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Nothing was ready for the war which everyone expected.


—Leo Tolstoy, War and Peace






For every complex problem there is an answer that is clear, simple, and wrong.


—H. L. Mencken

















PROLOGUE




What’s past is prologue.


—William Shakespeare, The Tempest




It was the morning of December 30, 2019.


My partner, Fern, and I were on our way to the airport for a flight from Minneapolis–St. Paul to Spokane, where we would rent a car and drive to visit her family in Idaho for New Year’s. We were heading down Interstate 494 when my cell phone rang. It was Lisa Schnirring, the news editor at CIDRAP—the Center for Infectious Disease Research and Policy at the University of Minnesota—which I founded in 2001 and direct.


“Mike,” she began, without any introduction or her usual pleasantries, “ProMED is citing reports from Hong Kong and Taiwan about a mysterious pneumonia outbreak of unknown origin in Wuhan, China.”1 ProMED, the Program for Monitoring Emerging Diseases, which was established by the International Society for Infectious Diseases, at the time was one of the go-to online sources the public health community used for alerts about new and potentially significant infectious disease outbreaks.


“They’re saying Chinese health officials are investigating,” Lisa continued, “and the outbreak seems to be linked to a local seafood market.”2


“Unknown origin” was not a phrase we liked to hear, and “seafood market” could mean a lot of different things. Asian food markets were often referred to as “wet” markets because of the continual melting of the ice that kept the fish fresh. But there was another meaning to “wet,” since both domestically raised and wild animals, poultry, ducks, and geese were sold live and then slaughtered when purchased, a potential epidemiological nightmare of spraying bodily fluids, bloody ground, and cross-species germs mixing in the open air.


Every time epidemiologists or public health officers hear about an outbreak of unknown origin in some remote location, we begin mentally playing the odds, in the same way I imagine a seismologist does with a tremor reading, or a meteorologist with the National Hurricane Center does upon noting a tropical cyclone forming off the African coast. Is there something to this, or is it just background noise? Is this something to alert the public to, or will it only cause needless worry and social disruption?


Yet, always, in the backs of our minds: Could this be the Big One?, the pandemic that lurks as an ill-defined catastrophe in our fevered imaginations, threatening to test every scientific, governmental, and human resource we have. For people in my business, that prospect is at once too overwhelming to contemplate and too devastating not to.


The first thing we needed to figure out was whether the so-far-anecdotal reports were real, and whether or not they meant anything. Halfway around the world, and with so little specific information, it was hard to say. A lot of people in and out of the public health sector rely on CIDRAP News, and I never want us to be either caught flat-footed or guilty of crying wolf. Releasing sketchy information from CIDRAP before we knew the full story could create an echo-chamber effect, as other reporting agencies would pick up on it and spread the word. We needed to be careful not to contribute to the confusion before we had more data, but we didn’t want to be behind the curve, either. Our credibility and, ultimately, public health’s credibility were on the line.


“If you can confirm this from other sources, we should go with it,” I said to Lisa. “Ask around and text me if you come up with anything. I’ll call you when we get on the ground in Spokane.”


“Right,” she said. “I’ll let you know.”


As the plane rose through the clouds, I mulled over the possibilities. It was probably nothing to get excited about, I reassured myself. Pneumonia is pretty common, especially in older people. Often, physicians never identify the microbe causing the infection. In the medical realm, we’re trained to consider common things over the more esoteric possibilities: When you hear hoofbeats, look for horses, not zebras, as the old saying goes.


Then again, all of us in public health are haunted by the memory of the cluster of cases of the rare Pneumocystis carinii pneumonia in Los Angeles and Kaposi sarcoma in New York that heralded the first American appearance of human immunodeficiency virus—HIV—in June 1981. As a Minnesota Department of Health epidemiologist, I happened to be at the CDC (Centers for Disease Control and Prevention) working on toxic shock syndrome the day Dr. James “Jim” Curran, head of the Sexually Transmitted Disease Control Division, who was to become one of the world’s leading experts on HIV/AIDS, was assigned to investigate the first reports of that outbreak. Since Jim was working on a study of a new hepatitis B vaccine in gay men and I had been doing a study on how healthcare workers at a single hospital in Minnesota had become infected with hep B, he asked me to participate in a meeting with some of the leading lights in infectious disease at the CDC. At the time, none of us sitting around that table in the CDC director’s conference room knew quite what to make of the data.


That meeting was certainly on my mind as I thought about Lisa’s report. I was troubled by the possibility of a cluster of pneumonia cases and the mention of the live/wet market. The first indication of influenza outbreaks is often a pneumonia cluster, and with all the flu strains we were currently tracking, we really didn’t want any of them to take off as H1N1 influenza virus had in 2009, or turn out to be something even worse. I was one of a small group that had studied pandemics most of my career and therefore had a pretty detailed sense of their potential to kill or harm both people and animals. In 2005, in a highly unusual, coordinated effort with three major journals—the New England Journal of Medicine, Nature, and Foreign Affairs—I authored overview pieces for each publication on preparing for the next pandemic. Later, when Mark Olshaker and I published Deadliest Enemy: Our War against Killer Germs in 2017, we warned that a novel flu strain would be the most likely cause of a new pandemic on the order of the Great Influenza of 1918. We even included a fictional but realistic scenario showing how destructive and shattering such a disaster would be to all aspects of modern life.


In the course of this research and experience, one thing had become clear to me: You never know when a black swan event is going to turn into a red alert.


For me, that was the beginning of the Covid-19 pandemic, which turned out to be the most momentous, as well as the most painful, experience of my career in epidemiology so far, one that included both triumph and tragedy. We saw the development and production of a new class of vaccines that saved millions of lives. But we also knew that when the record of Covid-19 was finally compiled, there would be a lot to answer for: mistakes of judgment, denial of scientific evidence, overpromising and underperforming leadership, misleading or confusing communications, reliance on “experts” who actually weren’t, inadequate drugs and supplies, insufficient healthcare facilities and personnel, intensified economic inequality, and institutions floundering to meet their stated missions. Some of these were understandable under the extraordinary circumstances. Some I still can’t fathom.


It was understandable, for instance, that only a few of us in public health realized early that SARS-CoV-2, the virus that caused Covid-19, could be easily transmitted by infected individuals before they felt sick, or by those who never got symptoms. It was not understandable, on the other hand, that so many medical and public health officials were unable to consider or accept the fact that the virus was transmitted through the air across distances far greater than six feet from an infected person, or that a considerable percentage of that airborne transmission was microscopic aerosol particles rather than still tiny but heavier droplets expelled by sneezing or coughing that wouldn’t float in the air very long or travel far.


Some of the problems we collectively encountered were structural, and not quick or easy to solve. But they all have to be addressed if we are to have a chance of triumphing in the microbe wars.


When the Covid pandemic began, we had no way of knowing that, accounting for reported and the estimated number of unreported cases, upward of 20 million people worldwide would die from the new virus within its first three years, to the point that the average life expectancy in even highly developed / high-income countries would be shortened by a matter of years; that many more scores of millions would need hospitalization or even greater intensive care; that many children would be orphaned and many families would lose their breadwinners; that many blue-collar and service industry workers would lose their jobs, their homes, and more, to the economic impacts that amplified existing socioeconomic inequalities to an exponential degree; that many cases of cancer, hypertension, cardiovascular events, and other diseases would go from preventable or treatable to potentially serious or fatal because people could not get access to early diagnosis or treatment; that many people would have their lives thrown off course by an unpredictable range of debilitating “long Covid” symptoms that would keep them from working and have profound emotional, sociological, and economic effects; that childhood vaccination programs and international efforts to curb other serious health threats such as malaria, HIV/AIDS, tuberculosis, cholera, dengue, Zika, and mpox (formerly called monkeypox) would be diminished or curtailed; that we would lose many healthcare workers—both directly from infection and indirectly from burnout and from young people deciding against entering medical professions at all; that educational progress would be set back, with many children, particularly in lower-income environments, losing several grades’ worth of achievement; that global supply chains would be impacted, causing worldwide shortages and assembly-line shutdowns; that the entire perception of the workforce and office life would change, with widespread adoption of remote work; that the decline of brick-and-mortar retail and the rise of online sales would accelerate; that supply and labor shortages and too much government economic stimulation would combine with Russia’s invasion of, and protracted war with, Ukraine to trigger rampant global inflation; that the sociopolitical environment would become even more divisive in the United States and around the world, with vaccination, masking, and so-called lockdowns becoming proxy wars for partisan attitudes; and that trust in public health, the most valuable commodity in our arsenal, would erode to an alarming degree.


