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to all those who have lost loved ones in this pandemic






AUTHOR’S NOTE

About methods: Unlike other books I have written, and for reasons you will understand, this one was researched without benefit of traveling to remote places and witnessing arduous fieldwork; without walking through jungles in the footsteps of doughty biologists, visiting laboratories, climbing up cliffs and across rooftops and through caves; without watching researchers stalk gorillas with tranquilizer guns or draw blood from bats. The frisson here, if any, comes in other forms. I avoided airports for more than two years after COVID-19 exploded, and I got through the year 2020 on one tank of gas. The scientific literature has been invaluable to me. My journals from previous travels helped a bit. I am also very, very appreciative of Zoom.

About quotations: All spoken quotes demarcated by quote marks are verbatim, as selected from transcribed recordings or notes taken in the moment, without cosmetic correction for grammar or improvement for flow. Whether communicating in their first language or their fourth, people don’t speak in grammatically perfect sentences and paragraphs, and my goal has been to represent real speech by real people. That I have preserved the occasional grammatical glitch should be taken as testament to my respect for the people speaking and my desire to hear them, and have you hear them, closely. I have sparingly removed tics such as “um” and “you know” and “like,” but not often, and not more than that. Spoken words are data, in nonfiction, and I share scientists’ respect for the sanctity of data.

About names: Chinese convention puts the surname first, the given name second, as in Yuen Kwok-Yung or Zhang Yong-Zhen. But when Chinese scientists publish in English-language journals, the Western convention is generally observed: given name first, then surname. For simplicity, because I’m writing mainly about scientists and want the authors of published work to be recognized for it, I follow here the second convention.

About honorifics: Nearly everyone quoted or cited in this book has earned the title doctor, professor, or both. I have omitted all those titles in favor of respectful informality.
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To some people it wasn’t surprising, the advent of this pandemic, merely shocking in the way a grim inevitability can shock. Those unsurprised people were infectious disease scientists. They had for decades seen such an event coming, like a small, dark dot on the horizon of western Nebraska, rumbling toward us at indeterminable speed and with indeterminable force, like a runaway chicken truck or an eighteen-wheeler loaded with rolled steel. The agent of the next catastrophe, they knew, would almost certainly be a virus. Not a bacterium as with bubonic plague, not some brain-eating fungus, not an elaborate protozoan of the sort that cause malaria. No, a virus—and, more specifically, it would be a “novel” virus, meaning not new to the world but newly recognized as infecting humans.

But if new to humans, from where would a “novel” virus emanate? Good question. Everything comes from somewhere, and new viruses in humans come from wild animals, sometimes by way of a domestic animal as intermediary. This sort of transfer, from nonhuman host to human, is known as spillover. Such viruses, including Marburg and rabies and Lassa and monkeypox, cause afflictions that are termed zoonoses—or zoonotic diseases. Most human infectious diseases are zoonotic, caused by animal-origin pathogens that reach us repeatedly (Nipah virus, spilling over from fruit bats in Bangladesh) or have reached us in the past (HIV-1 group M, the pandemic AIDS subtype, spilling over from a chimpanzee, once). Some are old to us (the plague bacterium, yellow fever virus) and hatefully familiar; some are as startlingly new and ferocious (Ebola virus) as a predatory alien in a movie.

A novel virus can be devastating if we have no vaccines to deflect it, no drugs to fight it, no history of past exposures to anything similar that might give us acquired immunity. A novel virus, if luck is good for the virus and bad for us, can go through the human population like a high-caliber bullet through marbled sirloin.

These scientists, the ones schooled in infectious diseases and savvy to zoonoses, further foresaw that it would likely be a particular kind of virus causing the next pandemic—a virus with a certain kind of genome, allowing for speedy evolution, a capacity to change and adapt fast. That genome would be written in RNA, not DNA. That is, a single-strand informational molecule, rather frangible, not DNA’s double helix. Never mind for now just what RNA is, how it works, or why a single-stranded RNA genome can be especially changeable and adaptive. Suffice to say that such speedy adapters include the influenzas and the coronaviruses, two groups of viruses with histories of bringing mayhem to humans. In the years before 2019, the word “coronavirus” was unfamiliar to most people, but it already carried an ominous timbre to infectious disease scientists.

One among those scientists is Yize (Henry) Li, a China-born virologist and immunologist, now an assistant professor at Arizona State University in Tempe. Yize Li is a round-faced young man who wears stylish rectangular glasses and a splash of black bangs hanging over his forehead. He did his doctorate at the Institut Pasteur in Shanghai, under the mentorship of a French professor, and took the name Henry for convenience in the French- and English-speaking milieus he has inhabited since. He came to the United States in 2013, for a postdoctoral fellowship with Susan R. Weiss, a veteran virologist at the University of Pennsylvania’s Perelman School of Medicine. Weiss is an authority on the coronaviruses, including SARS-CoV, the virus that caused the terrifying but abbreviated 2003 international outbreak of SARS (severe acute respiratory syndrome), infecting about eight thousand people and killing one in ten. Her lab also studies the MERS (Middle East respiratory syndrome) coronavirus, first recognized as a human pathogen in 2012, when a flurry of cases emerged on the Arabian Peninsula; MERS carries a fatality rate considerably higher than SARS, about 35 percent among confirmed cases. Li himself worked with Weiss both on the MERS virus and on a less dramatic coronavirus, one that causes hepatitis in mice.

He was there in Philadelphia during the latter days of December 2019 when he noticed an item on a Chinese news website, DiYiCaiJing, based in Shanghai. The item described an advisory note, supposedly confidential, that had recently circulated to staff at one Wuhan hospital and probably more than one. This advisory was said to come from the Wuhan Municipal Health Commission. The website’s reporter had somehow gotten hold of it and, contacting the commission, confirmed that it was from them. The note warned of an outbreak of an “unknown pathogen” that was bringing pneumonia cases to several hospitals in the city. Li promptly did what people do with interesting tidbits: he put the item on social media.

WeChat is an all-purpose Chinese app that combines the functions of Facebook, Instagram, WhatsApp, and Zoom. It has over a billion active users, including Henry Li and many other graduates and students of the Institut Pasteur in Shanghai. He relied on it to communicate with friends back in China. When he raised the Wuhan topic on WeChat, some of his contacts said, Yes, that’s a rumor; some said, Yes, it’s true. Then one of them threw down a trump card, posting an actual sequencing report that contained fragments of the genomes of multiple microbes, including bacteria and viruses, from several clinical samples. The samples—a throat swab here, a nose swab there, who knows—had been processed, RNA extracted, that RNA converted to DNA (for stability), then the DNA run through a sequencing machine in someone’s lab. The samples were “dirty,” as such samples commonly are, bearing smears and smudges of various genomes reflecting the microbial diversity present on human mucosal surfaces. But amid that distracting diversity, in at least one of these samples, was a patch of relevant data. This fragment was a linear sequence of roughly a thousand letters, a fraction of a genome but enough to be telling. It was contraband data. To you or to me such a sequence would have been just babble—attaaaggtttatacc for a thousand letters—but to scientists like Henry Li or Susan Weiss it spoke with chilling clarity. “I was amazed,” Li told me later, to see that it was “very, very similar to a SARS coronavirus.”

Weiss was on sabbatical in La Jolla, California, at that point, speaking with Li and other members of her lab in weekly Zoom meetings. During one of those calls in late December, to the best of her memory, Li mentioned that “something was really up” in Wuhan, China. “He probably told me,” Weiss recollected, when I spoke with her more than a year later, “ ‘Hey, there’s this coronavirus circulating.’ ” But the term itself, “coronavirus,” was not yet circulating in December 2019—not, at least, beyond such select networks of viral savvy.

Weiss returned to Philadelphia on January 2 and her crew promptly began ordering more N95 masks, the same kind they had been using in their study of the MERS virus (properly known as MERS-CoV). Other items of personal protective equipment (PPE), such as gloves and gowns, were already on backorder. Eventually they would add powered air purifying respirators (PAPRs), like space helmets without the suits. They were gearing up. She and her young colleagues had decided by then that they should work on this new coronavirus, and they knew they would need protection.
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Marjorie Pollack is a highly sensitive alarm bell within one of the leading international alert networks on infectious disease. Stated otherwise: she is deputy editor of ProMED-mail.

ProMED (as it’s commonly known) is an email service with roughly eighty thousand subscribers, devoted to detecting, gathering, and disseminating reliable information about disease events happening moment to moment anywhere in the world. It began in 1994, with a subscribership of forty, and is now run by the International Society for Infectious Diseases, a body of scientists and health care professionals. It’s free. It’s independent and apolitical. It’s relentless, encyclopedic, and sometimes arcane. If you subscribe to ProMED, you might wake up to three or four of its emails on a given morning, one informing you of lumpy skin disease (a viral affliction) among Laotian water buffalo, another reporting shigellosis (bacterial diarrhea) among children who visited a safari park in Kansas, the third updating you on the latest Ebola outbreak in the Democratic Republic of the Congo. Pollack has been part of this operation since 1997.

She is a born-and-raised New Yorker, a graduate of NYU in that edgy time just after the 1960s ended at Altamont Speedway and Kent State. Her demeanor is mild until it is steely. Trained as a physician, now with forty-five years’ experience in medical epidemiology, she does her ProMED work with the skeptical acuity of an old-school newspaper editor in Chicago—“If your mother says she loves you, get a second source.” To call Pollack an alarm bell, as I just did, is a little unfair because she channels her reports without undue noise or fanfare. She’s more like a light on the dashboard that you may ignore until it glows red, strongly suggesting that you pay attention and, maybe, start to worry. But her job was to spread information, not worry.

On the evening of December 30, 2019, a Monday, after dinner with her husband at their weekend home on Long Island, Pollack went back to her computer, as she routinely does, to check email. She found a message from a colleague in Taiwan, alerting her to a statement from the Wuhan Municipal Health Commission, picked up on social media from that mainland city. The statement—probably the same advisory note about which Henry Li had read on DiYiCaiJing—mentioned some cases of unexplained pneumonia. “The email I got from this colleague,” Pollack told me, “was basically, ‘Do we know anything about this?’ ” No they didn’t, not yet, but she was fervently curious, so she spent the next two and a half hours online, working her contacts and scraping the web.

