
[image: ]





[image: Book Title Page]






   
      
         
            Copyright © 2021 by Nicholas A. Christakis MD, PhD

Cover design by Julianna Lee

Cover art: Getty Images

Cover copyright © 2020 Hachette Book Group, Inc.

            Hachette Book Group supports the right to free expression and the value of copyright. The purpose of copyright is to encourage writers and artists to produce the creative works that enrich our culture.

            The scanning, uploading, and distribution of this book without permission is a theft of the author’s intellectual property. If you would like permission to use material from the book (other than for review purposes), please contact permissions@hbgusa.com. Thank you for your support of the author’s rights.

            Little, Brown Spark

Hachette Book Group

1290 Avenue of the Americas, New York, NY 10104
littlebrownspark.com
twitter.com/lbsparkbooks
facebook.com/littlebrownspark

            Originally published in hardcover by Little, Brown Spark, October 2020
First Little, Brown Spark paperback edition, October 2021

            Little, Brown Spark is an imprint of Little, Brown and Company, a division of Hachette Book Group, Inc. The Little, Brown Spark name and logo are trademarks of Hachette Book Group, Inc.

            The publisher is not responsible for websites (or their content) that are not owned by the publisher.

            The Hachette Speakers Bureau provides a wide range of authors for speaking events. To find out more, go to hachettespeakersbureau.com or call (866) 376-6591.

            Illustrations designed by Cavan Huang

            ISBN 978-0-316-62822-8

            E3-20210917-JV-PC-REV

         

      
   


    Contents

  

	Cover

   	Title Page

   	Copyright

   	Dedication

   	Epigraph

   	Acronyms

   	Preface

   	Preface to the Paperback Edition

   	1. An Infinitesimal Thing

   	2. An Old Enemy Returns

   	3. Pulling Apart

   	4. Grief, Fear, and Lies

   	5. Us and Them

   	6. Banding Together

   	7. Things Change

   	8. How Plagues End

   	Afterword to the Paperback Edition

   	Acknowledgments

   	Discover More

   	Notes

   	About the Author

   	Also by Nicholas A. Christakis

   	Resounding Praise for Nicholas A. Christakis’s





	Begin Reading

	Table of Contents





   
      
         
             

             

             

             

            For my teacher and dear friend

Renée C. Fox,

who survived and studied epidemics, who deeply understands how illness and society intersect, and who has influenced generations of fortunate students

             

            And for my many other teachers across a lifetime, including Paul V. Piazza, Tom S. Reese, Leopold J. Pospisil, John B. Mulliken, Allan M. Brandt, Arthur M. Kleinman, Paul D. Allison, Sankey V. Williams, and Arthur H. Rubenstein

         

      
   


   
      
         
            And [Apollo] descended from the summits of Olympus, enraged in heart, having upon his shoulders his bow and quiver covered on all sides. But as he moved, the shafts rattled forthwith upon the shoulder of him, enraged; but he went along like unto the night. Then he sat down apart from the ships, and sent among them an arrow, and terrible arose the clang of his silver bow. First, he attacked the mules, and the swift dogs. But afterward dispatching a pointed arrow against [the Greeks] themselves, he smote them, and frequent funeral piles of the dead were continually burning. Nine days through the army went the arrows of the god; but on the tenth, Achilles called the people to an assembly; for to his mind the white-armed goddess [Hera] had suggested it; for she was anxious concerning the Greeks, because she saw them perishing.

            —Homer, The Iliad

         

      
   


   
      
         
            Acronyms

         

         
            CDC: Centers for Disease Control and Prevention, the leading government agency charged with epidemic control, based in Atlanta, Georgia.

            COVID-19: The clinical disease caused by SARS-2, involving a range of symptoms and severities; also used to refer to the pandemic itself.

            NIAID: National Institute of Allergy and Infectious Diseases, the leading government agency charged with scientific research into infectious disease, based in Bethesda, Maryland.

            NPI: A nonpharmaceutical intervention, such as quarantining, used instead of or in addition to drugs to combat an epidemic.

            PPE: Personal protective equipment, such as masks, face shields, gloves, etc., worn by health-care personnel and others to avoid contracting an infection.

            SARS: Severe acute respiratory syndrome, a serious clinical illness involving shortness of breath that can result from infection with various pathogens or from other injuries to the lungs; also used as the name of a condition caused by the SARS-1 virus.

            SARS-1: Virus from the coronavirus family that emerged in 2003 and caused a small pandemic.

            SARS-2: Virus, also known as SARS-CoV-2, from the coronavirus family that emerged in 2019 and caused a large pandemic.

         

      
   


   
      
         
            Preface

         

         The gods of Greek mythology were ever present in my childhood. They were constant companions of my imagination, the subjects of my immigrant parents’ bedtime stories, and even the names of children I played with when we visited our cousins in Greece. I was fascinated by the gods’ duality: immortality and power contrasted with frailty and vice. The god Apollo, for example, was both a healer and the bringer of disease. During the Trojan War, with his silver bow and quiver of arrows, he rained a plague down on the Greeks to punish them for kidnapping and enslaving Chryseis, the daughter of one of his favored priests.

         I found myself thinking again about Apollo and his vengeance as I contemplated our own twenty-first-century barrage more than three thousand years after the events described in The Iliad. It seemed to me that the novel coronavirus was a threat that was both wholly new and deeply ancient. This catastrophe called on us to confront our adversary in a modern way while also relying on wisdom from the past.

         Despite the advances we have made in medicine, sanitation, communication, technology, and science, this pandemic is nearly as ruinous as any in the past century. Lonely deaths. Families unable to say goodbye to loved ones or perform proper funerals and acts of mourning. Destroyed livelihoods and stunted educations. Bread lines. Denial. Fear and sadness and pain. As I write, on August 1, 2020, over 155,000 Americans and over 680,000 people worldwide have died, and many more are still uncounted. A second wave of the pandemic is imminent, whether or not the hopes for a rapid vaccine are realized.

         However, even in the midst of the onslaught, many people believe that the efforts to contain the virus have been excessive. Some Americans feel that our response has been overblown, yet another reflection of this nation’s modern inability to accept hard realities. But I believe this thinking is wrong on two counts. First, it has required extraordinary force, including all our twenty-first-century wealth and know-how, to contain the virus to “only” this many deaths. I share the view of many good scientists that vastly more Americans would have died—perhaps a million—had we failed to deploy the resources we marshaled, belatedly, in the spring of 2020 to cope with the first wave of the pandemic. To compare this COVID-19 pandemic without mitigation efforts (or even with mitigation efforts!) to a typical flu season, as some have done, is a misreading of reality. Second, it is a misreading of history to think that in our time we would somehow be spared the burden of having to deal with a pandemic or that other people in other times have not faced the same fear and loneliness, the same polarization, the same fights over masks and business closures, the same call to neighborliness and cooperation. They have.

