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					You do all you can to humanize and familiarize the world, and suddenly it becomes more strange than ever.

					—Saul Bellow, The Adventures of Augie March

				

			

		

	
		
			
			
				PROLOGUE

				March 2020, Seattle, Washington

				Nick Mark was sure that COVID-19 had hit weeks before he saw his first official case. In March 2020, the virus had only recently been detected in Seattle, but the sudden outbreaks flared so severely that a first wave must have gone undetected. It was that first wave, he believed, that had entrenched the virus within the city and primed it for its violent surge. As Mark, an ebullient, fast-talking ICU physician, tended to the rising wave of patients, his astonishment at the speed of the virus’s path through the hospital quickly shifted to something else: fear.

				It began with just one patient, brought into the hospital with a cough and fever, who tested positive for the novel coronavirus. Then, several patients. Within a matter of three weeks, most of the patients at his Seattle-area hospital, the Swedish Medical Center, were there because the virus had colonized their bodies. Mark became shell-shocked. It wasn’t so long before that his job was, if not conventional, then at least broadly predictable: as an intensivist, he was trained to care for critically ill patients in the ICU, a role that saw him moving easily through the hospital’s hallways, assessing patients as they were brought in and doing his best to keep them alive. It was hard work, but Mark had more energy than most—or perhaps, as he was still in the first couple of decades of his career, his adrenaline was fueling him before some inevitable collapse. Early in the wave, the COVID-infected patients he cared for in the ICU presented with a grab bag of symptoms of varying severity. Some required only brief intensive care and were soon revived after a short course of high-flow oxygen. A small minority, though, was balancing on the knifepoint of death, their immune systems frustratingly resistant to the barrage of treatments (intubation to force oxygen into the lungs, broad-spectrum antivirals, immunosuppressants to keep fevers down) that comprised Mark’s usual tools for healing the sick.

				Mark prided himself on his ability to cut through the vast emotional gulf that separated patients from their doctors and to use that connection to help those in his care become well again. Each patient was a puzzle, none exactly alike and all requiring his close and focused attention to keep them alive. By late March, though, he was no longer assessing individual patients with particular illnesses and providing them counsel and care; he was dealing with a faceless epidemic. He watched, astonished, as entire wards filled with the COVID infected, and the hospital practically groaned under the weight of the wave, forced to shut down its various functions in favor of one aim: stopping the infected from dying. But as the numbers spiked, keeping people alive became harder. Patients triaged to the ICU presented with severer symptoms, and Mark was plagued with doubt about whether he and his team would actually be able to hold the line as the epidemic unleashed its full force. And that is what had led him to believe that the public health system had missed something. The first flood of patients was so torrential that they could not simply have emerged out of the community all at once. There must have been seeds of the epidemic proliferating before anyone could detect them, the first stones tossed into the water sending ripples, which then caused waves to crash ashore.

				While Mark was forced to wage a slow battle of attrition against the virus, SARS-CoV-2 was also, in something of a fifth-column attack, systematically undermining his ability to do his job. Prior to the pandemic, he would move fluidly through the ICU to attend to his patients, doing all he could to make their time in the hospital as free from fear and discomfort as possible. But with the pandemic wave rising, he could no longer perform only a perfunctory washing of hands as he moved from patient to patient. The room itself had become a battle zone, one where the risks of infection had reached the level of life and death. And like a soldier, Mark had to suit up so that he wouldn’t be an easy target for the enemy. Preparations began before he entered each patient’s room in the ICU. First, he donned a powered air-purifying respirator (or PAPR), a plasticized hood with a built-in fan that sat on his head and shoulders like the chain mail hood on a medieval knight. This contraption created positive pressure to vent particles away from his nose and mouth, the fan connected to a belt around his waist. Then came the synthetic gown placed around his shoulders and tied tightly; plastic booties to cover his shoes lest the virus find purchase there; and two layers of latex gloves. The final accessory was a garden-variety hard hat that hospital technicians had jury-rigged so that Mark and other physicians would be able to see clearly while wearing the PAPR. It was the kind of getup most commonly seen in disaster movies.

				Mark knew the personal protective equipment was meant to keep him safe, but he couldn’t help feeling anxious every time he was called to a patient’s bed and had to suit up yet again. Dressed in his cumbersome gear, he’d wash his hands, suggest treatments he thought (hoped) might inflect the course of their illness, exit the area, wash his hands again, and disrobe. Minutes later, he would have to do it all over again when, say, another infected patient’s lungs gave out and they came face-to-face with their imminent death. Again, frustratingly, Mark would have to don his PPE before he could try to help bring them back from the void. There was so much more he could do, he knew, if only he could face the virus without protection.

				That wasn’t the worst of it. Before the pandemic, Mark was a hands-on physician, knowing full well the power of touch to console patients whose lives were slipping away. Not needing to wear gloves then, he would sit with his patients—many of them elderly—hold their hands, and look them directly in the eye, offering them the gift of skin-on-skin comfort in an otherwise unfamiliar place. All this—the physical contact, his capacity to reveal himself to his patients, to hold their gaze and communicate without words that they were seen, were being cared for, and were, in a way, the object of love—had been made impossible by the threat of a virus that found a home in every body, on surfaces, and in the air itself. “There’s a very distant and dehumanizing aspect to it,” Mark said. “You’re talking to a patient—let’s say they’re awake—and they can see you’re wearing this crazy mask, this crazy outfit. They feel very physically distant from you. Even if you’re holding their hand with yours, it’s glove on skin as opposed to skin on skin.”

				In the age of COVID-19, Mark’s hospital was no longer just a place of healing. It was, like so many healthcare centers, on the front line in a war against an unthinking and unblinking pathogen with a singular function: to replicate at all costs. That’s not to say Mark thought the layers of protective gear and the wards, largely empty except for COVID cases, were overkill. But they were a tangible reminder that he could become the next victim of the novel and enigmatic virus. “You’re not accustomed to thinking that way,” he admitted. “You’re usually thinking, ‘I’m trying to save this patient.’ Maybe you’re thinking, like, ‘I’m exhausted’ or ‘I’m hungry.’ You’re not thinking, ‘If I try to help this person, it could cost me my life.’ That’s not something I’ve ever thought about before the pandemic.”

				Gloved, masked, hooded, and in a flowing sulfur-colored plastic gown, Mark hunched over his patients, day after day and hour after hour, an intubation tube at the ready in one latex-covered hand as he prepared to give them the oxygen they needed. The mouths of his patients were held open, rigid, displaying their hunger for breath, as he passed the smooth, flexible plastic tube across their tongues, Mark trying to concentrate with the whirring of the PAPR’s fan buzzing in his ears. He slid the tube farther and farther until he felt the scrape of plastic on the flesh of their tonsils. He’d then gently force it down the esophagus until it rested at the top of the lungs. At that point, mechanical ventilation could begin, with air forced through the tube and into lungs too riddled with viral disease to expand enough to capture oxygen unassisted.

				This procedure, tracheal intubation, was one of the basic proficiencies required of Nick Mark in the ICU. Over the span of his career, he had performed it hundreds upon hundreds of times, enough that it had become a series of reflexive actions. But it was only with the threat of COVID literally hanging in the air that the risks of the procedure, which had always been borne solely by the patient, suddenly took on an added dimension. While being intubated, some patients coughed up phlegm and other particulates disturbed by the tube on its rough journey down the human respiratory tract. “Putting a breathing tube in basically sprays viral particles in your face,” Mark said. Knowing what might come, he had always taken a mental pause before each procedure—a couple of deep breaths in, a couple of deep breaths out—in an attempt to relax. The ritual worked well when it was only the patient’s life on the line. “But I’ve found that when I was doing that before these coronavirus intubations,” he said, “the first time, I was actually more nervous afterward, because I was thinking, ‘If my PPE fails, I could definitely get this.’ ” A small tear in his PAPR hood was all it would take.