I’ve referred publicly to the Covid-19 pandemic as a microbial 9/11: a hinge in history where everything that comes after is radically different from everything that came before. But in a very real sense, as the preceding list illustrates, comparing the pandemic to that terrible and painful day in September 2001 does not do it “justice.” In the United States, after the attacks—particularly in the first few days and months—people across the country largely came together against a common foe and to rebuild what was lost. We committed untold resources to anti-terrorism and created entirely new government departments. And through all the tragedy, we knew that terrorism could not bring our society to its knees as the terrorists had hoped and expected.


Covid-19 was able to accomplish that in a matter of weeks.


While some continue to doubt Covid’s impact or importance, it is an undeniable fact, for example, that from March 2020 through October 2021, SARS-CoV-2 was the third-leading cause of death in the United States, behind only heart disease and cancer.3 During that time, we learned that our modern-world system of international trade and travel doesn’t work very well under extreme stress. For years after, the world struggled to recover from the initial impacts while simultaneously trying to adapt to a virus that refused to go away.


And yet, as bad and life-altering as that pandemic has been, it could have been worse. The Covid-19 virus killed 3.4 percent of those infected.4 Imagine, for example, if the next pandemic had the ability to kill on an order of magnitude closer to those of the previous two serious coronavirus outbreaks: the 15 percent rate of SARS (severe acute respiratory syndrome),5 first seen in 2002, or around 35 percent for MERS (Middle East respiratory syndrome),6 experienced ten years later.


Fortunately, these two viruses were not highly infectious in most people, thus avoiding a potential pandemic scenario. But what if there was a virus with those mortality rates but with the much more dynamic transmission ability of the Omicron variant of SARS-CoV-2?


Such a terrifying prospect is what we call the Big One—the disaster, the catastrophe, the cataclysm, that haunts the midnight of every responsible epidemiologist’s soul.


We’ve all heard repeated references to Covid-19 being the worst pandemic in a hundred years, as indeed it has been. But the one a century earlier was even worse, and a terrifying forecast of what we could be facing in the future.


The Great Influenza pandemic, which began in 1918 and circulated around the globe two and a half times by 1920, killed as many as 100 million people worldwide, far more than the blood-soaked world war that had recently ended.7 The pandemic so altered the status quo that the global average life expectancy declined by a matter of years.8 It is safe to say there was no one alive at the time who didn’t know someone who succumbed to that terrible virus. And though it became known as the “Spanish flu” (because Spain was a noncombatant in World War I, it didn’t censor its press and therefore reported case numbers openly), it is quite possible the Great Influenza first appeared in the unlikely location of Kansas.9 There is also evidence it might have originated across the globe in Vietnam or China.10 This uncertainty more than a century later shows how little we can be sure of in our ongoing war against deadly microbes.


As another frame of reference, HIV killed approximately 42 million people between 1981 and 2023,11 the third year of the Covid-19 pandemic. As horrible as that is, it’s not even close to the devastating potential of what an airborne-transmitted virus like a pandemic influenza strain or a new coronavirus could do in just a year or two.


You might conclude that with more than a century of scientific research and medical progress since 1918, we’d be in a far better position to combat a pandemic similar to the Spanish flu today. Sadly, we believe that assessment is built on a base of unfounded optimism. Compared with 1918, our modern world has almost four and a half times the population—ample human “wood” for the next viral wildfire; air travel that is possible between any two points on the planet within hours—far less time than a virus’s incubation period; vast encroachment on forests and natural habitats that harbor animals that are viral reservoirs; hundreds of millions of humans and viral host animals, such as pigs, poultry, and cows, living cheek by jowl in agricultural settings that are viral genetic breeding farms; impoverished and densely packed tinderbox megacities without adequate hygienic facilities or medical support; more than a billion international border crossings each year; and globally interconnected supply chains dependent on just-in-time delivery systems, making the whole world’s economy vulnerable to a disease that shuts down production in any one manufacturing region. Stated another way, humanity has become an extraordinarily efficient biological mixing bowl as well as a highly productive viral mutation factory. And on top of all these factors, the reality is that healthcare systems around the world are so broken—or, in some places, nonexistent—that we cannot adequately care for our populations in the best of times. Even in the United States, though Covid-19 was far less virulent than the 1918 flu, it still killed more people in the same amount of time—more than a million reported Covid deaths versus 675,000 for influenza.12


Clearly, Mother Nature still has the upper hand, and she is using many of the trappings of modern life to extend her reach, now against the backdrop of global climate change causing droughts that limit food and safe drinking water, and flooding that increases the transmission of vector-borne diseases such as malaria, dengue, and West Nile virus, spread by mosquitoes; and Lyme disease, spread by ticks.


This book is an attempt to reckon with our ever-more-perilous situation by someone with a prominent seat at the public health table from the very first days of the Covid-19 pandemic. Above all else, it is a story of conflicts: virus versus humanity, hubris versus humility, lofty vision versus dreams that can turn into nightmares. It is also about the mythology of what can be done in an ideal world versus the reality of what we can—and must—accomplish in the one we all live in. Its human characters include scientists and physicians, epidemiologists and public health officials, and politicians and media personalities, as well as millions of ordinary citizens around the world. Its microbial characters include influenza, smallpox, measles, cholera, Ebola, malaria, rabies, mpox, and the ever-increasing family of coronaviruses. It has other characters from the animal kingdom, too: bats, camels, and birds, to name just a few, play a critical role in harboring both influenza and coronaviruses.


Through all this, I stress humility, which is a strength, not a weakness. Indeed, it is an acknowledgment of reality. Bill Gates, who has had a major positive effect on global health in low-income regions through the work of the Gates Foundation (formerly the Bill & Melinda Gates Foundation), has quoted my epidemiologist friend Larry Brilliant: “Outbreaks are inevitable, but pandemics are optional.” While I admire the aspirational nature of the statement, I have seen no evidence that it is remotely true when a readily transmitted respiratory virus with the “right” characteristics (i.e., wrong to humans and animals) spills over to humans in even one location in the world. In fact, quite the contrary. With all the tools, techniques, knowledge, and human resources available to us, we can limit some outbreaks, as we have done with SARS, MERS, and Ebola, but any thought that a pandemic caused by a highly contagious, airborne-transmissible respiratory virus—what we refer to as a “virus with wings”—capable of being spread by people who have no symptoms, with even moderate pathogenicity, and for which limited to no previous immunity exists in humans, can be halted before it spreads around much of the world is pie in the sky sprinkled with pixie dust.


Certain influenza viruses and coronaviruses are the poster children for the “virus with wings” designation, though most have not previously caused a pandemic for reasons that are unclear. For example, SARS and MERS have caused deadly outbreaks around the world since 2003, but they were limited in the number of cases and relatively quickly brought under control because these viruses lacked the infectiousness of SARS-Cov-2. Despite the eighteen different H (hemagglutinin) types of influenza A, only H1, H2, and H3 have caused pandemics in the past hundred-plus years.13 Whether other influenza H-type viruses (like H5 or H7) will cause a future pandemic is unknown.