         In late January 2020, as the virus was gathering force, I shifted the work of the many talented young scientists and staff in my research group at Yale to focus on it. First, working with Chinese colleagues, we published a study that used the mobile-phone data of millions of people in China to track the spread of the virus in January and February 2020. Then my lab began to plan studies of the biology and impact of the virus in the isolated region of Copan, Honduras, where we had a long-term field site and close relationships with thirty thousand residents in one hundred seventy-six villages. We also started exploring how mass gatherings, like elections and protests, might intersect with the spread of the virus throughout the United States. And in May 2020, we developed and released Hunala, an app based on network science and machine-learning techniques that people could use to assess their risk of infection.

         The atmosphere in the whole scientific community in early 2020 was charged with urgency and probity. Colleagues all around the world pivoted to work on the coronavirus and broke down barriers to research, collaboration, and publishing. But very quickly it also became clear that there was an emerging vacuum of public information and few effective ways to communicate the problem that was unfolding. Along with a broad range of scientists, including epidemiologists, virologists, physicians, sociologists, and economists, I turned to Twitter to post tutorial threads on coronavirus-related topics such as the mortality rate in children and the elderly, the reasons we had to “flatten the curve,” the nature of immunity after infection with the virus, and the extraordinary approach China had used to deal with the outbreak.

         This book is another way I hope to help our society cope with the threat before us. In the middle of March 2020, Yale University closed down—though many laboratories, including my own, continued to work remotely. I wrote this book between March and August 2020 while in isolation with my wife, Erika, and our ten-year-old son in our home in Vermont. Our adult children intermittently sheltered with us as well, as they too were cut off from the lives they led before the disease struck.

         I hope to help others understand what we are confronting, both biologically and socially, to outline how humans have faced similar threats in the past, and to explain how we will get to the other side of this, which we will, albeit after tremendous sorrow. The ability to understand a contagious and deadly disease builds directly on my years of teaching about public health, implementing global health interventions, serving as a hospice physician caring for the dying and bereaved, analyzing contagions using network science, and working as an academic sociologist studying social phenomena.

         The COVID-19 pandemic is still a moving target, however. As of this moment, there is much that is unknown—biologically, clinically, epidemiologically, socially, economically, and politically. In part, the reason is that our actions are changing the outcome of the story. It’s hard to know for sure what will happen. And there is much that only the passage of time will reveal, including the long-term health effects of the infection and the long-term consequences of our response to the contagion (such as how our physical and social distancing might affect the mental health and education of our children and the economic prospects of a generation of young people presently entering adulthood). We also do not know whether or when a vaccine will be available, how risky it will be, and how long the immunity it confers might last. Despite these uncertainties, we must all, as individuals and as a society, make the best decisions we can at the moment, informed by the broadest consideration of views and the best understanding of scientific facts.

         The plague Apollo unleashed at Troy did eventually end due to the intercession of Achilles and of Hera, the queen of the gods. After ten days and many deaths, Apollo’s terrible arrows ceased, and he put down his bow. Epidemics end. But how we get to that point defines us and our own moment facing down this ancient threat.

      
   




PREFACE TO THE PAPERBACK EDITION

In the summer of 2021, as I write, Americans have begun to shed their masks and their pessimism. Reopening plans, which a year ago had seemed reckless or naïve, have assumed an air of practicality, even reasonableness. We seem to be approaching an end of sorts, or at least the beginning of an end, to the ruinous COVID-19 pandemic in the USA. But more woe awaits us, both as a nation and as a species, as we experience the profound clinical, psychological, economic, and social aftershocks of the virus.

Elsewhere in the world, in a way that will affect us as well, countries are still being hit hard, feeling the initial biological shock of the virus. India (which holds almost a fifth of the souls on our planet) initially seemed to escape a large wave of deaths. Commentators were flummoxed by the first COVID-19 peak in September 2020. Compared to demographically (and economically and climatically) similar countries such as Mexico and Brazil, the early toll in India did not seem so bad. Some speculated that genetic variations in South Asian populations may have been responsible. Others thought that perhaps the history and variety of infectious diseases in India might have somehow strengthened the immune systems of large numbers of people. Still others thought that India had somehow taken adequate protective measures by reducing social interaction during the early days of the pandemic.

In the end, India’s initial good fortune was just a fluke. This often happens in pandemics, as they leave some places unscathed and others hard-hit. And so, in the spring of 2021, India was hammered in a second wave, partially related to the emergence of a new—more contagious and more deadly—variant of the virus. Everything began to run out: hospital beds, ambulances, medicines. Patients simply died when the oxygen in hospitals stopped flowing through the pipes and ran out.1 On May 1, 2021, twelve patients died at the Batra Hospital in Delhi after an oxygen delivery was ninety minutes late. Three days later, perhaps twenty-four patients died in the Chamarajanagar District Hospital in Karnataka for similar reasons.

Astonishing headlines appeared, evoking events on the plains of Troy three thousand years ago: “As India’s Crematoriums Overflow with COVID Victims, Pyres Burn Through the Night.” The head of a crematorium in New Delhi observed, “Before the pandemic, we used to cremate eight to ten people daily,” but “now, we are cremating 100 to 120 a day.”2 Aerial photographs showed fields where bodies were covered in piles of wood awaiting ignition—like endless rows of haystacks on a wheat field. Then even the wood began to run out.

In the first edition of this book, completed in August 2020, I anticipated that the USA could see between 500,000 and 1,000,000 deaths. As of June 2021, 613,000 deaths have been recorded, and we will likely see many more excess deaths, though it will take time to arrive at a final number. Worldwide as of this date, more than 3,750,000 people are known to have died of COVID-19, but the pandemic is still raging in populous and crowded places like India, Indonesia, Nigeria, and Brazil. Many more deaths are coming to the rest of the world before the pandemic finally dies down.

It’s now quite clear that the 2019 coronavirus pandemic is the second worst respiratory pandemic of the last century, the worst being the 1918 influenza pandemic, which killed at least thirty-nine million people worldwide and roughly 550,000 Americans (corresponding to 1.7 million today). While there are many differences between the two worlds into which these pathogens were introduced (we have modern hospitals, vaccines, sanitation, and air travel, for instance, and are also not emerging from a world war), other similarities in our response and struggles are striking.

Then, as now, the challenge was global since the virus does not respect geopolitical borders. Then, as now, there was a worldwide effort to collect and report scientific data about the threat. And then, as now, careful observers identified social and epidemiological challenges that stood in the way of an effective response. Writing in the elite journal Science in May of 1919, for instance, George Soper (the “sanitary engineer” who tracked down Typhoid Mary in 1907) noted that “three main factors stand in the way of prevention.” These included: (1) “Public indifference.…The great complexity and range in severity of the respiratory infections confuse and hide the danger.” (2) “The personal character of the measures which must be employed.…It does not lie in human nature for a man who thinks he has only a slight cold to shut himself up in rigid isolation as a means of protecting others.…” And (3) the fact that “the disease may be transmissible before the patient himself is aware that he is attacked.”3 Plus ça change.

On the other hand, we are the first generation of humans alive who have been able to confront this ancient threat by formulating a specific and effective countermeasure to a new pathogen in real time and to perhaps materially alter the overall course of a pandemic as it was unfolding. We have developed incredible vaccines at incredible speed.