				With each passing day, new victims of the pandemic were added to those already lingering in Mark’s ICU, each new patient also a potential vector of the virus. They remained there, many never improving, as the beds filled precipitately with new bodies under his care. Soon, Mark found himself having hushed discussions with colleagues about possibly triaging patients and rationing supplies if the wave of the sick and dying did not abate.

				And then the stories began circulating: of shortfalls in PPE, of patients infecting their doctors, of their doctors dying, of entire hospitals being ravaged by COVID-19. It was all too much. Though the virus was basically unknown, and the pandemic in its early stages, it was already obvious to Mark that the path he was on would doom him to become another casualty in the battle against the pandemic.

				

				—

				SARS-CoV-2, the coronavirus that emerged in 2019 and that, within six months, had spread across the entire globe, was widely described as unprecedented. And while the specific virus that so elegantly burrowed its way into the cells of its human hosts and evaded our species’ immune response was a singularly novel threat, it was only the most recent member of an ancient and storied family known as the Coronaviridae.

				Coronaviruses and humans are not new interlocutors. There are moments in our history—a hundred years ago, perhaps a thousand years ago, or even much longer—when the ancestors of SARS-CoV-2 emerged and caused the same kind of fear, sickness, and death as the pathogen that plagues our time. To call this a comfort would be an overstatement. But there is, in the knowledge that the COVID-19 pandemic is both new and part of a repeating cycle, a way to put boundaries on our anxiety. Indeed, there are ominous precursors throughout human history of the existential dread brought about by the novel coronavirus.

				What sets this time apart is that we have come to understand the virus. But just as SARS-CoV-2 is at once new and old, our understanding of it did not start with the first cluster of viral pneumonias in Wuhan. The foundation for our knowledge of SARS-CoV-2 lies in the work of scientists who, decades ago, were driven by a largely abstract fascination with coronaviruses. The study of this viral family, they understood, would yield no plaudits or much recognition; it was simply not that important to humanity. This small cadre of scientists, working in obscurity, nevertheless spent their lives pushing the limits of what could be known about coronaviruses for no other reason than the acquisition of knowledge itself.

				Then the family transformed before their eyes into the greatest pathogenic threat of the twenty-first century. As the warning signs flared, the world at large remained blind. And it was then that those studying the forgotten discipline of coronavirology, a seemingly innocuous subject, became the most consequential scientific minds of our time. To them we owe the millions of lives that were saved during the COVID-19 pandemic and, if we are lucky, perhaps even the end of coronavirus pandemics for all time.

			

		

	
		
		
			Part I

			 

		

	
		
		
			Chapter 1

			 

			ONLY OCCASIONAL ECSTASY

			February 14, 2003, Hong Kong, People’s Republic of China

			It was Valentine’s Day, and Malik Peiris, the dutiful husband, was out with his wife at their favorite Indian restaurant. It was his first night off in weeks. Peiris, a Sri Lankan–born, Oxford-trained physician and virologist, had lived in Hong Kong since 1995 and was no stranger to emerging epidemics. In 1997, a deadly new strain of avian flu, H5N1, had caused hundreds of illnesses and dozens of deaths in his adopted city, and Peiris had distinguished himself by discovering the mechanism it was using to kill its hosts: a buildup of chemicals called cytokines, which were released by the immune system and ended up causing the body untold damage. But even for someone as well versed in beating back novel viruses as Peiris, the last few months had been bizarre.

			Not that Peiris would have admitted as much. His reflexive Old World manners, expressed in a refined British-tinged accent, were accompanied by an innate warmth that put those around him at ease and concealed the intense pressure he put himself under. Peiris carried himself with a compact air, seemingly sewn into a neat suit and tie, with black hair prone to wildness framing a clear-eyed gaze. He betrayed little ego, downplaying with a quiet laugh the severity of the virological phenomena he battled. This amiability had imbued him with a capacity to take setbacks in stride, just as he had done when he was forced to flee Sri Lanka in the face of a growing political insurgency, a move that had eventually led him to his position in Hong Kong. Peiris did not, as a rule, dwell on misfortune. He was as apt to talk about the scientific friendships that forged the path to discovery as he was about how those discoveries might turn the tide in favor of humanity. The problem for Peiris was that in the first few months of 2003, the waves seemed to be rising higher and crashing harder than ever.

			Two months earlier, in December 2002, Peiris had been called to two waterparks in Hong Kong that were home to flocks of ducks, swans, and greater flamingos. When he arrived, he encountered utter devastation: dozens of the birds had died, all of them felled by a new pathogen that didn’t match any previously detected virus. It was a morbid puzzle, and Peiris was determined to solve it. He immediately canceled his Christmas holidays and spent the ensuing months holed up in his lab at the University of Hong Kong, surrounded by a vast assortment of birds held in an adjacent animal containment facility. Wrestling with the avian sick and dead, he labored to extract samples and placed them inside petri dishes filled with tissue, hoping to get whatever microorganism had spread through the waterparks to replicate. It would take weeks of delicate coaxing, but the pathogen finally bloomed within the confines of his lab, allowing Peiris to isolate it from the surrounding avian tissue and cellular debris. Finally, Peiris gazed upon the specimen under a microscope; immediately, a deep anxiety welled up inside of him. It was a new virus, to be sure, but it looked disturbingly familiar. When he ran further tests, Peiris discovered that, to his horror, the virus was a lethal new strain of H5N1 avian flu, eerily similar to one that had caused dozens of deaths in his adopted city just five years earlier before Peiris spearheaded a citywide effort to contain it.

			Peiris passed the next few weeks on pins and needles, waiting, exhausted and alarmed, for the inevitable epidemic to emerge. He had seen avian flu before, but that was cause for fear, not relief. Novel pathogens always started by infecting a cluster of cases, most often in domestic livestock, before the more efficient ones managed to spread across multiple species and into our own. Peiris knew that the waterpark outbreak had all the portents of an emerging killer flu: mass die-offs (the virus was deadly), airborne transmission (it could easily infect multiple individuals), and all of it occurring in environments that humans shared with animals (the virus had ample opportunities to jump from birds to humans). It was, Peiris believed, about to begin again.

			And yet, by mid-February, despite his worst fears, the pathogen appeared to burn itself out, by all indications too unfit to replicate efficiently in humans. Peiris, at first cautiously, finally allowed himself to breathe a sigh of relief. The waterpark die-off was not the beginning of the pandemic that he and so many others had feared. It was just another passing virus that had failed to find purchase within the human race.

			On Valentine’s Day 2003, seated in his favorite Indian restaurant, Peiris looked across the table at his wife and let the moment sink in. After all he had gone through, after all the fear of the last few months, this, finally, was a sliver of happiness.

			Then his phone rang.

			On the line was the head of the World Health Organization’s China mission. He had some troubling news. There was something happening in Guangdong, the Chinese province that neighbored Hong Kong. Hospitals were reporting a cluster of patients with an inexplicable and unusually severe flulike pneumonia. Peiris’s heart sank; just when he thought the avian flu outbreak had been self-contained, it appeared that it had indeed jumped the species barrier into humans. He had barely let himself relax, and it was already time to get right back to work.

