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Introduction

In late January 2020, I traveled to Europe and the Middle East with my two sons. We had read reports describing a worrisome virus circulating in central China and likely beyond, but the threat didn’t seem immediate or especially worrisome. Walking through Heathrow Airport, my sons insisted on wearing makeshift face masks but I yanked mine off. They were useless, health officials were advising, and might even invite danger. Every few years, it seemed, worries arose about some new virus or other, but the pathogens rarely had broad impact. Besides, I was getting nervous looks from fellow passengers.

Within weeks, the world was held hostage by a virulent virus, and the most calamitous health crisis in decades had begun. Not since the AIDS epidemic of the 1980s, or perhaps the 1918 flu pandemic, did so much of humankind simultaneously fear for its health and wellness. Just as in those earlier periods, fear was accompanied by confusion and uncertainty. No one knew the origins of the novel virus, which eventually was determined to be part of the coronavirus family and was named severe acute respiratory syndrome coronavirus 2, or SARS-CoV-2. It wasn’t understood why the virus spread so rapidly and efficiently, or how it could be avoided or stopped. All that was clear was that everyone was a potential victim.

By the late summer of 2021, more than 4.5 million people around the world had died of the resulting disease, which was branded Covid-19, and more than 210 million people had been sickened.1 The tally included more than 600,000 who perished in the United States, greater than the combined number of Americans who died on the battlefields of World War I, World War II, and the Vietnam War.2 On many days, more than 3,000 Americans died of the disease, as if the country were experiencing the losses of September 11, 2001, on a regular basis.3

Almost every family was affected in some way or fashion, including my own. One of my sons contracted the virus, as did close friends and relatives. An uncle died of Covid-19, as well as a neighbor. So much pain, destruction, and mayhem, and all from an oily bubble of genes with a diameter of about one hundred nanometers, small enough to fit one thousand virus particles across the width of a single strand of hair.4

Politicians, government officials, business leaders, and public-health professionals were unprepared for the most devastating pandemic in a century. The errors, oversights, and obfuscations witnessed after the mysterious respiratory illness first emerged in Wuhan, China, in January 2020 could fill a book or two. It just won’t be this one. This is the story of how science protected humanity from a modern-day plague.

I began tracking the vaccine chase as the world locked down in early spring of 2020 and I retreated deep into my basement office, unable to access The Wall Street Journal’s Midtown Manhattan building. Soon I was speaking with extraordinary and often courageous scientists, executives, and government researchers who were going all out to develop shots to stem the pandemic. Their efforts and exploits served as welcome distractions amid the pervading gloom and despair.

The obstacles they confronted were immense. At the start of the pandemic, many health-care experts deemed it unlikely that safe and effective vaccines could be produced, at least in the near term. After all, until 2020, a mumps vaccine was the fastest ever developed, and that took a long four years. The average vaccine was produced in ten years. The stubborn scientists persisted, though, convinced they had a way to save lives. At each turn, they experienced unexpected drama.

I became determined to tell their story. Developing, testing, manufacturing, and then delivering safe and effective vaccines within a single year is a feat unmatched in modern science, and arguably one of humankind’s proudest moments. By one count, the Covid-19 vaccines helped prevent 279,000 deaths and averted up to 1.25 million additional hospitalizations, as of summer 2021.5

“There’s nothing like it in all of history,” argues Eric Topol, the director and founder of the Scripps Research Translational Institute in San Diego. “This will go down as one of science and medical research’s greatest achievements. Perhaps its most impressive.”

If success has many fathers, a historic, lifesaving, improbable triumph like the Covid-19 vaccines has fathers, mothers, grandparents, and all kinds of distant relatives, many of whom have legitimate claims of lineage. The breakthroughs appeared practically overnight, but they all resulted from years of dedication, creativity, and frustration. Pioneering academics laid the groundwork for the shots, often working in the face of deep skepticism, even scorn. Inventive scientists persisted amid years of failure. Imaginative executives jeopardized their careers and reputations to back novel approaches.

Perhaps most intriguing was who didn’t meet success in the vaccine race. Many of the world’s biggest drug and vaccine makers were slow to react to the pandemic or couldn’t muster an effective response. Instead, unlikely and untested individuals stepped up to try to save civilization. A French executive dismissed by some as a fabulist. A Turkish immigrant with little experience working on viruses. A quirky midwesterner obsessed with insect cells. A Boston scientist employing questionable, maybe even dangerous techniques. A British scientist resented by his peers.

Far from the limelight, each had spent years developing innovative vaccine approaches. By 2020, these individuals had little proof of progress. Yet, they and their colleagues wanted to be the ones to stop a virulent virus holding the world hostage. They scrambled to turn their life’s work into protective vaccines in a matter of months, each gunning to make the big breakthrough—and to beat one another for the glory that a vaccine guaranteed.

The success of their efforts raises a series of important questions. Why were unheralded scientists the ones who saved civilization? Why were their methods so successful yet overlooked for so long? How can we employ recent advances and approaches to prepare for future pandemics? What distressing diseases might the revolutionary researchers conquer next?

This book, based on interviews with over three hundred scientists, academics, executives, government officials, investors, and others who played important roles in the Covid-19 vaccine achievements or laid the groundwork for their success, attempts to answer those questions and more. I had access to senior officials, researchers, and others at Moderna, BioNTech, Pfizer, Johnson & Johnson, Oxford University, Novavax, and other companies and institutions that made vital, often underappreciated, contributions. The book is based on first-person accounts and recollections of those who personally witnessed or were aware of each of the events I depict. I’ve done my best to check and confirm every fact, incident, and quote. I owe deep gratitude to each individual who spent time sharing observations, memories, and insights.

This is a story of courage, determination, and death-defying ingenuity. It’s also a tale of heated competition, crippling insecurities, and unbridled ambitions. I’ve tried to tell it in a way that will appeal to general readers as well as to those in the world of science. I will refer to modified nucleosides, structural biology, and lipid nanoparticles, but there will also be vicious rivalries, corporate intrigue, and outsize ambition. Most of all, the Covid-19 vaccine story is one of heroism, dedication, and remarkable persistence.