Based on data regarding the fundamental epidemiological properties of the virus already available by the end of January 2020, along with an understanding of the history and epidemiology of contagious disease stretching back thousands of years, it was possible to predict the biological and social course of the COVID-19 pandemic virtually from its inception. Not much has happened that was not expected. From the moment this virus escaped immediate control and started to spread in our species, we followed an inexorable biological trajectory, so typical of respiratory pandemics over the past few centuries. And our social trajectory—from the economic collapse to the circulation of misinformation—also followed a script laid down by serious epidemics that have afflicted human beings for thousands of years. But the good news is that the recovery will as well.





   
      
         
            1.

            An Infinitesimal Thing

         

         
            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 Osler, “The Study of the Fevers of the South” (1896)

         

         
             

         

         In the late fall of 2019, an invisible virus that had been quietly evolving in bats for decades leaped in an instant to a human being in Wuhan, China. It was a chance event whose most subtle details we will probably never know. Neither the person to whom the virus gravitated nor anyone else was fully aware of what had transpired. It was a tiny, imperceptible change.

         Scientists later came to suspect that this initial move by the virus might have happened at the Huanan Seafood Wholesale Market in Wuhan, because many of the first recorded patients were vendors or visitors there. But the picture was confusing. Huanan is known as a wet market because, as at many other markets throughout the world, one can buy fresh produce, fish, meat, and live animals there, and sometimes even wildlife (such as hedgehogs, badgers, snakes, and turtledoves). Some of these animals are butchered in the market, on the spot. Unlike the antiseptic supermarkets many of us are accustomed to, the pavements in such places are hosed down during the day to keep them clean. Hence, the markets are “wet.”1

         As far as we know, bats were not for sale at Huanan, though bats are consumed in China.2 In a prescient article published a year before the virus slipped unseen into our species, scientists suggested that “bat-animal and bat-human interactions, such as the presence of live bats in wildlife wet markets and restaurants in Southern China, may lead to devastating global outbreaks.”3

         The first person with a confirmed case of the disease that would come to be known as COVID-19 developed symptoms of severe acute respiratory syndrome (SARS) on December 1, 2019. There may have been other patients earlier; we do not know. However, this patient (and a few other early cases) did not have contact with bats or wildlife or the Huanan market. This has led to concerns that perhaps the virus initially leaped to humans in some other way, such as through researchers in Wuhan who collected samples of the virus directly from wild bats and analyzed them in laboratories with inadequate protective procedures.4 The Wuhan Center for Disease Control and Prevention, which does research with bat viruses, is just a few blocks from the Huanan market, and the Wuhan Institute of Virology is also a few miles away from it. However, Chinese authorities have claimed that there was no chance the virus leaked from these facilities.5

         Notwithstanding the mysterious origin of the virus, 66 percent of the first forty-one people to contract the disease, during the month of December, did indeed have a direct connection to the Huanan market as shoppers, traders, or visitors.6 If the market was not the place where the virus first found its way to humans, it was the place where it first became easy for us to detect. The market, with its densely packed stalls and large number of people, provided a fertile environment for the virus to spread rapidly and easily, generate a localized cluster of cases, and therefore come to our attention.7

         One of the first doctors to sound the alarm about the disease was Dr. Jixian Zhang of the Hubei Provincial Hospital of Integrated Chinese and Western Medicine. On December 26, 2019, she noticed seven cases of atypical pneumonia; three patients were in the same family, and four were from the Huanan market and knew each other. She reported them to the Wuhan Center for Disease Control the next day.8 Eventually, as part of an effort to cover up their initial inaction as the pandemic took root, the authorities gave her a merit award for reporting the cases.9 But later investigation revealed that there had been other cases of atypical pneumonia earlier in December, above the threshold for notifying the central Chinese Center for Disease Control in Beijing, that had gone unreported. Precious time to contain the outbreak was lost. In fact, a later analysis documented that there were 104 cases and 15 deaths during the month of December.10

         The authorities began to realize what was happening and shut down the market on January 1, 2020.11 By then, the initial patients, dispersed to various hospitals, were being collected and transferred to a specially designated facility, Jinyintan Hospital.12 On January 27, 2020, analyses released by the Chinese CDC (and later regarded by some as possible misinformation) noted that 33 of 585 environmental samples (such as swabs of surfaces) collected at Huanan from January 1 to January 12 contained the RNA of a novel coronavirus, later named SARS-CoV-2. The positive samples were highly concentrated on surfaces in the western part of the market, where the wild animals were sold.13

         On December 30, 2019, two days before the market was shut down, a thirty-three-year-old ophthalmologist, Dr. Wenliang Li, became aware of the emerging cluster of cases after reading an alarming report by one of his colleagues. Dr. Ai Fen, the head of the emergency department at Wuhan Central Hospital, had received a lab report for a patient with atypical pneumonia indicating that the patient had SARS.14 On a private WeChat group with a few medical-school classmates, Li spread the alarm. “There are seven confirmed cases of SARS at Huanan Seafood Market,” he said. “The latest news is, it has been confirmed that they are coronavirus infections, but the exact virus strain is being subtyped. Protect yourselves from infection and inform your family members to be on the alert.”15

         By January 3, 2020, local authorities caught wind of Li’s communications. There was a Chinese Communist Party meeting scheduled for later in the month, on January 12, and news of a local outbreak, much less a serious one, was not welcome. Indeed, until at least January 11, the public was wrongly assured that no new cases had been observed in Wuhan.16 Li was called to meet with the police and accused of “rumor-mongering” and “making false statements on the internet.” He was forced to retract what he had said and sign a letter promising that he would not engage in “illegal activities.”17 This was not the last time that the truth about COVID-19 would be suppressed or ignored as the pathogen spread around the world.

         Of course, Dr. Li was completely correct. Later, the authorities would publicly apologize, and he would become a hero to ordinary Chinese people tired of constraints on free expression and disillusioned by misinformation from their leaders.18 Alas, as eventually happened to many other health-care workers in China (and in many other countries), Li died of COVID-19, on February 7.19 He had contracted the disease on January 8 while taking care of a glaucoma patient. That patient was a shopkeeper at the Huanan market.

         The Chinese became aware fairly quickly that the disease could spread from person to person and was not independently and repeatedly acquired from a fixed animal reservoir. This worrisome fact was confirmed in a report about the first forty-one known cases published online in the British medical journal The Lancet on January 24.20 The Chinese were also aware that the disease was serious. Of these first patients, six (15 percent) died. The article concluded that the virus “still needs to be deeply studied in case it becomes a global health threat.”