			By the next morning, all the major local newspapers had broken the story of the Guangdong pneumonia outbreak. While neighboring Hong Kong had come under Chinese rule in 1997, the Communist Party still handled its recently reclaimed territory as a pseudo-separate entity. Every day, close to one hundred thousand people crossed the boundary between Guangdong and Hong Kong, passing a formal border as they went. With the pneumonias spreading in hospital rooms and family homes, Peiris knew it was only a matter of time before the outbreaks coalesced into a generalized epidemic. With a reputation burnished from his years of fighting avian flu, he convinced the local authorities to set up enhanced surveillance at the border, which saw agents screening the tens of thousands of crossing visitors for signs of illness. Eventually, they snared two cases: a father and son, both severely ill with pneumonia, who had recently returned from a trip to the mainland for the Lunar New Year festivities. There was a daughter, too, Peiris learned. Like her father and brother, she had become ill during the trip; unlike them, she had perished from her infection before making it back home. Peiris quickly ran samples from both the father and the son through laboratory tests he had designed to detect avian flu strains. When the results came back, he had what he believed was a smoking gun: both were infected with H5N1, the killer flu Peiris had battled in 1997 and that hadn’t been seen in humans since.

			Peiris assumed that he had found his pathogen. He was wrong. Over the next few weeks, despite hundreds of people becoming ill with the same strange symptoms across Guangdong and Hong Kong, and despite countless tests at the border that separated them, no one else tested positive for H5N1. Remarkably, the father and son’s avian flu infection—and the sister’s death—was a red herring. With unexplained pneumonias proliferating, it was clear that there was some other unknown pathogen at work. Try as he might, though, Peiris could not identify the virus. He ran every conceivable lab test on samples from sick patients and from those who had succumbed to their illness. Hantavirus, adenoviruses, respiratory syncytial virus, parainfluenza—all were the usual second-line suspects whenever people got sick with respiratory symptoms that couldn’t be explained by influenza. All the tests came back negative. Making matters worse, Peiris couldn’t get the pathogen to replicate in the routine tissue cultures he grew other respiratory viruses in. That left him working with tiny amounts of virus, far too little to use for the battery of tests he needed to identify the culprit.

			Unwilling to concede, Peiris experimented with less common animal tissues to see if he could find some that appealed to the unknown virus. After trying and failing and trying some more, he finally landed on a culture that the virus seemed to enjoy: fetal rhesus monkey kidney cells. Slowly at first, and then with accelerating ferocity, the virus tore through the tissue culture Peiris had gifted it. He finally had a workable specimen of the unknown pathogen.

			In the nearly six weeks since he received the phone call from the WHO, Peiris had been working days, nights, and weekends trying to isolate the virus. Every morning and every evening were punctuated with calls organized by the World Health Organization, which had brought together an international network of virologists and epidemiologists to closely monitor the worsening situation. As the pneumonia cluster grew into an outbreak and then metastasized into an epidemic, a sense of dread began to pervade the calls. Since November 2002, when the first cases were recorded among butchers, market vendors, and chefs in Guangdong Province, the strange pneumonia—dubbed severe acute respiratory syndrome, or SARS—had spread far and wide, with no signs of abating. By mid-March 2003, almost two thousand people had fallen ill and hundreds had died across China and the world, the virus having caused outbreaks in Vietnam, Singapore, Taiwan, the Philippines, Canada, and many other countries. No one knew what was causing it, though theories abounded. SARS might have been caused by a retrovirus, which placed it in the same family as HIV, a pathogen that mutates so rapidly and attacks the human immune system so efficiently that, despite billions of dollars and decades of research, it has eluded efforts to create a vaccine. Some thought it was a new kind of herpes, which would have made it a member of one of the most highly contagious viral families—as much as 60 percent of the U.S. population is believed to be infected with herpes—uniquely resilient to the human immune response. Still others, fearing the worst-case scenario, thought it might be a highly transmissible strain of Ebola or Marburg virus, which would place the world on the cusp of a pandemic with a mortality rate upward of 85 percent.

			Peiris knew that the path to controlling the SARS epidemic required, more than anything, identifying the true identity of the pathogen. Only then could the tests, treatments, and vaccines needed to stop its spread be developed. With the virus growing happily in rhesus monkey cells, Peiris finally had a shot at isolating the pathogen that had been causing so much sickness and death.

			On March 24, 2003, roughly four and a half months after the first SARS cluster emerged, Peiris placed virus-infected tissue culture under an electron microscope and peered through the lens. Under the unblinking beam of subatomic particles, he watched as the cells swayed and buckled under the mysterious pathogen’s unrelenting attack. He looked closer, the microscope powerful enough to reveal the shape of the viral intruders. And then came the shock: massive undulating spheres, greeted his gaze. Dotted across their shells were tiny spikes laid out in an orderly lattice, as if crowning the viruses for the victories they had won over their hosts. Peiris had discovered the source of the deadly new epidemic: a virus from an obscure, largely benign family that had never threatened humanity before. Aghast, he had only one question: “Where the devil did this come from?”

			February 2003, Vancouver, British Columbia

			Every day since the sample arrived, Dr. Bob Brunham had left his lab at the British Columbia Centre for Disease Control and walked two minutes up Ash Street, a verdant, tree-lined avenue flanked by the stark Art Deco tower of Vancouver’s city hall to the east and by a low-rise concrete bunker that served as a long-term-care home for seniors to the west. Brunham, a physician and immunologist, had large, guileless eyes set under a mop of curly brown hair. He spoke earnestly, with a soft and tentative voice that suggested that a delicate soul had driven the scientific expertise he had developed over his almost three decades in vaccinology. His destination that day: a provincial cancer agency that was home to the lab of Dr. Marco Marra, Brunham’s friend and a member of the city’s diminutive class of molecular scientists. Marra’s skill set was, in 2003, still something of a scientific novelty: he had mastered the ability to sequence the basic genetic information contained in cells and viruses, their genomes, to better understand how they replicated, so that researchers might exploit their weaknesses. Once Brunham was in Marra’s office, the two scientists would excitedly discuss their plan: to map the inner workings of SARS and release their findings to the world.

			Brunham had watched from afar as whole cities—Hong Kong, Hanoi, Sydney, and even Toronto—became SARS hot zones and then, as people fled infection, ghost towns. Then the virus landed in Vancouver, his home, and he saw his own colleagues become infected, some of them dying. Brunham could not sit idly by. As a vaccinologist, he knew that the typically decade-long process of creating a viable vaccine couldn’t begin in earnest until the virus’s genome was mapped. This left the people on the front lines of the epidemic, doctors and nurses, largely on their own and in danger, as there was no proven strategy to care for SARS patients without being exposed to a serious risk of infection. That made Brunham’s goal clear: map the virus’s genome, scan it to find weaknesses, and develop a vaccine to kill it once and for all.

			Brunham and Marra were going to sequence the entire genome of the new, killer virus spreading across the world—and they were going to be the first. After all, as scientists, they were well aware of one of the crueler truths about discovery: nobody cares who solves the riddle second.

			

			—

			When SARS emerged, Brunham was the director of British Columbia’s CDC, a role he had assumed four years earlier, at the age of fifty, after an already storied career as a physician and vaccinologist. To an outsider, his professional path might have made him seem like a dilettante, someone who never quite found what he was looking for. In 1996, he tested chlamydia-prevention programs among sex workers in Kenya. Years later, he tracked a pathogenic fungus that was spreading along the beaches of the Pacific Northwest and killing unlucky porpoises and human beings. And then in 2003, he raced to uncover the genetic code for SARS. Throughout, he had keenly followed the threads of whichever epidemics might need solving at the time, each one leading him back to the singular scientific tool (a method, really) he had been honing for decades: genomics, the science of mapping genes, which made up the building blocks of life. Yet, when SARS emerged shortly after the turn of the twenty-first century, genomics was still something of a novelty.

