepatitis, even if there was a certainty that the virus was killed by cooking? We presumably wouldn’t want to risk bringing any potentially deadly viruses into our home.


A WHO spokesperson added the critical caveat: “The chicken is safe to eat if it is well cooked, provided that the people preparing the chicken have not contaminated themselves from somewhere.”580 Thai government officials reportedly confirmed that a forty-eight-year-old man died of bird flu after cooking and eating a neighbor’s infected chickens.581 Maybe he didn’t properly Clorox his cutting board or he accidentally used his hand to turn on the kitchen faucet. Maybe he didn’t sterilize his meat thermometer every time he checked to see if the fecal viruses had been killed. “To me,” writes Nicols Fox, “it is really asking the consumer to operate a kind of biohazard lab.”582


Consider the CDC’s recommended disposal methods for carcasses known to be infected with bird flu:


• Disposable gloves made of lightweight nitrile or vinyl or heavy duty rubber work gloves that can be disinfected should be worn.… Gloves should be changed if torn or otherwise damaged. Remove gloves promptly after use, before touching non-contaminated items and environmental surfaces.


• Protective clothing, preferably disposable outer garments or coveralls, an impermeable apron or surgical gowns with long cuffed sleeves, plus an impermeable apron should be worn.


• Disposable protective shoe covers or rubber or polyurethane boots that can be cleaned and disinfected should be worn.


• Safety goggles should be worn to protect the mucous membranes of eyes.


• Disposable particulate respirators (e.g., N-95, N-99, or N-100) are the minimum level of respiratory protection that should be worn.… Workers must be fit-tested to the respirator model that they will wear and also know how to check the face-piece to face seal. Workers who cannot wear a disposable particulate respirator because of facial hair or other fit limitations should wear a loose-fitting (i.e., helmeted or hooded) powered air purifying respirator equipped with high-efficiency filters.583


This should give pause to those of us who might unknowingly dispose of infected carcasses through consumption.


Bird flu viruses like H5N1 can survive in feces as long as thirty-five days at low temperatures.584 We can’t just wash it off? Poultry companies have actually been revising labeling to steer consumers away from the age-old practice of washing a fresh bird inside and out.585 In fact, federal dietary guidelines have specifically recommended that “meat and poultry should not be washed or rinsed.” The USDA is concerned that this practice could cause viral or bacterial splatter from “raw meat and poultry juices.” Animals, of course, are not fruit; they don’t really have “juice,” per se. “Chicken juice” is the fecal broth absorbed in the chill bath.


The Tufts University Health and Nutrition Letter explains: “Your own hands, where they grasped the meat while washing it, could become just as bacteria-laden as the surface of the food … The best bet is to leave meat or poultry untouched until you start cooking it.”586 What are we supposed to do, levitate it into the oven? Research suggests we could infect ourselves before even leaving the grocery store.


Researchers published a study in the Journal of Food Protection in which they swabbed the plastic-wrapped surface of prepackaged raw meat in grocery stores for fecal contamination. Even though most of the packages looked clean on the outside, the researchers found Salmonella, Campylobacter, and multidrug-resistant E. coli on the outer surface of the packages, suggesting that just picking up a package of meat in the store could put one at risk. Poultry beat the competition for the most contamination. A single swab picked up more than ten thousand live E. coli bacteria. The researchers concluded, “The external packaging of raw meats is a vehicle for potential cross-contamination by Campylobacter, Salmonella, and E. coli in retail premises and consumers’ homes.”587


Realizing this level of contamination, bird flu experts at a CDC symposium reminded consumers not to touch our mucous membranes—rub our eyes or noses—while handling any raw poultry products.588 Vegetarian? Risk applies to non-meat-eaters as well: Any fecal-fluid drippings of bird droppings trailing down the checkout counter conveyer belt could easily contaminate fresh produce.


A cooked fly in one’s soup poses no danger. Fecal matter, once properly shaked and baked, may be perfectly safe, but we may still not want to feed it to our family. “After all,” as Consumer Reports put it, “sterilized poop is still poop.”589 What would we do if we found out there was a small chance that, in the back of the grocery store, some malicious prankster had smeared our dinner with bird droppings? Would we still buy it? What if the chance of contamination was greater than 90 percent?


There are a number of toxins that can make one ill that are denatured (destroyed) by cooking, such as botulinum toxin, the cause of botulism. Even if such a toxin was rendered utterly and completely harmless by cooking, would we still consider bringing contaminated products into our homes, putting them onto the kitchen counter, and feeding them to our kids, knowing that one accident on our part, one little spill, one little drip, could potentially land our loved ones in the hospital?


