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In loving memory of Richard Cowen, who taught me that scientists are people too … and that some were not okay to be left alone with his cat.






Introduction


I wasn’t fazed one bit as the tequila hit the table for the third time in an hour.

You see, while I wore the name tag MATT KAPLAN, SCIENCE CORRESPONDENT AT THE ECONOMIST, I had once been a part of this tribe. Long ago they welcomed me as one of their own. I had wandered with them in the desert, shared their meals, and labored alongside them under the beating sun to pluck bones from the earth. Yes, I had been a paleontologist. The tequila was there from day one.

I had spent years staring at fossils at the University of California. My lab at Berkeley used tequila to make poor man’s margaritas with Minute Maid lemonade in the field. They may not sound like much, but after spending a day in the scorching heat, sifting through sediment for the teeth of rodents that died a million years ago, kicking back with one of these drinks under the stars was a great way to relax. Unfortunately, as the shots were poured this time—in a noisy bar near the 72nd annual meeting of the Society of Vertebrate Paleontology (SVP)—nobody at my table was even remotely relaxed. I quietly removed my press pass and name tag to avoid reminding my present company that I was not, in fact, part of their tribe any longer.

“She’ll ruin us,” hissed one of them as his hand clenched a shot glass.

Language too vile to publish here, referring to female genitalia, slipped off the tongue of another.

“It is contrary to everything that we know,” stated another with a cold and calm precision that I found decidedly disturbing amid all the anger. While this fury made me feel as if I had traveled back in time to the days when evolutionary theory was being shouted down by the Church, this was 2012. Moreover, this wasn’t anger from the religious right toward a liberal scientist. No, this was a blue-on-blue event. Science was attacking itself.

Within the team of science correspondents at The Economist, paleontology and evolution have always been my domain because of my research background. I attended conferences on the topic regularly, and I looked forward to this one with particular relish. Fossil clams, corals, and bugs were fine, but, to my mind, animals with backbones—the vertebrates—were so much more interesting. I knew my pleurodire turtles from my cryptodires, thoroughly understood the many biases that impact fossil collection, could instantly distinguish a saurischian from an ornithischian, and could recite the various forms of selective pressure in my sleep. In short, I was fluent in the vertebrate paleontology dialect, and while, as a journalist, I was not part of this culture, I could easily masquerade as if I was.

This particular conference was in Raleigh, North Carolina. The general presentations, where paleontologists talk about their findings, get asked questions by the audience, and then sometimes argue, were over for the day. London, five hours ahead, was asleep for the night. I took the opportunity to step out of the hotel into a cool and clear autumn evening for a light meal. Feeling refreshed from the break, I decided to visit the conference floor one last time before sequestering myself in my room and writing nonstop until midnight.

I came upon the poster session of the conference, where newbie scientists, mostly PhD students, present findings that tend to be relatively minor. Journalists usually skip them. Not me. I’ve always had a soft spot for student work. My editor, Geoff Carr, was always much the same. While other newspapers often looked down upon work that wasn’t cool enough for one of the top-tier journals or a prime presenting spot at a big conference, we long embraced the proverbial diamond in the rough. Indeed, when tight on space in the science section and presented with a choice of two equally intriguing bits of research, if one was led by a student, that was the piece we would invariably cover.

Poster sessions are a bit like old-fashioned marketplaces where traders stand around trying to sell their wares—only, instead of traders pushing fruit, you have scientists pushing ideas. As I wandered past poster after poster with explanations of what the researcher did, why they did it, and what they found, the quiet of the hall was shattered by a sudden burst of shouting. I hurried over to find out what the commotion was about and, as I turned a corner, I saw a woman surrounded by a group of men.

The woman had blond hair and was in her twenties. The men were decades older and clearly very angry. I would later learn that she was a PhD student named Alison Moyer. Behind her was an older woman with steel gray hair, whom I immediately recognized as Mary Schweitzer, a scientist who had created a lot of important controversy by suggesting that soft organic materials that ought to rot away quickly after death (like blood cells) can sometimes survive the test of time and endure within fossilized bone for us to find millions of years later. Standing quietly along the periphery of the growing crowd I also spotted Jack Horner, a legend in the paleontological community who, among other things, revealed evidence that dinosaurs were social, engaged in maternal care, and grew quickly like mammals.

Nasty language was increasingly emerging from the hostile crowd, and my curiosity about this poster was growing by the minute. I snuck around to the side to have a look and realized that, of course, this was another fight about color.

Working out what color dinosaurs were when they ruled the planet over sixty-six million years ago might not sound particularly important, but it has increasingly taken center stage at conferences during the past decade. The reason is because the colors found on an animal tell us a great deal about how that animal lives its life. Think about it. Poison arrow frogs have brilliant hues to communicate, “eat me at your peril.” Stick insects are a drab brown to help them trick predators into believing they are inedible twigs. Yet those are the simple examples. Birds take things to an entirely different level.

Female blue-footed boobies always seek out males with the brightest and bluest feet. Why? Because booby immune systems rely upon the same chemical compounds found in their food to fight off diseases as they do to color their feet blue. A booby fighting an infection has to send these chemical compounds to its immune system rather than using them to brighten foot color. The females, being a rather discerning lot, use foot color to determine whether a given male is healthy enough to be worthy of breeding with.



Bluebirds, flamingos, pheasants, peacocks, toucans, and hundreds of other avian species use similar strategies. This matters because, while many dinosaurs like stegosaurus, triceratops, and diplodocus went extinct long ago, birds are the living relatives of velociraptor and Tyrannosaurus rex. Many paleontologists have argued that, since we know so much about how birds use color today, we should be able to use any color information that we can gather about dinosaurs to work out how they behaved too.

Bones have no color, and the soft tissues that contain color rot away pretty quickly when animals die. The fact that tissue decomposes wasn’t a matter for discussion or debate. It was paleontological doctrine that no evidence of color in dinosaurs could survive to the present day. Then along came Mary Schweitzer. This is where the lady with the steel gray hair becomes important.

In 1990, Mary was studying paleontology in Montana. She was particularly interested in the microscopic structure of dinosaur bones, and was having trouble mounting tiny spongy bits of bone from a Tyrannosaurus rex to her slides. Keen to get some guidance, she sought out support from the veterinary labs on the university campus. A lady at these labs helped her, and then went to a veterinary conference where someone asked her, “What’s the oldest bone you’ve ever worked on?” With images of Mary’s dinosaur bone slides on hand, she happily shared a microscope image of the Tyrannosaurus rex bone to the people at the conference. A little while later, one of the attendees walked up to her and said, “You realize you’ve got red blood cells there, right?” The veterinary lab researcher returned to campus and shared the discovery with Mary. There was no doubt about it: The odd structures inside the sponge-like bits of 80-million-year-old bone looked exactly like red blood cells. Of course, Mary knew that was impossible. Red blood cells were precisely the sorts of soft materials in the body that every paleontology textbook ever published stated quite clearly could not survive. Yet, the more she looked at the structures, the more she suspected that they were red blood cells. “They were round, they were red, they were unlike mammal red blood cells, but they had a nucleus like all other vertebrates and they were only present in the blood vessel channels of the bone,” recalls Mary.

