



[image: image]













[image: image]
















Copyright © 2022 by David Heath


Cover design by Kristen Paige Andrews


Cover photograph © Getty Images, Tetra Images


Cover copyright © 2022 by Hachette Book Group, Inc.


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


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


Center Street


Hachette Book Group


1290 Avenue of the Americas, New York, NY 10104


centerstreet.com


twitter.com/CenterStreet


FIRST EDITION: JANUARY 2022


Center Street is a division of Hachette Book Group, Inc.


The Center Street name and logo are trademarks of Hachette Book Group, Inc.


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


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


Library of Congress Control Number: 2021948602


ISBNs: 9781546000907 (Hardcover); 9781549164682 (Audiobook); 9781546000921 (E-Book)


E3-20211130-JV-NF-ORI














For Peter J. Connelly, who taught me to love writing.
















Explore book giveaways, sneak peeks, deals, and more.









Tap here to learn more.







[image: Center Street logo]















INTRODUCTION



The COVID-19 vaccine is one of the greatest achievements in modern medicine. For the first time in history, we created vaccines quick enough to tame a pandemic. The speed with which they were developed was, by historical standards, unparalleled. The polio vaccine, which has nearly eradicated a crippling disease that even afflicted a US president, was 50 years in the making. Despite herculean efforts over four decades, the creation of an effective HIV vaccine still eludes some of the most brilliant minds in medical research. Yet just days after China disclosed the true nature of a mysterious outbreak in Wuhan, Anthony Fauci, director of the National Institute of Allergy and Infectious Diseases, predicted in what was left of his childhood Brooklyn accent that we would have a COVID-19 vaccine in just 12 to 18 months.


Some of his peers considered the prediction a longshot. “When Dr. Fauci said 12 to 18 months, I thought that was ridiculously optimistic and I’m sure he did too,” Paul Offit, one of the nation’s premier vaccine experts, told CNN at the time. Merck CEO Kenneth C. Frazier, who tried in vain to make its own vaccine, said in July 2020, “I think when people tell the public that there’s going to be a vaccine by the end of 2020, for example, I think they do a grave disservice to the public.”1 Michael Osterholm, a preeminent public health expert at the University of Minnesota, said, “The goal of 18 months is one that will be very, very difficult to achieve. But it just may be our moon shot.”2


And yet, to everyone’s surprise, Fauci’s prediction turned out to be conservative. It took exactly 338 days from the time the virus was identified to the day Sandra Lindsay, an ICU nurse at Long Island Jewish Medical Center, became the first American to get the shot outside of a clinical trial.3 Those desperate to be immunized scrambled for scarce appointments for the first few months. Yet, over time, an astounding number of people chose not to get vaccinated despite the grave risks the virus poses. By October 2021, only 57% of the population had been fully vaccinated, and the fiercely contagious Delta variant brought back the pandemic with a vengeance. While the unprecedented speed of development was a miracle for many, for others, it was a cause for suspicion. People from all walks of life, even health-care workers, began asking aloud how the vaccines could have been made so quickly? Had corners been cut?


The truth is the science behind the vaccines had been in the works for at least 15 to 20 years. Both the Moderna and Pfizer’s mRNA vaccines relied on a breakthrough that was published by scientists at the University of Pennsylvania in 2005. Work on a coronavirus vaccine really began in 2013 with the outbreak of a different novel coronavirus: Middle East respiratory syndrome—MERS, for short. In fact, the COVID-19 vaccines stem from a scientific article published in August 20174 as well as a patent a team of a dozen scientists filed for in October 2017.5


For those inclined to believe conspiracies, this may seem suspicious. No, the scientists did not have advanced knowledge of SARS-CoV-2. The vaccine that we rolled up our sleeves for was essentially a MERS vaccine that had been designed in animal studies years earlier. It just needed to be tweaked. Indeed, had the virus made the fateful leap from bats to humans 10 years earlier—or even just five—science would not have been ready. The vaccines could not have been developed seemingly at the speed of light. The shutdown, as awful as it was, would have gone on months—if not years—longer. Millions of additional lives would have been lost. New variants pose a real risk, and the Delta variant brought back masks and social distancing. But the vaccines have so far remained remarkably effective. The hope is that booster shots will guard us against future variants. Supply remains a problem in the developing world. But in the United States in particular, the real problem is not the vaccine; it is people’s refusal to get vaccinated.


Much of the reporting on the vaccines has been focused on the achievements of Operation Warp Speed or the vaccine makers themselves. Their contributions were enormous, especially in compressing the timeline of development and paying up front for vaccines that might not work. However, the truth is that the politicians and the drug companies could not have made these vaccines so rapidly had it not been for a small group of scientists who made the right decisions at the right time and may ultimately save the world from an even more devastating pandemic. Their stories are ones of incredible foresight as well as incredible luck. Their breakthroughs had quietly revolutionized vaccine science, and yet hardly anyone realized it or even frankly cared about it at the time. Even the scientific community was largely unimpressed as it was happening. Prestigious scientific journals rejected some of the key articles that would ultimately make the vaccines possible. This book will tell the stories of those scientists rather than the vaccine makers, with one exception. Moderna was chosen by government scientists to be the platform for the first COVID-19 vaccine because it offered such a speedy way of making vaccines. The company had been working closely for years with the National Institutes of Health on a coronavirus vaccine. So its story is integral to the story of the science behind the vaccines.


One man in particular, Barney Graham at the National Institutes of Health, pulled all the threads together. He is the Jonas Salk of COVID-19 vaccines. His research into a coronavirus vaccine started nearly seven years before this new strain would appear in Wuhan, China. His main motive for studying coronaviruses was less to save the world and more to explore the unknown. We knew so little about that type of virus, and that made the research more exciting, more likely to break new ground. But in addition to the potential for personal recognition, Graham also understood that it was just a matter of time before we would see a new strain of coronavirus. There had been two novel strains of coronavirus in just a decade, and both of those—SARS and MERS—were frighteningly deadly. Fortunately, neither was terribly contagious. Given that there are thousands of additional strains in bats, it was a matter of when—not if—there would be another leap from animals to humans. If a new strain appeared that was highly contagious, it could prove devastating. It was critical to be prepared for the next one.