“What we did was, we all searched, ‘we’ being the colleague in Taiwan and the colleague’s colleagues,” she said, “searching media for a second source.” One colleague found that second source: a report from Sina Finance, a reputable Chinese-language media service, citing an “urgent notice on the treatment of pneumonia of unknown cause” from Wuhan Municipal Health. And it wasn’t a single case of mysterious pneumonia; it was “patients,” plural. At least one of those patients was linked to what this report called the South China Seafood Market. A reporter had phoned the health commission’s hotline and confirmed that the advisory was real.

What next? “The copy editors go off at about 9:00 p.m. Eastern time and pick up again the next morning,” Pollack told me. ProMED has a tiered editorial system to keep itself judicious and accurate, and Pollack herself had progressed over twenty-plus years through most of those tiers: volunteer web-searcher, moderator for a subject area, liaison editor for the regional networks, associate editor, a rotating top moderator, deputy editor. Above her was the editor, Larry Madoff, a professor at the University of Massachusetts School of Medicine, overseeing this network of critical-minded professionals from Boston. But now it was late Monday evening and Pollack was largely on her own. “We usually will not post stuff later on that hasn’t been copy-edited,” she said, “but we do have the occasional, Urgent, let’s get this out right away.” She communicated with Madoff and the top moderator on duty, alerting them to the situation. She assembled a post under the headline “REQUEST FOR INFORMATION,” to signal the provisionality of what she had. She took a machine translation of the Sina Finance article, with its statement about “pneumonia of unknown cause,” and included the detail that some cases were linked to a market in Wuhan. At 11:59 p.m., after Pollack had submitted the report for posting, the top moderator hit SEND. That message instantly went out to eighty thousand ProMED subscribers, including me.

The next day was New Year’s Eve. Pollack and her husband, as they did by tradition, were spending the holiday season at Water Mill, a little village on Mecox Bay near the east end of Long Island, where they have their getaway house. They rent out the place in summer, to avoid the Hamptons scene, which decidedly isn’t their scene, and use it in winter. Their New Year’s celebration is usually dinner in Water Mill at a favorite restaurant, the Plaza Café, then home to the TV and watching the ball drop in Times Square. But this night wasn’t usual, not even for a New Year’s Eve.

Between the appetizer and the main course, her phone rang. “I get a call, so I go outside.” It was Peter Daszak, president of EcoHealth Alliance, a research and conservation organization with a mission of protecting both wildlife and humans from infectious diseases. Daszak and some of his colleagues were well connected with certain scientists in China, having worked with them in searching for the origin of the SARS virus after 2003, and on other efforts to identify dangerous wildlife viruses and warn of them, during the years since.

Pollack had spoken with Daszak earlier that day, during which call he shared an important bit of news from his sources in China, based on full sequencing of the new virus’s genome, not just a fragment. “That it was SARS-like,” Pollack told me. SARS-like suggested transmissible among humans and potentially quite lethal. That was ominous, and now, as Pollack stood outside in the late December night, Daszak had a discomfiting update. “I’m wearing a sweater, it’s 26 degrees Fahrenheit,” Pollack recollected, “and I’m pacing back and forth ’cause I didn’t get my coat, and I’m talking to Peter, talking to Peter, I don’t know how long I was out there.” Eventually the waiter came to tell her that her main course was on the table. The conversation continued. She wanted more information, she wanted another source. Daszak couldn’t help her on that, not presently. “Peter was basically telling me about how there was a total shutdown of communication with people in China at that point.” After her dinner, eaten cold, she and her husband returned to the house and, in lieu of the show from Times Square, she went back to work. Finding another report in Sina Finance, and with help from another clunky machine translation, she converted it to a post in English. That one began: “Patients with unknown cause of pneumonia in Wuhan have been isolated from multiple hospitals.” Then the part meant to reassure: “Whether or not it is SARS has not yet been clarified, and citizens need not panic.”
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Among those early pneumonia patients was a sixty-five-year-old deliveryman who worked at what Marjorie Pollack’s machine translation, like that earlier report, called the South China Seafood Market. The market’s name, 武汉华南海鲜批发市场, is also rendered in English as Huanan Seafood Wholesale Market, and the place is notorious now as an early focal point from which the virus spread. The words “Seafood Market” are misleading, in whatever order and whatever language, because the products on sale included much more than seafood: poultry, meat from livestock, and various forms of wildlife, some alive, some dead and frozen.

This deliveryman checked into Wuhan’s Central Hospital on December 18, 2019. His condition worsened fast. On December 24, doctors drew fluid from his lungs and sent a sample to a private genome-sequencing company, Vision Medicals, in the city of Guangzhou. The question to Vision Medicals was basic: What nature of bug seethed in this dollop of liquid human distress? By ordinary procedure the company would have sent back results, but instead someone phoned, reaching a doctor named Su Zhao, head of respiratory medicine at the hospital. “They just called us and said it was a new coronavirus,” Zhao told the Beijing-based news service Caixin.

Their concern went beyond the phone call. Several days later, executives from Vision Medicals reportedly came from Guangzhou, six hundred miles south, to discuss the genomic results with hospital people and disease-control officials in Wuhan. By one account—a social media post believed to come from an anonymous Vision Medicals employee—the hospital acknowledged having “many similar patients” and “an intensive and confidential investigation” began. Meanwhile the deliveryman was transferred to another hospital, where he later died.

Soon after the first sequencing, someone at Central Hospital took swab samples from a different patient, this time a forty-one-year-old man with no reported connection to the market. Those samples went to a different outfit, CapitalBio MedLab in Beijing. First results from this company identified the infectious agent as SARS-CoV, the original SARS coronavirus as seen in 2003, with a case fatality rate of 10 percent. That was a false positive for the SARS virus, too precise, too certain, flawed by limits of specificity in the testing tools or by careless technique. It was indeed a SARS-like coronavirus, but not a familiar one. Before the mistake could be corrected, though, that misapprehension flashed like heat lightning across private networks connecting medical professionals at the several hospitals in Wuhan. It reached, among others, Wenliang Li, a young ophthalmologist working there at Central. You’ve heard of him. He became the famously martyred whistleblower who alerted some people to the danger. On December 30, at 5:43 p.m. Wuhan time, Li posted on WeChat to a private group of his medical school classmates: “7 confirmed cases of SARS were reported from Huanan Seafood Market.” Within an hour he had better information and corrected that to say “coronavirus infections” and that “the exact virus strain” was yet to be identified. Warn your loved ones to protect themselves, he wrote to his friends, a brave act that invited sanction by authorities, though he didn’t try to warn the world at large. In fact, he wrote: “Don’t circulate this information outside the group.”

The following day—again, it was New Year’s Eve—the Wuhan Health Commission released a statement on Weibo, another social media platform, acknowledging an outbreak of viral pneumonia that had sent twenty-seven people to Wuhan hospitals but discounting the rumor that they were cases of SARS. “Other severe pneumonia is more likely.”

Further sequencing of patient samples, sent to a different private sequencing company, clarified that this was not the SARS virus, no, but about 80 percent similar in its letter-by-letter genome. Those results came back to the Wuhan Municipal Health Commission, at which point provincial authorities intervened. On January 1, according to Caixin, the health commission of Hubei province instructed the sequencing companies to “stop testing and destroy all samples.” It remains unclear whether that order was meant to contain a dangerous virus or dangerous information.
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The rumors reached Hong Kong, irrespective of any governmental order, at the speed of electricity. Hong Kong is highly attuned to any news from the mainland, but especially bad news.

As a special administrative region (SAR) of the People’s Republic of China, since Britain’s colonial rule ended in 1997, what we call Hong Kong encompasses not just Hong Kong Island but also Kowloon and the New Territories, both on the mainland coast. With activists fighting for democracy, and the oxymoronic ideal of “one country, two systems” slipping away as Beijing tightens its grip, there’s an ambivalent relationship with the mother country. Although much of the New Territories terrain is still green and hilly, preserved as park land, Hong Kong SAR is one of the most densely populated areas on Earth, and it bristles with eminent scientists and hungry journalists as well as with political tensions, billionaires, ethnic diversity, and sheer human numbers. On December 31, the South China Morning Post (SCMP), its leading newspaper, ran a story about Hong Kong health authorities preparing emergency measures—already—against the mysterious pneumonia outbreak in Wuhan, six hundred miles away.

Hong Kong was edgy because Hong Kong remembered its outbreak of avian flu in 1997, a small but terrifying encounter with a virus fatal to one human case in three, and SARS-CoV in 2003, the first killer coronavirus known to science, which emerged in Guangdong on the mainland, got to Hong Kong, and exploded through that city to the world. The new virus hadn’t arrived yet, but medical staff were alerted, according to SCMP, and ready to isolate cases.

The paper also quoted Kwok-Yung Yuen, a veteran microbiologist at the University of Hong Kong. Yuen, informed by his long history of research on dangerous viruses, noted certain similarities between the Wuhan news and the 1997 and 2003 scares: links to food markets, high infection rate.

“But there’s no need to panic,” he told SCMP. Infection surveillance and control had improved since 2003, Yuen said, and so had antiviral medicines.

Information was still scarce. Up in Beijing, at that point, even the director-general of the Chinese Center for Disease Control and Prevention (CCDC), an Oxford-educated virologist named George Fu Gao, had only online reports to guide him. “I heard this on the evening 30th December,” Gao told me. “China is such a big country. If any doctors—if they identified any so-called PUE, pneumonia of unknown etiology, they should report to my institute, the China CDC. But they didn’t. From the very beginning they thought it’s the flu.”

Gao himself is an expert on the influenzas, as well as SARS-CoV, MERS-CoV, chikungunya virus, and other zoonotic viruses. His specialty is the mechanisms by which those viruses bind to and enter human cells. “This virus from the very beginning looks like flu.” It did, he meant, if you were a clinician in a hospital, like the frontline doctors in Wuhan, but not if you were a molecular virologist reading its genome or an electron microscopist gazing at viral particles festooned with spikes. “There are some rumors, I heard some rumors. But I saw the news on the internet media on the 30th.” So even he gave some attention to the disease chatter online. But he couldn’t learn much. Those few days of delay before the CCDC was directly notified, caused by misguided caution among Wuhan city and Hubei provincial officials, were costly.

Gao alerted his bosses at the ministerial level. “And then next day we sent all our expert team to Wuhan. By then we realize, okay, that could be a problem.”

As of January 1, the World Health Organization hadn’t yet been notified either. Outbreak-response professionals at WHO headquarters in Geneva had seen the ProMED posts and other online reports, and they took the initiative, contacting China’s National Health Commission. What’s happening? For two days the WHO got no response. Then came a frustratingly vague update from China: we now have forty-four cases of unspecified pneumonia, not twenty-seven.