Some suggest keeping birds out of the kitchen altogether. During an interview recorded by the Government Accountability Project, a USDA meat inspector stated:




I will not buy inspected product—only what I raise. I do not eat out, and I don’t allow my children to eat at school. We didn’t use to have to put warning labels on product for “safe handling” but we do now. This is just a politically correct way of saying “cook good, this product may contain fecal matter and other poor sanitary handling bacterias.” I was told by a supervisor some time back that if you cook a piece of [feces] to 170 degrees you can eat it and it won’t hurt you. But I don’t really think the consumer is aware of the [feces] they are being fed.590










Soft-Boiled Truth


What about eggs? “Be careful with eggs,” the World Health Organization has warned.591 “Eggs from infected poultry could also be contaminated with the [H5N1] virus and therefore care should be taken in handling shell eggs or raw egg products.”592 This includes first washing eggs with soapy water and then afterward washing our hands and all surfaces and utensils thoroughly with soap and water.593 Given that pigs fed eggs from an infected flock fell ill, researchers maintain that the “survival time of the viruses … on surfaces such as eggs is sufficient to allow wide dissemination.”594 According to the European Centre for Disease Prevention and Control, the biggest risk from eggs is that the shells may harbor traces of excrement containing the virus.595


The comic strip One Big Happy by Rick Detorie once explained the layers of infection. A father and daughter are in the grocery store. “That’s a cow’s tongue?!” the girl exclaims, face contorted in disgust. “EEEEww … I would never eat anything that was in a cow’s mouth!” “Me neither,” replies the father, not looking up from his shopping list. “Let’s see, where are the eggs?” The daughter stops, eyes wide in realization: “Wait a minute!” Eggs do, after all, come out of a chicken’s rear (vagina and rectum combine into the cloaca).


Like Salmonella, bird flu viruses can infect the chickens’ ovaries, so the virus can come prepackaged within the egg as well.596 During the 1983 Pennsylvania outbreak, the virus was found festering within both the egg white and the yolk, making proper cooking essential.597 To reduce the risk of contracting bird flu from eggs, the Mayo Clinic warns about mayo: “Avoid eating raw or undercooked eggs or any products containing them, including mayonnaise, hollandaise sauce and homemade ice cream.”598 Other potential sources of raw or undercooked eggs include mousse, Caesar salad, homemade eggnog, lemon meringue pie, tiramisu, raw cookie dough, and eggs that are soft boiled, lightly poached, or cooked sunny side up or “over easy” with a runny yolk. The latest CDC599 and WHO600 recommendations are adamant on this point—whether it’s to avoid bird flu or Salmonella, egg yolks should not be runny or liquid. Researchers concluded in the Journal of the American Medical Association that “no duration of frying ‘sunnyside’ (not turned) eggs was sufficient to kill all the Salmonella.”601


But haven’t people been cooking eggs that way for a hundred years? Diseases like bird flu and Salmonella were practically unknown a handful of decades ago. Our grandparents could drink eggnog with wild abandon while their grandkids could eat raw cookie dough without fear of joining the more than a thousand Americans who may die every year from Salmonella poisoning. There was a time when medium-rare hamburgers, raw milk, and steak tartare were less dangerous, a time when Rocky Balboa could more safely drink his raw-egg smoothies. Blaming customers for mishandling or improper cooking is only possible when all of this is forgotten.


Said USDA microbiologist Nelson Cox, “Raw meats are not idiot-proof. They can be mishandled and when they are, it’s like handling a hand grenade. If you pull the pin, somebody’s going to get hurt.” While some may question the wisdom of selling hand grenades in the supermarket, Cox disagrees: “I think the consumer has the most responsibility but refuses to accept it.”602 Patricia Griffin, director of Epidemiological Research at the Centers for Disease Control responded famously to this kind of blame-the-victim attitude. “Is it reasonable,” she asked, “that if a consumer undercooks a hamburger … their three-year-old dies?”603


Pre-processed foods, however, are undeniably industry’s responsibility. Eggs used in processed food products are pasteurized first to ensure safety. Because the use of eggs is so widespread in the processed food industry (about one-third of the eggs Americans consume are eaten in products),604 USDA researchers studied standard industry pasteurization protocols to make certain that no bird flu virus was left alive. Although they found that pasteurization did kill the virus in liquid eggs (used in products like Egg Beaters®), the standard method used to pasteurize dried egg products—which are ubiquitously used as ingredients by the processed food and baking industries—was not effective in eliminating the deadliest bird flu viruses. The USDA researchers showed that while the industry standard “low temperature pasteurization protocol”—one week at 130 degrees Fahrenheit—killed the low-grade bird flu viruses naturally adapted to wintering in ice-cold Canadian lakes, the high-grade bird flu viruses like H5N1 adapted to land-based domestic poultry survived more than two weeks at that temperature. The length of time required to kill the virus, about fifteen days, was considered inconsistent with “commercial application.”605