The emergence of HIV in the early 1980s and the unprecedented effort to develop a vaccine also played a pivotal role when SARS-CoV-2 appeared. If you tried to develop a perfect virus to elude vaccines, you would come up with something like HIV. It has the rare ability to play hide-and-seek with antibodies. And even if the antibodies found the virus, HIV magically disguises itself through rapid mutations, rendering the latest batch of antibodies useless. Today, HIV is controlled with antiviral drugs that allow those carrying it to live normal lives. The drugs are so effective that those infected cannot transmit the virus and even sensitive tests cannot detect the virus in those taking the medication. But the virus quickly comes back if you stop taking the antiviral drugs. That’s why the quest for a vaccine is still ongoing. It took every bit of scientific know-how to come up with experimental vaccines, which to date have failed. But the science that went into that effort has changed our ability to develop vaccines forever.


While HIV is a uniquely challenging virus, SARS-CoV-2 is a rather easy virus to defeat. With the proper antibodies ready to pounce, SARS-CoV-2 and many of its variants are quite helpless. Not only did the mRNA vaccines prevent nearly all hospitalization and death, but they prevented symptomatic disease more than 90% of the time until the arrival of Delta. And beyond that, real-world data showed that they even kept those who were vaccinated from being effective carriers of the virus, at least with the early variants. Even with the Delta variant, breakthrough cases remain the exception. While it is difficult to quantify, this was almost certainly due to the caliber of vaccine science today. Graham turned his attention to coronaviruses after spending more than a decade trying in vain to make an HIV vaccine. He understood viruses with a level of precision previously unimaginable. As Paul Duprex, director of the Center for Vaccine Research at the University of Pittsburgh, would later say, “In 2020 we can make vaccines in ways that Jonas Salk could only have dreamed of.”6


The two scientists most responsible for making mRNA an effective approach for vaccines are Katalin Karikó and Drew Weissman at the University of Pennsylvania. Weissman had worked in Fauci’s lab just as HIV first emerged among the gay community in New York and California. Fauci would become director of the National Institute of Allergy and Infectious Diseases and the face of public health at the National Institutes of Health. Weissman decided to continue to research this dreadful virus when he moved into academia. That ultimately led him to collaborate with Karikó, who had devoted her career to trying to solve the riddle of how to use RNA to treat disease. They figured out how to use mRNA without our bodies rejecting it. And yet, Penn officials, not realizing the significance of this discovery, sold the rights to it to an obscure company for next to nothing. Karikó was even shoved out the door by her school after her key discovery. Today, Karikó and Weissman are often mentioned as potential Nobel Prize winners. But at the time, their work was overlooked and even dismissed. Moderna wouldn’t exist without their work. Yet the company writes them out of its history, insisting it was Moderna that made the key scientific breakthroughs in RNA science.


The story of the vaccines is full of what-ifs. At several stages, any wrong turn might have taken us down a path that would have deprived us of a COVID-19 vaccine. Weissman and Karikó were never able to convince investors to let them commercialize their discovery. What if another scientist—Derrick Rossi of Harvard University—had not used Weissman and Karikó’s science to found Moderna? What if Graham had kept pursuing an HIV vaccine and never bucked the culture at the National Institutes of Health by turning his attention to other viruses? What if MERS had not broken out in the Middle East just when Graham was looking for a new virus to conquer?


Perhaps the biggest stroke of luck was that SARS-CoV-2 was not more lethal. What if, like SARS-CoV-1, its case fatality rate was 15%? Even worse, what if it had the killer instincts of MERS, another novel coronavirus that emerged in 2012? That virus, which still circulates today, kills 35% of its victims.7 Imagine 5 million to 12 million deaths in the United States. The worst case would be akin to everyone in New York City and Chicago dying. Or imagine 42 million to 98 million deaths worldwide.


The brutal truth is that this is not likely the last pandemic we will face. There is a high probability that we will see new strains of novel coronaviruses in the future. With luck, we will be able to ramp up new vaccines quickly to defeat those. But there is also the likelihood that we’ll see other viruses causing pandemics. Perhaps the next one will be a novel influenza. Or perhaps a new strain of Nipah, a particularly dreadful virus that served as the basis of the Hollywood thriller Contagion, starring Kate Winslet and Matt Damon. There are lessons to be learned from the discovery of the COVID-19 vaccine that could lead us to rethink the resources we devote to stopping future pandemics. As you’ll learn from this book, we were lucky this time.
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CHAPTER 1






Ready for a Pandemic


A colleague shot an urgent email to Barney Graham at 10:53 p.m. on a Friday night. Graham had been expecting the news for days—10 days to be exact. It had been that long since the world first learned of a mysterious new virus causing severe cases of pneumonia in Wuhan, China. The news broke the day the world was waiting to ring in the New Year. Now, on January 10, 2020, Graham took note of the subject line: “Wuhan Spike sequence.” He had been trying without luck to get this information from China’s chief public health official, George Gao, through back channels. But now it was published for the whole world to see. Someone had drawn a blood sample from a patient in Wuhan and used it to unlock the virus’s genetic code. A professor at Shanghai’s Fudan University posted it on Virological.org, a scientific bulletin board.


Most of the email was a jumble of four letters, A, C, G, T. These are abbreviations for the four bases of the virus’s genetic code. To the naked eye, this mishmash of letters was meaningless, even for the most learned scientist. But when analyzed on a computer, it revealed the virus’s identity. The email was brief. Vincent Munster, chief of a virology lab at National Institutes of Health, had one of his scientists run the sequence through a database of known viruses. “Initial analysis shows it is about 73% identical to SARS… Closest relative when blasting the whole genome is a SARS-like CoV called ZC45.” In short, it was a novel strain of coronavirus. The closest match had been identified in February 2017 from a bat.1


Graham had already suspected it was a coronavirus. But he was more interested in another bit of data. The genetic code also revealed the virus’s Achilles’ heel—the precise makeup of the so-called spike protein on its surface. Block that protein and you can render the virus harmless.