			Brunham’s research revealed to him the genetic connections among organisms as diverse as viruses, bacteria, and human beings. It also allowed him to explore the still-mysterious processes by which simple molecules grouped themselves together to become living (and semi-living) creatures. He expressed continual wonderment at being gifted with the chance to travel across these multiple dimensions. “In our world, the information in DNA is something you can’t see,” he said. “What’s very hard to do for many people is to conceptualize what space is like at a molecular level, and how that plays out with all of that molecular motion, and how large these things really are, relative to the size of a water molecule.” Brunham was on a journey to bridge these wildly different conceptions of space and magnitude.

			Genomics, which uses a combination of complex molecular tests and advanced computer processing to map the structure, function, and evolution of genomes, was Brunham’s lodestar. Like archaeology, genomics involves a process of uncovering evidence of life, of separating petrified bones from dust—the difference being that DNA (a double-helix structure that contains the code for all organic life forms) is no fossil. It is a dynamic living record made up of a series of four repeating nucleotides (which are made up of a sugar molecule, a phosphate group, and a unique nitrogen-containing base), and it defines where our species and every other cellular life form on the planet came from and where they might go. Having spent decades deciphering the living record, Brunham had come to believe that life was nothing more than self-sustaining encoded information—and he’d spent his entire career learning to decrypt it.

			Revealing the elegant and complex arrangements of molecules was, for many genomic scientists, an end in itself. But Brunham was also a medical doctor who always had one foot firmly planted in the realm of public health. He had come face-to-face with the stark reality that all organisms that carry genetic code—including viruses—have an essential biological mandate: to reproduce as quickly and as efficiently as possible. SARS was evidently realizing that mandate very successfully. In Toronto, it had spread like wildfire: within just one week of the first recorded infection of a healthcare worker, fifty more people had become infected.

			While Brunham believed that mapping the SARS genome was the only way to kick-start the path to a SARS vaccine, genomics was in 2003 still marred by a sense of unfulfilled promise. At the time, media coverage of the new scientific discipline was focused exclusively on the Human Genome Project, a “holy grail” pursuit that pitted the privately funded J. Craig Venter, a charismatic and deeply ambitious scientist, against a consortium of publicly funded scientific organizations in a race to map the three billion nucleotide base pairs that make up the entire human genome. Brunham, who had collaborated closely with Venter, was deeply affected by the scientist-entrepreneur’s charisma and his drive to unlock the potential for human advancement that lay hidden within our genome. “He had the magic,” Brunham said. “When he spoke, he was like a bright light. You wanted to be in his good company,” his reverence for Venter clear. “People just surrounded him, including me.” One of Venter’s chief contributions to genomics was his creation of the “shotgun” method of mapping genomes, which involves exploding DNA into fragments, rapidly analyzing each one simultaneously, and then stitching them all back together. The technique had revolutionized the speed at which scientists could map genomes. Though there was no denying Venter’s genius, Brunham had grown disillusioned with his apparent obsession to monetize his discoveries. Doing so, Brunham thought, obscured the Human Genome Project’s real potential for helping humanity. So while Brunham was happy that everyone was talking about genomics in 2003, the conversation had become, to his chagrin, focused on how the science could turn a profit rather than about how it could save lives.

			Brunham wanted to change that. He was convinced that using genomics to map and then vaccinate against the SARS virus would take the science out of the realm of profit and make it a public good. Before genomics, sequencing DNA (or RNA, a single-helix structure that encodes a small number of viruses) had taken years, because each individual nucleotide base had to be mapped essentially by hand. This made traditional sequencing useless as a means of controlling SARS, which had spread to communities across the world in just three months. But if Brunham and Marra could use genomic science to map the genetic structure of SARS within a matter of weeks, they could trigger a response to the cascading epidemic that could save lives: the virus’s genetic code was needed to create a reliable test to diagnose infected people, and it could also be used to track the virus’s journey back to its first jump from an animal reservoir. What intrigued Brunham the most, though, was the possibility of using genomics to create a vaccine faster than ever before. Despite the ludicrous odds, he was convinced that he could even create a viable vaccine in the space of a few months or years rather than in the decade or two it had taken scientists to date.

			Brunham was well aware that science was, at times, a blood sport and that there were undoubtedly teams across the world also racing to sequence the SARS genome. Some, like those funded by the U.S. Centers for Disease Control and Prevention, were outfitted with hundreds of researchers and with laboratories big enough to fill warehouses. Brunham knew all this and he knew also that the odds of his and Marra’s being the first were stacked against them. But he wanted to try anyway.

			First, though, they would need a sample of the virus. With SARS spreading rapidly in Toronto, Brunham worked his contacts across Canada to secure a sample, dubbed TOR2, from an unfortunate victim of the epidemic. After a long trip across the country, the sample, a wallet-size Styrofoam box containing a vial of purified viral genetic material, arrived unceremoniously at Marra’s lab in Vancouver. Though it had been harvested using an invasive technique called bronchoalveolar lavage (which uses suction to pull pathogens from lung tissue), its sterile packaging revealed no traces of its origins deep in the respiratory tract of an infected human being. Once the vial was in Marra’s hands, its contents was no longer a pathogen with the power to sicken and kill. Suddenly, it was a scientific triumph waiting to happen.

			Marco Marra and his team got to work. Theirs was a heavy lift: they had to purify the viral RNA that lay within the TOR2 sample, make a DNA copy of it, and then start a chain reaction known as amplification that would create millions of viral copies, all while trying to outrun the other scientific teams working furiously on their own genetic maps. Though that was difficult enough on its own, TOR2 presented even greater challenges. Marra was an early pioneer of genomic sequencing and was accustomed to being given ample samples when he was cracking genetic codes. But when the TOR2 sample arrived, it left much to be desired. Marra, a tall, lean man with a coiled, confident energy, was taken aback. “We received a very, very tiny aliquot of nucleic acid,” he recalled, “like five nanograms, or some astronomically small amount.” The sample was so minuscule, in fact, that the liquid in the vial had evaporated, making the vial appear completely empty. Even for a genomicist as accomplished as Marra, five nanograms of genetic material—or five billionths of a gram—was a ludicrously small amount to work with: it weighed about the same as five individual human cells.

			The first step for Marra and his team was to figure out whether the virus’s genome was made up of DNA, which was relatively durable, or RNA, which was exceedingly fragile. Because the sample had evaporated, Marra’s lead technician resuspended it in liquid and then placed some of the mixture onto assays that could detect the presence of either RNA or DNA. The result was a gut punch: it was RNA. Along with the other challenges that were piling up, Marra was now facing a ticking clock as well. RNA is very unstable, meaning that it’s liable to break down rapidly in a lab if it comes into contact with other cellular matter or molecules. If any part of the patient were left swimming in the vial among the virus particles, the RNA would disintegrate within a matter of hours.

			Marra’s team was caught having to carefully balance getting their blind experiments to replicate the virus with needing to maintain enough of the sample’s genetic material to map it. Their plan was to use PCR (short for polymerase chain reaction), a technique that allows scientists to rapidly make millions of copies of DNA and RNA fragments that can then be easily analyzed. PCR uses molecules called primers that attach to each end of a segment of DNA or RNA, but for the approach to work, the virus’s nucleotide bases (the four molecules that make up every script written into the genome) had to be known. Brunham and Marra, though, had absolutely no idea what the genetic makeup of the TOR2 strain was.

			After spending five days trying every technique they could think of to isolate the genetic material from the soup in which it was floating, the team was still at square one. Nothing had worked. “Every time you do something, it takes six hours or overnight,” Marra said. “So, you do a thing and then you wait to see it: ‘Oh, nothing there.’ Do another thing, wait to see it…” With each experiment, the odds of successfully mapping the SARS genome dwindled, while the chances rose that the RNA would disintegrate into useless molecules. No matter how impressive anyone’s skills might be, there was a limit to how long the team could stave off the inevitable.