         The virus spread—first slowly, then quickly—through Wuhan and then through all of Hubei Province, home to fifty-eight million people. By January, while the overall percentage of infected people in Wuhan was still tiny, it was high enough
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AFTERWORD TO THE PAPERBACK EDITION

During the first year of the pandemic, SARS-2 revealed its full force. Imagine if every American family of four lost $200,000. Or if the homes of many millions of people simply burned to the ground. That’s one way of understanding the pandemic’s impact on the American economy. The 16-Trillion-Dollar Virus, economists are calling it—eight trillion dollars in the adverse effects of morbidity and mortality and eight trillion dollars in direct economic damage. This destruction of wealth is “the greatest threat to prosperity and well-being the USA has encountered since the Great Depression.”1

The initial peak of death from COVID-19 in the USA was in April 2020; an extra (and somewhat atypical) peak occurred in July 2020; and another typical winter peak occurred in January 2021, by which time roughly six hundred thousand Americans had died. More than four thousand people were dying each day, making the virus the leading cause of death in our society, more than cancer or heart disease.2 Indeed, the impact of the virus in 2020 was to reduce the U.S. life expectancy at birth by 1.13 years; this pushed us back to the life expectancy at birth last seen in 2003, erasing years of progress.3

Another (likely smaller) wave of COVID-19 may come in the winter of 2021, and in the year after, despite widespread vaccination. These waves will relate to seasonal changes in human behavior (as we saw in Chapter 2) along with the fact that there will remain reservoirs of the virus among non-immune or unvaccinated people (including children, vaccine-hesitant adults, and those whose immunity has lapsed). The emergence of worrisome new variants of the virus will also play a role in recurrent waves. Nevertheless, each successive wave (barring serious and unexpected mutations in the virus) will, if history is a guide, be smaller and smaller. The COVID-19 pandemic will eventually end.

It was a singular achievement of ours to develop a vaccine in record time. We did this with diverse means—using old (attenuated live virus), new (adenovirus vectors), and wholly new (mRNA) technologies. The vaccines came a bit faster than I had expected (I presumed that, although they could take a few years, they just might arrive as early as the first quarter of 2021), but they arrived at the end of 2020. However, their arrival did not change the phases of the pandemic or its rough trajectory or ultimate outcome, as discussed in Chapters 7 and 8. Still, the vaccines did save, and will save, many lives. They were safer and more effective than even the most optimistic epidemiologists, virologists, and clinicians had anticipated.

Pfizer and its partner, BioNTech, released preliminary results from their key Phase 3 trial indicating that their mRNA vaccine prevented symptomatic COVID-19 on November 9, 2020, and the study was published on December 10, 2020.4 The trial involved 43,538 volunteers randomly assigned to either vaccine or placebo. COVID-19 was substantially more common in the placebo arm (eighty-five cases) than in the treatment arm (nine cases). It was noteworthy that, even among those getting the vaccine in the pivotal trial, the rate of COVID-19 was not zero. Moderna published similar results for its mRNA vaccine three weeks later, on December 30, 2020.5 Their trial involved 30,420 volunteers (and there were 183 cases of symptomatic COVID-19 in the placebo group and only eleven in the vaccine group). The efficacy of both vaccines in preventing illness was roughly 95 percent, meaning that a person exposed to the virus had a very small chance of becoming sick from it (and an even smaller chance of dying).

The Johnson & Johnson and the AstraZeneca vaccines were based on adenovirus vectors, as discussed in Chapter 6, and had reported efficacies in preventing illness of 66 percent and 70 percent respectively (the efficacy in preventing death was higher). These vaccines had certain advantages, including that the Johnson & Johnson vaccine required only one dose. The Sinovac and Sinopharma vaccines released by the Chinese were based on an inactivated virus, and had reported efficacies of 51 percent and 79 percent, respectively. Still other vaccines based on similar or other approaches have been released or will soon appear.6

Some vaccines entered clinical trials less than six months after the pandemic began (Moderna started its development efforts, based on genetic engineering, within a week of Chinese scientists posting the RNA sequence for SARS-2 online on January 11, 2020, and the first trial participant got a dose of its vaccine roughly two months later!).7 Several vaccines were granted provisional approval by governments around the world within a year. This mind-boggling speed was without precedent. The pace of invention was facilitated by the rapid sharing of viral genetic information, the findings of decades of fundamental research paving the way for the technologies that were used (including the new adenovirus and mRNA approaches), active collaboration among scientists and physicians around the world, willing participation by tens of thousands of volunteers in clinical trials, extraordinary amounts of public and private funding, and the huge and urgent global demand.

Prior attempts to develop vaccines for SARS-1 and MERS undoubtedly also accelerated vaccine development. Scientists already knew about the mechanism of action of the S protein in SARS-2 and the utility of making it a vaccine target, and animal models based on earlier work with SARS-1 and MERS were valuable in evaluating the physiology of SARS-2 and the mechanism of action of candidate SARS-2 vaccines. By February 2021, a year into the pandemic, 256 COVID-19 vaccine candidates had been developed; seventy-four were in clinical trials and sixteen were in phase 3 trials.8 Vaccine manufacturers are also already working on booster shots, which will likely be required eventually, too.

Subsequent monitoring of populations after the vaccines were deployed in countries around the world confirmed the safety and efficacy of the vaccines. Real-world experience was similar, in other words, to the clinical trials. For example, a study conducted in Israel of 596,618 vaccinated people and an identical number of otherwise similar unvaccinated subjects found that the Pfizer vaccine was 92 percent effective in preventing serious illness.9

Still, while many of the vaccines were astoundingly good, they were not perfect. There were occasional breakthrough infections among the vaccinated. In May 2021, the New York Yankees announced that nine members of a group traveling with the team, all of whom had been vaccinated (with the Johnson & Johnson vaccine), tested positive for the virus (three coaches, five staff members, and one player).10 Since the Yankees had reached the sensible level of having at least 85 percent of people vaccinated, which exceeded the herd immunity threshold, constraints on gathering and masking had been relaxed. The outbreak was a surprise. However, all the cases were either asymptomatic or mildly symptomatic.

The Seychelles Islands, despite having one of the world’s highest vaccination rates at the time (60 percent of the population had been vaccinated with the Sinopharm and AstraZeneca vaccines), also experienced an outbreak in May 2021.11 The Chinese vaccines in particular proved less effective in real-world conditions. A lower level of efficacy in a vaccine means that a larger fraction of the population must be immunized to avoid outbreaks (which can occur both among the unvaccinated and the vaccinated).

In the spring of 2021, some fatalities despite vaccination began to be reported in the USA. But they were extremely rare. As of June 7, 2021, the CDC has reported that of the more than 139 million people who were fully vaccinated, only 603 had died of COVID-19 thereafter (and 3,459 had been hospitalized with the infection).12 Of course, this count also reflects a host of other factors, including the overall prevalence of the virus and hence the probability of encountering it, the short time span of observation, the still-reduced level of social interactions in the population, and clinical details related to the decedents.