She knew the finding would cause major upheaval. Mary, pathologically shy by her own admission, wasn’t sure she was ready for it. To avoid creating a firestorm, she locked her findings away in a desk. She did, however, confide in a fellow graduate student about what she had seen, and that student “went ballistic.” Word circulated around the university until the myth of the remarkable red blood cells made its way to the director of the paleontology unit, Jack Horner.

Jack has been a maverick his entire life. After performing poorly in school as a boy, he struggled in higher education, never completing a degree due to undiagnosed dyslexia. Even so, he yearned to be a paleontologist. He loved dinosaurs and was quite happy just working as a paleontology assistant technician, since he thought that was the best sort of job that he could hope for. But he had a penchant for making extraordinary discoveries from his relatively low-level position. When he revealed evidence that dinosaurs were social, and that mother dinosaurs cared for their young, money and awards started flowing in. So too did an honorary PhD. He earned a MacArthur genius fellowship, was Steven Spielberg’s adviser on Jurassic Park, and has written some of the most cited papers in the field of vertebrate paleontology. For good reason, he is totally unafraid of what other people might think of him, and more than willing to throw his academic weight around to support causes that he believes in.

When he approached Mary about the red blood cells, she was terrified. “Jack can be very, very intimidating, and he was furious that [dinosaur] red blood cells were being talked about when I had not yet done due diligence to be sure of what I was seeing.” Nevertheless, she put her slides under the microscope and Jack took a look. “He sat there for what felt like hours, head in his hand, brow furrowed, turning red from staring down the microscope, and then he looked up at me and said, ‘So what do you think they are?’” Mary replied that they looked like blood cells, and Jack responded, “Prove to me that they are not.”

Well, she couldn’t. That was 1991 and, in the wake of that drama, science was forced to reconsider the ironclad doctrine that soft tissues cannot stand the test of time.

Color in fur, feathers, and skin comes from tiny structures called melanosomes that are contained within the cells of these structures. Like red blood cells, these were thought to rot away shortly after animals die but, building on Mary’s findings, scientists began to question whether this might not be true. In 2008, a group of researchers announced that they had found melanosomes in fossil feathers belonging to what can best be described as very late dinosaurs or very early birds. Those researchers noted that these melanosomes were arranged in interesting patterns and suggested that these patterns might indicate the color that the feather once had. This encouraged other labs to look closely at this and, suddenly, melanosomes were absolutely everywhere. Paper after paper was being published on the subject. Many of these articles came with artistic renderings of T.rex and its kin painted in vibrant hues reminiscent of bluebirds and peacocks that the most prominent journals were gobbling up and publishing on their covers.

Dozens of these scientists were gaining considerable prestige from all of this work. Indeed, their reputations hinged on it. So, any suggestion that what people were seeing were not melanosomes was going to be met with considerable resistance. Unfortunately for Mary’s PhD student Alison Moyer—standing before me at the conference—this is exactly what she had found.

Alison questioned whether the melanosomes being discovered might actually be something else. Advised by Mary, who was well trained by Jack, Alison was tasked with proving that what people were seeing were not in fact melanosomes. To explore this, she collected chicken feathers and buried them in fine sediment. This allowed the feathers to decompose in the way that many animals would before becoming fossils. She then collected the remains and studied them under her microscope. She made two important discoveries.

The first was that the microbes and the melanosomes overlapped each other both in size and in shape. She found this alarming, because paleontological papers have routinely argued for the presence of melanosomes based only upon the sizes and shapes of the fossilized objects in question.

The second was that the melanosomes in her feathers were always embedded in the keratin of which the feather is made. The microbes, by contrast, grew across the surface. Most of the supposed melanosomes associated with fossil feathers have been distributed in dense mats over the surface of the feathers, rather than being embedded within them.

In short, Alison was presenting evidence that powerful scientists in her field, who had achieved considerable prestige by publishing papers about color in extinct animals, were wrong.

This was why Alison was at the center of an angry mob. This was why everyone around me in the bar was seething. This was not why the paleontologists were drinking heavily—they do that anyway. Perhaps more importantly, this violent reaction was not the way science was supposed to be functioning.

Sure, Alison might have been wrong. Indeed, one of her critics had recently considered in a paper that what was being seen were bacteria. This notion was then discounted because of the clear patterns that the grains seemed to form. Several other researchers who were in the midst of the mob had also investigated the chemical properties of the melanosomes. None had found any indication that they were bacterial. Yet, to focus on whether Alison was right or wrong misses an important point.

Scientists are supposed to ask questions about the world around them, test these questions with experiments to try to prove themselves wrong, and then present their results to their peers. When new findings contrast with older findings, scientists are supposed to write papers exploring why the findings create the contrast, and run more experiments to study the matter. This structure of question, test, challenge, and present is known as the scientific method. It has been around for hundreds of years and is meant to make science function smoothly. Unfortunately, it failed both Mary and Alison.

When Mary locked her notes in a desk drawer, she was effectively turning away from the presentation aspect of the scientific method. She had certainly made an important finding, and that finding needed to be rigorously tested and then communicated to others in her field. She wasn’t under any illusions about the backlash that would follow, and she was at the beginning of her academic career. Luckily, she had Jack, who, while brilliant and respected, is also fearless about presenting ideas that others might not like very much. He is also, in Mary’s own words, “sometimes a very scary guy!” Jack created heaps of controversy by suggesting that the mighty T.rex had traits indicating that it was a scavenger, rather than a top predator, and he was more than willing to roll up his sleeves and support Mary when she ultimately presented her findings to the world. Yes, people challenged her, but they did so respectfully because, if they didn’t, they would face the wrath of Jack.*

Alison was less fortunate. I was stunned to see all of these men losing their minds at her work, but I should not have been. Because this has all happened before.

Copernicus feared how the outside world would respond to his discovery that the earth went around the sun, and hid his notes away in a desk drawer, just like Mary tried to do. He kept them unpublished until he was so seriously ill that he was certain he would be dead before the Inquisition could come for him. Contrary to popular legend, Darwin did not really fear that the public would lynch him for his theory of evolution, so much as worry that the rest of the academic community would think less of him for coming up with such a wild idea. Even so, his concerns over being thought, as he put it in his own notes, “a complete fool” by other researchers played an important part in leading him to check and double-check his arguments for nearly two decades. It was not until he learned that his colleague Alfred Russell Wallace had come to the same evolutionary conclusions that he made the tough decision to publish. Others carefully managed their relations with the outside world. Galileo had to consider the church with every step that he took. Joseph Lister and Louis Pasteur had to constantly handle emotional reactions from both the government and the wider scientific community. They didn’t hide their findings, but political games were essential to their survival. Pasteur even turned to fraud.