Ours is an age of outbreaks. Each year, humans encroach on nature, increasing the risks that animal-borne diseases will cross over and threaten humanity. Lessons from the vaccine race will inform scientists, politicians, and others if—or perhaps when—we confront another deadly pathogen.

This is the story of what went right.
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Prologue

Uğur Şahin was sweating.

It was early October 2019, and Şahin was standing in a parking lot in Kansas City, Missouri, under a blazing midafternoon sun. By then, Şahin and a few colleagues had spent weeks crisscrossing the United States and Europe, trying to drum up interest among investors for BioNTech, the German biotechnology company Şahin had started.

The trip wasn’t going well. Şahin had explained to the investors that BioNTech was developing vaccines and treatments to combat various cancers and infectious diseases. One of its approaches was to use a molecule called messenger RNA, or mRNA, to carry instructions into the body, enabling it to ward off illness. The company needed money from an initial public offering to continue its research.

The investors liked Şahin. He demonstrated an impressive breadth of knowledge, reciting data and citing obscure research papers. They also liked his ambitions for BioNTech and how it planned to develop vaccines for dozens of different diseases. Şahin believed the immune system could be taught to fight disease, and he had spent more than two decades of his life researching how to make it happen.

Soft-spoken and serious, he wore smart business suits to the investor meetings rather than his usual T-shirts. An open-collared dress shirt allowed a glimpse of a Turkish amulet around his neck. Şahin had close-cropped hair, thick eyebrows, and brown eyes that were big, just like his ears. Some investors had done research on Şahin and knew he was a bit different from most other biotech executives. A fifty-three-year-old immigrant from Turkey, Şahin lived in a modest apartment in the German city of Mainz. Each morning, he bicycled to BioNTech, which he ran with his wife, Özlem Türeci, who also was a cancer researcher.

As impressed as they were with Şahin, though, the investors had qualms about his company and its approach. BioNTech had been around for eleven years, but it wasn’t close to an approved vaccine. Just one drug was in a medium-stage, phase 2 trial, and only 250 patients had ever been treated with the company’s vaccines. Researchers around the world had spent decades trying to work with mRNA without much progress. Some health-care experts thought the idea was pure folly, suggesting BioNTech was wasting its time. And it was an awful time to sell shares—the stock market was under pressure, biotech stocks were wilting, and few investors wanted to pay a lot for a German company with few signs of success.

Standing in the parking lot, his ear to a cell phone, Şahin spoke with yet another investor, trying to gauge his interest in BioNTech. Şahin looked tired and tense. Finishing the conversation, he told his team that the investor would only buy shares if BioNTech reduced the price it was proposing

Şahin and his colleagues had a decision to make. Their choices were ugly—they could scrap the company’s IPO or slash its price, hoping enough investors would then be interested. Some of the executives huddled around him, while others sat in their open, black van, hiding from the burning sun. It had been a long trip and they were ready to go home.

“We need to decide,” Şahin told his team.

It wasn’t a hard decision. His company needed the money and had to sell the shares, no matter the price. A few days later, Şahin rang the bell at the New York Stock Exchange, a wan smile on his face. The company raised $150 million in the IPO, just over half what it had hoped to collect. Even with the discounted price, shares of Şahin’s company fell more than 5 percent on their first day of trading.

He didn’t mind the reaction from investors. Someday, they and others would fully appreciate what he and his company was trying to do.

Şahin was sure of it.

• • •

Stéphane Bancel faced even more serious doubts in late 2019.

A forty-seven-year-old native of France with full lips, a cleft chin, and a taste for Steve Jobs–inspired turtleneck shirts, Bancel had spent eight years running a Boston-based biotech company called Moderna. By then, Bancel was better known for his powers of persuasion than for any kind of scientific achievement. Bancel had a unique ability to convince investors that Moderna would succeed in its quest to develop safe and effective vaccines and drugs using mRNA. Much of the scientific community snickered at the idea, however. They all knew that mRNA was too unstable to create proteins in the body, at least on a consistent and reliable basis.

If anyone was going to find a way to make mRNA work, it surely wasn’t going to be someone like Bancel, the skeptics said. They all knew the stories from the early days at Moderna, when Bancel regularly ripped into his employees, leaving them on edge.

“Fifty percent of you won’t be around in a year,” Bancel once said matter-of-factly in a meeting to nervous staffers.

By 2019, Bancel was more even keeled. He had built a loyal team and had inspired them with the promise of what mRNA could do. At one point, he told them, their technology would save lives.

“We’re going to be the company that can respond to a crisis,” he told staffers.

But outside scientists, investors, and some journalists were sure Bancel was exaggerating his company’s potential. A few years earlier, a respected scientific publication had even compared Bancel to Elizabeth Holmes, the disgraced chief executive of blood-testing start-up Theranos, who also had an easy way with investors and a predilection for black turtlenecks. There was never any evidence of improper actions by Bancel, yet the suspicions and skepticism persisted.

By the end of 2019, the sniping had taken a toll. Moderna’s shares were 15 percent below their own IPO price from a year earlier, making it hard for Bancel to raise new money. Some investors were upset the company had shifted its focus to vaccines, a crowded and challenging field with limited profit potential. Moderna was forced to cut its spending. The criticisms didn’t seem fair to Moderna’s researchers, who were proud of their progress. They were injecting mRNA molecules packed with genetic instructions, producing proteins in the body capable of teaching the immune system to protect against disease. Moderna was even working with Anthony Fauci, the U.S. government’s top infectious-disease authority, and his colleagues, which were becoming intrigued by Moderna’s mRNA techniques.

Moderna hadn’t tested its vaccines in many people, though. And like Şahin and BioNTech, Bancel’s company wasn’t close to any approved vaccine. Moderna was planning its very first phase 2 clinical study for a vaccine and was nowhere near a late-stage trial for any of its products. The company hoped to have a vaccine in the market by 2023, but even that goal seemed ambitious.