			Then, on day six, Marra had a brainstorm. If they stitched small bits of a sample of DNA known as a “universal linker” to the ends of the unknown viral genome in the TOR2 sample, they could program the PCR to attach itself to the DNA fragments, which had been fully mapped. If that happened, the PCR would at the very least make copies of the universal linkers. Marra hoped—though there was no guarantee—that the PCR would also copy the unknown parts of the virus’s genome sandwiched between the DNA fragments at the same time.

			Marra’s team delicately added the universal linkers to TOR2, the bundles of atoms securing themselves to the ends of the viral RNA. Then it was time to run the PCR again. By this point, Marra was anxiously aware of how little time they had left before the whole sample degraded into detritus. It was almost certainly their last shot. The team triggered the PCR chain reaction, each cycle doubling the number of copies, the genetic fragments soon numbering in the millions. They then waited for hours, in that liminal, anxious space that lay between undeniable success and abject failure.

			When Brunham and Marra checked the results, they almost couldn’t believe it. After so many failed starts, the entirety of the TOR2 sample—its complete RNA—had been copied along with the universal linkers. They had done it. Marra was more surprised than anyone. “We got lucky,” was all that he would admit. “We guessed right.”

			Immediately, Brunham and Marra passed the newly replicated copies of the TOR2 strain to a small team of informatics scientists who had been standing by. Their job was to quickly analyze the individual molecules on the RNA as they were being revealed and compare them to the genetic material of known viruses. As Brunham and Marra caught their breath, the lab’s computer screens began to light up with that ancient, holy, simple text:

			
				1 atattaggtt tttacctacc caggaaaagc caaccaacct cgatctcttg tagatctgtt

				61 ctctaaacga actttaaaat ctgtgtagct gtcgctcggc tgcatgccta gtgcacctac

				121 gcagtataaa caataataaa ttttactgtc gttgacaaga aacgagtaac tcgtccctct

				181 tctgcagact gcttacggtt tcgtccgtgt tgcagtcgat catcagcata cctaggtttc

				241 gtccgggtgt gaccgaaagg taagatggag agccttgttc ttggtgtcaa cgagaaaaca

				301 cacgtccaac tcagtttgcc tgtccttcag gttagagacg tgctagtgcg tggcttcggg…

			

			The team was shocked: the genome map left no doubt that TOR2 was a coronavirus, even though the only two known human coronaviruses were innocuous pathogens that caused nothing more than mild colds. Weirder still, it most closely resembled, of all things, a bovine coronavirus known mostly for causing fever and dysentery in cattle.

			Brunham was floored. He immediately set to work translating what the team had found into information that could help fight the SARS epidemic. The first step was to make the entire sequence completely open, so that any researcher around the world could access it. This wasn’t a fait accompli; some members of his and Marra’s teams wanted to patent the genome, which would have made it illegal for other scientists or governments to use the sequence without paying for it. Though the SARS epidemic was dominating headlines in April 2003, so, too, was the imminent completion of the Human Genome Project. With J. Craig Venter as a modern-day evangelist for private genomic science, even those scientists most ardently committed to mapping genomes for the public good rather than for profit were having second thoughts about whether theirs was a viable path to scientific discovery. Ultimately, Brunham’s team members came up with a compromise: they would patent the SARS sequence but also openly release it, with no strings attached, so that anyone could use it. And so, on April 12, 2003—two days before the announced completion of the Human Genome Project—Brunham and Marra announced that the genome of the SARS pathogen, a novel coronavirus, had been fully mapped.

			Marra, Brunham, and their teams had won the race. Less than twenty-four hours later, the U.S. Centers for Disease Control and Prevention announced that it, too, had successfully sequenced SARS. But nobody cares who came in second.

			The SARS genome map was the kind of success Brunham lived for. Experimental science was made up, he said, of “pretty repetitive events with only occasional ecstasy.” The revelation that a coronavirus was at the heart of the SARS epidemic was one of those profound moments of transcendence. Better yet, he knew that it was the key to combating SARS. With his task completed, he basked in the glow of that rarest of events: the discovery of something entirely new.

			But even as Brunham came face-to-face with a new and deadly pathogen, the revelation that SARS was a coronavirus had implications that went far deeper than the epidemic the world faced in 2003. Coronaviruses were simply not a threat to humans—and they were certainly not supposed to be capable of producing strains that infected eight thousand people across the globe and killed roughly 10 percent of them. In the world of virology, coronaviruses were docile creatures, known for causing common colds and infecting animals. They had, as far as anyone knew, never been anything but a largely innocuous family.

			But the sudden emergence of a deadly coronavirus was not as surprising as it seemed. While the SARS virus looked like an impossibility, it was in fact only the most recent progeny of a very old family that had long bedeviled humanity. SARS, for all of its novelty, did not represent a new pathogenic threat. It was only the latest chapter in humanity’s long entanglement with the Coronaviridae.

		

	
		
		
			Chapter 2

			 

			AN EMINENT OFFICIAL WAS TRAVELING HOME BY BOAT

			October 1980, Würzburg, Germany

			The Frankish castle was imposing, but on the small side, just big enough for the sixty-odd people who clustered inside its thick stone walls and under its low-slung archways. Everyone there had two things in common: they were all virologists, and they were part of the same small community that represented the totality of human knowledge on coronaviruses. The eclectic group, from labs scattered across the world, had flown to Würzburg (a town with a rather unremarkable history) to swap notes, drink the local Riesling, and share the latest research on their idiosyncratic obsession. There was a certain energy flowing among the group, and while it may not have been the anticipation of a world-shaking discovery, there was nevertheless cause for celebration. The assembled scientists had done it: they had launched the first international conference on coronaviruses despite the fact that the viral family was little more than a scientific oddity. The humble discipline had, in its way, arrived.

			“It was a beautiful castle,” said Dr. Susan Weiss, a microbiologist whose own forty-plus-year career in coronaviruses was launched during that first conference. Weiss was a slim woman with unruly brown curls and an open, expressive face; when she spoke—on topics as varied as the location of cleavage sites along the coronavirus genome or the beauty of the windswept Southern California coast—it was with a tone that implied that she was sharing deeply held and vital secrets, all delivered with a broad smile. Weiss had an unfailing capacity for wonder, and the trip to Bavaria had proven no exception; Weiss was floored by the opulence and camaraderie she encountered there. Each room featured its own antiques and sumptuous Continental furniture the likes of which she was unaccustomed to. Weiss was a newly minted postdoc at the time, which made her among the most junior scientists at the meeting; in fact, she had found her way into the field only a few months prior by complete happenstance. After finishing her Ph.D. and working in a lab run by the future Nobel Prize winners Mike Bishop and Harold Varmus (the first to discover cancer-causing genes called oncogenes), she had little idea of where she wanted to take her career. All she knew was that she wanted to study viruses. “I literally took a copy of the Journal of Virology and thumbed through it, looking for something interesting. And I found this coronavirus.” Weiss started to read the short peer-reviewed article and became totally engrossed. What struck her was how much open space there was: no one had yet done any molecular biology work on coronaviruses, which meant that the genetic makeup of an entire viral family was a mystery waiting to be solved.

			Coronavirus research was obscure, but this didn’t deter her. In those days, virologists who wanted to make a name for themselves studied high-profile pathogenic viruses like influenza, that protean virus that flared with danger signals every few years; or viral hepatitis, three forms of which were discovered throughout the 1970s. “You’d say to people, ‘I work on coronaviruses,’ and they’d go, ‘Huh? What’s that?’ ” Weiss would just laugh. “People would look at you like, ‘Who cares?’ ” It wasn’t until SARS, Weiss says, that the world started to pay attention, but even then, most people still didn’t know what a coronavirus was. Those decades of obscurity, though, lent the field an enviable openness. “In general, you just had to produce good science. It didn’t have to be a therapeutic or a vaccine. It could be just essentially interesting.” This meant that Weiss was free to explore whatever she wanted, without the pressure of world-ready scientific deliverables or territorial colleagues. “I thought I’d just do my thing and be happy.”