Tastes Like Chicken


Government reactions to egg and poultry food safety recommendations in light of bird flu were mixed. In Indonesia and Pakistan,606 health ministers called upon people to stop consuming chicken and eggs for the time being,607 whereas the Prime Minister of Thailand promised 3 million baht ($76,000) to relatives of anyone dying from cooked eggs or chicken.608 The international airport in Rome promised the “destruction by incineration of any poultry-based food found in the luggage of passengers traveling from risk areas.”609 A European Food Safety Authority advisory panel advised Europeans to cook all eggs and chicken carefully in light of the disease spreading from Asia.610 They also cautioned that down and feathers originating from affected areas “may be infective due to contamination with infective faeces or other body fluids” and noted that processing methods for these materials “vary widely as regards virus reduction.”611


U.S. officials appeared less concerned. During a 2002 outbreak of low-grade avian influenza across Virginia, West Virginia, and North Carolina, most of the millions of infected and potentially infected carcasses were disposed of in landfills at a cost of up to $140 per ton of carcasses. (Incineration is more expensive, costing producers $500 per carcass ton.612) USDA’s chief flu researcher David Swayne recommended producers try to recoup the costs of culling by selling sick birds for human consumption. They argued that since only high-grade viruses have been found in skeletal muscle meat, it was okay for producers to market birds infected with low-grade viruses for food as a cheap “method of elimination.”613


Remarkably, Swayne has since disclosed that a scientist in his own lab demonstrated in the early 1990s that even low-grade bird flu viruses infect the birds’ abdominal air sacs that extend up into the breastbone and the humerus on the wing. “[S]o there would be obviously a potential for air sac contamination of the associated meat products if they contained bone,” Swayne admitted.614


Still, Swayne suggests that even birds infected with high-grade bird flu viruses could be used as meat as long as they were sent for further processing and turned into precooked products.615 The Food and Agriculture Organization of the United Nations disagrees. “Poultry from infected flocks should be disposed of by environmentally sound methods and should not be processed for animal and human food consumption.”616 The FAO evidently frowns on the disposing of infected carcasses by putting them on our dinner plates. Even suspect birds not yet showing signs of infection, according to the FAO, should be destroyed and disposed of, should “not be allowed to enter the human food chain or be fed directly or indirectly to other animals including zoo animals.”617


During the 2002 outbreak, even the rendering industry—which turns slaughterhouse waste, roadkill, and euthanized pets into farm animal feed and pet food618—was reluctant to accept birds from an avian influenza outbreak because of the stigma attached to the disease.619 Too tainted for pets, but not for kids?










WORSE THAN 1918?




Higher Human Learning


The Z+ strain of H5N1 not only got better at killing other mammals like mice, pigs, and cats, but it learned how to burrow deep into human lungs. The scientist who discovered the SARS virus explains how H5N1 has mutated to better effect our death: “Unlike the normal human flu, where the virus is predominantly in the upper respiratory tract so you get a runny nose, sore throat, the H5N1 virus seems to go directly deep into the lungs so it goes down into the lung tissue and causes severe pneumonia.”620 Then director of Oxford University’s Clinical Research Unit in Ho Chi Minh City describes how shocked he was by what he was seeing. “I’ve never experienced anything like it in terms of its destructive power.”621


H5N1 and the virus of 1918 share a proclivity for the lungs, but H5N1 doesn’t always stop there. It may dig deeper, invading the bloodstream to ravage other internal organs. What starts as a respiratory infection may become a whole-body infection. Researchers were surprised to find that the 1918 virus, with all its fury, had not mutated to destroy other organs. This is thought to be why H5N1 may be more than ten times more lethal than the virus that sparked the greatest medical tragedy in human history.622


As human contagious diseases go, only Ebola and untreated HIV infection are deadlier.623 But H5N1 could go airborne. In a tone one rarely finds in scholarly medical journals, Lancet, perhaps the most prestigious medical journal in the world, editorialized, “In view of the mortality of human influenza associated with this strain, the prospect of a worldwide pandemic is massively frightening.”624