Graham, who was deputy director of the National Institutes of Health’s Vaccine Research Center, knew exactly what to do. After two previous novel coronavirus outbreaks—SARS in 2003 and MERS in 2012—Graham had spent years getting prepared for the next novel strain. He went to bed confident that, in the morning, he would whip up the genetic code for a vaccine that the untested company Moderna would manufacture. Graham had no idea, however, just what a profound impact his years of expertise were about to have on the planet. At that moment, there were only 41 confirmed cases in Wuhan, although the virus had spread to other cities. There was speculation that the virus originated from a seafood market in Wuhan that also sold exotic meat. Wild animals such as the king rat snake, the Chinese bamboo rat, and the marmot were kept alive in cages and killed in front of customers to ensure freshness. But the conditions raised serious questions about hygiene.2 Some scientists speculated that the virus might not spread from human to human. But Graham did not believe it. He could not imagine so many cases already coming from one meat market, no matter the conditions.


Still, there was much that Graham could not have known. He had no idea that this new coronavirus would unleash a pandemic and certainly not one of the deadliest pandemics since 1918. Likewise, he did not know he was about to change the course of medical science and potentially save millions of lives in the process.


For years, Graham had been growing more confident he could create a vaccine fast enough to stop a pandemic. That is a feat many of his colleagues might have thought absurd. But in Graham’s mind, he just needed the right virus to prove it. History was not on his side. Typically, it takes years and even decades to bring a successful vaccine to market. Graham’s quest seemed akin to Charles Lindbergh dreaming of flying to Paris at supersonic speeds. But Graham had a unique vantage point. He sat at the command center at the Vaccine Research Center for combating emerging disease. In fact, that was his precise job.


The center’s primary mission from the start had been to develop an HIV vaccine. But the virus that causes AIDS—once a death sentence—proved a formidable foe. Our bodies mount a pitiful defense against it. Any vaccine able to defeat it would have to dramatically outperform our own immune systems. For any randomized clinical trial, there is an independent data safety monitoring board. These are the only people who know which volunteers got the actual drug and which ones got the placebo. They can stop a trial if anything serious happens. And in April 2013, the National Institutes of Health stopped a four-year clinical trial with more than 2,500 volunteers testing the latest experimental HIV vaccine. It had not just failed; it had failed miserably. Volunteers getting the placebo were slightly more likely to get HIV.3 The difference in outcomes may have only been by chance, but it was enough to shut down the experiment. This was not the first defeat in finding an HIV vaccine, but it was a turning point for the Vaccine Research Center.


The center’s scientists had learned so much about infectious diseases, but their attempts to create an effective vaccine were stymied by a virus with the surreal resilience of Arnold Schwarzenegger in the role of the Terminator. In its 13 years of existence, the Vaccine Research Center had not produced a single vaccine. Graham himself was ready to turn his advanced knowledge of vaccines on other viruses. He had a career-long obsession with respiratory syncytial virus. RSV is known best as a leading cause of colds, especially in children. But it is also the leading cause of hospitalizations in young children, and it rivals influenza as a cause of death among the elderly.


Part of what made RSV so intriguing was that a vaccine trial in 1966 had backfired and tragically made children more susceptible, much more likely to be hospitalized and gasping for breath. It’s a problem within the vaccine world known as vaccine-associated enhanced disease. Something about the vaccine made the virus more likely to invade cells—the opposite of what it was supposed to do. Graham decided to make solving the riddle of what went wrong his personal cause. He devoted decades to it, and by 2013, Graham was confident he and his team had found the answer, borrowing from the techniques being used in HIV research.


His legacy might have been as the guy who solved the riddle of RSV. But Graham realized that the lessons he had learned could be applied to other viruses as well. And he wanted to combine his knowledge of how to defeat a virus with new technology that made making a vaccine much speedier and more precise. That’s what ultimately led him to choose messenger RNA as the vehicle for a vaccine to stop a pandemic.


By 2017, Graham was working with Moderna on his concept of pandemic preparedness. He used the prototype pathogen approach. What that means is that you can study any virus within a given family, such as coronavirus, and make a vaccine that can be quickly adapted when a new strain emerges. They focused on two very deadly viruses, testing vaccine candidates in mice. One was a coronavirus, the Middle Eastern respiratory syndrome, or MERS. It was limited mostly to Saudi Arabia and had a case fatality rate of 34%. As of June 2021, there have been a total of 2,574 cases of MERS reported, with 886 deaths.4 The other was Nipah, another virus that leaps from bats to humans. A 2018 outbreak in Kerala State, India, killed 21 of the 23 people infected, causing panic in the local community.5 Neither disease was highly contagious, but that could always change with a new strain.


By 2019, Graham was ready to start proving his point. He came up with a plan—in essence—to click a stopwatch to show how fast he could make a vaccine and get it into humans. He was able to scrouge up $5 million for this demonstration project. He figured he would be able to go from a virus’s genetic code to a human trial in just 100 days. This first step in clinical trials tests the safety and tolerability of different doses of a vaccine and evaluates how well the antibodies generated neutralize the virus in a test tube.


The two most obvious candidates for this demonstration were MERS and Nipah, the viruses Graham already understood so well. Graham chose the latter, and he was on the precipice of developing an experimental Nipah vaccine. But he hadn’t fully decided on Moderna as the collaborator for this experiment. After all, Moderna had never produced an FDA-approved vaccine. In November 2019, Graham visited Moderna’s new 300,000-square-foot manufacturing facility in Norwood, Massachusetts, and was impressed. He attended a meeting with Moderna CEO Stéphane Bancel the following month in Building 31 at the northern tip of NIH’s sprawling campus in Bethesda, Maryland. Graham’s two superiors, John Mascola, director of the Vaccine Research Center, and Anthony Fauci, director of the National Institute of Allergy and Infectious Diseases, were there as well. They huddled around a narrow conference table near Fauci’s office, with Bancel sitting directly across from Fauci.


This was the moment of truth. For many, Bancel had a reputation of being more of a salesman than a scientist. The Nipah project wasn’t going to be a moneymaker. The others in the room wanted to know if Bancel was really interested in a project that might never generate any profit for his company. Was he really committed to vaccines for an infectious disease? And was he really interested in testing out the concept of rapid response to an outbreak? Bancel, a Frenchman who despite years working in Cambridge, Massachusetts, still has a thick accent, assured Fauci and the others that he was committed. However, to satisfy his shareholders, he would need at least enough money to cover his expenses. Mascola later called that meeting “pivotal.”