Some rare complications of the vaccines also began to be noted. For instance, in the spring of 2021, reports appeared regarding a rare clotting problem, fatal in perhaps one out of a million vaccinated people, in the case of the AstraZeneca vaccine.13 But it was unclear if the vaccine truly was the cause of the problem, or whether the rate of this complication was different from the other vaccines. The picture was confusing. In the UK, at a time when ten million doses of the vaccine had been administered, no excess clotting cases had been noted. Moreover, public health assessment of this problem was complicated by the fact that, in this instance, alternative vaccines with even better safely profiles existed. If the AstraZeneca vaccine had been the only extant option, this safety profile would have been seen as tolerable, even excellent. But with other superb vaccines available (such as the mRNA vaccines), many people wondered, “why not switch?” Later, rare problems with the mRNA vaccines also began to emerge, such as possible heart inflammation in young men.14

Experts remained on edge about inadequate uptake of the vaccines. As of late May 2021, according to a Gallup survey, 60 percent of U.S. adults reported that they had been fully vaccinated and 4 percent that they had been partially vaccinated. Of the remainder, 12 percent indicated that they planned to be vaccinated. But 24 percent indicated that they did not plan to be vaccinated.15 There was no single dominant reason among vaccine-reluctant individuals: 23 percent wanted to confirm the vaccine was safe; 20 percent believed that they would not get seriously ill from the virus (in some cases, these might be young people or the socially isolated); 16 percent worried about the speed with which the vaccine was developed; 16 percent did not trust vaccines in general; 10 percent said they had allergies; and 10 percent said they had already had COVID-19 and were thus immune (though, in reality, they would still benefit from vaccination).

Other considerations were also apparent. For some, inconvenience was an issue, and offering vaccines at work or church was enough to get them motivated. Some people had baseless fears that the vaccine might contain a nanoscale metal tracking device. Others were worried about the manufacturing process (and there were indeed reports of errors, including an episode of contamination with the Johnson & Johnson vaccine that required closure of one plant).16 Some religious groups also objected to certain vaccines that depended, in part, on long-standing fetal cell lines for their development.

Of the 24 percent of people in the vaccine-hesitant group, 78 percent said they were unlikely to reconsider their plans. But of those willing to reconsider, 19 percent said they were somewhat likely to change their mind and get vaccinated (which is equivalent to 5 percent of all U.S. adults). Overall, these data suggest that the ceiling on vaccination might be 81 percent of U.S. adults (76 percent who are already vaccinated or planned to be, plus these 5 percent). For currently circulating strains of the virus (some variants have an R0 of 4.0, with a resulting herd immunity threshold, based on the standard formula discussed in Chapter 3, of up to 75 percent) and for current levels of efficacy of the vaccines, this level of uptake will surpass that needed to control the epidemic. So that is good news. But only my home state of Vermont had reached this threshold by June 2021. And, to be clear, the virus will still be circulating and will continue to kill people, even after such thresholds are reached.

In May 2021, half of U.S. adults (53 percent) said they were worried about their fellow citizens choosing not to get vaccinated, and this was the public’s greatest worry with respect to the epidemic. That month, the Biden administration announced enhancements to its plans to achieve the goal of having at least 70 percent of adults vaccinated by July 4, 2021. Various state governments rolled out incentives, including free transportation to vaccine centers, free hunting and fishing licenses, or free lottery tickets. Washington state offered marijuana, as part of their “joints for jabs” program.17

Not to be outdone, the federal government partnered with various dating apps, including Tinder, Hinge, Match, OkCupid, BLK, Chispa, Plenty of Fish, Bumble, and Badoo, so that people who got vaccinated had better dating opportunities, including boosts and “super swipes.”18 Anheuser-Busch released a statement offering Americans free beer (or other beverages) if the nation met Biden’s goal. “At Anheuser-Busch, we are committed to supporting the safe and strong recovery of our nation and being able to be together again at the places and with the people we have missed so much. This commitment includes encouraging Americans to get vaccinated, and we are excited to buy Americans 21+ a round of beer when we reach the White House goal,” said Michel Doukeris, the CEO.19 With 64 percent already vaccinated at the time, according to the Gallup survey, reaching 70 percent seemed possible.

Some of the vaccine hesitancy related to demographic attributes. Early on, minority groups were reluctant to get the vaccine, as were those with less education. But later, hesitancy was concentrated in white evangelicals and Republicans (a poll in late March 2021 found that almost 30 percent of the latter two groups would “definitely not” get the jab). The Biden administration made a big push to reach all these groups, in diverse ways.20 A group of Republican doctors and health-care workers in Congress released a public service message regarding the benefits of vaccination, motivated by a desire to push against the politicization of vaccination.21

Another factor working to drive adoption was making vaccination a condition of employment. Yale University, where I work, recently announced that all students, faculty, and staff had to be vaccinated in order to return to campus in the summer of 2021. In June 2021, the Equal Employment Opportunity Commission, the federal agency that enforces work discrimination laws, released a statement confirming that employers can, indeed, require vaccination.22 The CDC indicated that “for some healthcare workers or essential employees, a state or local government or employer, for example, may require or mandate that workers be vaccinated as a matter of state or other law.”23

A nationally representative survey of health-care workers released in March 2021 found that 27.5 percent did not plan to receive the vaccine or had not yet decided.24 But vaccine hesitancy in health-care workers seemed to drop through the spring. In June 2021, Houston Methodist announced that virtually all of its 24,947 employees had been fully vaccinated. However, 285 employees received a medical or religious exemption, and 332 employees were granted deferrals for pregnancy or other reasons. But the hospital system said it was suspending 178 workers who had otherwise refused. “I know that today may be difficult for some who are sad about losing a colleague who’s decided to not get vaccinated,” the hospital CEO, Marc Boom, wrote. “We only wish them well and thank them for their past service to our community, and we must respect the decision they made.”25 Dozens of medical workers gathered outside Houston Methodist Baytown Hospital to protest the policy. “Vaxx is Venom,” read one of the signs. “Don’t Lose Sight of Our Rights,” read another.

Cost has not been a factor restricting vaccine uptake. The vaccines are free and widely available, and the government acts to distribute them. This removal of the vaccine from the market may ultimately shift public sentiment regarding health care more generally. If COVID-19 vaccines are free, even to the uninsured and undoctored, why shouldn’t all vaccines be that way? And if all vaccines are free, why not other medicines? Of course, there is something special about infectious disease, since one person’s illness can affect others, which is the classic justification for government intervention. But many noncommunicable diseases (like mental illness and various neurological diseases) also have this feature, albeit less directly.

Finally, the USA has a moral, economic, and epidemiological rationale to help vaccinate the entire world for free. Given our wealth, leadership, values, and scientific sophistication, many people (myself included) feel that we have a duty to vaccinate poor countries. Keeping vaccines within national borders, in a kind of “vaccine nationalism,” makes little geopolitical sense, either. The International Monetary Fund estimates it would cost fifty billion dollars to get 70 percent of the world population vaccinated by April 2022, but the benefits to economic output just through 2025 would be about nine trillion dollars.26 This is an astonishing return on investment. Moreover, countless lives would be saved in the process. The USA, especially in partnership with other rich nations, could easily afford this, and the returns in terms of national prestige would be enormous. We also have economic self-interest; insofar as we need trading partners and intact supply chains, it helps us when we reduce the burden of COVID-19 elsewhere. Finally, we have an epidemiological rationale: the longer we allow the virus to spread unchecked in large or small pockets elsewhere on the globe, the greater the likelihood that new, concerning mutant variants of the virus will emerge, and those variants will, inevitably, spread to our shores. It helps us to help others.