Another family of viruses—filoviruses—remains a big question mark with regard to pandemic potential. Ebola and Marburg, two of the most recognized diseases in this family, have been major public health concerns, as outbreaks have increased in number and size over the past twenty years. The illnesses are characterized as hemorrhagic fevers, with case fatality rates of 50 to 85 percent.14 The largest filovirus outbreak, from Ebola, occurred in West Africa and ran from July 2014 to June 2016. More than 28,000 people were infected and at least 11,300 died.15 Contact with body fluid of an infected person was considered the primary mode of transmission.


In the middle of that epidemic, I led an international group of twenty senior experts in Ebola virology and epidemiology to review what we knew about the virus and how it was transmitted. We summarized our review in mBio, a major infectious disease journal. We concluded that most cases did result from contact with the body fluids of infected individuals. However, after an exhaustive review of all the available outbreak investigation reports and laboratory research, we hypothesized that Ebola viruses have the potential to be respiratory pathogens; in other words, transmitted by traveling through the air.16 We received some serious negative pushback from the infectious disease community on our conclusions regarding respiratory transmission potential. None of the critics had any data to refute our conclusion; frankly, they just couldn’t accept that an airborne Ebola transmission might ever occur. Nothing has changed my scientific opinion since that 2015 publication that respiratory transmission might very well occur in a future outbreak in such a way to make a filovirus a potential virus with wings. I surely hope not, but we must be prepared for that possibility. The world has virtually no existing immunity to the filoviruses, so significant airborne transmission potential would put us in big trouble.


There are other respiratory-transmitted viruses that are highly infectious and might be capable of causing a pandemic. Measles is a good example. It is as infectious as influenza viruses and coronaviruses, but because it has undergone few mutations in the past fifty to sixty years,17 human immunity from a previous measles exposure, whether it be from infection or vaccination, is able to protect you. A similar situation exists with a number of other viral agents.


Of note, I don’t believe bacteria meet the qualification for a separate “bacteria with wings” category. Pneumonic plague, caused by the bacteria Yersinia pestis, was the scourge of the Middle Ages’ Black Death. However, today, the combination of effective antibiotics and rodent- and flea-control programs18 means it poses almost no risk of causing a modern pandemic. This is not to rule out the possibility of something unexpected or unknown emerging, but the cards are significantly stacked against that happening with bacteria.


But rapidly spreading respiratory virus–caused pandemics are as much a fact of life as war and crime. All we can do is our best to mitigate their effects and shorten their duration and spread.


It has often been said that in any conflict, we start off by fighting the last war. While this is sometimes leveled as a criticism, there is a reason military leaders and strategists study past battles and campaigns. Only by analyzing and understanding how previous approaches played out—what worked and what didn’t, which assumptions about the enemy turned out to be valid and which did not—can our fighting forces improve their preparation for the next confrontation.


Specific plans may go out the window at the first encounter with the enemy. But being ready for a range of eventualities would seem to be a critical exercise. General Dwight D. Eisenhower may have put it best and most succinctly when he declared to a military conference in 1957, “In preparing for battle, I have always found that plans are useless, but planning is indispensable.”


One of the ways government and public health officials try to prepare for pandemics and other natural and man-made disasters is through tabletop simulation exercises in which all the high-level participants must make critical split-second decisions, usually with incomplete information. I have participated in these exercises as both the leader who narrates the situation and series of events and a player making the decisions. Each of our chapters begins with such an episode from such a scenario.


In an attempt to show what it would take to prepare for the inevitable Big One, we have imagined another coronavirus pandemic, but with much higher virulence and transmissibility. Our thought experiment is the equivalent of a tabletop simulation exercise and has been vetted by experts on every relevant aspect. With this scientifically plausible and very possible exercise, we really could be staring at the Big One. Because such a pandemic would necessarily involve so many people and places, with so many moving parts, our thought experiment features a large cast of characters located around the world from all economic, social, and political strata—just as we’d see in real life. While it may seem overwhelming at first (again, as it would in an actual new outbreak), some characters will appear throughout multiple chapters as we go through the pandemic’s storyline. Each one plays a role in helping us illustrate and develop the key takeaways in the story. We have included a “Thought Experiment Cast of Characters” as an appendix to make it easier to keep track of everyone.


We’re all familiar with the science fiction and postapocalyptic stories, movies, and television shows that posit fatality rates of 75 or 90 percent, leaving only a handful of intrepid survivors to carry on and rebuild society. That, we can say, fortunately, falls in the realm of apocalyptic fiction. No infectious disease in human history has ever inflicted such devastation. But the reality is devastating enough.


For the sake of realism in our thought experiment, we have assumed that no major scientific or public health initiatives will be taken in advance of the pandemic, other than 2023’s declared US government’s Project NextGen, which aims to develop better coronavirus vaccines and antiviral drugs, and the National Institutes of Health (NIH) support for improved influenza vaccine development. While we certainly hope those efforts provide early, critical support to find better vaccines and drugs, we don’t believe the $5 billion investment and initial eighteen-month time frame are anything more than a down payment on the research and development we will need in order to accomplish this very important goal. Accordingly, our thought experiment will show the consequences of being essentially reactive rather than proactive in defending against lurking microbial threats—in particular, the sort that will make the pain and suffering from the Covid pandemic seem like a mere warning shot across the bow.


In progressive fashion, each chapter will deal with events and topics highlighted in that chapter’s fictional opening scenario. Though there will be some overlap due to the complex interrelatedness of so many of the issues, we have presented topics in the order that government, public health, and the public at large would have to face and deal with them when the Big One hits. We begin with an understanding of the basic science as a foundation in Chapter One and go from there to airborne transmission—a reality we faced with Covid and certainly will face with the Big One—in Chapter Two. The next chapters delve into the substance of how we will attempt to manage the pandemic: Chapter Three discusses mandates and other nonpharmaceutical mitigation efforts, Chapter Four addresses medical countermeasures, Chapter Five describes what we will need in terms of effective communication, and Chapter Six explains disease surveillance. Chapter Seven addresses policy and politics, and we conclude in Chapter Eight by discussing where we go from here.


In each chapter, we propose what can and should be done to prepare in terms of the topic under consideration, while at the same time calling out the simplistic notions that caused so much misinformation, distrust, and unnecessary suffering and deaths during the Covid pandemic, as they will do nothing to help us fight the Big One when it comes.


It is difficult for most of us to think in abstract terms about a vague threat sometime in the indeterminant future. But that is exactly what the military does, because its leaders know the consequences of not doing so are almost unimaginable. Failing to prepare for the next pandemic will surely mean the loss of countless lives, which will make any investment made beforehand seem insignificant when compared with the economic devastation unpreparedness will wreak.


Prior to Covid-19, we believed the next pandemic would be caused by another influenza strain. Even after the appearance of SARS and MERS, we didn’t think coronaviruses had the capacity to transmit and infect as efficiently as SARS-CoV-2 did, which gives us another compelling reason for humility as we collectively approach this subject. Now we realize that coronaviruses also have that potential.


At this point, we still see influenza and coronaviruses as the two viruses most likely to cause a pandemic on the order of the 1918 Great Influenza. But there are probably others lurking, possibly in a bat cave or on a farm where pigs and poultry are raised in close proximity.


Viruses can be maddeningly and chillingly unpredictable. The flavivirus Zika was first detected in a rhesus monkey in Uganda’s Zika Forest in 1947, and for more than six decades it was known to cause only a pink rash, conjunctivitis, occasional joint and muscle pain, or no symptoms at all.19 By 2015, however, it was triggering the paralyzing autoimmune Guillain-Barré syndrome,20 and by the time it reached Brazil, it was causing babies of infected mothers to be born with microcephaly21—smaller than normal heads and brains that do not develop properly. By the same token, before SARS, coronaviruses produced mild to moderate respiratory illnesses in humans. And within twenty years of SARS’s first appearance, we saw SARS-CoV-2 collectively kill millions.