• • •

In late 2019, Bancel flew to Europe with his wife and daughters to spend the holiday season at a home he owned in southern France, after visiting his mother in Paris. It was a chance for him to escape the pressures of running his company and dealing with the doubters.

One morning, just after the New Year, Bancel woke up early and headed to his kitchen, trying not to wake his sleeping daughters. He brewed some Earl Grey tea and grabbed an aging iPad on the kitchen table, checking his emails and scrolling through the latest news. A story stopped him cold: Lung disease was spreading in southern China.

Bancel emailed a senior government scientist.

“Do you know what it is?” Bancel asked.

The researcher had been following the outbreak, too. No one knew its cause.

Bancel couldn’t stop thinking about the spreading illness. Maybe his team could do something about it, he thought. Perhaps they could finally prove that mRNA worked. He kept sending messages, each one more urgent than the last.

“What’s the latest?”

“Do you know yet?”

“Is it a virus?”

The government scientist promised to let Bancel know as soon as he learned the cause of the sickness. A few days later, as Bancel and his family flew back to Boston, the outbreak remained on his mind. His researchers had spent years preparing to fight viruses, but they hadn’t come close to stopping even one of them. He doubted the sickness in China was going to be a huge deal.

But what if it was?
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1979–1987


Before and after. The epidemic would cleave lives in two, the way a great war or depression presents a commonly understood point of reference around which an entire society defines itself.

—RANDY SHILTS, AND THE BAND PLAYED ON	1



Henry Masur was getting desperate.

The young man before him was short of breath, feverish, and couldn’t stop coughing. Masur, a thirty-three-year-old in his first week as an attending physician at New York Hospital on Manhattan’s Upper East Side, ran a battery of tests but couldn’t make sense of his patient’s symptoms. A security guard at a different Manhattan hospital, the man didn’t appear to have any underlying diseases. Between gasping breaths, he said he had already visited several New York hospitals and doctors. No one could help him.

The man’s heartbeat raced and his oxygen-saturation levels plummeted. Ninety-five percent … ninety-four … ninety-three. Any lower and death was a risk. Masur couldn’t figure out what he was dealing with. A bad strain of tuberculosis? A new fungus? Something more dangerous? He consulted colleagues and scoured medical literature but couldn’t find an answer.

Time was running out. Masur still needed more information. He decided to operate, a huge risk given his patient’s frail condition.

I have to get a piece of his lung.

Hours later, a hospital pathologist looked up from his microscope and delivered an answer: The young man had pneumocystis carinii pneumonia.

Masur was stunned.

How can that be?

Masur happened to be one of the rare experts on this kind of pneumonia. A few years earlier, when he was starting a fellowship in infectious diseases and tropical medicine, he found himself the most junior recruit in his laboratory, with little choice of which microorganism to study. Malaria and all the other cool, headline-grabbing infections, bugs, and epidemics had already been claimed. Masur got stuck with pneumocystis pneumonia. His colleagues tried to stifle their giggles. At one time, this pneumonia afflicted hundreds of malnourished children each year in Eastern Europe and elsewhere. By the late 1970s, though, it affected only about seventy patients in the entire United States each year, almost always those with compromised immune systems, such as cancer patients. Masur’s lab director assured him that there was value in studying the infection, but Masur knew he was unlikely ever to encounter an actual patient dealing with pneumocystis pneumonia.

Now, it was the fall of 1979, and Masur was confronting a case—during his very first week as an attending physician. And his patient was a healthy adult. It didn’t seem remotely possible.

Masur decided to administer a drug being tested on childhood-leukemia victims suffering from the same infection. Masur’s patient’s condition stabilized enough for him to eventually leave the hospital. Before Masur could relax, though, he was confronting additional cases of this rare pneumonia. So were physicians in other New York hospitals, as were doctors in Chicago, Atlanta, Los Angeles, and San Francisco.

Six foot one and rail thin, with a high forehead and jet-black hair, Masur was a ponderer, especially when confronted with important decisions and quandaries. He tended to fixate on problems until he could develop a solution. Walking home after another long day, Masur slowly crossed the street to his one-bedroom hospital-owned apartment, trying to make sense of all the men with the once-rare infection. At night, he and his wife, a nurse at the hospital, debated the cases, searching for an explanation.

Within months, Masur’s original patient had died, and more struggling, suffering young men were coming to see Masur and his colleagues around the world. In London, patients battling pneumocystis pneumonia and other puzzling infections and tumors staggered into St. Stephen’s Hospital in Chelsea. Doctors at the hundred-year-old institution noticed the patients were likely to be either gay men or intravenous drug users, but those observations didn’t explain the nature of the illness or how it could be halted. They knew something was making the men susceptible to these rare illnesses, but they had no idea what it was.

The physicians were reeling. Just a few months earlier, they had been confident and upbeat. In the previous decade or so, enormous progress had been made preventing and treating all kinds of illnesses, including heart disease, diabetes, and some cancers. Powerful antibiotics and accurate diagnostic tests had been introduced, and modern medicine seemed on the verge of wiping out most infectious diseases.

Now the physicians were confronting a malady they couldn’t stem, treat, or even understand. Fear and frustration overtook them.

“Apart from compassion and giving some pain relief, we were completely impotent,” recalls Jeremy Farrar, who was a young doctor at St. Stephen’s in London. “It leaves a scar the rest of your life.”

Infectious-disease experts felt especially helpless. Many had entered the field precisely because they wanted to cure patients, not simply improve a condition or keep illness at bay, which is often the most doctors can hope to do while treating cancer, cardiovascular disease, or certain other sicknesses.

“I like seeing a patient, making a diagnosis, giving treatment, and seeing them get better,” says H. Clifford Lane, who worked in a lab at the National Institute of Allergy and Infectious Diseases (NIAID), a part of the National Institutes of Health. “Now, all of a sudden, you’re seeing patients your own age and we can’t treat them, and we don’t even know what it is they’re dealing with.”