Science is going to be critical for tackling the big challenges that our society faces. Solving the energy crisis, defeating cancer, countering climate change, feeding eight billion people … the list is long. We need it operating at its best to tackle these problems and, while science might look like a well-oiled machine spitting out findings to those glancing at it from the outside, it looks more like a clunky old engine prone to breakdown to those of us on the inside. The rot within the system is apparent every week as I read papers and conduct interviews for my contributions to The Economist. It fills me with doubt. Can science defeat our big challenges? Yes. What remains unclear is whether it can do so in time.

In the pages ahead I am going to show how science, rather than being immune to the passions and politics of the outside world as it is meant to be, is shaped by these influences and increasingly being threatened by them. This is to all of our detriment. Yet, just because this is the way things have been does not mean this is the way they must remain. By studying how science has gone wrong in the past (and is going increasingly wrong today) we can learn how to keep it from going wrong in the future, and really, there is no case of science going more wrong than the story of Ignaz Semmelweis.






Chapter 1


We like to consider Hippocrates as the father of medicine. Thought to have been born in Greece in 460 BC, we actually have precious little evidence from the time when he was alive. We have just a few mentions of him by Plato indicating that he existed at all.1 Yet, after his death, the tales of his works grew immeasurably. He is said to have done a great deal of good for patients by arguing that diseases, rather than being punishments dished out by the gods, were natural occurrences that could be countered with the right treatments. He also worked out that diet and exercise were important for maintaining health. It is because of him that the ill started being tended by doctors rather than priests. With that said, this is the same man who purportedly said, “A physician without a knowledge of astrology has no right to call himself a physician.” So, he was on the right track, but not someone I’d be keen to have treating my kid.

Aside from believing that the seasons, winds, planets, and stars governed whether someone would survive a bout of illness or not, Hippocrates was also said to be a believer in the power of the humors.2 More specifically, he taught his students that phlegm, gall, bile, and blood existed in a delicate balance within the body. Illness followed when this balance was disrupted. His solution was to draw out excess humors from sick people so they could be equalized once more. With patients who were infected with upper respiratory infections and producing copious amounts of thick green phlegm, this philosophy really helped. Steam treatments and hot baths were prescribed that cleared infected airways just as they do today. With patients who were deemed to be producing too much blood, the offending vital liquid was drained from their bodies and … well, let’s just say that the results were better with the removal of phlegm.

Hippocrates’s ideas caught on in a big way during the Greek golden age, but had largely been forgotten by the Renaissance. It was a time when European cities were growing, sewer systems were rare, and epidemics were becoming an ever more serious problem. The field of medicine was barely even a field. Doctors, and I cringe to call them that, were giving patients random mixes of herbs and metals to try and restore health. These treatments were dangerous and sometimes fatal.3 In the midst of this chaos, a British physician named Thomas Sydenham emerged.

Sydenham worked out that people suffering from malaria, which was known as “ague” at the time, could be treated with bark from specific South American trees.4 That bark was rich with the chemical quinine, which we know today is effective at killing the parasites that cause malaria. Acutely aware of the pain that many of his patients were in, he also invented a concoction that mixed opium with wine to ease suffering.

Unfortunately, Sydenham also believed that returning to the ways of the Greeks was for the best. He helped guide astrology and the humors back to medicine, and, unsurprisingly, things did not get a lot better.5 Even so, the order that a return to the ways of Hippocrates brought was embraced and spread across Europe like wildfire. John Locke, the philosopher and physician, played a major part in this dissemination. So too did the Dutch physician Herman Boerhaave, whose engaging lectures transformed the medical school at Leiden into a hotbed of Hippocratic thinking.

While the Renaissance had set the stage for the brilliant art and literary techniques of the Greeks to be rediscovered and improved upon, the rediscovery of Hippocrates’s beliefs was a disaster for medicine. Rather than consider the possibility that two patients with exactly the same symptoms might be struck by the same malady, doctors again started looking to the sun, the weather, and the stars to discern the nature of their illness before draining them of whichever humor they thought was being produced in excess.

The situation was particularly dire in Austria and Hungary. Ironically, this is because of the benevolence of the region’s monarch. Empress Maria Theresa, the only woman of the Habsburg lineage to ever rule as queen, very much wanted to make life better for her impoverished subjects.6 As a mother herself of a whopping sixteen kids, she had a soft spot in her heart for the unmarried women of her lands. These women were all too often poor, starving, and pregnant. Looking after children in any meaningful way was virtually impossible for most of them. Tragically, many of their offspring were thrown into rivers in the middle of the night. To reduce rampant infanticide, hospitals installed drop boxes that were somewhat similar to those found at libraries today, where you can drop off books when the library is closed. Women who could not care for their newborn babies could drop them off at these sites anonymously in the hope that the state would have more resources available to give the child a life than they did. Alongside initiatives like this was a grander one to create a vast hospital built solely for the purpose of tending to the poor. The empress recognized that she could not be the one to transform her ideas into reality. She needed expert advice and found what she was looking for in Herman Boerhaave’s devoted apprentice, Gerard van Swieten.

Van Swieten had tended to Governor Maria Anna of the Austrian Netherlands, who was the younger sister of the empress.7 Maria Anna had fallen ill with an infection after giving birth to a stillborn child. There was nothing that van Swieten could do to help her given the sorry state of medicine at the time, and she died days later. Even so, his confidence and professionalism impressed the empress enough for her to hire him as her personal physician. The two of them got on well together and, as their mutual friendship grew, so too did van Swieten’s responsibilities within the Habsburg Empire. This was how he ended up in charge of medical reform and the creation of the hospital that the empress wanted to see built.

Like his mentor, van Swieten was a firm believer in the humors and hired like-minded individuals. One of these individuals was Anton de Haen. A fellow graduate from Leiden who had also studied under Boerhaave, van Swieten installed de Haen as director of the Vienna medical school.8 De Haen was a real piece of work. He had what historians describe as a “corrosive fanaticism” for all that he had been taught by Boerhaave. Whether he was faced with a patient suffering from fever, typhus, or smallpox, he would almost always resort to draining away the humor that was out of balance. He had an intense aversion to those in the medical profession who proposed new techniques, and he vigorously attacked philosophers who suggested that God might not be behind all diseases. He made a habit of defending folk beliefs in demons, vampires, and witches. As I said, he was a real piece of work.