			One by one, the scientists in the castle got up to speak about the issues preoccupying them. There were presentations on how best to treat cattle with bovine coronavirus shipping fever; what mouse hepatitis virus (or MHV, a coronavirus widely used in laboratory experiments) could reveal about the root causes of multiple sclerosis; and, perhaps the biggest news of the day, the finding that feline coronavirus, an obscure member of the viral family, could be fatal in some house cats. Other presentations covered coronaviruses in humans, though these were of less interest to the assembled. In 1980, this wasn’t surprising: only HCoV-229E and HCoV-OC43, two human coronaviruses discovered in the 1960s, were known to infect people, and both caused only minor colds.

			As the scientists clinked glasses, looking out on the Teutonic grandeur of Franconia and the rolling, vine-covered hills that flowed down from the castle, they were, as a field, untroubled. After all, the work they were doing was sure to remain a scientific footnote in the long history of virology, and like most footnotes, it was bound to be ignored.[*] But many, including Weiss, saw this as a blessing. “I didn’t have illusions of, you know, Nobel Prizes or anything,” she says. “It wasn’t that. It was that the field was ripe for the picking at the time.” As they listened attentively and scrawled passing thoughts on notebook pages, the coronavirus experts experienced a studious joy from a realization that they had found their perfect calling: no limelight, little pressure, and lots of room for experimentation away from prying eyes, all for the sake of pure scientific inquiry. The best part, in those halcyon days spent in the Franconian castle, was the near certainty that nothing would ever change that.

			

			—

			Coronaviruses were seen as a backwater of virology for the simple reason that their paths, all agreed, would always remain at a distance from our own. Even the fact that a couple of the Coronaviridae caused colds in humans wasn’t cause for concern; instead, it was seen as proof that the family, and humanity, had found an easy equilibrium. Even so, there were signs that the long period of balance was coming to a close. The arc of every epidemic, no matter its source or the destruction it wreaks, can be traced back to the same cause: the shifting interaction between a pathogen, its host, and the environment within which their relationship plays out. A pathogen may mutate to take advantage of a host in new ways. Hosts (we) might develop new vulnerabilities that allow a previously benign pathogen to colonize and kill. But no matter how perfectly adapted a virus may be to exploit human vulnerabilities, infection can take hold only if a change in its environment causes host and pathogen to collide. The relationships between these three factors—pathogen, host, and environment—are collectively understood as the “epidemic triangle,” and they make up a natural law as fixed as gravity. To understand and anticipate epidemics, epidemiologists look to shifts in the points of the triangle that portend a scrambling of the natural static order.

			Across the first two decades of the twenty-first century, coronaviruses became the greatest viral threat to our species. Still, they were not new. The cadre of scientists who met in 1980 in the Frankish castle for the first international conference on coronaviruses represented the extent of humanity’s knowledge of the family. But the tools of their age weren’t powerful enough to probe the history that humanity shared with the viral family, nor could they trace the endless shifts of the epidemic triangle that had brought our species and the Coronaviridae hurtling toward each other over and over again through time.

			

			—

			We look to the faces and bodies of our loved ones—our friends, our parents, and our children—for evidence of how grueling our journey through time really is. A wrinkle, a gray hair, momentary apprehension when walking up a flight of stairs—if we had no other way to measure time, our bodies would be enough to signal how far we’ve come and how quickly the path before us is dwindling. And yet, our experience of time isn’t uniform, with some days and years lasting longer than others and adding more damage while the young around us grow at speeds that seem close to impossible.

			Scientists measure the passage of time in other ways: by the slow appearance of bars in a western blot (a technique for detecting proteins) when nucleotides bind with synthetic antibodies to reveal the presence of viral genetic code; by the speed at which virions (individual viruses) replicate in blood serum, thirstily hijacking human cells to make more of themselves, the assault contained in a petri dish; by the slow unraveling of human DNA under an electron microscope, tight coils delicately touched by proteins that cause them to unfurl, frondlike, and to sway elegantly in a cell’s nucleus, their dance directing our bodies in its complex hidden functions. And scientists measure time by the breakdown of their tools: the inevitable obsolescence of their digital sequencers, the accidental fracturing of glass pipettes during routine activity, and the inevitable diminishment of the good hands that once allowed them to work in elegant mastery of their laboratories, which forces them to rely on the next generation to carry out the work.

			Viruses age, too, but looking at a single copy of a virus cannot tell you anything about its passage through time. Instead, viral time is measured in the molecular changes introduced during the dance of replication. These mutations, at the level of the virion, are random. But level up to a single human host, with trillions of cells that can be invaded and transformed into staging grounds for the production of billions upon billions of virions, and the speed at which these random errors occur starts to fit a pattern. One magnitude higher, at the level of a virus’s spread across the population of an entire species, and patterns of viral mutations become as predictable as clockwork.

			While viruses are, by one definition, just simple carbon-based machines, their massive numbers—at least one hundred million different viruses are known to infect vertebrates, invertebrates, lichens, and mushrooms—have led to incredible diversity, not only in their structure and activity, but in the pace at which they evolve over time. On average, a single virion can replicate in just three minutes once it worms its way into an organism’s cell. Some highly infectious viruses, like influenza, replicate much faster when they move through new populations, finding weak prey within which they can wreak havoc. Others, like bacteriophages (i.e., viruses that prey on bacteria), coexist in harmony with humans by adding an additional level of protection from deadly invaders. We welcome them into the human virome, that lush garden of viruses living peaceably within our bodies.

			In the case of highly pathogenic coronaviruses like SARS and SARS-CoV-2, there is no easy peace to be found. First, individual virions colonize our body’s respiratory system, which is made up of about ten billion cells, fertile ground for the viruses to penetrate. Once a virion enters a cell, a countdown to replication begins as the virus releases its genome, which then truculently makes its way through the cell and into the nucleus, where it takes control of the cell’s infrastructure and uses it to build copies of itself that then spread anew.

			The clockwork errors introduced during viral replication are like those found in every automated, high-volume production technique. Unlike human manufacturing, though, viral errors—which we call mutations—are a key to how viruses find new ways to poke through our bodies’ defenses. Through a technique called molecular clock analysis, which calculates the speed at which a virus mutates, scientists can count mutations backward in real time to see the specific year a particular viral strain emerged. It is the viral equivalent of counting the rings in a cross section of a trunk to uncover a tree’s age.

			All that’s needed are a few easily gathered details: a genome map of a virus and that of its closest-known relative and the speed at which the virus mutates. The next step is comparing the number of mutations within DNA or RNA each time that a virus copies itself. As viral genomes unfold themselves, synthesize, and create new copies within human cells, different nucleotide bases are swapped in and out of the long and sinuous structures. Over multiple viral generations, the timing of these random mutations becomes as predictable as the waxing and waning of the moon, allowing scientists to set a clock by them and then to wind it back to see how long it has taken a particular virus, through mutations, to distinguish itself from one of its ancestors. These “molecular clocks” are a surprisingly accurate way of charting when new viral strains emerge, while also giving us the power to tether two wildly contrasting but intersecting narratives: the history of our species and the chance leap of coronaviruses from animal to human hosts.