Researchers concluded that most people were contracting the unknown illness through sexual transmission, as a virus crossed mucosal tissues lining the genital tract, rectum, or other body cavities. Others were becoming infected through the bloodstream, sometimes by sharing needles. In 1982, the Centers for Disease Control and Prevention in Atlanta gave the disease a name: acquired immune deficiency syndrome, or AIDS. Investigators at both the Pasteur Institute in Paris and National Cancer Institute in Washington, D.C., determined that a new human retrovirus, eventually named the human immunodeficiency virus, or HIV, was causing AIDS.

The virus spread quickly. At Albert Einstein College of Medicine in New York, five Black infants were admitted showing signs of severe immune deficiency. Anxieties grew, even among professionals accustomed to disease and death. Some pathologists refused to do postmortems, worried they might contract the new disease. Fears raced through the broader society. Later, when an Indiana teenager named Ryan White was infected through contaminated blood products used to treat his hemophilia, anxious parents forced the school to block the boy from attending class.

Government officials tried to understand the disease and how it might be stopped, though some started from positions of remarkable ignorance. In 1983, as staffers and health officials briefed Margaret Heckler, the secretary of health and human services, about the disease, she appeared confused about one way AIDS was transmitted.

“Anal intercourse?” Heckler asked, turning to a close aide who was gay. “You do that?”

“I think we better come back and discuss this a little later,” another staffer told Heckler.2

As scientists gained a better grasp of the disease, some became optimistic they could develop a vaccine, perhaps quickly. Sure, it had taken about five decades to develop shots for typhoid, polio, and measles after their causes had been determined, but medical science was progressing at a rapid clip. At a press conference on April 23, 1984, Heckler voiced confidence a solution was on the horizon.

“We hope to have such a vaccine ready for testing in approximately two years,” she told reporters.

Government scientists who followed Heckler to the podium were nearly as sanguine. They had history on their side: Traditionally, vaccines were how most epidemics ended. Indeed, few figures are as revered as those responsible for creating shots capable of wiping out plagues and disease. These scientists often emerged living legends—even when their contributions were a bit exaggerated.

• • •

In the summer of 1774, a farmer in southern England named Benjamin Jesty noticed that one of his dairymaids seemed resistant to smallpox. Earlier that year, the young woman, Anne Notley, had cared for a family afflicted with smallpox, a disease that killed three in ten infected people while causing blindness and other complications in others. Yet, she emerged unscathed. Jesty knew that Notley, like other milkmaids, had previously been infected with a less serious but related pathogen called cowpox, which spread from the udders of infected cows.

Jesty had an idea: He took one of his wife’s knitting needles and scraped pus from one of his cows showing signs of cowpox. Then, Jesty intentionally infected his family with the material. Later, when an outbreak of smallpox raged through the region, members of the Jesty family were protected from the disease. Pushing his luck a bit, Jesty deliberately infected his sons with smallpox—still no sign of infection.fn1 Far from impressed, locals were in fear. Some fretted that Jesty’s needlework would turn his family into “horned beasts.” Eventually the Jesty clan was forced to flee for the Isle of Purbeck on the English Channel.3

Word spread about Jesty’s inoculations (and how the family remained hornless), and British doctors began attempting similar procedures. In 1796, a physician named Edward Jenner exposed an eight-year-old boy to cowpox; when Jenner later infected the boy with smallpox, the cowpox protected him from the disease without signs of even localized inflammation or infection. Jenner inoculated others as well. Unlike Jesty, Jenner evaluated his subjects, analyzed their results using proper scientific methods, and published his findings. Before long, the country, and later the world, would embrace vaccination as a means to eradicate smallpox. Jesty’s ingenuity would be overlooked when Jenner’s biographer attributed the genesis of mankind’s first vaccine to Jenner’s observation that a beautiful local milkmaid was resistant to smallpox. The milkmaid’s image proved more memorable than Jesty’s dirty needles.

Other vaccine pioneers demonstrated their own originality, even as they generated other kinds of controversy. In the 1940s, for example, a young virologist named Jonas Salk began publishing academic papers that were imaginative in their conclusions, though they sparked criticism, partly because the stated results were often based on limited data.

“I engaged in extrapolation because I had always felt that it was a legitimate means of provoking scientific thought and discussion,” Salk later explained. “I engaged in prediction because I felt it was the essence of scientific thought. The fact that neither extrapolation nor prediction was popular in virological circles seemed to me to be a shame.”4

Salk spent several years searching for a vaccine for polio, an infectious disease that was killing thousands of people a year and paralyzing tens of thousands, many of them children. At the time, most scientists were trying to use live, but weakened, viruses in their vaccines, similar to Jesty’s approach with smallpox. Salk tried a different tack: He grew samples of the polio virus in his lab at the University of Pittsburgh and killed, or inactivated, the pathogen by adding formaldehyde, a method that had worked for vaccines for rabies and cholera. Salk tested his shots on thousands of children, and even his own family, showing in 1953 that they worked more than 60 percent of the time. His results sparked singing, dancing, and other celebrations throughout the United States as a grateful nation embraced Salk as a hero, his image appearing on the front pages of newspapers, the covers of glossy magazines, and on television newscasts. Later, Salk’s bitter rival, Albert Sabin, introduced an oral polio vaccine based on a weakened, or attenuated, version of the virus, and it too proved effective. Together, the two vaccines effectively ended the scourge of polio for much of the world.

All vaccines work more or less the same way—by teaching and enabling the body’s complex immune system to fight off pathogens. The human immune system features two lines of defense. A fast-acting, first-line “innate” immune system is composed of various white blood cells, such as macrophages, dendritic cells, and natural killer cells that stand guard at the body’s gateways—the skin, nose, throat, etc.—to detect and fend off viruses and other foreign invaders.

The innate immune system doesn’t need prior exposure to a pathogen to be activated against it, but it can have trouble handling especially powerful or clever pathogens. For these difficult battles, the body’s “adaptive” immune system joins the fight. Sensing danger, it sends other kinds of white blood cells, including T cells, which can recognize specific pathogens, and B lymphocytes, or B cells, which produce powerful antibodies to battle the pathogens.