January 1 was also the day when Wuhan authorities closed the Huanan market for “sanitation and renovation.” The sanitizing was performed by technicians from a private disinfection company even while government scientists, including George Gao’s team from the China CDC, gathered environmental samples from the market’s runoff drains, stalls, doors, and some frozen animal carcasses left behind by hurriedly vacating merchants. That sampling began early on the morning of closure day and would continue off and on for two months. The range of sampled surfaces and creatures included trash cans, transport carts, animal cages, public toilets, and stray cats. The “renovation” of the market was left to be imagined.

Two days later, another set of samples reached another virologist, Yong-Zhen Zhang, a professor at the Shanghai Public Health Clinical Center, affiliated with Fudan University. These swabs, including one from that forty-one-year-old patient with no known links to the Huanan market, had been packed into a test tube, cradled in dry ice inside a metal box, and sent by train from Wuhan. Zhang and his group worked nonstop for most of two days and nights, extracting the RNA, converting it to DNA, sequencing that in fragments, patching the data together into a complete coronavirus genome sequence. The genome of this virus, which did not yet have a name, ran to about thirty thousand letters. “It took us less than forty hours, so very, very fast,” Zhang said later, during a rare interview, to a reporter for Time. “Then I realized that this virus is closely related to SARS, probably 80 percent. So certainly, it was very dangerous.”

Promptly he called Su Zhao, the head of respiratory medicine at Wuhan Central Hospital, the same man who had received the discomfiting preliminary call from the private sequencing company. Zhang alerted Zhao that he should be concerned and cautious, because this was a SARS-like coronavirus—not SARS-CoV itself, with its one-in-ten case fatality rate, but a new virus of the same group, and more dangerous than influenza. Implicit in that analogy, “SARS-like,” and in the multiplicity of cases linked to the Huanan market, was something that wasn’t yet being said publicly: the virus was likely capable of human-to-human transmission. Respiratory transmission of any virulent new virus, person-to-person, raises the possibility of a big outbreak. Soon after the call, for further emphasis, Zhang traveled to Wuhan in person and spoke with health officials there, advising them to take emergency measures toward protecting their citizens, and to begin developing antiviral treatments.

The genome sequence would be crucial to such an effort, identifying new antiviral drugs or deploying old ones, and also for preparing diagnostic tests that could tell who was infected and who wasn’t. Zhang and his team had the sequence, and they had submitted it quietly to an open access international database, GenBank; but it hadn’t yet been released publicly.

By one account, China’s National Health Commission issued secret orders forbidding labs to publish results on the virus without official clearance. At least two other teams in China now also had the sequence, or a version of it, with only slight differences from Zhang’s owing to methodological differences: a group in Wuhan, led by a scientist named Zhengli Shi, and George Gao’s group at the CCDC in Beijing. “We got the materials, we did the test of the whole genome,” Gao told me. “Three days later, that would be the 3rd of January, we got a whole genome sequencing and then we found it’s a novel coronavirus.” They also viewed it by electron microscopy, which showed the corona of protein spikes, protruding like cloves in a roast ham, that gives this viral family its name. “We saw the virus!” he said. “It looks like it’s a coronavirus—you see the crown on the surface. So by 7th January, it’s already confirmed.” Gao spoke directly with Tedros Adhanom Ghebreyesus, director-general of the WHO, known to the world as Dr. Tedros. “And the same day, Dr. Tedros talked to our minister of health.” Gao coordinated his group and others, and late on the evening of January 9 UTC (Coordinated Universal Time, what we used to call Greenwich Mean Time), Gao’s deputy emailed—according to one account, which I have from a different source—full genomic sequences from three samples to the database GISAID, headquartered in Munich. The data were quickly curated and two of those sequences published on the organization’s web platform, according to this source, available to anyone registered with GISAID user credentials. Late evening UTC equals early morning the next day in Beijing. So by January 10, Gao told me, “WHO, everybody, knows it’s a coronavirus.” Many scientists did, anyway, though there was still no publicly released sequence—depending on how you define “publicly.”

The next morning, January 11, Yong-Zhen Zhang went to Shanghai’s Hongqiao Airport for a flight to Beijing, where he would meet with high government officials such as Gao. Sometime during the boarding process, his phone rang.
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It was Edward C. Holmes, calling from Sydney, Australia.

Holmes is a British evolutionary biologist at the University of Sydney, and the only non-Chinese member of Zhang’s team for the sequencing, assembly, and analysis of the new virus’s genome. He specializes in the molecular evolution of viruses, particularly RNA viruses and more particularly those that infect people, including the HIVs, the influenzas, measles, Ebola, hepatitis C virus, the dengue viruses, yellow fever virus, and the coronaviruses. RNA is the coding language of human pandemic, and Holmes is one of its preeminent translators.

By way of introduction to Holmes, I should say a little more about this formidable molecule, RNA, since it’s so important for understanding these viruses and so central to his work and the work of Zhang and their colleagues. The initials stand for ribonucleic acid, a macromolecule that performs several functions in cells and viruses, such as coding genetic information, transmitting information that’s been coded in DNA, and regulating gene expression, the process of turning such information into molecular machinery. The main structural component of RNA is a chain of four different kinds of subunit, known as nucleotide bases: adenine, cytosine, guanine, and uracil. Each nucleotide consists of a base plus two other molecules—but you can forget about those other two, as regards genetic coding. The bases are the coding elements I’ve been calling “letters,” because they are represented by the letters as A, C, G, and U. The sequential arrangement of those bases is what constitutes genes. Three bases in an ordered triplet code for a particular amino acid (there are twenty different amino acids in biology) and amino acids linked end-to-end constitute proteins. That’s how life is built. DNA is also a linear assemblage of bases, with the difference that thymine stands in place of uracil, and DNA’s usual form is two strands bound together, spiraling as a helix. RNA as a genome tends to mutate more frequently than DNA in a double helix does; it lacks the stability. That’s part of what makes RNA viruses so changeable and adaptable. From here on I’ll refer interchangeably to the “bases” or the “letters” comprising a genomic sequence. RNA is a fascinating molecule and for someone like Holmes, who knows its vocabulary and grammar so well, it’s a language of deep meanings.

Holmes is highly respected not just as a consulting wizard, a coauthor on many influential journal papers, but also for his 2009 book, The Evolution and Emergence of RNA Viruses, an authoritative but concise compendium. Oddly for a text that goes so deeply into the swales and the gullies of molecular evolution, the book is clear, trenchant, and readable. Two other memorable Holmes traits are his very bald and nicely rounded head, which seems almost polished as a point of pride, and the fact that everyone calls him Eddie. Speak with molecular virologists anywhere in the world, remind them “But wait, hasn’t Eddie said…” this or that, and they may not agree with the statement but they will know who you mean. In this field there’s only one Eddie.

My own first encounter with Eddie Holmes came a dozen years ago, when he held a chair at Pennsylvania State University, where he welcomed me to a small, bare office containing a desk, a computer, a couple chairs, a few books, and not much else except two wall posters, one advertising “The Virosphere,” the vast dimension of Earth consisting of viruses, and the other a cartoon version of Edward Hopper’s painting Nighthawks, with Homer Simpson in the role of a customer at the counter, gorging on donuts. Why Homer Simpson? I asked. Because he looks like me, Eddie said.

Since moving to Sydney in 2012, Holmes has collaborated on a number of projects with Chinese colleagues, teams led by Yong-Zhen Zhang and other senior figures, and those interactions have been eased slightly by his being only two time zones away from Shanghai and Beijing. Email is email, with words in cold type and the convenience of being answerable whenever one gets to it, time zones notwithstanding, but some Chinese scientists, Zhang among them, prefer the real-time immediacy and discretion of WeChat for voice. So on the morning of January 5, 2020, a Sunday, as Holmes and his family prepared for an outing at the beach, he got an email from Zhang. It said, “Call me immediately!” This was just a few hours after Zhang’s lab had assembled the complete genome and seen that the dangerous new thing was a SARS-like coronavirus.

Six days earlier, Holmes had noticed what many others had noticed: Marjorie Pollack’s New Year’s post on ProMED, linking multiple cases of an unexplained pneumonia with the Huanan market. “Oh, shit, that’s interesting,” he thought. It registered because he had visited the same market himself in 2014, on a field excursion with Zhang and some colleagues from the Wuhan CDC (a regional center, distinct from, but linked to, the CCDC in Beijing). He had seen the narrow alleys crowded with people, the wildlife in cages, the butchering of meat and fish, the blood and guts flowing in open drains. “You can’t think of a better place for a zoonotic event to happen,” Holmes told me recently. He recalled one vendor killing a wild mammal of some sort, possibly a raccoon dog, as he stood watching. He recalled that the market sat squarely amid a city of eleven million people.

The next day, January 1, he had emailed both Zhang and George Gao. “I’ve read about this,” he told each of them. “Are you working on it? Can I help in any way?” Gao, presumably inundated, sent a terse reply: “We are working on it. Happy New Year.” Zhang replied that, no, he wasn’t working on it—not yet. The week progressed, other distractions intervened, and then on the Sunday morning came Zhang’s urgent message: “Call me immediately!” Holmes did, speaking with him while driving the family to the beach. It’s a wonder they didn’t crash.

We need to write a paper on this, Zhang said. A novel coronavirus, looking almost like the return of SARS—scientific news. Wait, no, Holmes said, there’s something more urgent than a journal paper. “The first thing you’ve got to do, Zhang,” he said, as recounted to me, “is you’ve got to tell public health authorities NOW. You’ve got to tell them exactly what it is, and you’ve got to release as much information as you can.” Information meaning: the genome itself, the analysis that it was SARS-like, the probability of respiratory transmission. Zhang agreed, promptly alerting the National Health Commission.

“So the same day he got the sequence,” Holmes emphasized to me, “he told the authorities what was going on.” Holmes is acutely aware of accusations that Chinese scientists—not just Chinese officials—withheld facts and delayed a timely response.

In the following few days, they did write a paper, at high speed, conferring by telephone and sharing drafts by email, with Holmes editing the English text as well as contributing his views on the genome. He also contacted an editor at Nature, one of the world’s preeminent scientific journals, to gauge interest. Nature’s interest was high—but they wanted the genome sequence for release along with the paper. Zhang’s team sent Nature a draft of the paper on January 7, blistering speed for such a complex, delicate composition. But for reasons involving Zhang’s situation in China and the pressures around him, the sequence remained a sticking point. Over the next two days, further reports began to emerge about what was obvious to others, as well as to Zhang’s group, from sequencing efforts: that the thing was a coronavirus, somewhat like SARS. Nature wanted the genomic data, as well as the words, and even Holmes himself hadn’t yet seen the full sequence. He was still pushing Zhang to go public with all they had. Then it was Saturday morning, January 11, and this weekend the Holmes family were not headed for the beach.