For over thirty years van Swieten and de Haen passed their ideas along to all of the doctors who served under them, and entrenched these teachings in the Empire’s medical schools. While Empress Maria Theresa herself died in 1780 before her hospital for the poor was constructed, her son carried on the torch when he, with guidance from van Swieten and de Haen, converted an old almshouse into the Vienna General Hospital.

It was a staggering feat. Upon opening in 1784, it was the largest hospital in Europe.9 Three stories tall and boasting enough beds for two thousand patients, it was dedicated to caring for the poor. And, just as the empress had wanted, it had a huge maternity ward that was built specifically to support the needs of impoverished single women.10 It is unfortunate that this extraordinary facility was rife with the teachings of de Haen, van Swieten, Boerhaave, and Sydenham, because this was where one of the most scientifically-minded doctors of the Victorian era would find himself practicing.

Ignaz Semmelweis was a Hungarian who initially studied in Hungary but completed his medical degree in Vienna in 1838.11 This was normal at the time as Hungary was a vassal state of the Austrian Empire, and it was only possible for a doctor to practice if they had a degree issued by the medical school in Vienna. This is why so many of Hungary’s best and brightest ended up in Austria. During his time training at the Vienna General Hospital, Semmelweis assisted in childbirth after childbirth. As he developed a specialty in obstetrics, he became a master of the bimanual exam, whereby the position of the fetus could be discerned by putting one hand on the woman’s abdomen while putting a finger or two up the birth canal.12 The fingers could feel the orientation of the child’s head while the hand could feel the position of the child’s back and bottom. The exam made it possible to easily monitor the fetal rotations as birth progressed and determine whether interventions, like manual rotation of the fetus or, in extreme situations, a Cesarean, were needed to get the baby out.

Paired with the successes provided by the bimanual exam were the losses.13 These were considerable. Roughly a day after delivery, women would frequently develop a fever, become nauseous, and complain of lower abdominal pain near the pubic bone. Intense shivering was common. Attentive doctors who had stethoscopes and knew how to use them would notice, if they listened to the digestive tracts of these patients, that their bowels had stopped functioning. Shortly after these symptoms emerged, women would develop pain in their abdomens that was so great that they could not stand to have their bellies touched. Even the gentle pressure of sheets or clothing was often too much for them to endure. Hours later, the patient’s fever and pulse would climb as the abdominal pain became so horrible that women would become, as one historian wrote, “frozen in speechless terror by the severity.”14 Swollen black and blue splotches would start to appear around their genitalia as rational thought became clouded by delirium.15 Patients would then begin shaking uncontrollably. Their fever would climb higher, they would experience devastating seizures, and then die. This was puerperal fever.

Puerperal fever, or childbed fever as it was sometimes known, killed roughly 15 percent of all women who gave birth in hospitals at the time.16 The disease came in waves, striking the women in maternity wards all at once. It was second only to tuberculosis for causing death in women.17 To make matters worse, when mothers fell victim to the disease, their newborn children would frequently follow them to the grave within a day or two. These were otherwise healthy women and babies whose lives were being cut tragically short by an illness that nobody could understand or treat.

Most doctors at the time coped with this misery by shrugging their shoulders and moving on to the next patient. I understand that reaction. Early on in my life, before I arrived in England and became a science journalist, I was an emergency medical technician in Northern California. You see some horrible stuff, and much of it you can do nothing about. One evening in the emergency room while doing my training hours, just a few weeks before receiving my final sign-off and license, I remember walking past a patient who was tagged as having received a gunshot wound to the head. The bullet had penetrated the skull but did not have enough energy to exit. Oddly, the realization came to me that he looked like my uncle. I started thinking that he probably had a family that would miss him terribly. Everything that I had learned made it clear that this poor man stood no chance of recovery. I asked the triage nurse by my side with a voice that, despite my best efforts, I could not keep from quavering, “Why do we have him on life support?” She shrugged in a nonchalant manner and said, “Organ donor.”

I do not want to suggest for a moment that the triage nurse supervising me was uncaring or cruel. Far from it. She was kind, tolerant of my newbie errors, and an excellent teacher. I learned so many techniques from her, but the most valuable thing she taught me was to not be “me” when working up patients. She adopted a kind of alternate persona when she stepped into her job. She shielded herself from the turmoil that exposure to constant death would cause by keeping some healthy emotional distance. Over the years, I discovered that many others working in emergency medicine did the same thing.

Semmelweis either could not do this or refused to.

Deaths from puerperal fever deeply troubled him and he made it his mission to defeat this scourge. While those running the Vienna General Hospital went about recording wind direction, barometric pressure, temperature, and planetary positions to help them ascertain what it was that gave rise to this miserable disease, Semmelweis started making notes.

He reasoned that, if the teachings of Sydenham and his followers were correct about wind, rain, and astronomy playing a part in determining where and when puerperal fever outbreaks took place, then the effects ought to be seen in multiple wards all at the same time in a single region experiencing the same environmental conditions.18 This was not the case. Semmelweis found that the disease could be infecting dozens in one hospital while killing none in another nearby. To his astonishment, he found that this was often even true in wards in the same building.

Within the walls of the Vienna General Hospital there were some women who had their babies delivered by doctors, and some who had their babies delivered by midwives. Time and time again Semmelweis noted that the patients having their babies delivered by doctors were more likely to catch puerperal fever than those looked after by the midwives. He could not be sure what it was about the doctors that was making it possible for the disease to take root, but he was sure of one thing: It was not the weather. Little did he realize the storm that his saying so would unleash.



I’ve always found it intriguing that courthouses have a statue of a blindfolded Lady Justice on top of them and that no similar sculptures ever adorn the science buildings of universities. The concept behind Lady Justice, blind with a sword and scales in her hands, is that jurisprudence should weigh only the facts of the case (thus the presence of the weighing scales and the blindfold to prevent her seeing identities) before dispensing any kind of punishment (the sword). There is no retribution in science. At least, there isn’t supposed to be, but the blind weighing of facts when considering which theories are correct is utterly essential.