Let us face the sober reality: We spend many billions of dollars every year on national defense and security in the United States, but pandemics have killed more human beings in modern times than all the wars in history. It is no exaggeration to say that each of us remains in far greater constant danger from microbial enemies than from human ones. What will it take to convince us that, short of a thermonuclear war or the slow-moving tsunami of climate change, the greatest threat we face to our national security and way of life is an invasion of deadly microbes?


We may find ourselves needing that planning far sooner than we expect. The time to start is now.
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CHAPTER ONE


VIRUS VERSUS HUMANS




The single biggest threat to man’s continued dominance on the planet is the virus.


—Joshua Lederberg, MD




[Pandemic Day 1]


For several years, Warsame Amir Osman farmed a small plot of land on the edge of Lag Badana National Park, near the southern tip of Somalia, close to the border with Kenya. He had worked other locations, but with severe drought lasting more than ten years, those lands would no longer bear enough crops to feed his family or to sell for a little money or provide vegetation for his two camels.


This land, too, was quickly becoming barren. Still, Warsame and his three sons worked almost every day, until the morning he woke up with his head and muscles aching, with chills and a cough that would not clear. Just walking left him breathless.


The next morning he felt worse. And now his middle son, Cabdi, was also coughing.


Warsame’s wife, Yasmiin, went to find Jamilah Shamshi, the community health worker. There was little Shamshi could do beyond offering fluids, food, and palliative care. She was used to dealing with cholera, measles, chikungunya, and dengue, and it was common for her not to see people until they were in desperate condition. Some recovered under her care. If they didn’t, she held their hand at the end and tried to comfort their survivors.






[image: ]








Not far away, Axlam Omar Yussef and his wife, Zahi, had decided to leave their village to find a more stable life, with more dependable sources of food and water. They set out on foot, carrying their one-year-old daughter, Hani, and three-year-old son, Mohamed, their camel bearing their few possessions. It would take a week or more to reach the Hagadera Refugee Camp in Kenya, but they’d heard there were opportunities in Nairobi for those willing to work hard. At least in Hagadera, maybe, their children would have enough to eat.


During the journey, Zahi fell ill, with a hacking cough that made walking difficult. Hani was also coughing, sometimes gasping for air, but they had no option but to continue.
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In the small port town of Burgabo, bordering the northern coastline of Lag Badana National Park, Fawzia Noor Mahad and her husband, Nadifa, had eked out a modest living preparing charcoal to be shipped overseas, until the UN Security Council banned the export because it profited Al Shabaab, which the UN had labeled a terrorist group affiliated with Al Qaeda. Nadifa tried farming another man’s land, but Al Shabaab took half the crops. When Nadifa and his employer asked to keep a little more to feed their families, the guerrillas killed them as a lesson to others, leaving Fawzia alone and pregnant.


As the army of Somalia and the Kenya Defence Forces fought to drive Al Shabaab out of Burgabo, Fawzia knew she was not safe. She set out to seek sanctuary in the Hagadera Refugee Camp.
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A few days later, at the northern edge of Lag Badana, Jamilah Shamshi, the community health worker, was seeing many more people with the same symptoms as farmer Warsame Amir Osman and his son had. Some were not too sick, but several, including young children, were having trouble breathing and were running high fevers.


Jamilah didn’t know what this disease was, but it was making enough people seriously ill that she reported it to the region’s mobile health worker. He could contact the World Health Organization (WHO) office in Mogadishu, reaching doctors with more training and medicine.
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Dr. Daniel Onyango was chief health manager for the International Rescue Committee at the Hagadera camp, overseeing a 140-bed hospital with a 15-bed isolation facility and four additional health posts throughout the camp. Onyango had a medical degree from Kenyatta University School of Health Sciences and could have had a profitable practice in Nairobi treating the well-off. But, heavily influenced as a teen reading Jean-Paul Sartre and Frantz Fanon, he’d become a physician to try to better the lives of those the world had forgotten, the ones Fanon called “the wretched of the earth.”


Hagadera is a sprawling, makeshift city of wooden buildings, tents, and handmade huts of sticks, cloth, plastic, and anything else residents can scrounge. It sits at the southern end of a three-camp complex known as Dadaab that sprang up in the early 1990s and continued to grow over the next few decades as hundreds of thousands of displaced persons fled armed conflict and food insecurity in Somalia, Ethiopia, Sudan, Burundi, Rwanda, and the Democratic Republic of Congo. Dadaab has better access to drinkable water than most of the region, and that is likely why in 1941 the British built a fort on the site, which is now the Hagadera camp. Still, waterborne disease outbreaks, especially cholera, happen with some frequency. Attempts to close the camps have failed due to the ongoing need and inability to repatriate its residents for long—or to send them anywhere else. The constant influx of new refugees—at Hagadera, almost exclusively Somalis—has made Dadaab Kenya’s third-largest population center, after Nairobi and Mombasa. It is also an economic hub, as the A3 highway, which links Nairobi with Somalia, offers easy access, making the area a key destination for livestock trade.


To international relief agencies, camp inhabitants can sadly merge into overwhelming statistics. To Onyango, who saw in each patient a unique human being, there was nonetheless a depressing sameness to their stories: the struggle for survival and the need to escape—from hunger and thirst; economic collapse; and the threat, or actual experience, of pillaging, rape, and torture from terrorists. So many refugees arrived severely malnourished, particularly the children. Last year, thirty-two babies died at the hospital from malnourishment and related conditions—a number Onyango knew vastly underestimated reality, as so many died en route to or within the camp but outside the hospital.


Along with food insecurity, cholera, spread through contaminated water, is a constant peril, and the severe diarrhea and vomiting it causes can lead to dehydration and death within hours. Children, weakened by malnutrition and lack of medical care, are most vulnerable. For them, a measles infection can easily lead to fatal diarrhea, pneumonia, and encephalitis.


Then there is HIV/AIDS, tuberculosis, diabetes, and hypertension. While any one of these alone is life altering, when they are combined with the acute malnutrition, fear of violence, and homelessness the refugees faced, Onyango thought it no wonder that so many suffered from post-traumatic stress, chronic depression, and other severe mental health problems. He treated their symptoms as best he could, but there was precious little that he could do.
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It was Wednesday morning when Dr. Onyango saw Hani Axlam Omar, a one-year-old who had arrived in camp the day before with her parents and sibling, a boy of three. All were undernourished, but the baby was in the worst shape, with trouble breathing, diarrhea, and a nonproductive cough. The boy presented with the same symptoms, but not as severe. The parents had been sick a few days earlier but now seemed okay.


The doctor swabbed the children’s nasal passages to test for SARS-CoV-2, the virus that causes Covid-19, but the results were negative. He started both on IVs and an injection of antibiotics. Onyango wasn’t sure what they had, but he told the nurses to watch the baby, in particular, throughout the night.


The next morning, Mohamed was stable, but Hani was worse. Her distraught mother sat by her bedside all day, feeling utterly helpless.


On her third day of hospitalization, Hani died in her mother’s arms. Dr. Onyango had seen too many babies and young children die, but there was no recourse but to keep going.


That same day, Fawzia Noor Mahad, another recent arrival from Somalia, was brought to the hospital. Her symptoms were similar to Hani and Mohamed’s and she also tested negative for Covid. She said she started feeling poorly during the trek from Burgabo but thought it was from pregnancy and the long journey, made more difficult because her camel was moving more slowly than usual. The many camels in Somalia and Kenya are highly prized for their milk, meat, and resilience—able to go a month or more in drought conditions and still produce milk. Most rural folk know instinctively if they are sick.


Onyango wondered, if a camel and its owner were both sick, could this be MERS, the Middle East respiratory syndrome? A coronavirus that first appeared in the Arabian Peninsula in 2012 and was usually carried through camels, MERS fortunately did not spread easily to humans. But while Covid had a fatality rate around 3.4 percent, the MERS death rate was about one in three.