“I call Zhang and he’s on an airplane,” Holmes told me, “and I say, ‘Zhang, we HAVE TO release this! We HAVE TO release the sequence, right? Everybody wants it.’ ”

They talked for some minutes, and by then Zhang was buckled into his seat. “I asked Eddie to give me one minute to think,” Zhang recalled for Time. “Then I said okay.” Finishing that call, he instructed one of his postdoctoral fellows to send Holmes the sequence. The plane took off, and while Zhang was airborne for two hours, 35,000 feet above northeastern China, Holmes received it.

The genome arrived by email, from the postdoc, in the form of an attached FASTA File, a handy text format for representing genomic sequences. “No message. Just the FASTA File,” Holmes told me. “Right.” No niceties, maximal speed and discretion. He opened the file and barely glanced at the sequence, printed in six columns across, ten letters in each column, row after row, page after page, almost thirty thousand letters, representing almost thirty thousand bases, nothing but a, t, c, and g in gabbling combinations. It was written in DNA because RNA is so unstable; genomic RNA is routinely transformed to its DNA equivalent for sequencing. “I don’t even check what the hell it is. It could be bloody glowworm DNA.” This is a man who can scan a genome by eye, flick a few keys, bring up a few comparisons, and see things others cannot see. But he didn’t. “I feel absolutely under huge pressure to get it out as quick as possible.” The next move was prearranged, and he made it at once.

Waiting in Edinburgh was Andrew Rambaut, another eminent evolutionary virologist and Holmes’s friend of thirty years. Rambaut is the founder and guiding elder of a website called Virological (virological.org), which serves as a communication nexus for professional comment, response, and thoughts that are not yet quite journal papers. “Eddie rang me, I think, in the morning before,” Rambaut recalled later. “Just to say, you know, he was working with Zhang and hoped to have a sequence soon.” Sydney is eleven hours ahead of Edinburgh, and by Saturday morning for Holmes and Zhang it was the wee hours for Rambaut. “About one in the morning on the 11th, I think, he finally emailed me and said, ‘Okay, let’s post it. Got permission.’ ” Attached was the same FASTA File containing the sequence.

At Rambaut’s suggestion, they composed a little introductory statement, crediting the sources in China, citing Yong-Zhen Zhang as senior contact, and adding: “Please feel free to download, share, use, and analyze this data.” Both men know that “data” is plural but they were in a hurry. The posting can still be found at Virological, titled “Novel 2019 coronavirus genome” and datelined “10th January 2020,” though Holmes’s memory as well as Rambaut’s says it happened at 1:00 a.m. Edinburgh time on the 11th. The discrepancy is unimportant except for reflecting the sense of breathless haste in making the genome public. “I timed it,” Holmes told me. “I think I had it in my possession for fifty-two minutes from the email arriving to when it went up online.”
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What was the most important decision that you made during 2020?” I asked Tony Fauci.

“Most important decision?” He thought for a moment. “There’s a scientific decision and a policy decision.” After decades as director of the National Institute of Allergy and Infectious Diseases (NIAID), with plenty of experience defending health care and research policies on Capitol Hill, he was now more deeply and conspicuously embedded in policy as a member of Donald Trump’s White House Coronavirus Task Force. His biggest policy decision in 2020? That was “to speak up against the president, which led to a lot of other things,” including death threats, harassment of his family, and the hashtag #FireFauci on social media. If you were to google the words “Fauci contradicts Trump,” as I recently did, you too might get 58,400 results. An early instance of such impolitic candor, a gentle one, came during a White House press briefing on March 20, 2020, when Trump touted the drug hydroxychloroquine as a treatment for COVID-19 and Fauci noted that such reports were “anecdotal,” not scientific. “I don’t take any great pleasure in being in public conflict with the president of the United States,” he told me. But if he hadn’t done that, he added, he would have compromised his integrity and the important message that science is still the way we need to go.

And the scientific decision?

“To immediately say we’ve got to develop a vaccine and give my team all the support they needed to do it.” By immediately he meant right after the first sequence became available from Zhang and Holmes. His “team” on that front included John Mascola, director of the Vaccine Research Center (VRC), which is part of the NIAID, and Barney Graham, a senior scientist and deputy director at the VRC, who had worked for years on the bold idea of using mRNA (messenger RNA, an information-bearing molecule within cells) in vaccines. That proof-of-principle work had reached maturity enough to be applied.

As the rumors about unexplained pneumonia leaked out of China during December, Fauci and his colleagues noted the aspects resembling SARS-CoV. “We’re all saying, ‘This smells like a coronavirus,’ ” he told me, “but we don’t know what it is. And I remember Barney Graham saying, ‘Boy, just get me the sequence. We’re all set to go.’ ” (Barney Graham remembers the moment too, but with different words. “I would not have said ‘Boy,’ ” he told me. “I probably would have said something more like, ‘If we can just get the sequences, we know what to do.’ ”) Late on January 10 EST, thanks to Zhang and Holmes, they got the sequence data.

    Others were set, and knew what to do, as well. Nicole Lurie, a physician and public health professional with deep government experience in preparing for and responding to disease emergencies, had joined the Coalition for Epidemic Preparedness Innovations (CEPI), a relatively new initiative based in Oslo, as strategic advisor and lead person for preparedness planning. Her role involved, among other things, finding ways to engage developers working on other vaccines. She got CEPI started on the new virus four days before the Zhang sequence went up. “By January 7, it seemed really clear that this was something with huge pandemic potential,” Lurie told me. “There were a lot of rumors circulating amongst people who were connected to China CDC, and others, that this was a novel coronavirus.” CEPI contacted some vaccine developers with the urgent request, as Lurie recalled to me, that they be ready to shift their work to the new virus as soon as its sequence was posted. They would be given a contract for such work quickly. One leading scientist, Sarah Gilbert of Oxford University, took the initiative herself, visiting CEPI’s main office in London to discuss large-scale manufacturing plans for the vaccine that she and her team would soon develop (mostly with non-CEPI funding, as it turned out), Putting that through clinical trials, with the help of the Cambridge-based company AstraZeneca, led to the Oxford-AstraZeneca vaccine.

Emma Hodcroft was a postdoc in Switzerland, working on a project called Nextstrain, a collaboration between the University of Basel and, in Seattle, the Fred Hutchinson Cancer Research Center, toward an online platform for tracking the genomic divergence of viral and bacterial pathogens. Tracking genomic divergence allows epidemiologists to map the routes of disease transmission. Mapping transmission routes helps scientists and public health authorities to understand outbreaks and epidemics, prevent them in future, and bring them to an end. Tracking divergence also allows researchers to spot mutations that become successful, spreading throughout a population, and that sometimes aggregate with other mutations, into bouquets that we now call variants. Variants represent a virus evolving, sometimes at formidable speed, to defeat our defenses against it. But much of the work done before 2020 by Hodcroft and her colleagues, she told me, didn’t rise to the level of headline news. “That is, looking at how viruses change, how they jump into humans, how they adapt to humans. It doesn’t necessarily make most people’s kind of radar.”

The new virus is different. “I remember when the sequence came out, because this was a really big deal,” Hodcroft said. The post on Virological circulated quickly through her world. In a gruesome way, with dire stakes, it was exciting and impressive. “We never have had a completely unknown virus,” she said, that went “from first mention to first sequence in such a short period of time.” Nextstrain took note and, in the following days, as more sequences became available, began to draw a family tree. No one could predict how many branches and twigs it would grow.
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Kwok-Yung Yuen, who had told the South China Morning Post on December 31 that there was “no need to panic,” also felt heightened concern twelve days later, on January 11. But his new worry didn’t derive from the genome sequence that Eddie Holmes had just posted. He had ominous news from a closer and more human source.

Yuen, chair of Infectious Diseases within the Department of Microbiology, which is within the medical school at the University of Hong Kong (HKU), divided his time between research and teaching, and between Hong Kong and the mainland. He served as a senior supervisor and educator at Hong Kong-Shenzhen Hospital, in the city of Shenzhen, less than twenty miles away, in Guangdong province. He was well connected there. So he got the news through personal channels, and promptly, when the hospital saw two members of a family, on January 10, and soon afterward two other members of the same family, who were suffering unexplained pneumonia after a trip to Wuhan.

None of these people had visited the Huanan market. Another family member, a grandmother who had skipped the trip and remained home in Shenzhen, also took sick and required hospitalization. All five of them, including the grandmother, tested positive for the new virus. It meant, Yuen knew immediately, that this coronavirus was not only spreading, and spreading human to human, but spreading city to city. More worrisome still, a ten-year-old grandson also tested positive, and showed lung damage on a CT scan, without having felt any symptoms. “These cryptic cases of walking pneumonia,” Yuen’s group declared in a paper, written quickly and published online within two weeks in a major British journal, The Lancet, “might serve as a possible source to propagate the outbreak.”

Yuen trained as a surgeon before turning to infectious disease and virology. He was part of the team that first isolated and characterized the SARS virus in 2003. For informal communications, he goes by his first initials, K.Y. He’s a forthright man, sometimes almost recklessly so, and he didn’t remain silent for those two weeks. “I said to government, ‘We must wear masks!’ ” Yuen told me. “Universal masking is very important, because there are people shedding virus without symptoms!” The ten-year-old boy suggested that likelihood, and further proof would come soon.

“You were saying that to the Hong Kong government?” I asked. There was also the Chinese national government, a much bigger dragon, to consider.

“Yes,” he said, “yes.”

“And they adopted that?”

“No!”

But he was an eminent scientist, drawn quickly into the national advisory huddle. On January 19 he flew to Wuhan as part of a high-level panel of experts, including George Gao, Nanshan Zhong (a revered figure, a senior pulmonologist, considered a hero for his management of the 2003 SARS event), and several others, to assess the situation at ground zero. There they learned, from officials of the Wuhan CDC, that case numbers had sharply increased, standing now at 198, with thirty-five of those people severely ill and nine in critical condition. Worse news still, fourteen health care workers at a Wuhan hospital had become infected from a single neurosurgical patient. The Wuhan CDC investigators were now calling this disease NCIP, for “novel coronavirus-infected pneumonia,” and labeling the virus itself 2019-nCoV. Both of those clumsy names would soon be changed to others, more lasting though not greatly less clumsy.