As a young scientist at Berkeley in the late 1990s, I was taught about bias quite a lot. Bill Clemens, one of my rather gruff paleontology professors, constantly went into detail about how biased the fossil record was. He seemed to have a particular grudge against dinosaur bones, which, as I later learned, was well justified since he had a penchant for studying the tiny critters that lived under dinosaurs’ feet.* The bias that he lectured about was a preservation bias. The concept was simple. Big animals have big bones. When they die, their robust bones are less likely to get broken into tiny pieces and more likely to get buried intact under sand or mud. These buried remains are then more likely to endure the stresses of being underground, and to fossilize for paleontologists to ultimately find. In contrast, tiny animals have tiny bones that get destroyed easily and are unlikely to survive the fossilization process. Bill pointed out that it was dangerous to make assumptions about how many mammals were living during the days of the dinosaurs, because mammals at that time were always tiny. In essence, the fossilization process had a bias against small animals that made the ancient world look like it was mostly populated with giants when there were probably lots of critters present that simply did not fossilize. I was taught to blind myself to this bias by always remembering that, for every small mammal fossil found during an excavation, there were thousands of others that didn’t make it. Yet, what never came up during my lectures were my own biases. That training happened in the field.

I remember the moment vividly. Our team was working at the base of some sunbaked hills in Oregon that were utterly infested with rattlesnakes. One afternoon, I was in the midst of sifting through sediments in a dried riverbed where teeth from rodents that had died a million years ago were getting dumped after eroding out of the hills above. It was a veritable gold mine of fossils. An ancient marmot burrow must have been eroding out of the cliff upstream because there were marmot teeth everywhere.* I had just finished gathering them up when, suddenly, a shadow loomed over me from behind, and I heard my thesis supervisor’s voice. “I think you missed something,” Tony Barnosky said. I looked everywhere and couldn’t see a single fossil left. Sensing my confusion, his hand reached down and pointed at the enormous tooth of an extinct American rhino right in front of me. I felt like an idiot. How could I have not spotted such an obvious fossil sitting right beneath my nose?

I was biased. I had been so focused on finding the marmot teeth that I had become blind to the presence of anything else. Without Tony present to see the bigger picture, my ecological reconstruction of the ancient environment in Oregon a million years ago would have been teeming with small mammals and bereft of larger ones. As the rhino tooth shows, this would have been incorrect. I assumed that this was a lesson learned by all young scientists. I was wrong.

Bias is everywhere in science. I am constantly reporting on it. Indeed, in 2021, there was a fascinating paper in Nature Plants that analyzed all botanical research conducted in the Southwestern Alps in recent decades.19 It revealed that plants with pretty flowers have been studied much more intensively than plants with drab flowers. Geoff and I called the piece Floral Allure because it made it obvious that our color vision and attraction toward vibrant petals have been leading botanists to ignore a great many plants that deserve attention, and that may in fact be in need of conservation.20 These sorts of biases are common in science. We certainly see them in paleontology with dinosaurs. Dinosaurs, because they are cool, frequently get much more attention from researchers than other species that are equally or more important. The size bias in the fossil record only makes this worse. These biases toward the pretty and the mighty do us a disservice, and we need to be aware of them; but, powerful as they might be, they are nothing compared to the bias generated by what we think we know to be right.

Scientists test their ideas, actively attempt to prove their theories wrong, and report their findings to other scientists. When there is widespread agreement that what they have found is correct, a consensus forms, and a paradigm begins to build. Once a paradigm is fully formed, scientists rally around it as truth because, well, everyone agrees that it is. Yet, if new findings are reported that challenge the paradigm, the scientific community is supposed to dispassionately review them and consider the possibility that the paradigm could be wrong. As you might expect, this is where the wheels come off the proverbial wagon.

In this dark and scary world of ours, paradigms bring comfort. People cling to them like children cling to security blankets. I wish scientists were different, but my decades of experience working with them show that this is simply not the case.

Mary Schweitzer knew this when she found the things that looked like red blood cells in fossilized bones.21 She knew that suggesting these cells could survive fossilization would be like yanking a security blanket away from a paleontological community that was certain such fossilization was impossible. Fear of this very reaction was why she stuffed her findings in a drawer. This is why the senior paleontologists in North Carolina were shouting at Alison. She was threatening the paradigm that all of their colored feather research depended upon. She was also doing precisely what she was supposed to as a young scientist. While everyone was celebrating over their discovery of pigment cells (melanosomes), Alison was doing the very scientific thing of questioning whether they really were what everyone said they were. There was no proof that melanosomes were being found. It was theory, and in science, theories are meant to be challenged. As such, Alison asked the question, “Could these melanosomes that people are finding actually be bacteria?” After all, melanosomes and bacteria are much the same shape. It was a legitimate question and she was getting shredded for it. The academic turbulence that Alison had to endure was horrendous to witness, but it was nothing like what her supervisor Mary had endured for over a decade.

After the fateful moment when Jack Horner told Mary, “Prove to me they are not [red blood cells],” she started to face headwinds in the field of paleontology that would prove extremely difficult to navigate.

She got her PhD in 1995, while studying with Jack, and quickly started publishing papers that presented findings supporting the notion that tiny organic compounds, like the key components found in hemoglobin,* could actually survive the fossilization process. If she had done this on her own, as a newly graduated paleontology PhD, she would have been eviscerated. Researchers the world over, who didn’t know her name, and saw no history of published academic papers, would have dismissed her immediately. The scientific journals, which will not publish papers unless others in a scientist’s field first read them and agree that the findings seem acceptable, would have refused to publish anything she wrote. With no impressive publications to show off, government bodies would have ignored her grant proposals. In short, her career would have ended as quickly as it began. That, fortunately, is not how things played out, because she had Jack as her defender.

Technically, PhD supervisors are there to make sure their students get the training they need and find a useful project they can work on that will ultimately result in a publishable paper. Practically, they often become friends with their students and function as vital guides as these new scientists try to navigate the complex political world of academia. They steer their students clear of interacting with rival labs battling for funding from the same sources, and help them build close working relationships with allies. In the short term, this serves students well by reducing the social turbulence that they might otherwise experience during their vulnerable early years. In the longer term, it fragments science into fiefdoms that are, at best, ignoring one another, or, in worst-case scenarios, at war.

Mary’s first big paper, published in 1997 in the Journal of Vertebrate Paleontology (JVP), had Jack present as a co-author.22 The paper explained how chemical analysis of the tiny bits of organic material from blood and mass spectrometry of the remaining proteins looked like what would be found inside animal bones today. Knowing the editors of that journal, some of them personally, and knowing the reviewers who likely looked at Mary’s paper, I can guarantee that the paper would have been thrown in a waste bin if Jack’s name had not been on it, both because the findings challenged entrenched views and because Mary’s name just wasn’t big enough.

Then, Mary and Jack, along with a few other researchers, wrote a paper in 2005 describing the discovery of tiny blood vessels when they used chemicals to dissolve minerals inside the bones of a Tyrannosaurus rex fossil.23 That paper published in Science.