To Onyango’s alarm, within hours, several more patients with the same symptoms were brought to the hospital.
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Dr. Joseph Ndembi was chief epidemiologist for the Eastern Africa Regional Coordination Centre (EA-RCC), headquartered at Kenyatta National Hospital in Nairobi. He was in his office when Dr. Onyango called. Onyango had followed Ndembi in medical school, and Ndembi held the younger man in high regard. Calls about a disease outbreak at a refugee camp were, unfortunately, not uncommon. But Onyango seemed particularly urgent. He had seen seven individuals in the last three days with similar symptoms: respiratory distress, fever, chills, and body aches. Some also had diarrhea, and a one-year-old girl had died. He’d tested for and/or ruled out all of the obvious things, including Covid. Onyango added that one patient’s camel had been sick, which concerned both men. Ndembi said he would send a team to investigate.


About an hour later, Ndembi took a call from Dr. Benjamin Amayana, a physician in Nairobi’s Eastleigh suburb, known as “Little Mogadishu” for its predominantly Somali population and bustling economic pace. Dr. Amayana reported a cluster of SARDS—sudden acute respiratory distress syndrome—that sounded suspiciously like what Daniel Onyango had described, though no one in Eastleigh had died.


Eastleigh receives daily traffic from Hagadera, with most people making the seven-and-a-half-hour trip on hot, crowded buses. It was probably no coincidence that Ndembi received these two calls on the same day. Epidemiologists had worried about MERS making its way down the Arabian Peninsula through Yemen to Eretria, Djibouti, and Ethiopia, into Somalia and Kenya. Could this be what they were seeing? Please God, no, Ndembi said to himself.
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Ndembi contacted the Kenyan National Virology Reference Laboratory, preparing them to receive blood samples and nasal and throat swabs his teams would collect from people and possible reservoir animals in the areas affected. They had no postmortem tissue from baby Hani because her family followed the local practice of rapid burial. Ndembi also contacted the Africa Centres for Disease Control to see if they’d gotten reports of the illness showing up elsewhere. Both the Kenya country office and the WHO Regional Office for Africa (AFRO) would be notified, then the Africa CDC regional center. He knew they’d need a strategy in case the illness spread further. Based on how rapidly the suspected case numbers were growing, that seemed likely.


The next day, Ndembi assembled two teams that set out in white Toyota Land Cruisers supplied by the UN, one to Eastleigh and the other to Hagadera, to interview anyone who had the described symptoms, as well as family members and close contacts, sick or not. He’d already coordinated to get whatever resources he might need from EA-RCC.


The teams combed their assigned areas, speaking with everyone Drs. Onyango and Amayana referred them to, gathering information about all the contacts they’d had since they or anyone in their immediate family had started feeling ill. Many had recently been in Somalia, and they’d either been sick or knew of people who were sick there. The teams took blood samples and nasal and throat swabs from all the contacts they could find—a challenge, given that most of the ill had traveled recently, in many cases sharing a bus or cramped encampment with equally transient strangers.


Of particular interest were people who’d had the mystery disease and recovered, such as Axlam Omar Yussef and his wife. It was too early to isolate specific antibodies, since whatever was making people sick hadn’t yet been identified, but their blood might shed light on what they were infected with. Staff collected their samples as the parents stood watch over Mohamed, still in the hospital. The team learned that two staff members who had tended to Hani were now ill, but with the high patient load, both kept working. The team took samples from them, their families, and anyone else they’d been in contact with.


Each sample was carefully labeled and recorded before being taken to Kenya’s National Public Health Laboratories. The first step was to run a research polymerase chain reaction (PCR) test for evidence of any type of coronavirus infection, though the test would not identify the specific type of the virus. Some samples were placed on Vero cells, a standard cell line with a population of cells that can repeatedly be grown and maintained in a laboratory culture for extended periods over which microbes can grow. Others went onto petri plates to check for bacteria.


The nonspecific coronavirus PCR test results came back positive within hours. It took two more days for the virus to grow on the Vero cells, but six days after the first samples had arrived in the lab, technicians were able to identify the mystery pathogen. It was a novel coronavirus—not SARS, MERS, or SARS-CoV-2.


When the genetic sequencing was completed two days later, the lab finding was confirmed—fourteen days after Onyango first saw baby Hani at the Hagadera hospital: This was a coronavirus no one had seen before.


To Ndembi and the lab staff, the results were like a biological bomb going off.


The technicians stood silently for several moments, not making eye contact; everyone concentrated their gaze on the genetic profiles. Finally, Ndembi said, “We’d better get Adamu in here.”


Dr. Adamu Kimani, director of Kenya’s National Virology Reference Lab, arrived within minutes. He stared at the viral sequence data. “It’s confirmed, then,” he stated grimly. “We are dealing with a new coronavirus. We know it’s highly transmissible, and it’s spreading.”


Kimani picked up his phone. “Stay with me while I call WHO and AFRO,” he said to Ndembi. He paused, turning away to look out a window. “I pray I’m wrong, but we may be looking at a world about to change.”
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The lab published the genetic sequence of the novel coronavirus on the website of GISAID—the international repository of influenza and coronavirus genetic data. On a call to Dr. Jeremy Davies, executive director of the WHO’s Health Emergencies Programme in Geneva, Kimani briefed WHO leadership on the number of suspected cases they’d recorded so far and how rapidly the virus was spreading. Kimani urged them to alert governments and the public health establishment throughout the world about the new “pathogen of concern.”


WHO published information on the new coronavirus in Disease Outbreak News, including a description of presumed cases in Kenya and Somalia, as well as the genetic sequence. A notice went out internationally to doctors and emergency departments with a description of the symptoms, requesting that they report to their local health department anyone meeting the case definition who had been in either Kenya or Somalia, or had been in contact with someone who had. An incident management support team (IMST) was activated to coordinate WHO assistance from headquarters and across regional and country levels, and headquarters set up an international video call with IMST members, WHO regional offices, representatives from the EA-RCC, the European Centre for Disease Prevention and Control (ECDC), and the US CDC, as well as leading academic institutions worldwide. WHO had been criticized for what was perceived as a slow and poorly coordinated response to Covid-19. If this new coronavirus turned out to be as great a threat as field reports seemed to indicate, Dr. Davies and WHO director-general Dr. Kolawole Adebayo did not want the organization to be caught flat-footed again. They called a meeting of the Public Health Emergency of International Concern Committee.


Response to publication of the new coronavirus’s genetic sequence and WHO’s notice was swift. Calls and emails flooded in from concerned hospitals, doctors, and health departments all over the world—many of whom had suspect cases—as well as the media. Everyone wanted to know what was being done to prevent spread of the new virus and how people should protect themselves. Without knowing more than what had already been shared, WHO released a statement that investigation was ongoing and advising healthcare facilities that anyone working with suspected cases should wear a surgical mask, unless they were doing an aerosol-generating procedure, in which case an N95 respirator was indicated.
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Etienne Navarre, a twenty-six-year-old aid worker for an NGO (nongovernmental organization) was returning home to Paris after volunteering at the Hagadera camp. He departed from Nairobi’s Jomo Kenyatta International Airport, the busiest international air hub in East Africa, on a six-and-a-half-hour flight to Istanbul, one of the ten busiest airports in the world. After a three-hour layover, during which he got something to eat and used the men’s room, Etienne boarded another plane for the three-hour-and-forty-five-minute flight to Paris’s Charles de Gaulle Airport.


It was on the first flight that he started coughing and feeling run-down, which he attributed to the long hours and demanding work at the camp. He’d hoped that getting a proper meal in Istanbul would make him feel better, but on the second flight, Etienne felt even worse. His chest felt heavy, and his muscles ached.


He would have to see a doctor when he got home.
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Taramin Wenda was in the import/export business in his hometown of Jakarta, Indonesia. He had spent several weeks in Kenya working on deals for various commodities, most importantly tea and honey. After a few days of meeting with contacts in Nairobi, he flew to Wajir, in the northeastern part of the country, not far from the border with Somalia. There he met with an associate who, wanting him to invest in the camel business, took him to the town’s biggest camel auction. Wajir is known as Kenya’s livestock capital, with the largest camel population in the country. Taramin said he would consider it, but the other business was his priority.