One day in Wuhan was enough. Yuen went up to Beijing with the other senior advisors and there, on January 20, at a press conference in the ministry building of the National Health Commission, they announced that, yes, this virus was being transmitted person to person. It had already spread beyond Wuhan to Beijing, Shanghai, and Shenzhen, and to Thailand, South Korea, and Japan.

Yuen returned to Hong Kong and met with its chief executive, advising her that she should control the borders of Hong Kong SAR, mandate a fourteen-day quarantine for arriving travelers, and again—as he had urged earlier—get everyone into masks. On January 24, he and a group of colleagues from the University of Hong Kong and Hong Kong-Shenzhen Hospital published their important (but insufficiently noticed at the time) paper in The Lancet, describing the family cluster of cases in Shenzhen, with the explicit message that these cases supplied evidence of person-to-person transmission. There was also another message buried in that paper, even more ominous, and implicit in the case of the ten-year-old boy. Besides testing positive for the virus, and showing lung damage on a CT scan, he “was shedding virus without symptoms.” If such asymptomatic infection was possible, asymptomatic spread of the virus was possible too. That would make this novel coronavirus vastly more dangerous than the original SARS virus or any other bug within recent memory.

The Chinese Lunar New Year, marked by the new moon on January 25, 2020, would be celebrated with the Spring Festival, lasting fifteen days. All over China, people would travel to be with relatives for the holiday—the migration to reunite, known as Chunyun—and welcome the Year of the Rat. They would gather in large, close, festive groups, sharing hot pots, dumplings, waxed duck, noodles, and germs. Perfect circumstances for a virus, if it was fortuitously adapted, with respiratory proclivities, and maybe even the capacity for asymptomatic transmission, to explore new habitat in human windpipes and lungs. K.Y. Yuen could see what was coming, and he understood that panic would be inefficient and futile.
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Some people trace the warnings to SARS, hitting Singapore and Toronto, Beijing and Bangkok and Hanoi in 2003. But of course there were other warnings, still earlier: bubonic plague in the fourteenth century, caused by a bacterium carried in fleas that rode upon rats, arriving in Europe along trade routes from the East; the Great Influenza of 1918–1919, the last viral pandemic of the era before viruses could even be seen and identified, this one killing perhaps fifty million people; the first known outbreak of Ebola, mystifying and gruesome, at Yambuku Mission in Zaire, 1976, having emerged from an animal still unidentified; or HIV-1 group M, slower in effect and more subtle than Ebola, far more consequential in its death toll, becoming conspicuous in 1981, decades after its passage from one chimpanzee into one human, somewhere in or near southeastern Cameroon. These were all cautionary events, various and prominent, poorly understood in their times but offering lessons for the future.

Other warnings were quieter and more specific. One occurred in November 1997, when a man named Donald S. Burke gave an invited lecture to a branch of the American Society for Microbiology, in Atlanta. It was the Chapman Binford Memorial Lecture, named for a distinguished physician and pathologist who had specialized in leprosy. Binford and Burke had little in common beyond that they both worked on infectious diseases for the United States government—Binford in the Public Health Service, Burke in the military. Burke came down from Baltimore to give his lecture. He had lately relocated there, accepting a professorship at Johns Hopkins University as a civilian, after decades of research on HIV and other pathogens on assignment within the United States Army. We can know the gist of what he said that day because he published a version of it, the following year, as a chapter in an obscure multiauthored volume. His title was “Evolvability of Emerging Viruses.”

Beware of RNA viruses, Burke wrote, because they are highly evolvable. They change and adapt fast. He explained what he meant, the basic biological mechanics, from mutation to adaptation to spillover. Viruses can only replicate within living cells (they aren’t cells themselves), and all viruses mutate during replication—that is, they make small mistakes in copying their genomes to produce offspring. RNA viruses mutate faster than almost any other sort of creature on Earth. In fact, Burke wrote, they mutate about a thousand times faster than animals: roughly one mistake in every ten thousand bases of genome. Although the genomes of RNA viruses are relatively short, only a few thousand or twenty thousand or thirty thousand bases (compared to three billion bases for the human genome), that error rate is enough to put at least one mutation into every new virion (every viral particle) of the typical RNA virus. Result: each of those new virions is likely to be different, by at least one mutation, from its parent.

Mutations don’t constitute adaptation, but they are raw material from which adaptation can be shaped. Natural selection does the shaping. The mutations are random changes. Most of those changes prove to be either damaging or insignificant to the virus’s prospects for proliferating its offspring, and if damaging enough, the virus has no offspring. The mutant lineage comes to a dead end. But some mutations, by sheer chance, turn out to be helpful, virion by virion. They enhance a viral lineage, collectively. Those lineages are the fittest, and they survive.

This much, as you probably recognize, is Darwin 101.

But some RNA viruses have an additional trick that further increases their capacity to evolve. They can recombine, swapping sections from one viral genome to another, like railroad trains switching cars on a siding. (Coronaviruses, for instance, recombine. Influenza viruses have their own version, called reassortment, with the swaps occurring at regular spots along their segmented genomes.) This occurs by a sort of molecular interruption during the process of replicating their genomes within the same cell. Recombination, Burke explained, “serves both to hybridize highly fit variants and to replace defective and incompetent genes.” Empty boxcars left behind, sleek Pullman cars added. In other words, recombination gives viruses major new options and clears away genetic debris. It allows them to evolve by large chunks, as well as by the tiny increments of mutation.

That may sound vaguely familiar too, from your good memory of high school biology, because recombination of a different sort occurs in animals, including humans, during the production of eggs and sperm. To put it simply (and spare you a refresher on meiosis), the chromosomes in complex creatures swap sections at a crucial moment, which reshuffles the genes received from each parent into new gene combinations for the offspring.

This process is called sex. Its value in evolutionary terms is to produce offspring that differ genetically from their parents and also (except identical twins) from their siblings. In other words, it adds variation among individuals to a population. Variation allows populations to evolve. RNA viruses are incapable of sex, so they achieve the same end by a different sort of recombination: swapping sections of RNA with other viruses while engaged in the delicate, naked act of genome replication.

Part of Burke’s purpose, in the lecture and its published version, was to describe a discovery made by himself and some colleagues, also military-employed scientists, in the field of artificial intelligence and machine learning. The colleagues were computer scientists from the Navy Center for Applied Research in Artificial Intelligence. They were the wizard modelers; Burke was the concept guy. Other work of the Navy modelers included teaching torpedoes to chase other torpedoes. The common purpose for this collaboration involved teaching a virus how to evolve and survive—or, more precisely, creating a successful model of how that might happen, in order to understand how it probably does. Together with Burke, these smart Navy fellows devised a “virtual virus,” a computational model to simulate viral evolution, occurring through iterations of change and challenge on a computer.

How to do that? They coded various versions of their virtual virus with differences in three key parameters: the rate of mutation, the capacity to recombine or not, and, if recombination was allowed, the matter of whether it was section-for-section swapping—that is, analogous regions of the genome, with similar functions but different details, as in switching one locomotive for another, one caboose for another—or entirely random. Random means you could have a caboose at both ends and no locomotive, not conducive to railroading success. What they found was that an idealized computer virus, one with a mutation rate like an RNA virus, and with analogous recombination also like an RNA virus, would evolve “with near-optimal efficiency.” It was the perfect set of attributes for fast viral evolution in a new environment. And for “a new environment,” you could understand: a new host. Even a new species of host.

The lesson Burke drew from this, which he wanted urgently to convey to his audience in Atlanta and his later readers, was that novel RNA viruses present high risk for causing pandemics. Why? Because they are so capable of adapting to new hosts. They can make the big leap, and they can thrive. It was important, he argued, to try to predict and prevent such catastrophes. So he proposed three criteria that could help identify which kinds of virus, family by family, might pose greatest risk to the global human population.

His first criterion was the most obvious: Does a family of viruses include notorious pathogens that have caused pandemics in recent human history? The family containing the influenzas, yes. The family containing the HIVs, yes.

Second criterion: Do viruses of a given family cause widespread disease among nonhuman animals? The family that includes the influenzas, again yes, considering not just the avian influenza viruses that kill many birds but also Newcastle disease (a highly contagious affliction in chickens) and canine distemper (which spreads on a sneeze and can kill noncanine mammals—ferrets, skunks, raccoons, badgers—as well as dogs). And, oh, the coronavirus family, which includes a bovine coronavirus, a feline coronavirus, a canine coronavirus, a mouse coronavirus, a rat coronavirus, a horse coronavirus, a turkey coronavirus, and a cheerful thing called porcine epidemic diarrhea virus (PEDV). That last one attacks cells in the small intestine of swine, killing most of the newborn piglets it infects. It transmits mainly by the fecal-oral route, like human polio, but it may also be capable of fecal-nasal transmission, going airborne from one pig to another, possibly even from one farm to another The name itself speaks to its contagiousness: epidemic.

Burke’s third criterion, which drew on his artificial intelligence project, was intrinsic evolvability. How fast does a virus mutate? How readily and smoothly does it swap pieces of its genome? Viruses with high evolvability, he noted, have special potential to emerge from their animal hosts, get into humans, and cause pandemics. For instance? Again, a select list: the influenza family of viruses, the HIV family, a family of viruses that cause encephalitis and meningitis, and the coronaviruses. It was 1997, remember, when he gave that talk in Atlanta.

In 2011, I spoke with Don Burke about all this—his computer modeling, his idea of evolvability, his three criteria for a dangerous virus. One major event that had occurred in the meantime, between the Atlanta lecture and my call to him, was SARS in 2003: the outbreak and speedy international spread of a lethal coronavirus, as he had warned.

“How possible is it to predict the next pandemic?” I asked. “Where it’s going to come from and what it’s going to look like.”