			We now know of seven distinct human coronavirus strains, most of which are benign (though some, of course, are not). Among these are two diminutive viruses that have fully conquered humans: HCoV-OC43, first discovered in 1967 in a cell line made up of organ culture, and HCoV-NL63, first discovered in 2004 in a seven-month-old Dutch infant. The family history of these two coronaviruses—how they evolved and how they became constant companions of the human race—sheds light on what we can expect from the future of the Coronaviridae.

			After OC43 and NL63 were first identified, copies of the viruses were found in people across the entire globe; by the time they were discovered, they had become, unbeknownst to all, endemic in our species. Nowadays, OC43 and NL63 are believed to be the cause of up to 30 percent of all respiratory infections in humans, most of which manifest as nothing more than a common cold. The combination of the global spread of these viruses and the mildness of the symptoms they cause is a sign that both are very well adapted to their human hosts, meaning that they’ve found a way to replicate themselves inside our bodies without drawing much attention from our immune system.

			But their relative harmlessness is almost certainly a new adaptation. When viruses first make the leap between animal hosts, they are often quite poorly adapted to the new biological systems in which they find themselves, which causes their new hosts to respond vociferously to the new threat. Navigating a new biological system that you’re poorly adapted to is a bit like trying to navigate an eighteen-wheel semi-trailer through a low-ceilinged parking garage: you’re either going to do it and cause serious damage, or you simply won’t be able to do it at all. Yet, over time, evolution can spark trade-offs in pathogens, whereby successful ones mutate to become less deadly to their hosts, while the hosts themselves are able to develop immune responses that systematically weaken the virus so that if it remains in the body it won’t replicate enough to become truly dangerous. This broad relationship was quantified in the early 1950s by A. C. Allison, a South African geneticist, during a trip to study the spread of malaria in communities on Mount Kenya. The malaria parasite had become endemic there, but Allison found that the residents were largely unaffected. When he took blood samples from them, he discovered an unusually high occurrence of sickle-cell trait, an inherited and basically harmless form of sickle-cell anemia that caused no major health problems, but that also made the hosts malaria-resistant. This experience sparked Allison’s investigation of what became known as the trade-off hypothesis, which posited that viruses and other pathogens would, as epidemics expanded, evolve into less harmful but more transmissible forms. While the trade-off hypothesis doesn’t hold universally (the unwavering deadliness of HIV being a rare but important example), it’s a useful rule of thumb, especially for viruses that can be transmitted for only a short time by their hosts—like the one- to two-week infectious period that coronaviruses elicit. So, though we know OC43 and NL63 as nothing more than occasional irritants, when they first infected humans, they likely would have resembled their deadlier coronavirus cousins. This, of course, leads to the question of what devastation these two viruses wrought when they first emerged as wholly new creations of nature.

			What’s clear is that OC43 and NL63 wouldn’t have spread to humans without other factors causing their paths to intersect with ours. The epidemic triangle requires just the opposite: there must have been something in the environment, in the virus, or in us that precipitated their leap. The upshot is that while we won’t ever know the exact circumstances of the zoonotic jump that saw their spread to humans, we can be sure that their transmission was the result of a dynamic shift in the relationship between the points of the epidemic triangle, which then caused a domino effect, leading to a sudden explosion of new cases.

			In the case of OC43, tracing those shifting points of intersection leads us to a curious possibility: that a coronavirus epidemic that killed roughly a million people at the turn of the twentieth century might have been missed entirely.

			December 1889, New York City

			“SNEEZES FOR ALL. That Fashionable Influenza Will Surely Cross the Sea.” On December 13, 1889, this headline—half jest, half warning—was tucked into the top left-hand corner of page 7 of The New York Sun. It was written in a period when the passage of time was marked mostly by sunrise and sunset, clocks being still a novelty. It would be almost a century before humanity discovered another type of clock, one whose stuttering ticktock of viral mutations could point to when in time a virus made the zoonotic leap from our animal cousins to us. Sadly for our nineteenth-century forebears, 1889 was the year a molecular clock analysis pinpointed that HCoV-OC43 first collided with man.

			“Europe has an epidemic of influenza,” The (New York) Evening World blared, “but do not be frightened. All agree that this latest fad is not dangerous to life—only annoyingly disagreeable to him who has it and excruciatingly funny to him who has it not [sic].” And so, in the waning days of 1889, tucked between news articles about twenty-cent Christmas trees and the execution of a Japanese man for a rooming-house murder, the first hints of a pandemic were reported to a U.S. public in terms at once reassuring and dismissive. “The first symptom is a sneeze,” the article continued. “Then the nostrils will feel dry. There will be a tightness of the chest. You will cough a dry cough and your throat will be sore. Then you will wonder if life is really worth the bother of living, your spirits will go down, your ambition ooze out at the ends of your fingers and a languor will possess you. You will not care whether school keeps or not for about ten days, then you will brace up, and in another week you will be able to laugh at your neighbor, who is just beginning to sneeze his head off.”

			The winking irony of the reporting would, in a matter of weeks, abruptly end. Fifteen days after The Evening World’s report, on December 28, 1889, Thomas Smith, a twenty-five-year-old from Canton, Massachusetts, became the United States’ first recorded “Russian flu” fatality. New York City was particularly hard hit as Americans received glimpses of the full horror of the epidemic racing across the globe. “NEARLY 600 FATAL CASES REPORTED IN PARIS IN ONE DAY,” read a headline in The New York Sun. “The influenza is spreading and is very fatal,” the article stated, accompanied by dispatches from Paris (“Fully one-third of the populace is prostrate”), Vienna (“The hospitals in this city are crowded with patients suffering from influenza”), Lisbon (“Two thousand have the influenza, including the Queen”), and cities across America. In New York, a famed acrobat in a hit play caught “La Grippe”; his manager received a certificate from his doctor stating that he “would probably not live through the night.” In Boston, 25,000 people were reported sick with the Russian flu, and authorities said that as many as 10 percent of the city’s population had been infected. Ultimately, more than 1,200 New Yorkers and 15,000 people across the United States would die in just the first few months of 1890. The dead numbered over 1 million around the world.

			It has long been assumed that the Russian flu was just that: an illness caused by an influenza virus. This was a relatively clear-eyed assumption to make. After all, in the absence of any other major respiratory viruses, influenza was the only suspect. There was also the matter of timing. The Russian flu followed on the heels of successive influenza epidemics in 1729, 1781, and 1830, all of which had emerged at roughly fifty-year intervals, a fact that made it rather predictable that a new influenza would strike in the waning decades of the nineteenth century. (Without microscopes powerful enough to see the structure of viruses—the electron microscope was invented in 1931—scientists had only a dim sense of the pathogens causing these recurring flare-ups.) This influenza hypothesis was bolstered nearly thirty years later, after the Spanish flu pandemic of 1918, which killed 3 percent of the world’s population. In the aftermath of the Spanish flu, experts pointed to the Russian flu as its likely viral precursor, a harbinger of doom that humanity failed to heed.

			It wasn’t until the SARS epidemic, when a pathogenic human coronavirus was first recorded, that scientists started to question whether the twentieth century’s obsession with the flu might just have been misplaced. While it was conceivable that the Russian flu was a precursor to the Spanish flu, the two epidemics produced subtly different symptoms. Perhaps most strikingly, the Russian flu had a peculiar telltale symptom: the loss of smell and taste, which was common among those infected with coronaviruses but not those with influenza.