After a few days in Wajir, he returned to Nairobi for some additional business before beginning the trip home with a flight to Istanbul. He had a five-hour-and-ten-minute layover there, but since he was flying business class, he could spend it in the airline lounge, where he had a shower and hot meal before settling down in the expansive relaxation area. Taramin always enjoyed using such time to meet people from all over. He talked to at least ten, networking with four potential new business leads.


Taramin slept for most of the eleven-and-a-half-hour flight to Jakarta, so when he got home, he was ready to start another busy day.
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Curt Ashworth had spent his college semester break volunteering with his church’s international outreach program in Kenya. He was eager now to get home to see his family in Georgia before returning to school. His father was a colonel in the Marines, assigned to the Marine Corps Logistics Base in Albany. A military brat, Curt had lived throughout the United States and overseas, which had encouraged his interest in international relations.


His eight-and-a-half-hour flight from Nairobi to Frankfurt was packed, and several times he had to wait in line for the economy-class lavatory. He arrived in Germany at 5:30 a.m., so most of the airport shops were closed. He hadn’t gotten any sleep on the flight, but in the early-morning quiet, he found a seating area where he could stretch out. He crashed almost instantly and slept until his phone alarm went off four hours later, just before his flight was called.


The next leg of his journey—almost as long as the first—was on a crowded flight to Hartsfield International in Atlanta. By the time it landed, Curt was stiff from sitting, his joints ached, and he felt feverish. His throat was scratchy, too, which he attributed to the dry cabin air.


He was delighted when he exited International Arrivals to see his parents, who were holding a “Welcome Home” sign. They’d figured he would be exhausted after almost twenty-four hours of traveling and had booked a hotel room nearby so they could all rest before the three-hour drive home. They let him sleep until the hotel’s breakfast service was almost over. Even then, there were lines at the well-stocked buffet.
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Abdirahim Ali Salat was a young man with ambition. Born in a rural village in eastern Somalia, he had worked hard and been accepted at the university in the port city of Kismayo, along the southern Somali coast. In Kismayo, Abdirahim had met his wife, Bishaaro. They had three children, a girl and two boys, ranging from six months to almost four years old. He’d attained a bachelor’s degree in business administration from Kismayo University and a diploma in information technology from the Kismayo Institute of Research and Community Development. There were jobs in Kismayo, but Abdirahim didn’t feel he could reach his full potential there, especially amid the constant threat from Al Shabaab.


His older brother Abshir had emigrated to the United States, settling in a large Somali community in Minneapolis, Minnesota. Abshir was adept with computers and had gotten several certifications after taking courses online, so even without a college degree, he’d found a good job in tech support. He told Abdirahim there would be opportunities for him in America, in a much safer environment for his children, and he could live with Abshir’s family until he got on his feet. Abdirahim and Bishaaro agreed that once he was settled in Minnesota, had a job, and saved some money, he would send for her and the children to start a new life in the United States.


The brother of a fellow university student had a delivery truck, and Abdirahim paid him to drive three hundred miles up the coast to Mogadishu’s Aden Adde International Airport for the four-and-a-half-hour flight to Hamad International Airport in Doha, Qatar. During a seven-and-a-half-hour layover, Abdirahim relaxed in a food court.


On the second leg of his journey, a sixteen-and-a-half-hour flight to Dallas Fort Worth International Airport in Texas, Abdirahim started feeling sick. His throat was scratchy, and he felt feverish.


He cleared US Customs and Immigration during a layover of more than eight hours in Dallas Fort Worth. His chest was tight, and his muscles felt weak, but he did his best to hide it, not wanting any issues with Immigration or to be stranded in Texas, where he knew no one. He just needed to get to Minnesota, go home with Abshir, and rest.


Midway through his two-and-a-half-hour flight to Minneapolis–St. Paul, Abdirahim was sweating profusely, and he couldn’t stop coughing. A flight attendant asked if he was all right. He told her that he was, though he wasn’t sure that was true. She brought him tea, which he drank more to convince her he was okay than because he wanted it.


When Abdirahim emerged from the arrival gate, Abshir was shocked by his brother’s appearance. Abshir took him home to rest. The next day, after sleeping fourteen hours, Abdirahim was worse. Abshir insisted on taking him to the local hospital’s emergency room.


Abshir went to the reception desk to check him in, and Abdirahim found one of the few unoccupied chairs in the waiting area. As in most US hospitals, although it was far better than what Abdirahim would have experienced back home, the emergency department was stretched thin. It was more than an hour before the triage nurse saw him. As soon as she did, she gave him a paper mask to wear and immediately fetched Dr. Erin Thomas, the attending physician in charge of the shift.


Once she had the full picture of Abdirahim’s trip and his symptoms, Dr. Thomas instructed the nurse, “Let’s get him in an isolation room while we run tests. And let’s all follow the Precautionary Principle. I want everyone in contact with him wearing an N95 respirator until we know what this is.”


MICROBES WERE HERE LONG before us, and probably will be here long after us. As a species, we reproduce on average every twenty-five years, the rough definition of a human generation. Microbes create a new generation in anywhere from six to ten minutes (as with Clostridium perfringens, a bacterium that causes acute gastrointestinal infection in humans) to as long as fifteen to twenty hours (as with Mycobacterium tuberculosis, which causes tuberculosis). In the case of SARS-CoV-2, a new generation is produced in about ten hours.1 This gives the Clostridium microbe an adaptive advantage over humans of as much as 40 million to 1: 40 million microbial generations to 1 human. Covid’s advantage was a mere 220,000 to 1.


In the eons since our mutual single-cell ancestors emerged from the same primordial organic soup and evolved along divergent but parallel paths, microbes and humans have both been developing ways to deal with each other: laissez-faire indifference, mutual dependency, and outright hostility.


Thankfully, most microbes live in harmony with us. Some simply leave us alone and have little impact on our lives, and others are critical to our health and well-being, such as the trillions and trillions of bacteria in our gut that not only facilitate digestion and nutrition but also impact our immune system and general homeostasis—the process by which living organisms maintain internal stability.


These benign or even helpful microbes are not the epidemiologists’ quarry. Rather, we’re after the dangerous microbes—the ones that cause disease and death and have evolved and adapted to prey on us. The battle lines are clear: the microbes’ genetic simplicity and evolutionary flexibility against our intellect, creativity, collective social cooperation, and political will.


We tend to anthropomorphize animals and things that would do us harm. While it may be appropriate to assign malevolent motives to human beings, trying to do so for anything below us in the evolutionary order isn’t useful or meaningful. A lion stalking an antelope on the Serengeti is certainly predatory, but it doesn’t hate that antelope or want to avenge some perceived wrong. It simply needs to eat to survive. That is its nature.


By the same token, a “bad” microbe isn’t out to do us harm. Its mission in life is to reproduce and survive, and for that it needs a compatible host environment. If it happens to damage or hurt that environment, well, that is just nature in action. If it is deadly to too many of its hosts, however, it will die off, so some balance is in the microbe’s best interest. The reality is that we humans have far more negative intent when we swat an annoying fly or spray a mosquito than a microbe has when it’s taking over a host cell.


But malicious or not, these tiny predators are everywhere. And their ubiquity is part of what makes them such a formidable adversary. Microbes are governed entirely by self-interest—relentless self-interest.


We refer to the vast array of these and other tiny “bugs” as the microbiome. So pervasive are microbes that, despite their tiny size, the earth’s microbiome outweighs every other component of the planet’s biomass—all other life-forms—combined! There are numerous families and orders of magnitude within the earth’s microbiome, including, from the smallest and least complex on up: prions, viruses, rickettsia, bacteria, fungi, and parasites. For our purposes in focusing on epidemics (localized or regional outbreaks) and pandemics (global), the two that most concern us are bacteria and viruses.