“I made a lucky guess,” he said.
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Burke’s career route into infectious diseases was circuitous, but not unusual within the guild of such scientists, in that it involved the United States military. He grew up in Cleveland, smart kid, good grades in high school, basketball player, class president, and began dabbling in biological research as an undergraduate at Western Reserve University, with the guidance of a mentor. In that period of the mid-1960s, with the shock of Sputnik still fresh and the U.S. government eager to improve American capacity in science and engineering, his efforts were supported by a training grant from the National Science Foundation. He studied electrical impulses in hydra (little tentacled marine creatures, distantly related to jellyfish) during a summer at the Woods Hole Marine Biological Laboratory. Then he went to Harvard Medical School, though always with a goal of doing research, not practicing medicine. As an intern in the early 1970s, with the Vietnam War blazing, he faced getting drafted—the military needed battlefield doctors—and to preempt that he volunteered for a Defense Department plan that would give him some choice. “I knew that I wanted to do infectious disease work,” he told me. “I also knew that I didn’t want to check for hernias at Fort Huachuca.” Fort Huachuca, just his synecdoche for the regular Army, was an old garrison in the desert of southeastern Arizona, a place considered so barren that you might be AWOL for three days and the guards could still see you leaving.

Burke evaded Huachuca and the hernia practice by driving to Fort Detrick, in Maryland, and talking his way into a position at the U.S. Army Medical Research Institute of Infectious Diseases (USAMRIID). It was a famously serious post where Army researchers studied difficult tropical diseases, such as Bolivian hemorrhagic fever and Lassa fever, in maximum-containment labs. “I never even went to basic training,” Burke told me. He finished his residency at Boston City Hospital one day “and showed up at Fort Detrick the next day.” He began learning lab virology. Counting the time at USAMRIID, a six-year stint in Thailand, a period as head of HIV/AIDS research for the entire U.S. military, and other work on emerging disease threats, he stayed in the military twenty-three years, emerging as a colonel.

He learned a lot about viruses during that career and the second career that followed, as a professor of epidemiology and then dean of the School of Public Health at the University of Pittsburgh, a job he still held when I reached him. High on the list of his takeaways was the link between recombination, in RNA viruses, and the capacity to adapt fast and switch hosts. “The fact that the most important emerging infectious diseases are highly recombinant,” he said, “is what leads to the strong hypothesis that it isn’t just mutation—that it’s the gene swapping—that is a critical feature of emergence.” He spoke loosely, well aware that it’s portions of genes, not whole genes, that generally get swapped. And the coronaviruses, he knew, are masters of recombination.

“I don’t pretend to be a seer,” Burke added. “Prediction is too strong a word.” He preferred less dramatic terms. “ ‘Improving the scientific basis to improve readiness,’ might be a better way of thinking about it.”

“Are we doing that? Is that happening?”

This was November 2011, when the George W. Bush administration had given way to the Barack Obama administration, both of which recognized a need for pandemic preparedness. The United States Agency for International Development (USAID) had launched a $200 million project called PREDICT, for the discovery and identification of animal viruses that might endanger humans. The Defense Advanced Research Projects Agency (DARPA) had mounted its own disease program called Prophecy, devoted to predicting the rate, the direction, and the result of viral mutations. Another federal agency had recently been founded, the Biomedical Advanced Research and Development Authority (BARDA), by provision of a law called the Pandemic and All-Hazards Preparedness Act, to work on developing and stockpiling vaccines, drug therapies, diagnostic tools, and other measures for dealing with public health emergencies. Scientists worldwide were also busy with field and laboratory studies of animal viruses that might endanger people. At that moment in political and scientific history, yes, Burke felt that readiness against the threat of pandemic was “getting a lot better.”

He made a distinction, largely lost on me at the time, that in recent years has become a point of sharp disagreement among disease scientists. It’s a matter of strategy and funding priority toward pandemic threats: prediction and prevention versus surveillance and response. The PREDICT program, as reflected in its name, embraced the former approach. Some eminent virologists, including Eddie Holmes, have championed the latter, arguing that prediction is impossible or impracticable with emerging viruses, and that the money should go into surveillance and response. (Holmes also disagrees with some of Burke’s views on recombination—it’s a big tent.) And predicting which virus might get into humans from which host is very difficult—not so easy, say, as predicting the path of an asteroid, spotted by telescope millions of miles away and maybe, or maybe not, headed right for Earth. Why should disease emergence be so difficult to predict? Because ecological events such as spillover involve something infinitely more complex and capricious than asteroid paths as calculated from Newtonian physics: behavior of living individuals. The surveillance-and-response approach is reactive, not predictive, but intended to be quickly and forcibly reactive. It implies networks of trained people everywhere, in the cities and the boonies, connected at the speed of email or WeChat with expert virologists, communications centers, public health systems, and international regulatory bodies, so that outbreaks are spotted early, when they are small, and drastic measures are deployed promptly to contain them and end them.

“I think that the idea is catching hold that we should move toward predict and prevent,” Burke told me back then, “rather than surveillance and response.” Of course, he noted, we would always need both. The challenge was balance and priority. The challenge was a finitude of money. And then he volunteered something that does indeed, by today’s hindsight, make him seem prescient.

“If I were king, I would be investing in coronavirus diagnostics,” Burke said. “I would be investing in better studies of vaccines against coronavirus.”
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Ali Khan is another expert who saw the small, dark dot on the horizon. When I first met him, in 2006, he was deputy director of the National Center for Zoonotic, Vector-borne, and Enteric Diseases (NCZVED), which is part of the United States CDC, and therefore he was tasked with dreaming pandemic nightmares in daylight. Khan is a medical doctor by training, like Don Burke, and an epidemiologist by career. He’s also a man of candid, irreverent jocularity. He was wearing an epauletted uniform sweater at that first encounter in his CDC office, because he was also a rear admiral in the United States Public Health Service, which is organized into ranks like those in the Navy. But beneath the sweater was no stuffed shirt.

NCZVED (pronounced “NC Zved,” like the name of a Russian basketball player) was housed in an unobtrusive gray building, behind locked gates and locked doors in the CDC’s compound on Clifton Road, six miles northeast of downtown Atlanta. During a two-day visit that year, I worked my way along the corridors, interviewing scientists who knew all about ebolaviruses (yes, there are more than one) and their lethal cousin Marburg virus; about West Nile virus in the Bronx and Sin Nombre virus in Arizona; about simian foamy virus, which is carried by temple monkeys in Bali that crawl over tourists, and monkeypox, which reached Illinois in giant Gambian rats sold as pets; about Junín virus in Argentina, and Machupo virus, which causes Bolivian hemorrhagic fever; about Lassa virus in West Africa, Nipah virus in Malaysia, Hendra virus in Australia, and rabies everywhere. All these viruses are known or suspected to pass from nonhuman animals to humans. The diseases they cause are zoonoses. Most of them, once in a human body, wreak mayhem. (One exception: simian foamy virus, though vividly named, has never been implicated as an agent of disease.) Some of them also transmit well among people, bursting into local outbreaks that kill hundreds. Each of them, not so long ago, was a “novel virus.”

They are still relatively new to science and to human immune systems. They emerge unexpectedly and are difficult to treat. They can be especially dangerous, as reflected in the name of the branch within NCZVED that was charged with studying them: Special Pathogens. For these reasons, some scientists and public health professionals, including Ali Khan, find them an irresistible challenge.

“It’s because they keep you on your toes,” he told me.

On the second day of my visit, halfway through another long schedule of intriguingly grim briefings, Khan took me to lunch at a sushi place. He surprised me with his jaunty informality. All right, Quammen, he said, you’ve heard all the talk from our people. Which of these diseases is your favorite?

My favorite? Well, Ebola is pretty damn interesting, I told him. It was an obvious answer, a beginner’s answer, as though I had been asked to recommend a brilliant but underappreciated author of horror novels, and I said: Stephen King.

Aaah, Khan said dismissively, I like Ebola as much as the next person—(gallows irony: he had done frontline epidemiological work during the 1995 Ebola outbreak in Kikwit, Zaire, organizing control measures, investigating transmission, tracing the outbreak back to its Patient Zero, risking his life to help end a juggernaut of misery and death)—but for my money, he said, SARS was the one.

SARS? I knew of it only as a bad viral disease that, in 2003, came out of southern China and killed people in Toronto and a few other cities. I knew the acronym stood for “severe acute respiratory syndrome,” an ugly illness that can include lethal pneumonia. I knew the numbers—about eight thousand infections, about eight hundred deaths—and that the outbreak then, for some reason, came to a halt. The virus disappeared. End of story. Not as lurid as Ebola or as consequential as a pandemic flu. Why SARS? I asked.

Because it was so contagious and so lethal, he said, and we were very lucky to stop it.

This was on our lunch break, I had set my notebook aside, and it was fifteen years ago, so I can’t swear that Khan mentioned the other thing most relevant about SARS: that it was caused by a coronavirus.
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Ali Khan is now dean of the College of Public Health at the University of Nebraska Medical Center, in Omaha. He seems an unlikely Omahan. Born in Brooklyn and raised there, by Pakistani immigrant parents, he went to Brooklyn College, followed by SUNY Downstate (also in Brooklyn) for medical school. “And then I did this crazy thing of leaving Brooklyn,” he told me recently. Crazy it seemed to his family, anyway, “because I have uncles and aunts who have never left Brooklyn to go to the city.” Brooklyn to Manhattan (“the city”) is half an hour by subway.

His father, Gulab Deen Khan, was a self-made man of the epic sort, more adventuresome than the aunts and uncles: as a teenage peasant farmer, Gulab trekked from Kashmir to Bombay (Mumbai), lied about his age, and got work on a ship, greasing engines. His friends called him Dini, as a diminutive, because he was small. After moving to the U.S., Dini Khan stoked coal in boilers to heat apartment buildings in Brooklyn until he had saved enough to buy an apartment building himself. He made money—what seemed a fortune. Before he lost it, in another speculation, he decided that his young son, Ali, should learn about his family’s culture, religion, and language. He sent Ali back to Pakistan for middle and high school. By parental miscalculation, Khan the father chose a classic British boarding school in Lahore, a better place for Khan the son to learn cricket than Urdu or Islam. Now in his mid-fifties, Ali Khan told me this story, punctuated with laughs, when I reached him for an update call. His dark hair and beard had grayed a bit, I could see on my monitor, but he looked fit and sounded jovial. He spoke of Omaha like a pitchman for the Chamber of Commerce: great city, safe, unpretentious ethos, full of billionaires such as Warren Buffett, who live in their old family homes, drive their Buicks, and write million-dollar checks to the community.

“I love being a dean,” he said. “It’s so much fun.”

Presumably it’s also a little more relaxed than his last role in Atlanta. He went to Omaha in 2014, leaving the job into which he had risen, directorship of the CDC’s Office of Public Health Preparedness and Response, which included overseeing the Strategic National Stockpile of emergency medical supplies, supervising eight hundred employees, helping assemble a national biodefense strategy against pandemic threats, and much else. “The end of my career at CDC, I managed a $1.5 billion budget, so it was people and money.”