These cells do a more efficient job than those of the innate immune system. T cells play important defensive roles, while B cells produce battalions of antibodies specifically trained to take on invaders. The problem is that the adaptive immune system is strong but a bit slow. It takes time deciding whether an invader is dangerous enough for it to send sufficient T cells and B cells to combat the intruder, giving a virus the opportunity to strengthen its hold and infect the body’s cells.

That’s where vaccines come in. Injected into the body’s bloodstream, traditional vaccines contain weakened or killed versions of what would otherwise be powerful pathogens. Once introduced into the body, the invading agents trigger the body’s adaptive immune system to pursue and disable them. The pathogen in the vaccine is harmless, but the body fights it off nonetheless, treating the weakling force as if it were a threatening army. The adaptive immune system, unable to shake memories of this simulated battle, continues to send antibodies to patrol for new signs of the pathogen, while training them to return to attack mode if there’s an invasion of a genuine foe bearing similarity to the one encountered as part of the vaccine.

Because vaccines usually include weakened viruses, inactivated viruses, or some other facsimile of the real thing, it’s rare that they infect the body with the disease they’re meant to prevent. Years after Salk’s and Sabin’s breakthroughs, scientists would introduce vaccines that rely on other approaches, but they would have the same goal: activate and teach the immune system to disable a future intruder.

• • •

Throughout much of the 1980s, scientists were optimistic they could use one of the traditional approaches to develop an effective HIV vaccine, partly because they were making rapid progress understanding the virus. Flossie Wong-Staal, a molecular biologist working in the lab of famed researcher Robert Gallo, helped establish HIV as the cause of AIDS. She then cloned the virus and revealed some of how it worked, showing ways HIV evades the immune system. (Wong-Staal and Gallo even found time to conduct a romantic relationship and have a child together.)5

Daunting challenges quickly emerged, however. HIV had an unusually high mutation rate and a devious ability to elude the immune system. Scientists concluded that it was just too dangerous to develop a vaccine using inactivated or watered-down versions of the lethal virus. They feared that if HIV was part of a vaccine, it might replicate uncontrollably or mutate into an even more virulent state. Concerns were heightened because so many of those suffering from the disease already had weakened immune systems. That helps explain why most prominent drug companies, including Merck and Upjohn, had little interest in developing a vaccine—the obstacles seemed too imposing.

Developing drugs to eliminate, or even slow, HIV, proved just as difficult. Among the biggest challenges: Scientists couldn’t figure out ways to prevent the virus from replicating in the body. In March 1987, three years after the cause of AIDS was determined, the U.S. Food and Drug Administration approved the first medication to treat it, a drug called azidothymidine, or AZT. The news stirred widespread hope and excitement, but it led to cruel disappointment. A failed cancer drug, AZT stopped helping many patients after several months of treatment, as the virus developed an unusual ability to resist the drug. It was also expensive and could have dangerous side effects, especially in the high doses most doctors prescribed.

• • •

As the AIDS epidemic worsened in the late 1980s, the U.S. armed forces—full of young, sexually active men—were especially hard hit. Military doctors watched helplessly as measures of their patients’ CD4+ cells—known as “helper T cells” because they direct the immune system’s counterattack—plummeted, a sign their immune systems were deteriorating. So many soldiers were infected with the virus that Walter Reed National Military Medical Center in Washington, D.C., opened an entire ward for AIDS patients.

“They’d get the kind of infection that rarely occurs in a healthy person and it would be over, AZT didn’t do squat,” says Edmund Tramont, who worked as a senior physician at Walter Reed in the mid-1980s. “Young people would die before our eyes. We couldn’t offer them anything but general support.”

One day, a three-star general asked to see Tramont in his office at Walter Reed at four a.m., worried about his health. The general was aware that being identified as gay was considered “unbecoming” conduct by the military and potential grounds for dishonorable discharge, so he picked the early-morning hour, hoping no one would be around.

After some awkward pleasantries, Tramont initiated a difficult conversation.

“Sir, if I’m going to help you, I need some information.”

The general acknowledged a homosexual experience. He braced himself for Tramont’s diagnosis, certain what was coming.

“You have to let your partners know,” Tramont said, after telling the general he had AIDS.

“Doc, I’ve already done that,” the general said, sadness in his eyes.

Later, Tramont treated a twenty-year-old woman, the wife of an active-duty soldier. She had acquired the virus from her husband, who had become infected while stationed in Berlin, one of hundreds of soldiers infected with HIV in Europe. Tramont and his colleagues began asking why so many cases were traced to these soldiers, especially those based in Berlin. It turned out the men couldn’t afford the prices demanded by local prostitutes, so they frequented women brought from Congo, an early epicenter of HIV. Scientists estimated that as many as 20 percent of the prostitutes favored by U.S. soldiers in Berlin were HIV-positive.

Tramont’s patient’s condition quickly deteriorated. Unable to provide more than palliative care, he was left shaken by the experience.

“The poor girl gets married and her husband gets stationed in Berlin,” Tramont says. “That case really got to me.”

Tramont and other hospital staff members were desperate for something, anything, to help those with AIDS. They soon became excited by a promising vaccine being developed by a quirky North Dakota farm boy and a fast-talking East Coast entrepreneur. For a while, it seemed this odd couple had a solution to stem the epidemic.
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Gale Smith grew up on a ten-thousand-acre alfalfa ranch in Minot, North Dakota, before moving with his family to Williston, a boom-and-bust oil town near the Montana border. As a young boy in the 1950s and ’60s, Gale spent hours in his basement working on chemistry sets or building rockets, sometimes with his twin sister, Gayle. He did well in school, even while skipping grades, but he wasn’t especially popular with classmates.

“Not everyone likes you when you get good grades,” he says.

One day in seventh grade, Gale walked into his school’s library and discovered a wall full of science books. For the quiet boy, the library became an oasis, occupying Gale for hours a day while setting him on a career path.

Gale’s family was Methodist, but at an early age he began questioning the principles of Christianity. He idolized John F. Kennedy and challenged the more conservative impulses of his neighbors, some of whom were members of the radical John Birch Society.

“I didn’t know it was racism, I just thought it was wrong,” he says. “The search for truth in an unbiased way motivated me.”