Now it was just a question of when to click the stopwatch. But before that happened, fate stepped in. On New Year’s Eve, fragmented news reports came out of China about the outbreak of a respiratory illness in Wuhan, a city the size of London 500 miles west of Shanghai. The city’s health commission said 27 people were sick with viral pneumonia. Seven were in serious condition.6


Seventeen years earlier, China was the site of an outbreak of the novel coronavirus SARS, an acronym for severe acute respiratory syndrome. That virus had leaped from bats to civets, nocturnal mammals resembling raccoons, before making the leap to humans. The SARS outbreak killed 800 people, about 15% of those with confirmed cases. Half of those age 65 or older died.7 Fortunately, SARS, though lethal, was not highly contagious. But the Chinese government endured blistering criticism for not revealing more about the origins of that virus.8


Less than a week after those New Year’s Eve reports, the patient count was up to 59. Authorities had shut down the Huanan Seafood Market and sent in workers wearing hazmat suits to disinfect it, including the stalls where wild meat had been sold. Public health officials were still baffled, at least publicly, but they were starting to rule out known diseases, such as SARS, MERS, and the bird flu.9 Graham strongly suspected it was a new strain of coronavirus. He began preparing, just in case.


He called a former colleague, Jason McLellan. At the time, the 38-year-old scientist from the University of Texas was getting new snowboard boots refitted at a ski shop in Park City, Utah. The new boots were horribly uncomfortable, so the shop was remolding them with hot air guns. McLellan had worked closely with Graham on a breakthrough on the RSV vaccine and later a MERS vaccine. Graham wanted to know if he was game for helping on a vaccine for whatever virus was spreading in China. McLellan was enthusiastic.


That same day, January 6, Graham met with Kizzmekia Corbett, a research fellow in his lab. Corbett had worked closely with Moderna to formulate a MERS vaccine in mice. They mapped out a strategy for what to do when the genetic code for the virus was released. From their previous work, they already had a good sense of what would go into the vaccine. Corbett’s job then would be to test that new vaccine in mice to see if it produced the right antibodies. Only then could it be tested in humans. She was not going to have much time. The goal was to start a human trial within 100 days.


Meanwhile, Bancel was vacationing at his home in the south of France when he read about the virus in the Wall Street Journal. He sent a link of the story to Graham by email, asking him if he could make sense of it.10 Graham shot back an email: “If it’s a SARS-like coronavirus, we know what to do and have proven that mRNA is effective at a very low dose. We were waiting to have verified sequences before I called, but this would be a great time to run the drill for how quickly can you have a scalable vaccine.”


Graham had made a fateful decision. He would scrap plans for a Nipah vaccine and focus instead on the new virus spreading in China. He had no idea whether the virus would be highly contagious. MERS and SARS were not. He also had no idea how far the virus would spread. But the game had changed. The Nipah vaccine project had been mostly a demonstration. He wanted to prove to the scientific community that he could get an experimental vaccine into a human trial in world-record time. He didn’t give up that pursuit. But now the project was very different. He wanted to make an actual vaccine that could be approved by the FDA and given to the public. That would take a lot more money than he had.


Graham met with Mascola and Fauci at the same conference table where they had felt out Bancel. This was before China had released the virus’s genetic sequence. Graham told Fauci, “Just get me to sequence. Just get me to the sequence and we’re on the road.” Fauci didn’t have to sign off on switching to a coronavirus vaccine. “Even though I’m quote-unquote his boss, it’s really very much of an egalitarian type of collaboration,” Fauci would explain later in an interview for this book. Graham would outline to Fauci in detail the significance of the research he had done in previous years. Fauci was aware of the research, but he did not realize just how much it had altered the course of vaccine science or how critical it suddenly was. Graham had such a head start on a coronavirus vaccine that he convinced Fauci he could deliver it within 18 months, a prediction Fauci would soon spread in the national media. Graham said, “Let’s go full blown. Let’s make a vaccine.” He asked Fauci if there was enough money. Fauci didn’t hesitate: “Barney, let me worry about the money. Go ahead and do it.”
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Graham woke up the following Saturday morning with the sequence in hand, ready to make a vaccine. It was unseasonably warm for January in the Washington, DC, area. The New York Times that day reported the first death from the virus: a regular customer of the seafood market.11 Graham grabbed a cup of coffee and walked over to his office at the front of his Rockville, Maryland, home. The office had jam-packed floor-to-ceiling bookcases. Among the items on the shelves were wooden carvings of the words Faith, Hope, and Love.


The most critical decision to be made was the easiest. Everyone knew from years of prior work exactly what would go into the vaccine. It would build off years of research of a MERS vaccine that McLellan and Corbett had helped develop by 2017. They would use mRNA to trick human cells into producing a very precise version of the spike protein on the surface of the virus. They would use a special technique to stabilize that protein, a technique they had already filed a patent for in 2017. They would use two protein fragments called prolines to lock the spike protein into the same shape found on the virus before it attacks a human cell. That was the key. Corbett still marvels at how they knew the answers instantly. Had they not spent years already studying MERS, there is no way they could have turned around a vaccine so quickly. There were other more technical decisions to make. Supplies needed to be ordered. Moderna would have to be told so they could make the vaccine. Corbett needed to start preparing for the mouse studies.


Graham spent the morning exchanging texts, emails, and phone calls with Corbett, McLellan, and a few others. He also talked to his boss, Mascola, and his boss’s boss, Fauci, who signed off on the plan.


With Moderna’s technology, Graham didn’t need the virus itself, a radical departure from the standard way of making a vaccine. Most vaccines come from a live virus that has been killed or rendered harmless, or from a part of the virus. Instead, Graham could analyze the code on his laptop, using a variety of software, and design a vaccine digitally. Worried about a rush of demand for the precise proteins he needed to study, he ordered them from a laboratory within hours.


In his mind, he had clicked a stopwatch to see how fast he could get the vaccine he created into human trials. That meant meeting with Moderna on Monday to get them to produce the vaccine. Then he had to set up trials in the laboratory, in mice, and later in monkeys, all before giving the vaccine candidate to humans.


Although Moderna would eventually get most of the credit, it was NIH that led the way in the early weeks. Mascola now admits that he didn’t realize the virus was so contagious until February, with news of the virus spreading on the cruise ship Diamond Princess that had departed Hong Kong. Ultimately, 700 of the 3,711 people aboard became infected—a sign that this disease could be a serious health threat. Once hospitals in Italy were overwhelmed, Mascola knew we had a pandemic on our hands.