Bacteria are complete, self-contained entities, capable of respiration, movement, taking in nourishment and eliminating waste, defending against enemies, and, most important, reproduction.


Viruses, on the other hand, are even tinier microscopic entities. Unlike bacteria, they are not, strictly speaking, alive. But we can’t say they are lifeless or inorganic, either. They exist in a netherworld between life and lifeless. A virus is something like a microbial version of Frankenstein’s monster: It can’t bring itself to life, but it can keep going by attaching itself to other organic forms to survive and reproduce.


Indeed, replication is a virus’s only goal. While there’s no sense in assigning human-like motives to microbes, we can say that viruses are always “looking” for cells they can penetrate and whose reproductive mechanism they can hijack. Once they achieve that, they begin churning out as many copies of themselves as possible, in the countless millions. That may lead to an individual’s common cold or represent the opening salvo in a pandemic.


To be sure, we are not helpless against this marauding horde. Among the weapons in our arsenal are antimicrobials—chemical compounds, either occurring in nature or scientifically synthesized, that kill or inhibit the growth of various forms of viruses, bacteria, fungi, and parasites. Antimicrobials are our Excalibur in the fight against microbial infections. But this sword, alas, is growing blunter.


The world is facing a crisis of antimicrobial resistance that is only growing worse. Take antibiotics, the antimicrobials that target bacteria, for example. It is an unavoidable reality that the more antibiotics are used, the more opportunity there is for bacteria to develop resistance. Basically, while exposure to the right antibiotic will neutralize most of the targeted microbes, a small percentage could, due to a random mutation, develop immunity. As that mutation reproduces—and remember, they reproduce quickly—these immune bacteria can take over the strain, crowding out those less resistant. Many previously potent antibiotics have been rendered less effective against various bacteria, and some are completely ineffective. The truth is, we are losing powerful antibiotics faster than we are developing new ones. If political and scientific leadership don’t take decisive steps to address this challenge globally, we could plunge back into a pre-antibiotic era where, for example, bacterial diseases like staphylococcus (staph) and streptococcus (strep) infections, as well as tuberculosis, could wreak havoc on previously healthy populations and decimate those already living on the precarious edge. In such an environment, surgery, cancer treatment, and other types of critical healthcare could be set back many decades, and even a simple cut could become life-threatening. While I still don’t foresee a bacterial strain causing a pandemic, this underscores the reality that while we think about or deal with pandemic emergencies, all of our other healthcare challenges don’t go away. We have to face all of them, all the time. Mother Nature is a multitasker.


So, though the Big One will almost assuredly be caused by a virus rather than a bacterium, bacterial infections will continue, maybe even rise, and complicate the already crushing burden on healthcare. And when a microbial infection snowballs into a pandemic, stopping the microbes themselves becomes our most urgent task, as well as the most formidable.


MICROBIAL MYSTERIES


Every human and animal disease outbreak starts as a detective story. In our thought experiment, when Dr. Adamu Kimani observes with dismay, “We may be looking at a world about to change,” he knows he and his fellow disease detectives are just beginning to unravel the clues, trying to identify what impact the novel corona virus they’ve just discovered will have and how much of a threat it represents to humans individually and society at large. When we take into account all the effects enumerated previously, the scary part is not knowing what they don’t know.


Like police detectives, disease detectives usually investigate several suspects at once, not knowing which, if any, will turn out to be killers. Keeping track of potential infectious disease outbreaks around the world, we epidemiologists often feel as though we’re playing whack-a-mole, always on the lookout for the next threat to pop up.


As you can see from our opening scenario, stopping an airborne, highly transmissible viral pathogen from reaching pandemic potential is extremely difficult, if not downright impossible. How many individual carriers traveled to how many different places before healthcare workers and physicians even realized something was happening? We talk of certain infected people as “superspreaders,” people who, for reasons we don’t fully understand, transmit certain viruses far more readily than others do. But as we hinted at in our scenario, the greatest facilitator in our modern world is not a human but rather a machine: the commercial airliner. Given that we can’t halt an airborne viral pandemic in its tracks, we must be prepared to go after it with every weapon in our public health arsenal.


It is easy to imagine that at the same time as the new coronavirus of our thought experiment was emerging in Africa, epidemiologists would be watching an emerging influenza strain with pandemic potential coming out of Asia. The strain in question could be H5N1 or H2N2 (influenza is characterized and classified by the particular hemagglutinin [H] and neuraminidase [N] proteins on its surface) or any other H/N permutation. As we have seen so often in the past, a new strain of flu can arise and make itself known when and where we least expect it—as in 2009, when an H1N1 flu, a descendant of the 1918 strain, emerged in Mexico, migrated north into the United States, and quickly spread around the world. Though the 2009 outbreak qualified as a pandemic due to its wide international spread, that strain mercifully never reached the scale of the 1918 event. Still, a WHO-CDC study estimated that it caused at least a quarter of a million excess deaths worldwide—that is, 250,000 more people died that year than would otherwise have been expected.


Prior to 2020, we focused on influenza as the most likely candidate for the Big One. Coronaviruses are quite common and were not much of a problem, accounting for the majority of common colds. But SARS, MERS, and then SARS-CoV-2 made clear that we needed to include coronaviruses on the short list of virus families to watch—hence our use of a novel coronavirus in our thought experiment.


Just as we didn’t imagine a coronavirus causing a pandemic prior to the emergence of Covid, we can’t ignore the possibility that a new or previously unknown virus with pandemic potential could emerge. Some in public health refer to this theoretical threat as “Virus X.” But since it remains theoretical, for the sake of realism we chose to go with a virus family that has already proven itself as a global threat.


Among coronaviruses, SARS was initially thought to be a severe influenza strain when it first appeared in Foshan, a city in the Guangdong Province of China, in November 2002. About 525 miles from Wuhan, Foshan was home to animal markets like those in the crosshairs of the initial Covid-19 outbreak. Many of the earliest cases were among food handlers and people living near such markets, with healthcare workers affected next. We described the story of the SARS 2002–3 epidemic, and my work in it, in our previous book, Deadliest Enemy. Suffice to say here that, in the end, 916 people died,2 and in terms of economic impact, the World Bank estimated the outbreaks caused some $54 billion in losses.3 And that wasn’t even a pandemic.


So, what did we learn from the SARS 2002–3 epidemic? First, it underscored the likelihood of future diseases arising from conditions where humans and animals are densely packed and interacting in close proximity, which is realistically not something we will be able to change anytime soon but something we need to vigilantly monitor. Second, the high infection rate among workers at the hospitals where sick people were treated, and among cases that could be traced back to one hotel in Hong Kong,4 drove home the importance of following the Precautionary Principle, the maxim noted by Dr. Erin Thomas in our opening scenario: Until you have evidence to the contrary, act as though every new infectious agent is easily spread through the air. In other words, with something as dangerous as a novel agent with pandemic potential, react as if you are dealing with the worst-case scenario, then scale back if and when evidence suggests less severe measures will suffice. We cannot stress enough the critical importance of this simple concept, which we’ll discuss in more detail in Chapter Two.


From the initial SARS epidemic, we saw how the interconnectedness of daily life, as well as the impact of worldwide air travel and its necessity for business, could enhance the transmissibility of any microbe. We also got a glimpse of how devastating the effects of an unknown respiratory-transmitted virus that in some people was highly infectious could be for healthcare systems and both local and global economies. Yet at the time I couldn’t help but think that as bad as it had been, it could have been so much worse. I had only hoped we could leverage what we’d learned to prepare for and react more nimbly to the next threat.