Gale saw little purpose remaining in high school, which he found boring, so he dropped out at the beginning of his senior year to take courses at a local college. Nonetheless, top scores and innovative science projects, including one with two local doctors about a gland in the brain, earned Smith a select spot that summer in a prestigious science program for high school students at Brown University in Providence, Rhode Island. The fifteen-year-old, who had never been out of North Dakota, spent two anxious days on a series of connecting trains traveling east. Suspicious of his fellow passengers, Smith kept a watchful eye on his surroundings, barely sleeping the whole trip.

“It was a long two days,” he says.

Smith arrived to a campus abuzz over remarkable advances in molecular biology and genetic engineering. He and his classmates listened to lectures by Francis Crick and James Watson, who had been the first to describe the double-helix structure of DNA molecules. They also studied a hand-stapled preprint version of Watson’s Molecular Biology of the Gene and read from James Crow’s Genetic Notes, books that would revolutionize the field of genetics.

Smith was hooked.

“I discovered how complex biological systems are, how interrelated everything is,” he says.

Smith wanted to attend Brown for college, but he couldn’t afford the two-thousand-dollar-a-year tuition, so he enrolled at the University of North Dakota to study biology and chemistry. Smith loved his lab courses but barely showed up for most other classes, preferring to read course materials on his own. Tall, thin, and reserved, Smith spent most of his free time taking photos, listening to classical music in his room, or playing chess with a new group of friends.

By 1981, Smith had started a PhD program in molecular biology at Texas A&M University in College Station. Simultaneously, he was taking graduate courses in the Baylor College of Medicine’s virology department in Houston, about a hundred miles away. Some students were preoccupied with partying, football games, and the opposite sex. Smith daydreamed about very different things.

One morning, during an unusually cold Texas winter, Smith was listening to a Baylor professor describe how researchers had cloned the human beta interferon gene, a sticky protein that helps cells defend against foreign invaders. At the time, when most anyone in the academic or pharmaceutical worlds wanted to create interferon or other proteins for a drug or other reasons, they did it in yeast or bacteria. That is, they put DNA instructions for the desired protein in a tube of yeast or bacteria cells, mixed it with a special solution to induce the cells to take up the DNA, and transferred the tube into an enormous vat, where the cells converted the instructions, over time, into multiple copies of a protein, as in a kind of factory.

This way of culturing proteins usually worked, but it wasn’t great at making interferon, antibodies, or other complex proteins that can be crucial for drugs. Proteins are folded, meaning they can have three-dimensional structures. They also can be “glycosylated,” or decorated with carbohydrates. Yeast and bacteria cells can’t produce proteins with many of these structures. In the 1980s, academics were experimenting with using mammalian cells, such as cells from the ovary of a Chinese hamster, to produce such proteins. This approach brought other challenges, though, and there was little evidence it could have commercial value, at least at that time.

Sitting in the Baylor lecture hall, Smith thought he had a better method of producing proteins like interferon: using insect cells. Insects and humans are more alike than most presume, Smith realized. Both require oxygen and have certain anatomical similarities, like brains, hearts, and reproductive organs. Just as important: Their cell structures are similar and both produce similar complex, folded proteins. To Smith, employing a virus that infects insects, called a baculovirus, seemed a perfect way to deliver necessary DNA into those insect cells to create proteins like interferon.

At first blush, it might seem strange, or even dangerous, to use an insect virus to develop medicines for humans. But Smith had been studying insect viruses, and he knew they had been used in pesticides for centuries and were safe for humans. He also realized that baculoviruses were “roomy” enough—meaning they have relatively large DNA chromosomes—for biologists to insert large pieces of genetic information into them.

Smith theorized that insect viruses could be used to infect insect cells to produce specific proteins, according to the DNA instructions. What Smith was contemplating was a brand-new “expression system,” or method of producing thousands or even tens of thousands of complex proteins, the kinds that scientists use to develop new drugs and vaccines.

After the lecture, Smith rushed up to John Collins, the professor who had set off his daydream, sharing his idea.

“You’re as crazy as I am,” Collins told him.

Smith wasn’t deterred. He sped back to Texas A&M’s campus and headed to an off-campus bar called the Chicken Oil Co., where graduate students met to drink, play pool, and talk science. Smith told pretty much anyone who would listen about his insect-cell notion. Reserved in most social settings, Smith now couldn’t stop talking. All it took was a few Lone Star beers and an innovation he thought might revolutionize drug development.

“You think this is pie in the sky?” he asked a labmate named Peter Krell.

Krell told Smith he might be onto something. The HIV epidemic was accelerating, and most biologists and immunologists were focused on the emerging virus, but Smith and Krell had been studying insect viruses, a decidedly unpopular topic. It was time to put their knowledge to work, Krell told his friend.

“Yes, do it,” he said to Smith.

Returning to Baylor, Smith hustled to see Joseph Melnick, a legendary polio researcher who headed the school’s department of virology and epidemiology. He had discovered the topic of his PhD thesis, Smith gushed to Melnick.

Melnick looked mystified.

“Why would you want to make proteins in an insect cell?” Melnick asked him.

Smith decided to do his PhD with Texas A&M professor Max Summers, a star in the field, who agreed to let Smith develop the system while working in his laboratory. Smith spent over a year perfecting his method with Summers and a postdoctoral fellow named Malcolm Fraser. Through the grapevine, they became aware that a top scientist in the field, Lois Miller, was working on a similar insect system, adding to their pressure. Most days, Smith, Fraser, and others worked late into the night in the lab, cracking open beers and blasting Beethoven and Mozart to reduce the tension. Smith decided to use the cells of butterflies and moths in his system, reasoning that cells from these insects would be safer than mosquitoes and other biting insects that might have contaminating allergens.

Finally, in 1982, the team met success—they cloned human beta interferon, the protein Smith’s professor had been discussing the morning Smith began daydreaming about insects. They produced a surprising amount of the protein, too, which Smith was sure could be injected into the body as a therapeutic. The trio detailed their work in a paper they submitted to a series of journals, none of which had any interest in their work. Using insect cells to develop drugs? Seriously? Finally, in late 1983, the same year Smith, then thirty-four years old, received his PhD, a debut journal called Molecular and Cellular Biology published their article.