This was an amazing feat because while JVP is a good journal with an editorial board that rejects a fair bit of material, getting a paper into the likes of Nature and Science is crazy difficult. The editors at those two journals are extremely strict. Rejection of good papers is commonplace. This is not because the editors deem the papers to be bad, but because they are trying to curate their content. Like newspapers keen on providing readers with a variety of articles to read, these journals want to publish papers on a lot of different topics with a lot of different angles. And yes, on top of this, the papers have to be extremely well written and endorsed by other scientists who agree that the findings look accurate. Over the next few years, Mary and Jack published more papers in Science providing further evidence for soft tissue preservation.

You might think that all of these high-profile publications in such a great journal might lead paleontologists to say, “Gosh, maybe we need to change the way we think about what can be preserved in fossils?” Well, you would be wrong. Even with the support of both Jack and Science, Mary still faced tremendous resistance.

Dozens of paleontologists argued that what Mary was finding inside the dinosaur bones was really contamination from modern microscopic organisms. Some had trouble replicating her findings in their own labs or found a few errors in her papers. Others noted that the proteins she was revealing in her fossils lacked the level of degradation that would be expected after millions of years underground. Rightly, these groups argued that if Mary was going to make paradigm-shifting claims she needed to have paradigm-shifting evidence. What she had was good, but not good enough, and she was getting roasted for it. Mary needed to up her game.

To mollify her critics, Mary analyzed more dinosaur fossils. This time, she did so in labs that were effectively hermetically sealed environments.24 The bones were brought in while still surrounded by a full meter of sediment and only exposed to ambient air once the team was certain that there were no contaminating bacteria present. This led her to identify more proteins like hemoglobin, actin, and tubulin that are the building blocks of blood vessels. Only when a paper on all of this hermetically-sealed work published in 2017, more than twenty years after she obtained her PhD, did the paleontology community begin to consider the possibility that she might be right.

At that time, Enrico Cappellini, an expert on ancient proteins at the University of Copenhagen, called that paper “a milestone,” and commented in a news article for the journal Science that because “the methodology and procedures were done at state-of-the-art levels” the findings were about as solid as they were ever going to get. “The implications are big,” he added.25

In the years since that paper published, the paradigm that soft tissues cannot be preserved has finally started collapsing. A revolution has begun and, in its wake, a lot of paleontologists are beginning to speak up about the firestorm that Mary had to face for the science to get to this point.

Johan Lindgren, a dinosaur paleontologist at Lund University in Sweden, who completed his postdoc down the hall from the lab where I was studying fossil mammal teeth at Berkeley, is one of them. He started collaborating with Mary shortly after her 2017 milestone paper and recently commented to me, “For people to have treated Mary in the way that they did, to have just dismissed her, it is so perplexing.” Even though Mary continues to doubt herself, likely due to the ferocity of her critics’ attacks, Johan finds that he has to repeatedly tell her, “You have made your mark! You opened the doors, this field that you established … it is steadily growing!”

It is easy to understand why Mary needs to hear that kind of support when you look at how Alison was treated. It is even easier to understand when you realize that what I witnessed at the conference in North Carolina was only the beginning of the criticism that she faced. According to Johan, who made it to a Society of Vertebrate Paleontology conference in Berlin two years later that I could not get to, another vitriolic outburst took place that led Alison to text him for emotional support. “It was such a problem that SVP was forced to update the meeting codes of conduct.”

Mary is the first to admit that the two-decade fight nearly killed her. “One person in my field, who shall remain nameless, said to a colleague that their goal in life and in science was to destroy me. It is really hard to move on from that,” she said. And yet, in 2018 and 2019, several other labs replicated her findings and have published results in high-profile journals that shout loud and clear to her detractors, “You were wrong!” She is now considered the founder of the new field of molecular paleontology. Unfortunately, stories of success like hers are rare.



To work out where puerperal fever was coming from, Semmelweis went about the miserable task of meticulously studying the corpse of every woman at the hospital who succumbed to the disease.26 Over the course of two years, this practice resulted in him conducting dissections on hundreds of patients. It was awful work that proved invaluable.

The dissections revealed clues that were like those found at the scene of a crime. Bright red streaks of angry tissue were always present on the inner thighs. The vagina was always severely inflamed. A closer look at the origins of all this inflammation inside the body revealed that the uterus was the epicenter. All of the red streaking arose from that central point and looked like arrows pointing to a crisis. Yet there were distractions mingled with these obvious pieces of evidence that something terrible was happening in the uterus.

All patients who died from the disease had vast quantities of a substance that doctors at the time regularly compared to curdled milk.27 This was pus. Today, we understand it to be dead leukocytes (immune cells that attack pathogens), but nobody had any idea what it was during the 1800s. It always collected in the heart and the lungs, but it also collected in other random locations. What part it had to play in the death of puerperal fever patients remained confusing, and made it tricky for the cause of the disease to be tracked down. Indeed, the presence of this “putrified [sic] milk” in the body led many people to argue that milk from the breasts of the new mother was being carried by the blood to other parts of the body where it was fermenting and causing disease.*28 Of course, the ongoing misery at the hospital proved a distraction as well.

Semmelweis did not reduce his workload with living patients as he studied the dead. While he was learning ever more about the disease with his regular dissections, he had to continually face women experiencing pain far worse than labor, whom he had no ability to treat. The screams of the dying had to have been intolerable. To make matters worse, he was well aware of the fact that it was his ward where infections were rampant, and not the ward nearby where women were being tended to by midwives.

While the specifics of the disease remained a mystery, Semmelweis quickly determined that the sun, stars, and weather were not responsible for the deaths that he was witnessing.29 The Hippocrates doctrine that had been spread so widely by Sydenham was obviously wrong. Semmelweis could have kept that information to himself, but instead chose to tell his colleagues. He had to have known that arguing against the entrenched doctrine was going to lead him to face fierce resistance. So, why did he do it?

Part of the reason was emotional. Semmelweis had developed a deep empathy for all of the women and children who were dying. While his colleagues shrugged off the deaths as a common result of the childbirth process, he did not. He wrote in his journal, “A feeling of discouragement has taken possession of me … really and truly, I would prefer to die.”30 Others noticed the dark cloud that had settled over him as well.

One of his close friends, a fellow doctor named Lajos Markusovsky, noted that while Semmelweis had once been “exceedingly popular with the ladies” and “a jolly companion,” he was changing.31 He wrote in his own journal, “I had the chance of seeing [Semmelweis], both in the hospital and at home. His watchful restlessness, his eagerness to examine people and conditions, his prying eyes trying to penetrate in the murderous disease.”32 A form of depression was developing and it was playing out all across the young doctor’s life.

An accomplished dancer, Semmelweis had once regularly attended waltzes where he socialized extensively with the upper classes of Vienna. As his focus on the disease increased, he attended the waltzes less and less often until he stopped going entirely.33 The same phenomenon was seen with the generous vacation time that the hospital awarded him. He stopped taking days off and became virtually asocial. Indeed, he was forced to take leave in February of 1847 because his colleagues were worried that he would suffer a nervous breakdown if he didn’t give his mind a rest.