Before ascending to that bureaucratic aerie, he had traveled the world on outbreak responses, from Wyoming to Bangladesh, as what is occasionally called a “disease cowboy.” During a mission to southern Chile, investigating a hantavirus outbreak, he visited remote villages, sometimes on horseback, trapping rodents to determine which kind carried the virus. “We learned quickly that there were a lot of rodents,” he said. After he worked on Rift Valley fever in Saudi Arabia, in 2001, the Saudi minister of health gave him a Lucite replica of a beheading sword as a token of gratitude. At one dicey moment in central Zaire, during an outbreak of monkeypox, he and his team got word that two sets of combatants in the raging civil war—Laurent Kabila’s guerrillas and the opposing forces of President Mobutu—were coming. “They’ll likely take your vehicles and gear,” an American embassy contact advised by satellite telephone. “But they probably won’t kill you.” Khan’s group packed fast and vamoosed on a small airplane, which rose straight into a thrashing thunderstorm. “The guy to my left was praying,” Khan recounted in a book, The Next Pandemic, full of colorful field adventures and serious warnings, published in 2016. “I looked over and saw that the French physician sitting next to me was writing a farewell note to his family. Which got me thinking.” His thought: this is a risky profession, and the work has to be worth a person’s life.

For more than two decades at the CDC, it evidently was. In 1995, he did that hitch in Kikwit, Zaire, on Ebola. The following year, he went to the Sultanate of Oman to help with Crimean-Congo hemorrhagic fever. Uganda in 2001, for Ebola again. Chad was still struggling to eliminate polio in 2008, and Khan went there. Perhaps most consequentially, for his long-term perspective, there came SARS in 2003, during which he served in Singapore.

Toward the end of his tenure with the CDC, though, as a high-level bureaucrat, Khan was responsible for orchestrating, not investigating. Science was a small slice of the job. “Now it’s almost all science,” he told me happily from Omaha. Virology, epidemiology, ecology, and other aspects of disease science provide the substance of his mission, which is “educating the next generation of public health practitioners.”

Curious about his immediate habitat, I asked that he pick up his laptop and walk me around. The eclectic décor of his current office includes electron micrographs of various pathogens hung like portraits in a rogues’ gallery, two sculptures of mosquitoes as big as crows, a Star Wars clock, a Big Hero 6 toy robot, cards sent from children all over the world, mementos and gifts from his travels—a Congolese incense burner, the Saudi beheading sword—and a whiteboard on which he records what he calls “my metrics.” His precious metrics: measures of progress toward academic goals for his school, scientific goals, philanthropic goals to support the work. “I’m evidence-based and evidence-driven,” he said.

I asked him about COVID-19. What went so disastrously wrong? Where was the public health preparedness that he had overseen at the CDC? Why were most countries—and especially the U.S.—so unready? Was it a lack of scientific information, or a lack of money?

“This is about lack of imagination,” Khan said. And, of course, imagination is informed by history.
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The history of SARS-CoV began in late 2002, when an “atypical pneumonia” of unknown origin and unknown causal agent began spreading in cities of the Pearl River Delta of southeastern China, Guangzhou among others, together constituting one of the largest urban agglomerations on the planet. In January 2003, this pneumonia reached a Guangzhou hospital in the body of a portly seafood merchant suffering a respiratory crisis. In that hospital, and then at a respiratory facility to which he was transferred, the fishmonger coughed, gasped, spewed, and sputtered, especially during his intubation, infecting dozens of health care workers. He became known among Guangzhou medical staff as the Poison King. In retrospect, disease scientists applied a different label, calling him a super-spreader.

One infected physician, a nephrologist at the hospital, experienced flulike symptoms but then, feeling better, took a three-hour bus ride to Hong Kong for his nephew’s wedding. Staying in room 911 of the Metropole Hotel, a three-star place in the city’s Kowloon district, the doctor became sick again, spreading the disease along the ninth-floor corridor. In the days that followed, other guests from the ninth floor flew home to Singapore and Toronto, taking the disease with them. Cases began to flare in those cities, also in Hanoi, especially among health care workers, which was an alarming indicator that the agent, whatever it was, transmitted well from human to human. On March 12, the WHO issued a global alert about this new, severe, respiratory disease. By March 15, the WHO was reporting 150 new cases worldwide and calling the thing SARS.

Two mysteries loomed, one urgent and one haunting: What was the cause? A new virus? If so, what kind? The first mystery was soon solved by a team led in part by Malik Peiris, a Sri Lankan doctor who had done a PhD in microbiology at Oxford before moving to the University of Hong Kong. Peiris and other members of the team specialized in influenza, and they first suspected that a flu virus might be the causative agent. One worrisome possibility was H5N1, an avian flu, troublesome in birds and often lethal on those rare occasions it gets into a person, but not known as infectious human to human. It had killed a thirty-three-year-old Hong Kong man just a month earlier, after he had picked it up, evidently from direct contact with some bird, possibly a chicken or a duck, during a New Year’s visit to the mainland. If H5N1 was the agent now circulating, if it had evolved into a form transmissible among humans, its case fatality rate could be terrible.

One route to identification of the SARS virus entailed culturing it—growing it within some laboratory lineage of cells and seeing it destroy them—but at first the culturing attempt got nowhere. The co-leader of this team with Peiris was K.Y. Yuen, the same fellow who, seventeen years later, would warn Hong Kong’s government of the transmissibility of the new virus, the one causing COVID-19. “We were thinking of H5N1,” Yuen said to a journalist at the time, and accordingly the team used virus-culturing techniques specific to that virus. “So we failed to culture the real SARS virus. It was a missed opportunity, and we have to be honest about it.” They hadn’t realized that they were looking for a novel virus, not a known one. The mistake cost weeks, crucial time in the early phase of an epidemic, but by mid-March they had corrected that. They found a virus in samples from two patients, sequenced a fragment of its genome from one sample, determined that the thing was a coronavirus, and with other techniques confirmed its presence in forty-five other patients, persuasive evidence that it was the agent of SARS. Although earlier tradition tended toward naming new viruses by geographical association—Ebola was a river in Zaire, Marburg a city in Germany, Nipah a village in Malaysia, Hendra an Australian suburb—greater sensitivity about stigmatization prevailed. The pathogen became known as SARS-CoV.

This still left the second mystery: the origin of the virus. Since it was novel and presumed animal-borne, that meant the identity of the reservoir host, the creature in which it abided before its visitation upon humans. The initial suspect was a creature called the Himalayan palm civet, a cat-sized omnivore related to mongooses, which has the misfortune of being highly prized and commercially traded in southern China as food. The wildlife trade attracted attention because several of the early SARS cases, in Shenzhen and a nearby city, Zhongshan, had occurred in restaurant workers preparing meals featuring wildlife, including civets. Swab sampling of various animals caged at a market in Shenzhen found positives for the virus in four civets and one raccoon dog.

That evidence may have been tenuous, but in January 2004, months after the global SARS epidemic ended, a small second outbreak occurred in Guangzhou, this one infecting four people with a variant of the virus distinct from all viruses sequenced during the first round. That implied another spillover from wild animals, possibly civets or raccoon dogs again. A new research effort, by scientists from Beijing, Guangzhou, and the University of Hong Kong, focused on palm civets and raccoon dogs on sale at the Xinyuan animal market in Guangzhou, a large emporium that drew farm-raised civets from a dozen different provinces. Xinyuan was a crowded and disorderly place, with multiple animals packed into small cages, stacked atop one another, sharing their fears and their bodily fluids, while hundreds of people worked and lived and ate amid the jumble, toddlers ran back and forth amid offal from butchered animals, families slept in cramped lofts above their shops. In this study, ninety-one palm civets and fifteen raccoon dogs tested positive. The researchers also visited twenty-five source farms and tested another thousand civets, finding no trace of the virus among them. That implied exposure in transit—the civets acquiring their infections somewhere, somehow, along the chain of live-animal supply to urban markets, probably by forced proximity to creatures of some other species.

None of this information saved the civets. Guangdong’s provincial government now ordered a generalized cull, for the supposed protection of consumers from the supposed source of the virus, and on the morning of January 6, 2004, animal-control officers wearing masks and smocks turned up to begin seizing civets from vendors. “All of them will be killed today,” one official told a reporter for The New York Times. They were taken away to be executed by drowning and electrocution. Later research would confirm that palm civets were only an unlucky intermediate host for the virus, infected by some other animal, infecting humans in turn. What animal? The possibilities were broad, sampling was arduous, and to solve that second mystery would take another thirteen years.
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In the meantime, the initial SARS outbreak went global, in a smallish but alarming way, reaching Toronto on February 23, 2003, carried by a seventy-eight-year-old woman returning from a visit to Hong Kong. She and her husband had spent the final nights of their two-week trip on the ninth floor of the Metropole Hotel, so she had presumably picked up her infection there, from the nephrologist who brought it to town. The woman sickened, then died at home on March 5, attended by family, including one of her sons, who soon showed symptoms himself. After a week of breathing difficulties, he went to an emergency room and there, without isolation, was given medicine through a nebulizer, which turns liquid into mist, pushing it down a patient’s throat. “It helps open up your airways,” Ali Khan told me—a useful and safe tool to prevent, say, an asthma attack. But with a highly infectious virus, unwise. “When you breathe that back out, essentially you’re taking all the virus in your lungs and breathing it back out into the air—in the ER where you’re being treated.” Two other patients in the ER were infected, one of whom soon went to a coronary-care unit with a heart attack. There he eventually infected eight nurses, one doctor, three other patients, two clerks, his own wife, and two technicians, among others. You could call him a super-spreader. The son’s ER visit led to 128 cases among people associated with the hospital. Seventeen of them died.

In Singapore, the first SARS case was also a person who recently visited Hong Kong. Two flight attendants had flown there for a shopping vacation and also stayed in a room on the ninth floor of the Metropole. Returning home, one of them developed signs of illness—fever, impaired breathing—and sought care at Tan Tock Seng Hospital, one of the city’s largest facilities. She was admitted to an open ward. Antibiotics didn’t work. Several days later, in distress, she was transferred to an intensive care unit. At some point, probably before that transfer, she had visitors, and when several of them came back as patients, doctors suspected something contagious, maybe related to rumors they had heard of a strange pneumonia outbreak in China. Then four nurses from the young woman’s ward called in sick on one day, an abnormality noticed by Brenda Ang, a physician who oversaw infection control at the hospital. “That was the defining moment for me,” said Ang, a tiny, forthright woman, when I visited her at the hospital six years later. “Everything was accelerating.” The defining moment came on Wednesday, March 12, 2003, the same day that the WHO in Geneva issued its global alert about this “atypical pneumonia,” henceforth to be known as SARS.