“They were new and they needed submissions,” Smith says of the journal.

Over time, Smith’s insect-virus system gained appreciation and companies embraced his approach, first for applications related to agriculture and later for medical research. Much later, popular vaccines and medicines, including those for shingles, flu, and HPV, would rely on Smith’s “baculovirus expression-vector system.” Because Smith and Summers, together with Texas A&M, had patented their work, they eventually received royalty checks totaling millions of dollars.

That wouldn’t happen for years, though. In the immediate aftermath of their breakthrough, Smith was merely eager for the respect of his peers, and he hoped a drug company might see potential in his invention. In August 1982, Smith and Summers traveled to Cornell University in upstate New York to deliver their first talk about their work. The room was packed, and Smith was pumped to meet someone who might want to use his system to make drugs. But only one person lingered around to speak with Smith after the speech: an excitable thirty-two-year-old named Frank Volvovitz.

Volvovitz had heard about Smith and Summers’s work and was so intrigued that he drove nearly five hours from his home in West Hartford, Connecticut, for the lecture. In an upbeat mood after discovering a delicious bagel shop in Ithaca before the talk, Volvovitz zeroed in on Smith, hoping to persuade him to join the tiny company he was starting.

Smith immediately liked Volvovitz, who had a boyish face, curly dark hair, oversize wire-framed glasses, and a habit of squinting when he spoke. Volvovitz was a businessman with scientific training who had also worked with interferon. He seemed ambitious and intelligent. Most of all, his face lit up while talking about Smith’s insect-virus idea.

“There’s a business here!” Volvovitz assured Smith.

By then, Volvovitz had already shuttered one biotech company. He was launching his new company in his parents’ basement. His goal was to produce an insecticide for a common pest that attacked Christmas trees. It wasn’t exactly cutting-edge stuff.

Smith had no clue about all that, though. Even if he did, it wouldn’t have mattered. Volvovitz appreciated Smith’s invention. He got it. That was all Smith really wanted.

“I was just glad somebody cared,” Smith says.

In 1985, Smith moved to Connecticut to help run the scientific effort at Volvovitz’s ten-person company, which Volvovitz named MicroGeneSys (pronounced “micro-genesis”) and soon relocated to West Haven from the family basement. Before long, Smith and Volvovitz would emerge as unlikely leaders in the quest to discover an AIDS vaccine.

• • •

When Smith approached his new office on his first day of work, he noticed MicroGeneSys was in a building that also housed a furniture warehouse and a helicopter-parts supplier, humdrum surroundings that didn’t suggest any kind of medical revolution might be in the offing.1 Inside, though, Volvovitz brimmed with determination to shake up the scientific world. He already had made a decision that would transform his fledgling start-up into one of America’s highest-profile companies.

The AIDS epidemic was worsening. More than one million Americans had been infected with HIV, more than forty thousand had developed the disease, and AIDS had claimed more than sixteen thousand lives. Finally, money was flowing to scientists working to stem the crisis. Sensing opportunity, Volvovitz decided MicroGeneSys would be the one to discover an AIDS vaccine.

At the time, debate raged about the most effective approach to pursue a vaccine. A growing number of AIDS researchers argued for shots using genetically engineered parts of the virus as its antigen—the key substance stimulating the immune system—rather than the old-school approach of using the actual virus. This new kind of vaccine would teach the immune system to recognize the virus’s distinctive protein, or even pieces of the protein, so the body would be ready to fight HIV if these viral proteins were ever encountered. This strategy might not work, proponents acknowledged, but it sure seemed safer to rely on shots using synthetic, or recombinant, versions of HIV’s protein rather than to inject the deadly virus into the body with traditional shots.

Volvovitz realized this newer approach was perfectly suited for Smith’s insect-cell system. Smith, Volvovitz, and their growing team decided to take DNA from HIV, place it in a baculovirus, infect insect cells, and produce proteins that would serve as vaccine antigens. By the late 1980s, scientists had identified the key protein on HIV’s surface, known as “envelope,” where the virus attached to human cells. Much like the spike protein of coronaviruses—a large family of viruses barely in focus at the time—HIV’s envelope protein protruded from its surface and resembled a spike. It enabled the virus to bind to receptors on the surface of human cells so that it could attack the body. Smith and his team at MicroGeneSys focused their vaccine on a form of the envelope protein called gp160.

When government researchers heard what Smith and Volvovitz were up to, they became intrigued, realizing that Smith had gene-splicing talents and that MicroGeneSys’s approach was likely safer than using the lethal virus itself. In 1986, Smith was summoned to a meeting at the National Institutes of Health in Bethesda, Maryland. He walked into a cramped office and could hardly believe who sat before him—Anthony Fauci, who ran the government’s HIV research effort as director of the NIAID, and three living legends: Jonas Salk, Albert Sabin, and Maurice Hilleman, a prominent vaccinologist.

“What can we do?” a somber Fauci asked Smith and the other scientists. “How can we make an HIV vaccine?”

Three years earlier, Smith had been throwing back Lone Star beers at the Chicken Oil Co. in Texas. Now he was debating approaches with some of history’s most accomplished scientists. And they were asking him for ideas. It was like being inserted into a starting basketball lineup with Kevin Durant, Kyrie Irving, and James Harden, and being asked to take the team’s winning shot.

Smith’s inclusion in the meeting was a sign of how few people at the time had experience cloning complex glycosylated proteins, such as those on the outer surface of HIV’s coat, which Fauci and others hoped could serve as a vaccine antigen. Smith’s presence in the all-star lineup also underscored how desperate the scientific world was for new ideas to fight AIDS.

After receiving the gene for the gp160 protein from an investigator at the NIH named Malcolm Martin, Smith modified it and inserted it into his baculovirus system. Smith and colleagues quickly developed a vaccine, which they called VaxSyn. When animals were given the MicroGeneSys shots, they generated a strong immune response featuring high levels of antibodies, a promising early sign. When Clifford Lane of the NIAID, Ed Tramont at Walter Reed, and other scientists heard about MicroGeneSys’s results, they were eager for more testing.