One of the organs H5N1 can devastate, the medical world swiftly realized, is the human brain. The first case report in The New England Journal of Medicine started with the line: “In southern Vietnam, a four-year-old boy presented with severe diarrhea, followed by seizures, coma, and death.” His nine-year-old sister had died similarly two weeks earlier. She was fine one day and dead five days later. Her brother lasted a week. The bird flu virus seemed to attack their central nervous systems, plunging them into rapidly progressing fatal comas. The Oxford investigators concluded, “These reports suggest that avian influenza A (H5N1) virus is progressively adapting to mammals and becoming more neurologically virulent.”625


Researchers weren’t sure how the virus got to the brain. They assumed it traveled there through the bloodstream where live virus has been found,626 but experimental studies showed a possible alternate route. Once inhaled, the virus may creep up the olfactory nerves used for our sense of smell, leading to direct brain invasion though the nose.627 H5N1 is like no flu virus anyone has ever seen. “Just when you start to think that you’ve understood what it can do then it pulls another one out of the bag,” St. Jude’s Robert G. Webster said. “It’s one of the most crafty of all infectious disease agents. It’s got such a repertoire of tricks.”628 But H5N1 is still having trouble, to date, learning how to pull off its greatest trick of all—efficient human-to-human spread.







Mano-a-Mano


First, her chickens died. Then, her niece died, coughing blood as she expired in her mother’s arms.629 In 2005, The New England Journal of Medicine reported the first documented case of deadly human-to-human transmission of H5N1. Until that point, nearly all the human deaths had “involved people who lived or worked with poultry, poultry meat or eggs in Southeast Asia.”630 While the eleven-year-old girl was exposed to sick chickens while living in a village with her aunt, her mother arrived from the Bangkok suburbs to care for her and had no known exposure to chickens, sick or otherwise. The day after the funeral, the mother started to feel sick, too, and after severe illness, died. The aunt also fell sick, but recovered.631 Both she and her sister tested positive for the same virus that had killed the child.632


The report sent shivers down the spine of the scientific and medical community.633 In the week following the report, the European science publication New Scientist ran an editorial titled “Bird Flu Outbreak Could Kill 1.5 Billion People.”634 The director of the U.S. Centers for Disease Control described it as the number-one health threat in the world and called it a “very ominous situation for the globe.”635 The head of the World Health Organization in Asia held a press conference and said, “We at WHO believe that the world is now in the gravest possible danger of a pandemic.”636


The case compelled Thailand to launch a massive search for other cases of human spread, involving as many as one million volunteers going door-to-door. Thankfully, no further clusters of cases were found.637 The virus still had some learning to do. Currently infection requires more than just a sneeze, a handshake, or a breath. So far, all officially suspected human-to-human transmissions have involved “close physical contact that included hugging, kissing, or cuddling the infected individuals to whom they were exposed.”638


H5N1 has shown itself to be a gifted learner. Grasping the mutant swarm concept is critical to understanding how the virus got from strain A to Z+, and how it may get from Z+ to the pandemic strain. One individual may theoretically only be infected by a single virus particle, but one infected cell can start sloppily churning out millions of mutant progeny. H5N1 has a large graduating class. This dynamic mutant swarm breaks out and tries to reinfect other cells. The ones that are best at infecting other human cells are naturally selected to live long and prosper, passing on their genes. Only the strong survive; it’s a mammoth campaign of trial and error.


Out of millions of competing viruses, the ones whose N spikes best worm their way through human mucus, the ones whose H spikes are best at unlocking human cells, the ones with NS1 proteins that best block human interferon—those are the ones that may best survive to make millions more in the next cell. By death, their hosts’ lungs are saturated with more than a billion infectious viral doses per ounce of tissue.639 “The clock keeps ticking,” Robert Webster fretted. “Every time this virus replicates, it makes mistakes. Sooner or later it will make the mistakes that will allow it to go human-to-human.”640


Former Senate Majority Leader Bill Frist, M.D., compared H5N1 to a gambler. From the floor of the Senate, Frist explained: “Billions of mutations of the virus are occurring every day. With each mutation, the virus multiplies its odds of becoming transmissible from human to human. It’s like pulling the lever on a Vegas slot machine over and over again. If you pull enough times, the reels will align and hit the jackpot.”641


In the end, the virus that wins, the virus that succeeds in making the most copies of itself, is the virus that outperforms the others, passaging through thousands of individual cells to learn how best to infect the human species. It is that virus that gets breathed into the next person’s lungs and the process starts all over so the virus can get even smarter.