The WHO alert, coming just before Malik Peiris and his colleagues isolated the virus, warned that it didn’t seem to be “bird flu” but something else—something unknown, something transmissible human to human, which therefore called for cautious isolation of patients. Singapore’s Ministry of Health formed a SARS Task Force and Tan Tock Seng Hospital set up an Ops Room as nerve center for SARS decision-making.

At about that point Ali Khan arrived in Singapore, serving as a WHO consultant (seconded from the CDC) to help organize an investigation and a response. He met daily with Dr. Suok Kai Chew, chief epidemiologist for the Ministry of Health, and along with others they developed strategy and tactics, getting governmental cooperation through the SARS Task Force. The public health strategy was isolation and quarantine. “Before this outbreak,” Khan told me, “quarantine and isolation were not often invoked for infectious disease outbreaks”—at least, not in the recent past. During the medieval plagues in Europe, yes, ships arriving at ports were sometimes required to lay at anchor forty (quaranta) days before landing could occur, and the Mediterranean seaport Ragusa (now Dubrovnik) established a trentino, a thirty-day separation period for travelers arriving from plague zones. In late-nineteenth- and early-twentieth-century America, during smallpox outbreaks, victims showing pox (especially if they were poor people or people of color) could be confined in quarantine camps, surrounded by high fences of barbed wire, or in nightmarish “pesthouses,” not to be treated but for the safety of the general populace. “That was a concept that had sort of gone out of vogue,” Khan said dryly. He and Chew and their colleagues revived it in a more humane version.

Tan Tock Seng became the hospital for SARS and SARS alone, with other sick people diverted to Singapore General. Every suspected or probable case of SARS went into isolation at TTS, and the definition of “suspected or probable” was expanded beyond WHO guidelines to include anyone with a fever or respiratory trouble. All health care workers at all institutions suited up with PPE, including N95 masks, of which the use was strictly enforced, and they were required to check themselves for fever or other signs three times a day. Medical staff were also restricted to one institution, so they couldn’t carry the virus between hospitals. During risky procedures such as intubating a patient, they wore PAPRs, those respirator helmets that pumped in purified air. Patients with other conditions, after discharge from a hospital, were placed on home quarantine for ten days.

Firm measures were also taken to limit spread in the community. As of March 27, schools closed, and the bodies of those who died of SARS were cremated within twenty-four hours. Investigators traced close contacts of each new SARS patient, also within twenty-four hours, and those contacts were consigned to mandatory self-quarantine. “Okay, you are staying home. There will be a camera we’re setting up in your house, and there’s a phone,” Khan said, recounting the instructions. “We will call you randomly, and you’re expected to turn on the camera and be there.” Already, more than eight hundred people were quarantined. Flout the home quarantine, and you would be tagged with an electronic tracer, such as an ankle bracelet. But such mandatory quarantine brought logistics challenges, Khan told me. “ ‘The moment you hold ’em, you own ’em,’ is what we say.” You’ve got to feed these people, see to their general health care, make sure they are housed and clothed. “Who takes care of them? Who pays for them?” If you’re the government ministry, enforcing self-quarantine, you do.

“And Singapore is a very particular kind of place,” I said. “I mean, what if you had tried that in Kinshasa?”

“Yeah, no, it wouldn’t have worked.”

Singapore is orderly. Singapore is rigorous and affluent. By April 24, twenty-two people had died, at which point penalties for quarantine breakers stiffened: bigger fines, the possibility of jail. Taxi drivers had their temperatures checked daily. Passengers arriving at Changi Airport were also screened, as well as people traveling in buses and private automobiles. On May 20, eleven people were fined $300 each for spitting. These measures worked. On July 13, 2003, the last SARS patient walked out of Tan Tock Seng and it was over. Some people loosely say that SARS “burned out,” having killed 774 people worldwide. It didn’t burn out. As Khan told me, it was stopped.

“What are you most concerned about now?” I asked Brenda Ang, the infection-control officer, during my 2009 visit.

She laughed in frustration. “Complacency,” she said. “And apathy.” Mundane but crucial infection-control measures—the assiduous handwashing and wiping of doorknobs with alcohol—can lapse after a crisis. “People become complacent. They think there is no new bugs around.” And larger lessons, beyond the outbreak locale, beyond Singapore? Beyond this coronavirus and—I might have asked her, if I could have foreseen—applicable to the next one? “There’s no point in just protecting your own turf,” Ang said. “Infectious diseases are so globalized.”

Ali Khan later told me the same thing. “A disease anywhere is a disease everywhere.”
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Another large lesson was not unique to SARS and not new to Ali Khan: the disproportionate importance that a single patient or a single situation can play in transmitting a virus to multiple other people. Stated otherwise: one primary case accounting for many secondary cases. This concept is now familiar, as we hear epidemiologists and public health officials talk of super-spreaders and super-spreading events. It’s an old concept, a phenomenon recognized at least since the time of Typhoid Mary, the Irish-born cook named Mary Mallon, who infected fifty-one people with typhoid fever during her career in New York in the early twentieth century, despite not showing signs of illness herself. The term “super-spreader” is more recent and was probably first used, Khan told me, for highly competent transmitters of tuberculosis, such as the homeless man who apparently infected forty-one people at a neighborhood bar in Minneapolis in 1992. To Khan it has been useful ever since he did the contact tracing for the Ebola response team in Kikwit, Zaire, in 1995, as he described in a journal paper published four years later.

Two of the Ebola patients whose contacts he traced, both of whom suffered gastrointestinal hemorrhage, were named by many other patients as among their contacts. That strongly suggested that the two had played some connective role. Those two alone may have accounted for more than fifty transmissions. It could have happened by way of their bloody diarrhea; or not. “The concept of ‘super-spreader’ or ‘high-frequency transmitter,’ is novel for this hemorrhagic fever,” Khan and his 1999 coauthors wrote, “and the mechanism for this high-frequency transmission is unknown.” They weren’t inventing the label “super-spreader” or the concept, but they were putting it into prominent use.

Other precedents existed, not just in TB or typhoid but among viral hemorrhagic fevers, and Khan’s paper cited them: Lassa fever in Nigeria, in 1970, during which a single person seems to have infected fourteen other people in one ward of a hospital; Bolivian hemorrhagic fever, caused by Machupo virus, spreading in 1971 from one infected traveler to four others in Cochabamba, a city in the Andean highlands, where neither the virus nor its reservoir host (a lowland rodent) is native. There was also evidence that streptococcal bacteria, which cause strep throat and scarlet fever among other ills, transmit far better from people who carry especially high bacterial loads in their noses than from others with only moderate nosefuls, though their bodies may be full of the bug.

With SARS, the significance of super-spreaders became painfully clear during the early weeks in Guangzhou, from the case of the Poison King, and then in Hong Kong, from the visiting nephrologist who occupied room 911 at the Metropole Hotel. Khan and his colleagues saw it in Singapore too. “I was invited to come over and assist them with the investigation,” he told me, “and as I got there, things became a lot more specific.” He reminded me about the flight attendant who went shopping in Hong Kong. It had puzzled him, he admitted parenthetically: “Why would anybody who lives in Singapore go anywhere else to do some shopping? Because the whole country is a mall, as far as I can tell.” Better prices, maybe. Anyway, she and her friend returned, both infected. “What you learn very quickly is, there are these individuals who are just excellent at spreading to lots and lots of other individuals.” Most primary cases account for zero secondary cases. “Period. It doesn’t go anywhere. But it’s this small minority of people who are so good at transmitting to others.” The first flight attendant was named Esther Mok. Her infection passed to her mother, her father, her maternal grandmother, her uncle, and the pastor of her church (who had visited her to pray), all of whom became patients at Tan Tock Seng and all of whom, except the grandmother, died. Esther Mok, unaware and blameless, also infected the four nurses whose sickouts caught the attention of Brenda Ang. Mok herself survived.

In fairness to such patients, though, Khan noted an additional factor: ecology. What he meant is that circumstances and the nature of interactions, as well as sheer biology, play a role when such broadcast transmissions occur. High on the list of dangerous situations is hospitalization of a severely infected person who is not recognized to be contagious. High among dangerous interactions, for the health care workers involved, are intubating a patient, especially one suffering a respiratory crisis, or giving medicine through a nebulizer. Therefore the Poison King in Guangzhou, and the son of the elderly woman who brought SARS home from Hong Kong to Toronto, might more generously be considered, not super-spreaders, but central figures in super-spreading events. Typhoid Mary concealed her condition through multiple jobs and name changes, but these unlucky people did not. Another dangerous circumstance, Khan added, might be sheer popularity. Esther Mok had a lot of visitors.

Khan had been urged to see this distinction, super-spreading events versus super-spreader people, by a CDC colleague named Peter Kilmarx, an infectious disease physician who was among Khan’s colleagues on the Ebola response team in Kikwit in 1995. “Peter is very kind,” Khan told me. Kilmarx was sensitive to the unfairness of stigmatizing anyone based on uncertain knowledge of what has happened, in the Poison King’s hospital room or any other such exigent situation. “Is it a function of the person? Is it a function of the environment?” Khan asked himself and now me. “Is it a function of the virus?” Certainty is unattainable. The person could be tested, to gauge how much virus is loaded into the upper respiratory tract, ready to be spewed, versus how much is causing distress in the lower. The environment could be examined, machine by machine, surface by surface. But there would always be more to know about the virus. Any virus.

Still, 2003 was just a rehearsal. “We dodged a bullet on SARS,” Don Burke told me. Super-spreading events pumped up the toll of misery, yes, elevating case numbers, increasing deaths, but the whole thing could have been far worse. If the virus had been just a little more transmissible generally, among all patients and situations, he said, “it could have been a huge problem.” But that SARS-CoV virus had one feature, or the absence of a feature, standing between it and a global nightmare in 2003. “Which was, for the most part, asymptomatic people didn’t transmit until they were sick. So you had time.” You could identify cases, trace contacts, and quarantine. It could be stopped, for those reasons, and it was. If the virus had been a little different, “highly transmissible, with more variable disease manifestation, harder to figure out who were silent carriers, then we may never have been able to contain SARS.”

He said this during our 2011 conversation, not the recent one. Was it prescience, modeling, or another lucky guess?
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