“They moved fast and I was right there with them,” Lane says. “My feeling was, ‘We’re in a pretty bad situation, it’s immunogenic, let’s see it in volunteers,’” referring to the vaccine’s ability to stir the immune system.

In August 1987, MicroGeneSys became the first company to receive permission from the FDA to test an AIDS vaccine on humans. A plan was announced for the NIAID to recruit 81 homosexual men for the trial, news that shocked the pharmaceutical industry, mostly because so few had heard of Volvovitz, Smith, and MicroGeneSys.

“How a company like this one comes out of nowhere—I don’t know,” a bewildered securities analyst named Gary Hatton said.2

Volvovitz embraced the skepticism. Speaking to a gaggle of reporters in Washington, D.C., he oozed confidence, saying the press should keep an eye out for his company’s other promising vaccines, too.

“The market potential is enormous,” Volvovitz told the reporters. “A company only needs to succeed in one or two of these to be successful. The stakes are very big.”3

Volvovitz was on his way to solving humanity’s most pressing problem. Overcoming challenges and proving skeptics wrong were the two things he relished most. Back in high school, he had read that tropical-fish hobbyists struggled to breed discus fish, which are usually found in the Amazon River. He decided to build a tank in his parents’ basement and duplicate conditions found in the Amazon and managed to hatch a school of discus fish.4 Several years later, after a professor discouraged him from launching a start-up, Volvovitz quit a PhD program in microbiology at New York University to begin his first biotech company.

Now, Volvovitz’s vaccine was generating global interest, though it remained years away from regulatory approval. As with any drug or vaccine, there would have to be phase 1 trials to test for safety, phase 2 studies to see if the vaccine had an impact, and a phase 3 trial to test if it actually worked.

Volvovitz was feeling proud. Soon, though, he felt pressure. He needed to raise millions of dollars to build vaccine manufacturing capabilities, pay for laboratory tests connected to the trials, and keep MicroGeneSys going until it had sales. He began scrounging for money, securing funding from private individuals, the state of Connecticut, and a major pharmaceutical company, American Home Products. To get the money, though, he had to give up partial stakes in his company, rights to market the vaccine, and more, sacrifices that deeply pained him.5

Volvovitz became preoccupied with his AIDS vaccine. He had few friends or outside interests. After he fathered a child with a MicroGeneSys employee, he built a play area outside his office, so he could spend time near his son as he continued to work.

He began hearing that other biotech companies were making progress on their own AIDS vaccines and drugs and were poised to pass MicroGeneSys. Volvovitz had to come up with still more cash to keep his company afloat. Becoming impatient, Volvovitz began working the phones, hoping for good news.

He called government scientists for updates on early tests they were doing on the vaccine. He asked FDA representatives to allow MicroGeneSys’s shots to be approved if they merely showed signs of potentially slowing AIDS. He even asked government scientists for updates on the work other agencies were doing.

“Where are we with the FDA?!” he asked an NIH researcher one day.

Sometimes, Volvovitz hung up and called right back, speaking so quickly it was hard to make out what he was saying.

“What’s going on with the studies?!”

Some senior government researchers, like Lane and Tramont, were fine with the hectoring. They appreciated Volvovitz’s persistence and his dedication to making his vaccine a success. He wasn’t cursing or lying or asking to cut corners. Other companies were badgering them also. Volvovitz just really wanted his vaccine approved, and he wanted it done quickly.

“He was a pain in the ass, but he didn’t overstep the boundary,” Tramont says. “I didn’t mind, I had an idea of what it’s like in that world.”

Sometimes, Volvovitz turned on the charm, hoping to accelerate the trial or get an update on its progress.

“How’s it going?” he asked one day, friendlier than usual. “By the way, did we get any more patients in the study?”

Behind his back, some government researchers made jokes, asking if “the used-car salesman” had called that day.

“There was a buffoonery to him,” says Malcolm Martin, the senior scientist at the NIH who produced the clone of the HIV protein at the heart of MicroGeneSys’s vaccine. “He was an operator, not a scientist.”

Volvovitz’s anxieties grew. A phase 2 study of thirty people in early stages of AIDS led by Dr. Robert Redfield at Walter Reed showed MicroGeneSys’s vaccine worked, but Redfield came under sharp criticism for overstating the vaccine’s therapeutic effects. MicroGeneSys didn’t have money to conduct its own studies, which presented a problem. Volvovitz asked for funding from the NIH but was told to get in line—others ahead of him were looking to run studies on malaria, dengue fever, and other pressing diseases.

Volvovitz heard that Genentech, a much larger biotech company, was pushing for government funds for its own HIV vaccine program, a new reason for concern. He needed a definitive trial to prove his own vaccine’s efficacy, and he needed it immediately.

His calls became more urgent.

“We’ve got to get this done! How do we get this done?!” he bellowed to an NIAID staffer.

That’s when Volvovitz crossed a boundary. He hired former Louisiana senator Russell Long—the son of Huey Long, the populist and controversial politician of the 1920s and ’30s—to lobby for the company. The move initially worked: In 1992, Long helped persuade Congress to give the U.S. Army $20 million to test MicroGeneSys’s vaccine. The sum was tiny relative to the army’s $253 billion budget that year, and Volvovitz wanted it for a study that might prove the efficacy of his vaccine, which had the potential to help those suffering from AIDS. Some within the NIH sympathized with Volvovitz’s plight and were eager to see what a big study might prove.

But the move blew up on Volvovitz. Top AIDS scientists were outraged, and officials at the NIH and the FDA, including Fauci and FDA commissioner David Kessler, criticized MicroGeneSys for subverting the scientific process to get the money. The army and members of Congress would spend over a year quarreling with the FDA and NIH over the decision, as Smith watched from his Connecticut lab, cringing at Volvovitz’s maneuvers.

“You couldn’t tell Frank anything,” Smith says.

With the money still on hold, Volvovitz flew to Los Angeles to try to raise the $20 million he needed for
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