Just about the time schools across America started shutting down in mid-March, Moderna’s demonstration vaccine was given to the first volunteer in Seattle. It had been done in a record-setting 66 days. And by then, it wasn’t just a demonstration. The virus was spreading. The country went into a lockdown. The economy was collapsing. Everything had changed. The world was now eagerly waiting for the vaccine so that it could return to normal.
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CHAPTER 2






History of Vaccines


In October 1977, a man transporting two smallpox-infected children to an isolation camp in Somalia got hopelessly lost. The driver stopped at a hospital near Mogadishu to ask for directions. A 23-year-old cook who worked there, Ali Maow Maalin, jumped in the van and offered to show the way. Before they took off, the driver turned to the new passenger to ask if he had been vaccinated against the highly contagious smallpox.


“Don’t worry about that,” Maalin said. “Let’s go.”1


Maalin in fact wasn’t vaccinated. Even though he had previously worked for a smallpox eradication program, Maalin was so afraid of needles that he’d hold his arm and pretend that he’d already received his skin pricks. Within minutes of the van ride, Maalin was infected.


Luckily the virus he caught, variola minor, causes less severe illnesses than the more common variola major form of smallpox.2 Even more fortunately, Maalin’s hospital moved quickly to isolate him and to quarantine and vaccinate exposed patients and staff. With nowhere to spread, the virus quickly petered out.


Maalin eventually recovered. He didn’t know it then, but he was the last person in the world to catch naturally occurring smallpox. The last vestiges of the smallpox virus couldn’t find another host in which to replicate and survive. Two years later, in 1980, the World Health Organization declared the virus eradicated. It remains the only human disease we have managed to wipe out. The World Health Organization hopes to do the same with the polio virus within the next few years.


Vaccines have revolutionized modern medicine. At the turn of the 20th century, the life expectancy of the average American was 47.3 years. For Black Americans, it was only 33 years.3 But a combination of improved health care and public health measures, such as clean water, combined with vaccines for smallpox, whooping cough, diphtheria, and tetanus, helped to dramatically increase longevity. One estimate is that since 1924, vaccines have prevented 40 million cases of diphtheria and 35 million cases of measles, both deadly viruses. That’s on top of 103 million cases of other childhood diseases prevented.4 As a consequence, the life expectancy of the average American today is 78.7 years. For Black Americans, it is now 75.3 years, according to the Centers for Disease Control and Prevention.5


The early vaccines were a product of some luck. Smallpox’s disappearance came nearly two centuries after an English physician named Edward Jenner scientifically established the concept of vaccination. Specifically, Jenner was the first to document that if you inject people with pus from smallpox’s milder cousin, cowpox, they can be protected against the more lethal virus.


Smallpox is a terrible, deadly ancient disease. It spreads easily through respiratory droplets and contaminated surfaces. It killed about one in three infected people.6


Historians believe that 90% of the native population of the Americas succumbed to smallpox after exposure from European explorers. Nearly one-third of those who survived the virus went blind, and many were left with disfiguring scars.7


Doctors in China as far back as the 10th century tried to inoculate people against smallpox by swabbing their noses with8 fluid from smallpox pustules or pieces of dried scab. This process, called variolation, was built on the knowledge that people who survive smallpox don’t get it again. It may have been a lucky guess. Viruses wouldn’t be discovered for nearly another 1,000 years.9 Clearly, no one could have understood the biological mechanisms behind variolation.


Variolation could be a dangerous game of chance: some subjects got a fever, rash, and other smallpox symptoms. Others died, although in smaller numbers than if they had caught smallpox naturally.10 And variolation sometimes backfired horribly and set off smallpox epidemics.11


Despite the risks, George Washington ordered all his troops to be inoculated on February 5, 1777. Washington, who survived smallpox as a teenager, considered it potentially more deadly than British forces.12 “Finding the smallpox to be spreading much and fearing that no precaution can prevent it from running through the whole of our army, I have determined that troops shall be inoculated,” he wrote in a letter to John Hancock, the president of the Second Continental Congress.13


Years later, Jenner’s alternative method laid a safer foundation for immunology. He had witnessed that milkmaids who became sick with cowpox didn’t seem to contract smallpox. Jenner’s first unwitting subject was a healthy eight-year-old child named James Phipps. According to historical records, Phipps was either a pauper or the son of Jenner’s gardener. Whoever he was, the boy obviously was too young to consent to the experiment.14


On May 14, 1796,15 Jenner infected Phipps with scrapings from cowpox lesions taken from the hand of a milkmaid named Sarah Nelmes. The boy got mildly sick, had a fever, and lost his appetite. But 10 days after his inoculation, Phipps felt much better. Two months later, Jenner infected Phipps again, this time with a fresh smallpox lesion. Young James didn’t get smallpox, a sign that his earlier exposure to cowpox had rendered him immune.16


Jenner submitted a brief paper on his findings to the Royal Society. For reasons unknown, the editors rejected it. So the following year, in 1798, Jenner privately published a booklet titled “An Inquiry into the Causes and Effects of the Variolae Vaccinae, a disease discovered in some of the western counties of England, particularly Gloucestershire and Known by the Name of Cow Pox.”17 Variolae is Latin for pustules. Vaccinae is derived from Latin for cow.18 In what may be his most lasting scientific contribution, Jenner named the new procedure vaccination.19 Parliament banned variolation in 1843 and later made the cowpox vaccine mandatory.20


But it wasn’t until the late 1800s that the world had its first true vaccine.21 And it happened thanks to a negligent laboratory assistant.


In 1879, French chemist Louis Pasteur left on a holiday after instructing his assistant to inject a batch of chickens with fresh cultures of Pasteurella multocida, the bacterium that causes chicken cholera. The assistant forgot before he departed for his own holiday. The untended brew sat in the lab for a month, plugged with just cotton wool.22


When Pasteur realized the mistake, he might have just tossed the bacteria. But instead, he had his assistant go ahead and belatedly give the chickens the unrefreshed cultures. Pasteur was shocked by the results. Instead of dropping dead of cholera, the animals showed mild symptoms and then recovered. On a hunch, Pasteur decided to inject the birds with fresh cultures of P. multocida. Again, rather than die, the chickens stayed healthy. Pasteur theorized that exposure to oxygen had weakened the cholera bacteria—it was potent enough to sicken the birds but not enough to kill them. He also reasoned that the chickens’ immune defense had been primed by the enfeebled bacteria to fight off a full infection. Pasteur called the progressive loss of virulence after exposure to air “attenuation.”23


Thus the world had its first lab-made vaccine.