Within a single individual, a virus evolves, adapts, learns. It hits dead ends and tries something new, slowly notching up mutations that may lock into place the ability to effectively survive in, and transmit between, people. Every single person who gets infected presents a risk of spawning the pandemic virus. Describes one virologist, “You’re playing Russian roulette every time you have a human infection.”642 Experts fear that as more and more people become infected, a virus will finally figure out the combination—the right combination of mutations to spread not just in one elevator or building, but in every building, everywhere, around the globe. Then it won’t just be peasant farmers in Vietnam dying after handling dead birds or raw poultry—it will be New Yorkers, Parisians, Londoners, and people in every city, township, and village in the world dying after shaking someone’s hand, touching a doorknob, or simply inhaling in the wrong place at the wrong time. It’s happened before, and it may soon happen again.







No Shot


Experts fear a modern pandemic could “eclipse 1918,”643 but how could that be? We live in the age of modern medicine. We have vaccines and ventilators, antibiotics and antivirals, and the latest in medical technology. In 1918, they essentially didn’t know what a virus was. One former president of the American Medical Association pointed out that the doctors of 1918 “knew no more about the flu than fourteenth-century Florentines had known about Black Death.”644 Essentially all doctors could do was advise people to get on waiting lists for caskets.645 Sadly, though, we’re not in much better shape today.


Osterholm explains why twenty-first century medical advances are not expected to make a significant dent in the coming pandemic:




We really have no armamentarium today that is any different on a [sic] whole than what we had 100 years ago, at least in terms of what’s available to the world’s population. We have vaccines, we have some antivirals, but they will be in such insufficient quantities as to be what we like to say filling Lake Superior with a garden hose in overall impact.646





Vaccines are the cornerstone in our fight against viral disease. By introducing a killed or weakened version of the target virus, we can prime our adaptive immune systems to recognize the attacker in the future and mobilize a more rapid response. Unfortunately, influenza viruses in general, and H5N1 in particular, mutate so rapidly that it is impossible to present the body with a perfect match. With H5N1, for example, we could try making vaccines out of the Z type or any of the ten different H5 bird flu lineages that have since been spawned,647 but any strain that would eventually “go human” and trigger a pandemic may appear so differently to the body as to render the vaccine ineffective. Therefore “adequate supplies of vaccine will not be available at the start of a pandemic in any country,” concludes the World Health Organization.648 From the moment a pandemic strain is recognized, mass production of a workable flu vaccine is expected to take six to eight months. In other words, please wait six to eight months for delivery. Webster asks: “How many people are going to die in the meantime?”649


It may take a full year to produce enough for the United States,650 and, by then, the pandemic may be over. With today’s limited production capacity, we would not expect to be able to vaccinate more than about 14 percent of the world’s population within a year of a pandemic striking.651 The greatest problem then, according to the WHO, is production capacity.652


The tenuousness of modern vaccine manufacture—even for seasonal influenza653—became clear in 2004, when half of the expected flu vaccine for the United States had to be tossed due to sterility concerns.654 A former director of the Center for Bioethics at the University of Pennsylvania suggested this precedent should cast doubt upon reassurances from politicians that vaccines could be distributed effectively during a pandemic. “Rhetoric about the orderly and carefully thought-out rationing of a scarce life-saving resource—flu vaccine—turned [in 2004] into a cacophony of cheating, hoarding, lying and selfishness.”655


One of the main problems is the outdated method of vaccine production. According to the National Academies of Sciences, Engineering, and Medicine’s National Academy of Medicine, formerly called the Institute of Medicine, the basic technology for the production of influenza vaccine hasn’t changed in well over fifty years,656 dating back to when slide rules were the state of the art for mathematical calculation.657 This archaic method involves growing the virus for vaccine production in live fertile chicken eggs, a problem if you’re trying to grow a bird flu virus that may be 100 percent lethal to chickens and their eggs. Researchers have since surmounted this hurdle by using cell-based technologies, but there is no guarantee that an emerging pandemic strain could be cultivated fast enough.658 The prospects for developing a safe, effective vaccine for COVID-19 in a timely manner are even less certain.659 “We have to get the message out loud and clear that vaccine will not save us,” emphasizes Osterholm. “We will have very little of it, and it will get here too late.”660







Bitter Pill


Antibiotics may be even less help. We live in a global, just-in-time economy, which allows manufacturers worldwide to streamline their production to precisely meet demand, thereby reducing inventory warehousing costs and waste. The problem is that a single glitch in the supply chain can almost instantly dry up supply. During a crisis in which we shut down our borders, globalized supply chains will be shattered and vital goods like pharmaceuticals in general will be in short supply or unavailable.661


Antibiotics only work against bacteria. Although they can be effective in treating secondary bacterial infections, they are useless against viral pneumonia. Antibiotics were useful during the 1957 and 1968 pandemics because these were essentially just bad flu seasons when more people than expected came down with the flu due to the novelty of the bird/human hybrid viruses. The influenza of 1918 was different because many people were killed by their own immune systems in the cytokine firestorm sparked by the virus.662 Antibiotics may not have been much help in 1918,663 and it is feared we may face the same situation with a virus like H5N1.664