			In 2005, with SARS fresh in his mind, the Belgian virologist Marc Van Ranst decided to dig into the origins of HCoV-OC43. While our species has become the natural reservoir for OC43, Van Ranst knew that the virus’s closest relative wasn’t a human coronavirus. Instead, OC43 was nearly indistinguishable from—or 98 percent identical to—bovine coronavirus, which only infected cattle. This meant that OC43 almost certainly emerged from sustained contact between coronavirus-infected cattle and human beings. By charting the 2 percent of their genomes that was different between the two closely related viruses, and then applying a molecular clock analysis to track how long those changes would have taken to arise, Van Ranst was able to pinpoint the moment when the virus first diverged from its most recent viral ancestor and began to infect our species. He was helped in this effort by Susan Weiss, who had spent the 1980s and ’90s identifying which sections of coronavirus genomes were prone to mutation and how key changes made the viruses less deadly. When he ran the molecular clock analysis on OC43, Van Ranst landed on 1890 as the year that it had separated itself from its closest ancestor, bovine coronavirus. Because molecular clock analysis is more reliable the closer the zoonotic leap is to the present, the time period of uncertainty around OC43’s emergence was also relatively narrow: between 1859 and 1912, a range of about fifty years. And that’s when Van Ranst realized that the evidence pointed to a coronavirus epidemic hiding in plain sight.

			The Russian flu was not, in fact, one of the influenza epidemics that regularly appeared every fifty years. Instead, Van Ranst proposed that shifts in the epidemic triangle leading up to 1890 had caused the ideal conditions for a coronavirus to jump from cattle to humans. Beginning in 1850, cattle across the world began to suffer from a disease that caused fever, respiratory tract infections, and dysentery. Because these livestock were transported cheek by jowl, the infection, known as cattle fever, reached pandemic levels. Fevered cattle, driven across wide prairie expanses or shipped for weeks by boat, would drop dead en route; whole herds were felled by the disease. Ultimately, using nineteenth-century technologies, scientists identified the purported agent of disease: Mycoplasma mycoides, a deadly and highly transmissible bacteria that spreads through herds via respiratory droplets. But the case was hardly closed. As far back as 2005, researchers pointed out that the symptoms that the bacterium produced were essentially indistinguishable from those of bovine coronavirus infection. And while the bacteria can’t infect humans, the fact that OC43 and bovine coronavirus were 98 percent identical meant that the newly emergent CoV could likely—and eventually did—jump from cattle to human beings. (From which source bovine coronavirus first emerged is a mystery, though the virus is closely related to rat, pig, horse, and bat strains.) The novel pathogen just needed the right environment to reach its human hosts. Van Ranst and others suspected that the real cause of the Russian flu had been lurking in cattle herds throughout the late nineteenth century, hidden by the more easily detectable Mycoplasma mycoides bacteria.

			Beginning in the 1870s, countries across the world began massive culling operations, some of which lasted decades, to eradicate cattle fever. Millions of herds of cattle were slaughtered to stop the spread, which put humans and infected cows in prolonged and intimate contact. As cattlemen in fields and barns held the animals in place, readying them for their death, human and

			

			—

			
			
			
			
			
			
			
			

			—

			
			
			
			
			
			
			
			
			

			—

			
			

			—

			
			
			
			
			
			
			

			—

			
			
		

		
			
			
				
			

		

	
OEBPS/9780593239247_nav.xhtml

		
			Contents


			
						Cover


						By Dan Werb


						Title Page


						Copyright


						Contents


						Dedication


						Epigraph


						Prologue


						Part I
					
								Chapter 1: Only Occasional Ecstasy


								Chapter 2: An Eminent Official Was Traveling Home by Boat


								Chapter 3: They Shouldn’t Exist on Planet Earth


								Chapter 4: In That Case, You Can Go Tomorrow


								Chapter 5: We Needed Another $108 Million


								Intermezzo—the Tongguan Mine


					


			


						Part II
					
								Chapter 6: Some Camels Are More Expensive Than Humans


								Chapter 7: If You’re a Mouse, the Answer Is Probably Yes


								Chapter 8: This Is a Finite Number


								Chapter 9: It Was War Gaming


					


			


						Part III
					
								Chapter 10: You Expect Heroes to Die


								Chapter 11: The Technical Term Is a Shitshow


								Chapter 12: You Don’t See Much with a Sick Mink


								Chapter 13: You’re So Naïve


								Chapter 14: The Question Is Going to Be the Fringes


								Chapter 15: We Live in a Gray World


								Chapter 16: It’s Just Too Hard to Swim Against the Tide


								Epilogue: The Invisible Siege


					


			


						Acknowledgments


						Notes


						Index


						Excerpt from Our Wild Familiars


						About the Author


			


		
		
			Landmarks


			
						Cover


						Cover


						Title Page


						Contents


						Start


						Copyright


			


		
		
			Print Page List


			
						ii


						v


						vi


						vii


						ix


						3


						4


						5


						6


						7


						8


						9


						11


						13


						14


						15


						16


						17


						18


						19


						20


						21


						22


						23


						24


						25


						26


						27


						28


						29


						30


						31


						32


						33


						34


						35


						36


						37


						38


						39


						40


						41


						42


						43


						44


						45


						46


						47


						48


						49


						50


						51


						52


						53


						54


						55


						56


						57


						58


						59


						60


						61


						62


						63


						64


						65


						66


						67


						68


						69


						70


						71


						72


						73


						74


						75


						76


						77


						78


						79


						80


						81


						82


						83


						84


						85


						86


						87


						88


						89


						90


						91


						92


						93


						94


						95


						96


						97


						98


						99


						100


						101


						103


						105


						106


						107


						108


						109


						110


						111


						112


						113


						114


						115


						116


						117


						118


						119


						120


						121


						122


						123


						124


						125


						126


						127


						128


						129


						130


						131


						132


						133


						134


						135


						136


						137


						138


						139


						140


						141


						142


						143


						144


						145


						146


						147


						148


						149


						150


						151


						152


						153


						154


						155


						156


						157


						158


						159


						160


						161


						162


						163


						164


						165


						166


						167


						168


						169


						170


						171


						172


						173


						174


						175


						176


						177


						178


						179


						180


						181


						182


						183


						184


						185


						186


						187


						188


						189


						190


						191


						192


						193


						195


						197


						198


						199


						200


						201


						202


						203


						204


						205


						206


						207


						208


						209


						210


						211


						212


						213


						214


						215


						216


						217


						218


						219


						220


						221


						222


						223


						224


						225


						226


						227


						228


						229


						230


						231


						232


						233


						234


						235


						236


						237


						238


						239


						240


						241


						242


						243


						244


						245


						246


						247


						248


						249


						250


						251


						252


						253


						254


						255


						256


						257


						258


						259


						260


						261


						262


						263


						264


						265


						266


						267


						268


						269


						270


						271


						272


						273


						274


						275


						276


						277


						278


						279


						280


						281


						282


						283


						284


						285


						286


						287


						288


						289


						290


						291


						292


						293


						294


						295


						296


						297


						298


						299


						300


						301


						302


						303


						304


						305


						306


						307


						308


						309


						310


						311


						312


						313


						314


						315


						316


						317


						318


						319


						320


						321


						322


						323


						324


						325


						326


						327


						328


						329


						330


						331


						332


						333


						334


						335


						336


						337


						338


						339


						341


						342


						343


						344


						345


						346


						347


						348


						349


						350


						351


						352


						353


						354


						355


						356


						357


						358


						359


						360


						361


						362


						363


						364


						365


						366


						367


						368


						369


						370


						371


			


		
	





















OEBPS/images/9780593239247_cover.jpg
THE
INVISIBLE SIEGE

THE RISE OF
CORONAVIRUSES
and the
SEARCH FOR A CURE

DAN WERB














OEBPS/images/9780593239247_title_page.jpg
THE

INVISIBLE SIEGE

THE RISE OF
CORONAVIRUSES
and the
SEARCH FOR A CURE

DAN WERB

1 ‘ CROWN
NEW YORK