Pasteur had previously proven that diseases were caused by visible “germs,” a notion that his critics considered preposterous.24 But the discovery is one reason why some regard Pasteur as the pioneer in microbiology and immunology. Now he aimed his scientific focus on attenuation to vaccinate against a host of other diseases. Along with Charles Chamberland and Émile Roux, Pasteur developed a live vaccine for anthrax for livestock. He showed that anthrax spores cultivated at high temperatures became less virulent.


In 1881 in Pouilly-le-Fort, France, Pasteur orchestrated a public experiment with gathered journalists by inoculating 24 sheep, six cows, and one goat with a weakened Bacillus anthracis culture. On May 31, those animals plus a control group of 24 sheep, four cows, and a goat were exposed to freshly isolated anthrax pathogens.


The vaccinated animals were unharmed. All the unvaccinated sheep and the unvaccinated goat had dropped dead; the four unvaccinated cows showed symptoms of anthrax. Pasteur proclaimed the demonstration an “éclatant succès,” a resounding success.25


That same year Victor Galtier, a French veterinarian, discovered that sheep injected with saliva from rabid dogs not only don’t get rabies, but also are protected from future infections.26 Galtier’s surprise findings spurred Pasteur and his collaborators to go to work to develop a vaccine for rabies, which was 100% fatal in humans.


Pasteur hit a roadblock right away. He couldn’t culture the pathogen in the lab or even examine it under a microscope. That’s because unlike anthrax, rabies is caused not by bacteria but by viruses.


But Pasteur and his partners soon learned that passing the virus between different species of animals turned them progressively less virulent. So inoculating a sample from a rabid dog into a monkey attenuated the virus. That’s the opposite of what happens if rabies is passed from the same animal type to the next, when it serially grows more virulent.


What’s more, every subsequent interspecies transmission further weakened the virus. So with repeated transmissions among dogs, monkeys, rabbits, or guinea pigs, Pasteur could tailor the degree of virulence needed for a safe vaccine for dogs.27


Pasteur air-dried spinal cords from infected rabbits after passing the rabies virus taken from dogs through multiple rabbits. In an 1885 report to the French Academy of Science, Pasteur credited exposure to oxygen with attenuating the virus. He successfully vaccinated 50 dogs against rabies. Today we know that the attenuation actually resulted from passing the virus through dissimilar species.28


On July 6, 1885, a reluctant Pasteur, who was not a physician, tested his rabies vaccine on his first human subject. The patient was nine-year-old Joseph Meister, who had been attacked by a neighbor’s rabid dog in Alsace two days earlier.


Over 11 days, the boy was inoculated 13 times with the emulsion from the spinal cord of a rabbit that had died of rabies. Each time the vaccine came from progressively fresher—and therefore more virulent—part of the cord. After three months, doctors declared young Joseph fully recovered.


In 1886 alone, Pasteur went on to inoculate 350 people against rabies in Europe, Russia, and elsewhere. Just one person developed rabies. The method was initially called “Pasteur’s treatment.”29 But in an homage to Edward Jenner, Pasteur gave the artificially weakened microbes given to trigger the body’s natural immune defenses the generic term vaccines.


Pasteur’s advances sparked the nascent field of virology. Five more vaccines followed during the first half of the 20th century: diphtheria, pertussis, tetanus, tuberculosis, and influenza.30


The vaccines that rolled out during the next 50 years aimed to banish some of public health’s biggest menaces: polio, measles, pneumonia, hepatitis A and B, meningitis, and chicken pox.31
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Creating effective vaccines requires a mixture of science, hunches, and luck. Failures are a given. Well into the 20th century, searches for vaccines sometimes sickened, maimed, or even killed human subjects.


Scientists tested unproven vaccines on both eager volunteers and unwitting subjects. They inoculated children who were wards of the state, including those with mental retardation; enlisted service members; their own offspring; and even themselves. Researchers justified the risks as a price paid to fight the greater dangers posed by infectious diseases.


On March 6, 1857, a New York Times article on commencement exercises at New-York Medical College reported that Nehemiah Nickerson won first place “for his thesis on Infantile Paralysis.” That was the first appearance in the newspaper of what later became known as poliomyelitis, or polio.32


The Times made little mention of the disease for the next four decades. Then on August 7, 1899, polio suddenly was front-page news. The disease was “spreading with remarkable rapidity,” with cases popping up in Poughkeepsie, New York, and nearby towns. But once again, infantile paralysis largely disappeared from news pages for the next decade.


Polio probably has plagued humans for millennia. An Egyptian carving dated to 1400 BCE depicts a young male with a leg deformity likely caused by polio. It circulated at low levels through the 1800s. By 1910, however, infantile paralysis was raging in the US and other well-off nations.33


In 1905, Swedish physician Ivar Wickman recognized that poliomyelitis was a contagious disease that passes from person to person.34 Polio is caused by an enterovirus that enters through your mouth and lives in your throat and intestines. You get it mainly through contact with an infected person’s feces.35 Most people have no or mild symptoms. But polio can lead to paralysis and even death.


Polio’s resurgence in the 1910s kick-started a decades-long hunt for an effective vaccine. In 1932, John Kolmer at Temple University in Philadelphia developed one of the first candidates for the polio vaccine after watching his colleagues’ successful work on denatured vaccines for rabies and yellow fever. Kolmer theorized that he could weaken the polio virus just enough to trigger protective immunity without risking a full-blown disease. He ground up the spinal cords of polio-infected monkeys, soaked them in a salt solution, filtered them through a thin mesh, and then treated them for 15 days with ricinolate, a substance found in castor oil. He tested the vaccine on his two sons, his lab assistant, and 25 local children.


Kolmer then tested his three-dose vaccine on thousands of American and Canadian kids. Several children contracted polio shortly after receiving their shots. Paralysis started in the inoculated arm and spread. In all, Kolmer’s vaccine paralyzed 10 children and left five dead.