Over the long run, pathogens theoretically tend to evolve to be less deadly to their hosts (killing a host quickly does not generally serve a pathogen’s Darwinian interest, as we saw in Chapter 8).27 But over the short run, a virus can do any damned thing it wants.

In the spring of 2021, globally, the pandemic was still increasing. And all around the world, the virus was constantly mutating. Usually, the mutations were of no consequence. But once in a while, mutations arose that affected the behavior of the virus, and that had implications for us. These mutations were often given names according to where they were first noted (which was not necessarily where they first arose): UK, South Africa, Brazil, India. Eventually, an alternative naming convention was proposed, using letters of the Greek alphabet.

These worrisome mutants, called “variants of concern,” were often both more transmissible (with an R0 of 4.0 or even higher) and more deadly (with a mortality rate perhaps 30 percent higher than the original Wuhan strain) or both. On January 21, 2021, British authorities confirmed that the B.1.1.7 variant (also known as the UK or alpha variant) had both of these worrisome properties.28 Other important variants were discovered in the succeeding months, and by June 2021, everyone was talking about the India (or delta) variant.

It’s also true that less transmissible and less deadly strains of the virus appeared. But without a broad system to collect data about genotypic variants coupled with phenotypic outcomes in humans, we tended to discover the ones that were worse for us, because they came to our attention when people were hospitalized or died and doctors checked what killed them. Who bothers to check the genetics of a variant that does not even give a patient any symptoms?

It is not possible to put an upper bound on how transmissible or deadly SARS-2 can be, so the R0 and IFR could still potentially go up. It is hard to be sure. On the one hand, the virus has already had plenty of time and plenty of locations around the world to explore the so-called Darwinian “fitness landscape” to find a high spot from which it might maximally harm us, so perhaps we have already seen the worst that it can do, mutation-wise. On the other hand, we know of other deadlier forms of coronaviruses, and perhaps SARS-2 might retain its high transmissibility but acquire the lethality of SARS-1 or MERS. This would be extraordinarily unlucky and bad.

Another serious concern is that the virus might mutate to be able to wholly evade our current vaccines. There was no evidence for that in the summer of 2021. In fact, quite the contrary. Many studies confirmed that the mRNA vaccines, and also the adenovirus vaccines, worked against the new variants.29 While their effectiveness was reduced somewhat, the vaccines still remained effective against serious illness (or death) in the great majority of people. In our good fortune, the vaccines induce a kind of super-immunity, better even than natural infection. This is quite atypical for vaccines.30 Usually, natural infection is more protective against future infection (if the patient survives) in part because the person develops an immune response to multiple proteins in the natural pathogen instead of just to the contents of the vaccine. In the case of the COVID-19 vaccines, even some reduction in efficacy still did not nullify the benefits of vaccination.

What does it mean to say that the virus is “exploring the fitness landscape”? The virus faces intense natural selection as its environment changes—for instance as we acquire immunity (either naturally or via vaccination) or as we change our behavior (by wearing masks and so on). In response to these changes in its environment, the virus can gain properties that allow it to survive, such as evading our immunity (e.g., by discovering ways to reduce the responsiveness of infected cells to circulating human interferon) or by becoming more easily transmissible. (e.g., by more readily binding to cells in our respiratory system). Variant strains appeared that independently evolved similar strategies to ensure their persistence.31 If a virus can find a helpful mutation, it often stumbles on such a mutation more than once. That is, sometimes, the same beneficial (from the virus’s point of view) mutation can emerge repeatedly, via a process known as “convergent evolution.”32 But this also means that, after nearly two years of circulation in our species, the virus may be running out of available mutations of this kind—including not yet finding any that completely evade the vaccines.

If we want to enhance our chances of limiting the ability of the virus to evade our vaccines, we must vaccinate as many people as possible as rapidly as possible. The reason is that incomplete vaccination would impose selection pressures on the virus: those strains that can evade the vaccine are given circumstances and a time window in which their emergence, by chance, advantage them. Finally, in addition to rapid and complete worldwide vaccination, we need to integrate genomic surveillance for variants with clinical data to know whether new bad strains are indeed emerging. This would allow for more rapid booster shot development as well. Ideally, this too would be a global effort.

The vaccines on their own will not be enough to immediately extinguish a pandemic as pernicious as COVID-19. A raging epidemic cannot be stopped through just one intervention, because, as we have seen, even vaccines are imperfect. A many-pronged approach to COVID control will continue to be required, at least for a while.

To understand the necessity of such a multifaceted response to the epidemic—at individual, workplace, and national levels—it’s helpful to think in terms of layers of defense, with each layer providing a barrier that is not fully impervious, such as a stack of pieces of Swiss cheese, each of which has holes.33 The “Swiss cheese model” is a classic conceptualization of how to cope with hazards that involve a combination of human, technological, and natural elements.34 The model was introduced by psychologist James Reason more than three decades ago to discuss failures in complex systems such as in nuclear power, commercial aviation, and medical care. As Reason argued, “In an ideal world each defensive layer would be intact. In reality, however, they are more like slices of Swiss cheese, having many holes.…The presence of holes in any one ‘slice’ does not normally cause a bad outcome. Usually, this can happen only when the holes in many layers…line up.…”35

This is a valuable way to think about COVID-19 response, too. As we saw in Chapter 3, the main tools we have to respond to a deadly epidemic are known as non-pharmaceutical interventions (NPI). Each layer of defense—masks, testing, physical distancing, gathering bans, contact tracing, school closures, business closures, and so on—can reduce the impact of the virus. We can intuit that, after stacking two slices of Swiss cheese, it might still be possible to look through the two pieces—through a lined-up hole that just happened to occur across the two slices. But after stacking four slices, say, the random holes would no longer overlap. Each layer may not be perfect and the virus can penetrate it. But the more layers we have, the less likely are there to be the gaps in our overall defense.

Of course, some layers—such as a good vaccine—are more effective than others. These are the Swiss cheese slices with fewer or smaller holes. But this is the reason that, even after a vaccine is widely available, other interventions might still occasionally be needed in certain circumstances.

As the COVID-19 pandemic unfolded and people responded, scientists treated the panoply of approaches adopted in different regions of the world as a huge natural experiment. One analysis of eleven European countries found that even lockdowns, which are highly effective, were not perfect; they reduced SARS-CoV-2 transmission by 81 percent.36 Another analysis of forty-one countries found that closing schools, limiting gatherings to ten people or less, and closing face-to-face business had meaningful impacts on the case counts and death rates for the virus.37 A study that evaluated both the imposition, and (ingeniously) the lifting, of a great range of interventions in 131 countries reached similar conclusions about the benefits of various NPI (for instance, it found that restrictions on internal movements within a country were helpful).38

Scientists also evaluated individual interventions. A study of the beneficial impact of a national COVID-19 app, deployed in the United Kingdom by the NHS, found that it was adopted by 16.5 million users (about 28 percent of the population), and it prevented at least three hundred thousand cases of COVID-19 and thus thousands of deaths.39 Other studies confirmed that masks were effective.40 By the end of 2020, evidence mounted that the risk of fomite transmission was very low, and that cleaning surfaces (let alone our groceries or packages when we brought them indoors) was not helpful (hence, toothpicks did not come to our elevators, as I had feared when the pandemic first started).41 Of course, it took a while for scientists to make this determination, and many laboratory and epidemiological studies were published hashing this out. One study concluded that the risk of contracting SARS-2 from touching a contaminated surface was less than five in ten thousand.42 This is how science works.