In the 1960s, though, a breakthrough was made. A new class of drugs—antiviral drugs—hit the market, drugs that could actually block influenza viruses from entering cells.665 The medical community breathed a collective sigh of relief. The CDC’s report of the 1997 Hong Kong outbreak confidently declared, “Two antiviral drugs, amantadine and rimantadine, inhibit replication of virtually all naturally occurring human and animal strains of influenza type A [meaning influenza strains with pandemic potential] and therefore can be useful for prophylaxis and treatment of influenza A infections.”666


The devastating news broke in June 2005. For years, Chinese chicken farmers had been slipping the drugs into the chickens’ water supply to prevent economic losses from bird flu. Because of this practice, the emerging H5N1 became totally resistant to these potentially life-saving drugs. “Bird Flu Drug Rendered Useless,” headlined The Washington Post’s exposé.667 The scientific community’s fears had been realized.668 “In essence,” one expert wrote, “this finding means that a whole class of antiviral drugs has been lost as treatment for this virus.”669


China learned this trick from us. The use of amantadine in the water supply of commercial poultry as prophylaxis against avian influenza was pioneered in the United States after the 1983 outbreak in Pennsylvania.670 Even then it was shown that drug-resistant mutants arose within nine days of application.671 Although Europe has banned the use of antibiotics of human importance in farm animals for non-treatment purposes since 1998, producers in the United States continue to legally spike farm animal feed with more than a dozen antibiotics. In fact, the Union of Concerned Scientists estimated that fully 70 percent of antibiotics used in the United States have been fed to farm animals for nontherapeutic purposes. U.S. poultry eat nearly two million pounds of antibiotics important to human medicine.672 With few, if any, new classes of antibiotics in clinical development,673 an expert on antibiotic resistance at the Institute for Agriculture and Trade Policy warned that “we’re sacrificing a future where antibiotics will work for treating sick people by squandering them today for animals that are not sick at all.”674


In 1999, a new class of antivirals came onto the market, notably oseltamivir (brand name Tamiflu®).675 Based on a 2003 review of ten manufacturer-funded trials that showed Tamiflu supposedly reduced flu hospitalizations and complications,676 governments spent billions stockpiling the drug. As the world scrambled during the 2009 pandemic, a Japanese pediatrician named Keiji Hayashi pointed out that data from eight of the original ten trials were never published. Roche, the drug company that made Tamiflu and ran the trials, refused to release the data.677 Now we know why. In 2013, when the full clinical data were finally obtained, no such benefits were found.678 The “Tamiflu fiasco” was over, but not before Roche had raked in $18 billion in sales.679


The Chinese poultry industry’s actions created, as one world’s authority on bird flu put it, a “very, very dangerous” situation.680 Even if Tamiflu worked as advertised, it’s a relatively unstable compound, expiring after just a few years, which makes it difficult to stockpile. Amantadine, on the other hand, is adamantine; it’s sticking around. Researchers had taken amantadine that had already been sitting on the shelf for literally decades, then boiled it for a few hours. It still retained full antiviral activity.681 “Thus,” the researchers had concluded, “amantadine and rimantadine could be synthesized in large quantities and stored for at least one generation without loss of activity in preparation for the next influenza A pandemic in humans.”682 Not anymore, though, thanks to global poultry industry practices.683 Amantadine was no panacea—it had rare but serious side effects, and resistance may well have developed with human use as well684—but it may have been our best bet,685 a bet we gambled away.







Profit Motive


What about advances in medical technology? With a virus such as H5N1 and in severe cases of COVID-19, the immune system’s attack on the lungs can cause a condition called acute respiratory distress syndrome, a devastating, often lethal, inflammatory form of severe lung failure seen in other conditions such as extensive chemically seared lung burns.686 Treatment involves paralyzing the patients, producing a drug-induced coma, and mechanically ventilating them with a tube down the windpipe connected to a ventilator—that is, hooking them up to a breathing machine. This allows doctors to increase the flow of oxygen while suctioning fluid from the lungs, a treatment unavailable in 1918.