Over at New York University, a young researcher named Maurice Brodie took a different path to a vaccine. Instead of using a weakened but live virus as Kolmer had, Brodie killed the poliovirus taken from the spinal cord of infected monkeys by soaking it in a 10% solution of formaldehyde for 25 days.36


Brodie tested his vaccine on chimpanzees, himself, five colleagues, and a dozen children. When they produced polio antibodies without getting the disease, Brodie went on to enroll some 11,000 children in a trial to prove the efficacy of his formaldehyde-inactivated vaccine. But again, some of the children became paralyzed or died. Critics denounced Brodie’s study as poorly run and his vaccine as useless.37


Poliovirus researchers faced other challenges, too. They relied on infected monkeys for research, specifically to harvest their spinal cord and brain for the poliovirus. But that was expensive and laborious and required sacrificing the lives of tens of thousands of primates.38 Researchers spent fruitless decades to find a way to grow the poliovirus outside the bodies of live monkeys or other animals.


Then a major breakthrough followed in 1949. Thomas Weller, John Enders, and Frederick Robbins were working on the chicken pox virus in Boston when they chanced on a discovery: they could grow poliomyelitis viruses in test tubes in the lab, and with skin and muscle tissues from human embryos. Researchers no longer needed to rely on live animals as incubators—just their nervous tissue.39


The tissue culture technique also meant that vaccine stocks could be produced in big enough volumes to inoculate millions of people. The three American scientists were jointly awarded the 1954 Nobel Prize in Physiology or Medicine for their pivotal first step toward a vaccine for polio.40


Two years before the discovery by Enders, Robbins, and Weller, a young virologist named Jonas Salk joined the University of Pittsburgh to set up his virus research lab.41 Salk had come from the University of Michigan, where he had been studying the influenza virus under his mentor, Thomas Francis Jr.


Salk was the eldest of three sons born to Russian-Jewish immigrant parents in New York City. He was academically precocious, driven, and egotistical. Salk’s parents, who worked in the garment industry, planned for him to attend rabbinical school. But over his mother’s objections, Salk wanted to study law and run for Congress. However, he discovered chemistry while at the City University of New York. Then as a medical student at New York University, Salk redirected his focus to biological research.42


Thirteen years before Salk graduated from CUNY in 1934, 39-year-old Franklin D. Roosevelt contracted polio, which paralyzed both of his legs below the knee. A year before Salk earned his medical degree in 1939, Roosevelt founded the National Foundation for Infantile Paralysis, now known as the March of Dimes, to combat polio. Roosevelt’s close friend and former law partner Basil O’Connor became the nonprofit organization’s driving force for the next three decades.


Salk believed that a vaccine made of killed virus particles—which Maurice Brodie had tested earlier to disastrous results—could work as well as vaccines made from live but weakened viruses. Some researchers were skeptical that lab-altered vaccines could elicit the body’s immune response.43


In September 1951, Salk and O’Connor met aboard RMS Queen Mary while sailing home from the Second International Poliomyelitis Conference. O’Connor was intrigued by Salk’s theory that exposing the polio virus to formaldehyde could produce a vaccine that was both effective and safe. O’Connor decided to back Salk’s research with the foundation’s money.


“Before that ship landed I knew this was one young man to keep an eye on,” O’Connor recalled.44


Salk had learned how to inactivate viruses with formalin, a solution made with formaldehyde, during his studies on flu. He turned to the same technique for polio. Salk grew the polio virus in monkey kidney cells, then killed them with formalin. Two years after his meeting with O’Connor aboard the ocean liner, Salk had a vaccine he was sure would work. In the spring of 1953, Salk injected his whole family: his wife, Donna; his three young boys; and himself. The decision, he said, was “courage based on confidence, not daring.” He wanted his family to be among the first to be protected against polio.45


The youngest son, Jonathan, was three when he was photographed by the March of Dimes as his father plunged the needle in his left arm as his mother protectively held both of his hands. The boy, wearing a jaunty bowtie, bravely seems to be stifling a cry.


Jonathan grew up to become a physician. As an adult, he recalled that his father “wasn’t experimenting on us. He gave us the vaccine because he knew it worked, and he wanted us protected. There was, however, an element of fear and a kind of trauma in getting the shot from him.”


At a press conference at Midtown Manhattan’s Waldorf-Astoria Hotel that November, Salk revealed the successful experiment on his family. “I will be personally responsible for the vaccine,” Salk said with a typical brashness that rankled more than a few colleagues and competitors.46


Soon after, a mammoth placebo-controlled field trial began to validate Salk’s initial results. It was run by Salk’s former professor, Thomas Francis Jr., at the University of Michigan School of Public Health. The study ultimately enrolled 1.8 million American, Canadian, and Finnish children and lasted two years.47


When Salk arrived at the University of Michigan for the big reveal of the study’s results, he was still in the dark himself. But they told him the morning of April 12, 1955, that the vaccine was up to 90% effective. It was a huge relief for Salk.48 The rest of the world would find out shortly, when Francis announced to 500 scientists and physicians gathered inside University of Michigan’s Rackham Auditorium that “the vaccine works. It is safe, effective, and potent.”49 After the press conference, CBS reporter Edward R. Murrow asked Salk who owned the vaccine. “Well the people, I would say,” Salk said. “There is no patent. Can you patent the sun?”


The vaccine turned Salk into something of a national messiah. Dwight H. Murray, chairman of the board of directors of the American Medical Association, called the news “one of the greatest events in the history of medicine.” President Dwight D. Eisenhower later hailed Salk as a “benefactor of mankind.”50


Salk’s vaccine promised to turn the tide on a disease that consigned some victims to life in wheelchairs and tanklike breathing machines called iron lungs. In one year, 80 million people donated money for Salk’s research, in dimes and dollars.51


As soon as Salk licensed his vaccine, American officials began mass inoculations. But a disaster struck almost immediately. Batches of vaccines made by Cutter Laboratories in Berkeley, California, were filtered improperly and as a result were contaminated with live polio viruses. Salk’s vaccine used three virus strains: MEF-I, Saukett, and the highly virulent Mahoney strain.52 Some of the Mahoney virus strain had evaded inactivation by formaldehyde, possibly because some virus particles had clumped together. Some 200,000 children received the tainted vaccines. As many as one-third of them contracted polio. Of those, 200 were paralyzed to varying degrees and 10 died.53


The US Surgeon General ordered all polio vaccinations stopped to investigate manufacturing protocols. The probe led to the addition of a second filtration step and improved safety tests. Vaccinations resumed that fall.