In short, while there are many reasons why Semmelweis ultimately challenged the established paradigm of Hippocrates (some of which I will get to later), a critical one was obsession. His fight against puerperal fever had become so deeply ingrained, emotionally and personally, that he became blind to the political dangers of discussing his theories. He lost his ability to perceive why anyone would consider doubting what he had discovered. These problems led him to make his arguments with increasingly reckless abandon that resulted in him eventually being subjected to withering attacks. Those attacks would ultimately destroy him and render all of his discoveries forgotten for decades. Intriguingly, history shows us that he was not alone. There were two others who also worked out that the sun, stars, and weather had nothing to do with puerperal fever. They met a similar fate.

As Mary’s discovery of hemoglobin components in fossils makes all too clear, this is not a phenomenon unique to the distant past. New ideas are almost always challenged. To an extent, that is a good thing. Scientists are supposed to doubt and question to keep crap from being declared as truth when it isn’t. What is interesting is that the nature of the skepticism presented by the academic community varies. While skepticism toward ideas that run contrary to what we think we know is frequently harsh, the gloves do not always come off. Sometimes, scientists remain professional as they challenge these new ideas rather than turning to character assassination. Sadly, the factors that determine which way things go have precious little to do with science at all.






Chapter 2


Alexander Gordon was born with his twin James into a family of tenant farmers in Aberdeen, Scotland, almost eighty years before Semmelweis started studying puerperal fever.1 While James followed in the family farming tradition, and secured himself a place in history for mastering the art of cultivating the neep,* Alex took a very different path.2 His family had precious little money, yet he somehow managed to secure the funds necessary to attend a local college where he discovered a love of medicine. To pursue his passion, he went on to study at Leiden University in the Netherlands.3 Gordon’s time there was hugely important for both good and bad reasons. The good? He learned to take detailed notes.4 The bad? He was heavily exposed to the beliefs of Herman Boerhaave. This was not because Boerhaave was his teacher. No, Boerhaave died in 1738, decades before Gordon ever arrived. Even so, the lectures that Boerhaave delivered at Leiden University while he was a professor there between 1701 and 1729 were so compelling that he managed to maintain a vice-like grip on medical instruction at the site from beyond the grave. Nobody left without being fully immersed in the philosophies of Hippocrates.

When he finished his training, Gordon joined His Majesty’s Navy and worked as a surgeon on military vessels from 1780 to 1783, very likely supporting the British during the final days of conflict with the American colonies and their French allies.5

Upon leaving the navy, Gordon went to London to study obstetrics for nine months at the Westminster, Middlesex, and Store Street hospitals.6 Having gained this valuable education, he returned to Aberdeen and became physician to the city dispensary in 1786. There is little in his records to suggest that he broke with Boerhaave’s philosophies at any time during this period of his career. He certainly believed in balancing the humors. Yet, when two devastating waves of puerperal fever hit Aberdeen in 1789 and 1792, he started asking questions.7

Given that Gordon was one of the only trained obstetricians in all of Aberdeen, much of the puerperal fever epidemic fell upon his shoulders to solve.8 His notes reveal what Semmelweis would soon discover. The disease was not related to the weather or the stars. He wrote in his journal, “That the cause of the epidemic puerperal fever under consideration was not owing to a noxious constitution of the atmosphere, I had sufficient evidence, for had it been owing to that cause, it would have seized women in a more promiscuous and indiscriminate manner.”9 In other words, if the weather and the stars were responsible, he would have expected the disease to spread much more widely and randomly. This is not what he saw.

Through careful review of his notes, Gordon identified that medical staff were the mechanism by which puerperal fever was spreading. “This disease seized such women only as were visited, or delivered, by a practitioner or taken care of by a nurse who had previously attended patients affected with the disease.”10 Indeed, he had proof that every medic or nurse who had worked with a patient infected with the disease would pass it to other patients who they worked with hours later. He also wrote in his journal that he knew he had been the bringer of death to many. “It is a disagreeable declaration for me to mention, that I myself was the means of carrying the infection to a great number of women.”11

He created tables and charts to illustrate what he had found. The work was extensive. As an example, in one section he wrote, “The midwife who delivered [patient] No. 1 in the table carried the infection to [patient] No. 2, the next woman whom she delivered. The physician who attended Nos. 1 and 2, carried the infection to Nos. 5 and 6, who were delivered by him, and to many others. The midwife who delivered No. 3, carried the infection to No. 4; from No. 24 to Nos. 25, 26, and successively to every woman whom she delivered.”12 He was making extraordinary findings. Indeed, Gordon became so confident with his tables that he ultimately made the argument that he could foresee the patients who would be infected based solely upon which doctors, nurses, or midwives looked after them as they gave birth, and who those practitioners had tended to earlier in the day.13 Gordon then went on to make a connection that Semmelweis never did.

Alongside the puerperal fever epidemic was an epidemic in Aberdeen of a skin disease known as erysipelas. Known historically as St. Anthony’s Fire, due to the hot and angry fire-colored rash that frequently appeared on the skin as a first sign of the disease, it would often travel to the lymph nodes where immune cells congregate.* It caused fevers, vomiting, and fatigue before spreading further throughout the body where it often proved lethal.

Gordon’s meticulous notes revealed that rates of infection with erysipelas shot up in Aberdeen every time rates of puerperal fever increased, and that the two vanished at approximately the same time.14 Much more importantly, he worked out that any patient admitted to his hospital with an open wound during a puerperal fever outbreak in the maternity ward was bound to develop erysipelas at the wound site just a few days later. This led him to suspect that the diseases were connected in some way, even though they caused different symptoms.15 He even came to the conclusion in his notes that both diseases required an “inlet open to receive the infectious matter.”16 For erysipelas, this was a cut or an area of otherwise broken skin. For puerperal fever, he theorized that the inlet had to be the birth canal that briefly “opened” during delivery.

He was right. Both diseases are caused by streptococci bacteria that are readily repelled by the skin, but cause serious infection if they can find entry into the body. These were very important observations for the time and, had Gordon stopped there and just published his findings, he would have made a major contribution to medicine and had a happy ending to his life. Unfortunately, he did not.