The mortality rates coming out of Asia, though, were not a function of outmoded medical facilities. Osterholm toured the facilities and was amazed at the care patients received. He said at the time: “Many of those patients get as good care as you are going to get at most medical centers in this country. But they still crash and burn—the point being, the cytokine storm, even under the best of conditions, is extremely difficult. I don’t care if you’re in the intensive care unit at Johns Hopkins or the Mayo Clinic or in Hanoi. It’s a very difficult clinical condition to manage.”687 “In general terms,” Osterholm continued, “we are not much better able to handle acute respiratory distress syndrome, in any number of cases today, than we were in 1918.” “So,” he told a reporter, “do not go back and say, well, it is different today, it is not 1918. Unfortunately, folks, it is 1918 all over again, even from a clinical response standpoint.”688 If it happens again, Osterholm concluded, “modern medicine has little in its arsenal to fight it.”689


A former director of the National Institutes of Health described how the scene is likely to look: “Hospital wards will be choked with thousands of victims young and old. They will be hooked up to respirators, lying in comas, and dying as their heart and blood vessels fail massively. Others will be waiting in the corridors.”690 Indeed, even with COVID-19, many of our hospitals are overwhelmed, and it may be on the order of a hundred times less deadly than a pandemic could be with a virus like H5N1.


Fifty percent of those falling sick from H5N1 are dying despite our best treatments, and in the event of a pandemic, even those therapies won’t be sufficiently available. There are fewer than a hundred thousand full-feature ventilators in all of America’s hospitals,691 and most are already in use at any given time for everyday medical care year round.692 Experts like Irwin Redlener, then director of Columbia University’s National Center for Disaster Preparedness, saw the ventilator shortage as being emblematic of the country’s overall lack of preparedness. “This is a life-or-death issue, and it reflects everything else that’s wrong about our pandemic planning,” Redlener said.693


Within days of a pandemic, ventilators will be just one of many pieces of medical equipment that would be in short supply with the collapse of global supply chains. “Throughout the crisis,” Osterholm wrote in the public policy journal Foreign Affairs, “many of these necessities would simply be unavailable for most health-care institutions.”694 With COVID-19, we’re seeing a desperate lack of even basic protective gear for health-care workers, such as masks and gowns.


Redlener described insufficient hospital capacity as our “biggest weak link.”695 Unlike most other health-care systems in the world, health care in the United States is largely profit driven. The reconstruction of the U.S. medical system around managed care led to the closure of hundreds of hospitals across the country,696 leaving many cities with little surge capacity to deal with an abnormal influx of patients.697 HMO corporate stock profiles can ill afford to provide extra beds and ventilators for some indeterminate future surge of patients.698


A 2016 report by the American College of Emergency Physicians (ACEP), for example, found that 90 percent of the country’s emergency departments were already understaffed and overcrowded.699 The founder of the ACEP disaster medicine section described emergency care in the United States as being “like a house of cards waiting for a big wind to collapse it.”700 Just as visits to the nation’s emergency rooms are reaching an all-time high,701 the number of emergency departments in the nation has been decreasing.702 “We [would] be caring for people in gymnasiums and community centers,” said Osterholm, “just like in 1918.”703
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Emergency hospital during the 1918 pandemic (Courtesy of the National Museum of Health and Medicine, Armed Forces Institute of Pathology, Washington, D.C. [NCP 1603])




Then CDC’s top flu expert, Keiji Fukuda, elaborated in a New York Times interview: “The United States medical system has been moving toward fewer hospital beds, less unused capacity. This makes sense from a business standpoint.” His voice then reportedly dropped to a softer, sadder register. “I come from a generation of doctors who didn’t think of what we do as first and foremost a business. But I suppose we’re dinosaurs. We have to operate in the real world where medicine is run on a cost-benefit basis.”704


According to a survey in the Economist, the United States was ranked 55th in the world in terms of acute care beds per capita,705 comparable more to the developing world than to Europe, which has about twice the number of population-adjusted beds.706 Over the past generation, wrote the editor of Lancet, “the U.S. public health system has been slowly and quietly falling apart.”707


There is also concern about severe staff shortages.708 Clarified one system director of emergency and continuity management for a large hospital chain, “The question becomes not how many beds you have but how many beds you can staff.”709 During the SARS crisis in Toronto, many health-care workers didn’t turn up for work for fear of taking the infection home to their families. Indeed, almost half of the cases in the outbreak were health-care workers, and two nurses and one doctor died.710 A Johns Hopkins survey of public health employees in Maryland found that “nearly half of the local health department workers are likely not to report to duty during a pandemic.”711


For more than a century, the American Medical Association code of ethics included a noble obligation that mirrored the Canadian Medical Association’s: “When pestilence prevails, it is their (physicians’) duty to face the danger, and to continue their labours for the alleviation of suffering, even at the jeopardy of their own lives.” The AMA duty-to-care clause has since been removed.712 According to the journal of the American Bar Association, though, thirty-two state governments have considered legislation that would effectively force health-care workers to show up for work in a medical crisis by threatening to yank their licensure.713







Population Bust


A Category 5 pandemic today could be many times worse than the pandemic of 1918, the world’s greatest medical catastrophe. In 1918 we were, as a nation and as a people, much more self-sufficient.714 Now, with the corporate triumph of free trade, just-in-time inventory management and global supply chains characterize all major economies and business sectors.715 Economic analysts predict a pandemic would cause a global economic collapse unprecedented in modern history.716 With the world’s population at an historical high, this could lead to unprecedented human suffering, something the global community is getting a taste of due to the COVID-19 pandemic.