The Salk vaccine had several early drawbacks: It required three separate shots from a nurse or a health professional, injected just below the skin. Inoculated children lost some of the antibodies against polio after a few years. And producing the vaccine was cumbersome and inhumane; for every 1 million inactivated doses, 1,500 monkeys were killed for their kidney cells.54


But the Salk vaccine was indisputably effective. In 1962, the number of polio cases in the US plummeted by 98 percent compared to before the vaccine was widely available, to just 910 people.55


Even as Salk was being hailed as a public health hero, other researchers were pursuing what they considered a superior option: live attenuated vaccine. Among them was Hilary Koprowski, a Polish-Jewish physician who arrived in the US in 1944 to flee the Nazis.


Koprowski spent most of his career in private industry, not in academia, which was unusual among prominent virologists at the time. It was at Lederle Laboratories in New York that Koprowski, in January 1948, poured a thick, gray, and greasy brew from a kitchen blender into a beaker and drank it. The cold cocktail—which Koprowski said tasted like cod liver oil—contained mainly cotton rat brain and polio virus that he had weakened in his lab. With the sip, Koprowski became the first person to be inoculated with a live-virus polio vaccine. Two years later, Koprowski carried out the first successful trial of a weakened virus vaccine.56


Today, Koprowski’s landmark feat is largely a historical footnote. He was eclipsed by Albert Sabin, a fellow Polish immigrant physician who also believed that the best way to defeat polio was with a live vaccine. Sabin began working on polio virus in 1931 as a young researcher at New York University.


Sabin thought that any vaccine would need to pass through the same route as wild polio viruses: through the mouth into the intestine.57 Sabin discovered that chimpanzees were the best animal species to test gut infectivity. He also found that rhesus monkeys and cynomologous monkeys, also called long-tailed macaques, made the best primate subjects for testing nervous systems.


The field of virology was largely split into two battlegrounds on polio vaccine—using inactivated virus or the more conventional live attenuated virus. It also was riven by professional jealousies, personal attacks, and public sniping. When Salk published his pathbreaking paper in the March 28, 1953, issue of the Journal of the American Medical Association to report that he had successfully vaccinated 161 people, Sabin trashed the findings. He warned that Salk’s use of monkey kidney tissue could cause people’s own immune systems to damage their own organs.58 Sabin years later dismissed Salk’s vaccine as “pure kitchen chemistry. Salk didn’t discover anything.”59


Near the end of his life, Salk accused Sabin of being driven by professional enmity. “Albert Sabin was out for me from the very beginning,” he said in a 1993 interview. “In 1960, he said to me, just like that, that he was out to kill the killed vaccine.”60


Because Salk’s vaccine was licensed first and used extensively in the US, Sabin in the late 1950s was forced to conduct his clinical trials overseas, in the Belgian Congo and the Soviet Union. A key advantage of Sabin’s vaccine, which was given three times by mouth with sugar cubes, was that people shed weakened virus immediately through their excrement. Since polio spreads mainly through contact with feces, the live vaccine boosted herd immunity.


In 1960, after studies of several live weakened polio vaccines from Sabin, Koprowski, and others, the US surgeon general, Leroy E. Burney, selected Sabin’s as slightly safer than Koprowski’s. Sabin’s vaccine received its first license next year. Many researchers felt that Koprowski’s earlier work with a live-virus vaccine paved the way for Sabin’s achievement. Koprowski himself told his biographer, Roger Vaughan, that “sometimes I introduce myself as the developer of the Sabin poliomyelitis vaccine.”61


Sabin’s oral vaccine was cheaper and easier to administer than Salk’s needle-based vaccine. In 1962, Cuba launched the first mass vaccination campaign with the Sabin vaccine. The United States switched from Salk’s vaccine in favor of Sabin’s oral vaccine. The rest of the world, too, ditched the Salk vaccine for the next four decades.62


But Salk never gave up championing his killed vaccine. He repeatedly pointed out that, though extremely rare, live vaccines can grow strong enough to cause polio and paralysis. Unvaccinated parents, for instance, were infected while changing dirty diapers. In the United States and other countries that have eradicated polio, the risks from live-virus vaccines actually outweigh any benefits. That’s why the US in 2000 discontinued the use of Sabin’s vaccine and returned to Salk’s old-fashioned shots.63


Polio was just one of several key vaccines that rolled out during the 1950s thanks to viral tissue culture techniques. Others include vaccines against measles, mumps, rubella, and chicken pox.64 In all, we now have effective vaccines against at least 28 human pathogens. Among the newest inoculations are for shingles, the sexually transmitted human papillomavirus (HPV), and the deadly Ebola virus, many of whose victims bleed to death from burst cells and leaking blood vessels.65


But despite decades of research, some major vaccines have defied invention. The most elusive of all is the one against HIV. Until recently, we lacked a vaccine against malaria, a parasitic tropical disease to which half of the world’s population is vulnerable and which kills some 400,000 people each year.66


One reason for the failures is that making good vaccines is difficult work that can take decades. For instance, we’ve known since 1880 about the malaria pathogens that infect mosquitoes that feed on humans.67 One of the fastest vaccines ever developed was for measles. It took only 10 years.68 But that record was broken in the 1960s with a mumps vaccine that took only four years to get approved69—a record that was shattered in 2020 by the blazing speed of vaccines for COVID-19.


In 1966, one vaccine trial for respiratory syncytial virus (RSV) ended catastrophically after70 many of the children in the study ended up in the hospital and two toddlers died.71 The technique used for that vaccine was very similar to the one used by Jonas Salk. It taught vaccine hunters that different diseases responded differently to the same approach.


In the 1970s, a new, safer approach to vaccines was introduced. Instead of killing or weakening a whole virus, genetic engineering allowed researchers to use just a small part of the virus. That made it impossible for human subjects to get infected and suffer from the actual disease. One of the first vaccines created with the approach was for whooping cough. By using just a component of the bacteria, the vaccine had fewer side effects. A vaccine for HPV relied on a protein found on the virus’s outer shell.72 But even protein-based vaccines didn’t eliminate the possibility of vaccines making a disease worse. That was a dilemma Barney Graham would toil away at for most of his career.
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