Another important observation about the NPI is that a patchwork response can be worse than a consistent response or even than no response. Consider the example of potentially differing rules regarding the closure of places of worship or salons in adjoining states (or other geographic areas). If churches in Michigan are closed but those in Indiana are not, this may result in more people moving across state lines to go to church, thus increasing social mixing and the spread of the virus. Either both states should have the same rules, or neither should close its churches. Both alternatives would be better from a pandemic-control point of view. Similarly, curfews can be complicated, especially if adjoining districts have different rules, but even if not. That is, curfews might have the paradoxical effect of concentrating people into spaces over shorter windows of time, thus increasing social density and viral transmission.

It will be years before scientists fully understand how the NPI worked, on their own and together with one another and the vaccine, to mitigate the impact of the virus.

In order to stop the spread of SARS-CoV-2 and deflect the course of the COVID-19 epidemic, we just needed enough layers of defense. But, in any given setting, the particular interventions chosen were less important than the fact that several had to be implemented. No matter the specific combination of non-pharmaceutical interventions, so long as a certain threshold is achieved, an epidemic can be controlled. Usually, a combination of contact-reduction interventions and transmission-reduction interventions is ideal. But a person, family, business, or nation must implement at least some interventions, and they must do more than one or two.

This perspective helps to explain some dramatic events and perplexing variations observed during the pandemic. Consider the COVID-19 super-spreading event involving President Trump and more than a dozen others (including Governor Chris Christie, Hope Hicks, various members of the president’s family, and three U.S. senators) that started at the White House in early October 2020, and the (possibly distinct) event involving White House Chief of Staff Mark Meadows and at least four other staffers that emerged in early November 2020. This was embarrassing. It was also deeply irresponsible given the national security implications of a raging outbreak in the White House.

Why did the White House COVID-19 response fail within its own walls? The problem is that it relied almost exclusively on a single prevention strategy: testing. But in order to prevent outbreaks, the CDC had recommended that workplaces implement several procedures, including: maintaining physical distancing, encouraging sick employees to stay away from work, and providing face masks if employees are not already using one.43

The Swiss cheese model also helps explain why countries, cities, or businesses could implement different approaches and yet achieve similar outcomes in terms of pandemic control. One country could implement border closure and testing, another masking and internal travel restrictions, still another school closure and gathering bans, and so on. The key is that a combination of measures be adopted.

COVID-19 can disable and not just kill people. Perhaps five times as many people who die will have some form of long-term disability. That is, even if they survive, many patients, probably more than 5 percent, will have long-term consequences from their illness, ranging from neurological and psychiatric disorders to pulmonary fibrosis to circulatory, renal, or pancreatic problems.44 In the USA, this could be perhaps five million people.

And people who were not personally infected by SARS-2 could also suffer health consequences indirectly. Many people gained weight as a result of being at home for a year. Others got “COVID toes” without even being infected; it turns out that the prolonged period of being shoeless and sedentary at home may have been a risk for a similar condition, known as chilblains.45 Others endured mental health problems related to isolation. Though children were at increased risk of maltreatment in their own homes, and people of all ages reported mental health challenges, the feared increase in youth suicide did not materialize, at least in the first months of the pandemic.46 Yet others were the victims of domestic violence; an analysis of 911 calls regarding domestic violence in fourteen large metropolitan areas (including Baltimore, Cincinnati, Salt Lake City, and Los Angeles) concluded that such calls increased 7.5 percent during the period from March to May 2020.47 More time is needed to sort through all the health and mortality consequences of the pandemic.

Still other people were harmed by violent crime more generally. After an initial decline in the overall crime rate in the early months of the pandemic when people were at home, crime rates subsequently rose—in keeping with the observation made in Chapter 5 that violence often rises during times of plague. Over the course of 2020, major American cities experienced a 33 percent increase in homicides, and, in the first three months of 2021, shootings were up 50 percent compared to the prior year. Again, it is too early to sort out the factors that account for this; for instance, homicides were already increasing before the pandemic.48

The pandemic highlighted for many patients the importance of their own individual agency in their health care, motivating many to take better care of their health even outside of the COVID-19 risk, such as managing their diabetes or hypertension better. One study found that 46 percent of consumers used telehealth services during the early months of 2020, up from just 11 percent in 2019.49 Of course, this occurred against a backdrop of a precipitous decline in health screenings for cancer and other diseases, suggesting that a boom in such conditions will eventually be felt. This will be another indirect adverse health consequence of the pandemic. During the intermediate period, we will be playing catch-up, caring for all these people with health problems arising directly or indirectly from COVID-19.

The social isolation of the NPIs also had implications for the transmission of other respiratory viruses. Initially, during the 2020–2021 winter flu season, there was a precipitous drop in respiratory diseases in the USA (other than COVID-19), since people were isolating and wearing masks in a way that was not typical.50 The precautions we took against COVID-19 were even more effective against influenza, since seasonal influenza is less able to spread between people (its R0 is intrinsically much lower). The CDC reported that there were just six hundred deaths from influenza in the whole USA during this season, in contrast to twenty-two thousand in the prior year and thirty-four thousand the year before that! Doctors had never seen anything like this. Only one single child died of influenza during the winter of 2020, whereas the typical number of pediatric deaths ranges from 150–200.51

But there will be rebound spikes in the future. Disruptions to the usual seasonal transmission patterns of various respiratory diseases will affect the timing and severity of future outbreaks of those diseases. Susceptible individuals will pile up, awaiting exposure in the future, resulting in larger outbreaks. These outbreaks will also occur while COVID-19 is still circulating, leading to confusion as to what is the etiology of respiratory complaints seen in large numbers of people—a fact that further supports the ongoing maintenance of broad testing regimes for COVID-19 in the USA. Moreover, people will get sick in coming years with things they blame on COVID-19 that are not COVID-19. This may affect vaccine hesitancy, since many such cases will be wrongly labeled vaccine failures. Ongoing testing will be necessary for this reason as well.

Consider an endemic infection that circulates in the USA: respiratory syncytial virus (RSV). Using testing data from 2020, it appears that RSV transmission declined by at least 20 percent because of the NPI implemented during the first year of the COVID-19 pandemic. Substantial outbreaks of RSV are likely to occur in future years, probably peaking in the winter of 2021–2022, depending on whether NPI are still being implemented then. But even if the peak does not occur then, there will eventually be a surge. The longer NPIs are in place in order to cope with COVID-19, the larger the future outbreaks are likely to be.52 Evidence for a spike in RSV cases already emerged in Australia in September 2020.53 The rise in cases and the increase in the typical age were consistent with the expansion of the cohort of RSV-naïve patients and with waning population immunity.