A short one hundred thousand years ago, all members of the human race lived in eastern Africa.717 The 7.8 billion people alive today represent roughly one out of every fourteen people who have ever inhabited the Earth.718 In 1918, cities like London were smaller, with just over one million residents. Today there are twenty-six megacities in the world, each with more than ten million people.719 With this kind of tinder, experts like the WHO’s Klaus Stöhr have predicted a pandemic will “explosively” hit world populations “like a flash flood.”720


“The rapidity of the spread of influenza throughout a country is only limited by the rapidity of the means of transportation,” explained the 1918 New York State Health Commissioner.721 Back then, the fastest way to cross the world was by steamship.722 In the past, a trip around the world took a year; today we and our viruses can circle the globe in twenty-four hours.723 The number of human globe-trotters now exceeds one billion people a year.724 HIV left Africa on an aircraft, and the fear was that H5N1 may leave Asia the same way COVID-19 escaped, only a plane ride away.


Between record population levels and the unprecedented current speed, volume, and reach of global air travel, any pandemic virus could wreak unparalleled havoc.725 H5N1, though, promised to be more than just any pandemic virus. At a congressional briefing, Gregory A. Poland of the Mayo Clinic and the Infectious Diseases Society of America tried to get members of Congress to imagine the unimaginable—an H5N1 pandemic. “I want to emphasize the certainty that a pandemic will occur,” he began. “When this happens, time will be described, for those left living, as before and after the pandemic.”726 The top virologist in Russia attempted to tally the worst-case scenario potential human death count: “Up to one billion people could die around the whole world in six months … We are half a step away from a worldwide pandemic catastrophe.”727







“Get rid of the ‘if.’ This is going to occur.”—Anthony Fauci,728 director of the National Institute of Allergy and Infectious Diseases


In a talk in 2005 at his alma mater, Harvard Medical School, former Senate Majority Leader Frist described the horrors of 1918—at least fifty million dead from an “avianlike” virus.729 Frist asked:




How would a nation so greatly moved and touched by the 3,000 dead of September 11th react to half a million dead? In 1918–1919 the mortality rate was between 2.5% and 5%, which seems merciful in comparison to the 55% mortality rate of the current avian flu. In just 18 months, this avian flu has killed or forced the culling of more than 100 million animals. And now that it has jumped from birds to infect humans in 10 Asian nations, how many human lives will it or another virus like it take? How, then, would a nation greatly moved and touched by 3,000 dead, react to 5 or 50 million dead?730





Other public health authorities expressed similar sentiments on a global scale. Former World Health Organization executive director David Nabarro was appointed the bird flu czar of the United Nations. At a press conference at UN headquarters in New York, Nabarro tried to impress upon journalists that “we’re dealing here with world survival issues—or the survival of the world as we know it.”731


Similar fears reportedly kept former U.S. Secretary of Health and Human Services Mike Leavitt awake at night. “It’s a world-changing event when it occurs,” Leavitt said in an interview. “It reaches beyond health. It affects economies, cultures, politics and prosperity—not to mention human life, counted by the millions.”732 Yes, but what were the odds of it actually happening with a virus like H5N1?


What are the odds that a killer flu virus will spread around the world like a tidal wave, killing millions? “The burning question is, will there be a human influenza pandemic,” Secretary Leavitt told reporters. “On behalf of the WHO, I can tell you that there will be. The only question is the virulence and rapidity of transmission from human to human.”733 “The world just has no idea what it’s going to see if this thing comes,” then head of the CDC’s International Emerging Infections Program in Thailand said, but then stopped. “When, really. It’s when. I don’t think we can afford the luxury of the word ‘if’ anymore. We are past ‘if’s.’”734


The chief medical officer of Great Britain,735 the director-general of Health of Germany,736 the director of the U.S. Centers for Disease Control,737 the senior United Nations coordinator for avian and human influenza,738 and the director of the U.S. National Security Health Policy Center739 all agreed that another influenza pandemic is only a matter of time. As then director of Trust for America’s Health put it, “This is not a drill. This is not a planning exercise. This is for real.”740
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