It was that thought and my experience with SARS that led me to predict at a 2015 conference at the Institute of Medicine (since renamed the National Academy of Medicine) in Washington, DC, that MERS would show up somewhere outside the Middle East as soon as an unknowing superspreading individual got on a plane and landed in some large and crowded city, as our fictional Indonesian businessman Taramin Wenda did, who felt fine but had ample opportunity to be exposed to the novel coronavirus and transmit it to others. Sure enough, less than two months after that 2015 meeting in Washington, a sixty-eight-year-old man returned to his native South Korea and became ill after having been in four Middle Eastern countries. It took nine days for doctors to come up with a diagnosis, during which time he had been in four healthcare facilities and infected more than twenty people, including personnel at two of those facilities: St. Mary’s Hospital in Pyeongtaek and Samsung Medical Center in Seoul. Ultimately, Samsung Medical Center was forced to close to new patients for five weeks, 16,000 people were quarantined, nearly 3,000 schools were temporarily shut down, public events were postponed, and more than 100,000 trips to South Korea were canceled. The outbreak so affected the economic health of the country that the Bank of Korea slashed interest rates to a record low and worried that it would all lead to a depression. The final toll was 36 deaths out of 186 confirmed cases, demonstrating what even a moderate outbreak of a serious infectious disease can do to a modern, sophisticated society.5


I’m well acquainted with that outbreak because I made a trip to Samsung Medical Center a few months later at the request of the hospital’s president, Dr. Jae-Hoon Song, to consult with him and his team on how to prevent or manage future SARS and MERS crises. The realization that a single traveler could show up in an emergency room and spread an infection if it were not quickly identified and the patient were isolated led us to the conclusion that constant vigilance and early detection of such cases was crucial. Most MERS patients will transmit to only a few people. But some, like the case at Samsung, were superspreaders. Although we still do not understand what caused some infected individuals to be such efficient viral transmitters, it was clear then how important it was to try to quickly identify and isolate all cases. And remember, this same situation could be playing out simultaneously in hospitals all over.


Among the key criteria we use in determining how a microbial agent might spread are ease of transmission and time until onset of infectiousness. Just as real estate professionals talk about “location, location, location,” those of us in public health focus on “transmission, transmission, transmission.”


Airborne transmission, which is primarily aerosol-related, means the microbe can transmit simply through an infected person exhaling and someone in relative proximity inhaling the same microscopic particles. As we’ve noted, such a virus with wings can be considered a worst-case scenario, or one most likely to develop into a pandemic. This is the primary way influenza and Covid-19 spread.


Fecal/oral transmission occurs when an infectious agent is contained in an infected individual’s feces and, often due to poor hand hygiene, fecal material is ingested orally. Polio is transmitted this way, which is why swimming pools were often closed during outbreaks prior to vaccine availability, since microbes from one swimmer’s feces could migrate to another swimmer’s mouth.


Close bodily fluid contact is how HIV and Ebola are transmitted.


A break in the skin, such as a bite, can transmit rabies. A scratch or cut also can transmit anaerobic microbes (those that don’t need oxygen to survive), such as tetanus bacteria.


Blood transfusions containing harmful microbes are another way of transmitting disease. Before we knew much about HIV infection, for example, too many people, including tennis legend Arthur Ashe, developed AIDS from infected blood transfused during surgery.


From a pandemic perspective, the method of transmission we most worry about and the one that is most challenging to deal with is the airborne/respiratory route of a virus. The other means are easier to control, regardless of the severity of the disease caused by the microbe.


Think about rabies, for example, which has a fatality rate of practically 100 percent if not treated and which causes 60,000 deaths a year worldwide.6 The fatality rate and horrible disease and death the virus causes would be even greater if it were more easily transmitted. Fortunately, rabies is not characterized by respiratory transmission. You need to be “injected,” usually through a bite, with the bodily fluids or secretions of an infected person or, more typically, an animal, for the virus to spread (although there have been rare instances of respiratory spread in laboratories). We know to avoid dogs or wild animals acting strangely, and to seek immediate medical attention if bitten. Now, imagine that instead of being transmitted via blood or saliva, rabies traveled through the air, and you could become infected just by breathing in virus exhaled by an infected animal you never even saw. That would be a game changer. In fact, I can think of no science fiction setup more terrifying. But it would also be a game changer for the virus itself, because if it killed off all potential hosts that efficiently, eventually there would be no animals or humans left for it to infect, and the virus would die out. Evolutionarily, microbes have to walk a careful line, being infectious enough to keep reproducing but not so deadly that they leave no hosts left to infect.


Unlike rabies, SARS and MERS both transmit through the respiratory route. Thankfully, though, most people infected with either of those coronaviruses have only limited viral infection in their upper airways, meaning that, excluding those outliers who are tremendously efficient at spreading virus, the amount of virus emitted from their respiratory tract is limited. And since, according to the previous outbreaks of those viruses, infected individuals don’t generally transmit until they are visibly sick—usually the fourth or fifth day of showing symptoms7—there is time to isolate and treat them, thereby holding transmission in check.


So, when I learned the virus that caused Covid-19 was a coronavirus, I was optimistic that it could be contained by using the strategies employed to halt the spread of SARS and MERS and implementing the recommendations we made for Samsung Medical Center. I abandoned that belief within a few days as I closely followed the alerts coming out of places like Hong Kong, and as I spent time on the phone, often several times a day, with researchers in China and media contacts in Wuhan. They all told me not only that transmission was ongoing but also that people were becoming infected who’d had no known contact with anyone who was ill.


We thus found ourselves scrambling with SARS-CoV-2 because its transmission was dynamic, much more so than that of SARS or MERS, and it was often occurring even before the onset of symptoms. That was one of the most frightening “light bulb” moments of my entire career. When I realized the novel coronavirus was being spread throughout the world by people who often didn’t seem sick and/or didn’t know they were carriers, I felt as though we were leaning over the railing of a hundred-story building, with nothing to catch us if we fell. We didn’t have a playbook for a coronavirus like that. A stealth infector, transmitting through the air and into the nasal passages and throat—that was the stuff of an epidemiologist’s nightmares. And it’s something we need to factor into our planning for future pandemics.


While some victims of Covid-19 became extremely ill and died, others never felt a single indication they were infected and infectious. It remains one of the great mysteries of SARS-CoV-2, and I fear that the Big One will spread in a similarly stealthy fashion, which is why I’ve chosen this attribute for the novel coronavirus of our thought experiment.


To those who argue that pandemics are “optional,” or that we can prevent them, I ask, How can you stop something you don’t know is there? We can and must prepare for pandemics, and we can and must develop strategies to mitigate their effects, but when presented with a highly infectious virus with wings that can be spread by pre- and/or asymptomatic individuals, we are unlikely to stop it before it reaches the pandemic level. Think of how China tried to achieve zero-Covid by essentially locking down everybody and everything, everywhere—an approach few countries would be able to impose on their citizens even if it could be shown to work—and yet they were unsuccessful. As soon as they lifted restrictions, the virus swept the nation. And keep in mind, this was an emerging pandemic that was already recognized. How do you impose such preventive measures on something you haven’t yet detected or identified?


The challenges ahead are clear, and they represent the greatest threat to national security that we, and most other nations, will ever face. Meeting those challenges will require public understanding, scientific and intellectual resourcefulness, significant financial resources, political will, international cooperation, and social comity. Admittedly, that’s a pretty tall order, but then again, the microbes don’t care.




TAKEAWAYS






	It will be impossible to stop a highly infectious respiratory virus—one with “wings”—from causing a pandemic. We can only limit its global impact and mitigate its effects, and even then, only if we are prepared. Nature will have the upper hand, and the success of our response will be directly tied to the extent of our preparation.


	Prior to Covid-19 we believed that influenza viruses were the only infectious agents capable of causing a respiratory disease pandemic. Now we realize that we must prepare for the emergence of both novel influenza and coronaviruses of pandemic potential, while also keeping an eye out for other emerging virus types.


	When the next pandemic hits, whatever preparations we have (or haven’t) invested in, the safest course of action for everyone—frontline healthcare workers, first responders, and everyone else—is to follow the Precautionary Principle advised by Dr. Thomas in our thought experiment: Until you have evidence to the contrary, act as though every new infectious agent is easily spread through the air. It could save your life.
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