The origin of SARS-2 will continue to occupy the attention of scientists and politicians worldwide for quite some time. By April 2020, reports emerged that the White House had, in fact, been briefed by the intelligence agencies about a coronavirus crisis as early as November of 2019 (although the Pentagon has denied this), and alarms about the possible brewing epidemic were included in the President’s Daily Brief in early January 2020. As one former intelligence official put it, “It’s not surprising to me that the intelligence community detected the outbreak; what is surprising and disappointing is that the White House ignored the clear warning signs, failed to follow established pandemic response protocols, and were slow to put in place a government-wide effort to respond to this crisis.”54

As of June 2021, the earliest known case of SARS-2 so far reported in the scientific literature is December 1, 2019.55 Some newspaper reports place cases in China as early as November 17, 2019, with hints that the virus has been circulating for up to a month at that time.56 Analysis by my lab suggests an even earlier date. Subsequent to the publication of our paper that used phone data from January 2020 to track human mobility through Wuhan and the spread of the virus throughout China through the end of February (discussed in Chapter 1), it occurred to us that we could use the data to work backward, and not just forward.57 Since we knew the timing of people leaving Wuhan for the 296 prefectures in China, and the subsequent pace of the epidemic in each of those provinces, it was possible to estimate the earliest likely date that the first infected person left Wuhan. We call this patient “zero prime” (0’). Our estimated date for the earliest such person is November 1, 2019; the range is October 20 to November 13, 2019. In other words, by November 1, 2019, at least one carrier of the virus had very likely already left Wuhan and gone to some other part of China. The virus had begun its planetary spread.

Using other known attributes of SARS-2 transmission (such as the range of intervals between cases), it was possible to reason further backward and conclude that the earliest date for patient zero—namely the first human to be infected by the virus, from whatever source—was as early as October 2 (and as late as November 13, 2019). To be clear, this individual need not have been a resident of Wuhan; they could have become infected elsewhere and traveled to Wuhan. These dates, computed primarily on the basis of human mobility data, correspond to dates produced by an approach relying on a molecular clock (which reasons backward from the pace of viral mutation). That approach suggests that the first human case of COVID-19 occurred between October 5 and mid-November.58

While insight into the likely timing of the pandemic origins is growing, the source of the virus in the first human case is still unclear. Most likely, like SARS-1, it originated in animals and spread to humans by a zoonotic leap. But an animal reservoir for a similar virus has still not been found as of the summer of 2021. Some experts have suspected fur farms not far from Wuhan as a possible source, but we do not yet have any evidence. There is also the curious fact that the closest relatives of the virus yet identified (the RaTG13 and RmN02 viruses, collected in Yunnan Province in China, one thousand miles from Wuhan, in 2013 and 2019, respectively), are not obvious precursors to SARS-CoV-2, so we have not yet identified the recent evolutionary path followed by the virus. The alternative hypothesis is that the virus (perhaps one that had been collected for study) leaked from a lab in Wuhan. This is conceivable, and the Chinese have not released any evidence allowing the refutation of this possibility. It’s likely that American intelligence agencies know more about this. But public information available as of the summer of 2021 makes it impossible to confirm or reject either scenario.

Understanding the origin of SARS-2 is important because it has implications for how we prepare for the next pandemic.59 If we can confirm that the virus spread naturally from bats to humans, perhaps via an intermediate host, we can focus our attention on regulating or restricting such contact. But if the virus escaped from a lab, our focus should be on regulating and managing the facilities where such research is done, to prevent a pandemic from ever again starting in this manner.

But the exploration of the origins of this particular pandemic will be complicated by geopolitical concerns and will have geopolitical implications. Suppose it were to eventually emerge that a leak from a Chinese lab was the cause. If so, coupled with the fact that China would have covered this up, this could reshape Chinese standing in the world. On the other hand, there was an anthrax outbreak in the Soviet Union in 1979 that originated in a lab leak that was covered up; and yet when this episode was eventually revealed, it had relatively few implications for the standing of Russia—although perhaps this relates to the fact that this outbreak did not become a deadly pandemic.60

There are presently calls for the establishment of a national COVID-19 commission.61 By the time any such commission releases its report, probably in 2023, the pandemic and its impact will be sufficiently recent in people’s minds that Americans, and our leaders, may be powerfully motivated to act on its recommendations and prepare better for the next pandemic. Will we in fact be in a better position the next time? A lot depends on how long it is before the next pandemic strikes as well as exactly how deadly the pathogen is. If it occurs within thirty years, and so is in our living memory, I feel certain we will be better prepared. But if it takes longer, we will likely forget.

Many experts have proposed the establishment of an international consortium to monitor outbreaks worldwide, with rapid and transparent reporting.62 The hope is that this would allow us to nip pandemics in the bud. To be clear, even if were to establish programs to monitor the emergence of new infections, some pathogens are intrinsically so infectious (or have other properties) that we still might never be able to detect them in time to make a difference.63 Early warning would probably help stop only certain sorts of pathogens from spreading widely, but in this new era of mRNA vaccines, early warning would allow us to accelerate the development of an effective vaccine, and that would be valuable. With adequate warning and preparation, in the future, vaccine development could probably be shortened to six months or less (depending on the nature of the clinical trials that would need to be conducted).

But the real challenge may not be achieving excellent outbreak surveillance in countries around the world. Rather, nations face a number of economic and political incentives to conceal outbreaks (or to avoid even detecting them). If a state announces an outbreak within its borders, other nations may cease trade and travel. Hence, building surveillance capacity may not be enough. We must develop policies that lower the costs on nations that are open about outbreaks within their borders (such as legal protections for non-state actors that report outbreaks or financial compensation for states that do report them).64 And there could be complicated issues of intellectual property (who owns the valuable genetic information or other details that are publicized?) and equity (why should poor countries do surveillance for rich countries?).65 It would hardly be fair, or sustainable, to monitor outbreaks in some countries and use that information only for the benefit of wealthy countries. Finally, we would have to cope with the problem not only of missed outbreaks but also of false alarms.

The COVID-19 pandemic, insofar as it highlights the need for the foregoing sorts of international cooperation, has provided another example of the kinds of serious global threats (from nuclear disarmament to climate change) that are, alas, so difficult to confront. As we saw in Chapter 8, there is a practical connection between climate change and pandemics, since climate change may be accelerating the pace of new pandemics by bringing people into greater contact with wild animals. But there is also a conceptual connection between these two global catastrophes. Many of the challenges of addressing pandemics—the requisite international cooperation, the cross-border costs imposed by one nation on others, the necessity of relying on scientific expertise, and the complex political factors—are all present with respect to climate change as well. In some ways, the COVID-19 pandemic has thus presented the world with a dry run not only of future pandemics but also of the way in which we must confront other looming global problems.

People now have acquired a personal familiarity with the ancient threat of plagues. And they can see clearly that pandemics call for great wisdom—both in our leaders and in ourselves.
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