I frequently collaborate with the United Nations Environment Program (UNEP) and work with one of their directors, a fellow named Neville Ash, on a regular basis. He trained as a scientist, focusing on conservation biology at university, but then shifted gears and entered the world of policy. After more than two decades of being immersed in organizations like the International Union for Conservation of Nature and UNEP, he gained what I like to call his superpower. Neville has an extraordinary ability to tell people what they do not want to hear, while making them feel good about themselves. He does it all the time with documents that need his stamp of approval before they go out into the wider world that are just not quite good enough yet. “Matt, this is an excellent piece of work, it really makes that key point about the importance of peatlands for carbon capture, but the ‘apocalyptic’ paragraph is undercutting the rest of the great writing. Rework that and it will be even better.” That is a typical Neville critique. He could tell the staff that all of the coffee machines in the office were malfunctioning and have them walk off with a smile. He could tell me that he ran over my house rabbit and still leave me feeling pretty good about my day. At the UN Biodiversity Conference in Montreal that took place in 2022 (often referred to as COP 15), which was a key moment when governments from around the globe crafted and agreed upon an ambitious plan to have the world living in harmony with nature by 2050, Neville is widely described by those who were there as being key to making it happen. In short, his understanding of conservation biology is outstanding, but he is simultaneously the quintessential diplomat.

I mention Neville because where we spend our time shapes us. While I have always been a science journalist, way back in my early days I couldn’t get full-time work with a newspaper because I was too inexperienced. Sure, I was selling articles as a freelancer to the likes of New Scientist, BBC Wildlife, Nature, and Science, but my sales were too inconsistent for me to safely live off of them. It was a real feast or famine situation, where I could make a killing in one month and then go for a few months without selling much at all. Given the situation, I accepted a part-time job helping scientists to communicate their research to visitors at the Natural History Museum in London. The museum is a wondrous place, literally filled to the brim with skeletons, rocks, desiccated bugs, gemstones, feathers, dried-up plants, and animals preserved in jars. The researchers working there could spend many lifetimes analyzing the collection and still have work left to do. To say that they “do not get out much” is an understatement. When I was asked to work with some of these scientists to prepare exhibitions about their work, it was often like trying to get blood out of a stone. Many had focused so intensely on the collection for so long, without having to communicate what they were doing or why they were doing it, that they had no ability to do so when I came to collaborate with them. Some of my colleagues in the communications department whispered that the museum magically transformed the researchers working within it into specimens themselves. Of course, this was only a joke, but as with all good humor, there was a vein of truth to it. There were a fair few experts who were no better at communicating what their work was about than the stuffed bears found in the hall of mammals or the pickled worms in the museum’s vast storage rooms.



Gordon would not have learned much on the subject of diplomacy from his family of farmers. He would not have learned much on the subject in the navy either. With little understanding of politics, he published the names of all the nurses and midwives in Aberdeen whom he identified in his notes as having spread puerperal fever by first touching infected patients and then touching those who were healthy.17 Yes, he put their names alongside his own, but that did little to diminish the hatred that followed.

To make matters worse, Gordon then went on in his writings to explain how best to treat puerperal fever based upon his experiences. He tried to cure puerperal fever as he had been taught by the disciples of Boerhaave in the Netherlands. Inflammation indicated the presence of excess or bad blood that needed to be drained, so he turned to bleeding. He suggested that at least 20 to 24 ounces of blood (591 to 709 ml) ought to be drained from a patient within eight hours of the disease appearing.18 He also argued that purging of the digestive tract was essential since “the poison in the cavity of the abdomen” needed to be cleared through chemically induced diarrhea. These barbaric practices should not have worked. Yet, Gordon found that when they were used during a set period of time, only twenty-eight out of seventy-seven patients died.

He focused intensely on these treatments, allowing this aspect of his work to obscure the important findings that he had made regarding prevention of the disease. What is astonishing is that we still hold this mindset today.



In 2014, I was awarded a Knight Fellowship in Science Journalism by the Massachusetts Institute of Technology (MIT). While the fellowship is run by MIT and you are supposed to spend most of your time as a fellow auditing classes and giving guest lectures there, a good relationship between MIT and Harvard allows fellows to spend time “down the road” too. After just one month at MIT, it became blatantly obvious that the institute and I were not going to get on well. The courses that it runs are exceptionally specialized. It is the place to go for those who want to become hyper-expert in the sciences, engineering, or mathematics. That has never been me. I am at my best when working at the intersection between history, art, and science, which is why I’m the one at The Economist frequently writing articles on weird stuff like why lead pollution found in the ice sheets on Greenland reveals how the Romans were altering their coin-making processes during times of war.*

As I realized the mismatch between me and MIT, I turned my attention toward the Harvard winter course catalogue and found a class on evolutionary biology and human health that looked intriguing. Daniel Lieberman was listed as the instructor. The name didn’t ring any bells, but it should have, given that I had collaborated with him seven years earlier to write a piece on the evolution of bipedalism in Nature.* I got in touch with Dan, took his class, and we’ve remained in touch ever since.

During a recent conversation with Dan, we got to talking about his frustrations with science. It was amusing because he started out commenting, “Oh, the big problem with science? That’s an easy one!” and then started talking about a half dozen issues that he has with the way modern science works. One of his largest criticisms is the treatment bias.

As he explained, “Our entire medical system is really geared toward the money and that money is all for treating people as they get sick. And that’s okay. I’m not against treating sick people, but nobody is able to step back and say, ‘Maybe we should reallocate some of these funds.’” His frustration is understandable. Dan’s work is not just about filling gaps in our understanding of how humans evolved. Sure, there certainly is an element of better understanding human evolution in his lab, but his work is really about helping people. By developing a better understanding of how we evolved and when certain medical conditions like lower back pain, diabetes, myopia, cancer, and heart disease first appeared, he is trying to work out what it is about modern life that is making these diseases so common now when they were absent in our ancient ancestors. He calls them diseases of dysevolution, because they have arisen due to the fact that we are putting our bodies (which evolved to allow us to chase down antelope on the savannahs of Africa) through experiences, like sitting at a desk for eight hours a day, that are entirely novel. Dan’s is a noble goal and one that could make the lives of millions much better, but he is stymied by lack of funding.

When Dan says, “Nobody really gives a shit about preventing disease because there’s no money in it,” it is easy to come to the conclusion that capitalism is at fault. The structure of the modern medical system in America makes it such that doctors, hospitals, and pharmaceutical companies make most of their money by treating people who have fallen ill and desperately need to get back on their feet, rather than investing in broad-based research. Even the relatively socialist British medical system has this problem. It is not that the Brits are looking to make money by treating the unwell so much as they are looking to save money by only treating people when they are so unwell that they end up hospitalized. The notion that money should be spent to keep people from becoming ill only comes up when the threat to the economy (not people) is particularly great. It takes the likes of measles, polio, or Covid-19, which all had seriously damaging economic effects, for big spending on preventative measures to even be considered.

While I agree with Dan that our system does create a bias toward treatment over prevention, and can see how this makes it much harder for him to get funding,* I am not convinced that capitalism is the sole force at work here.



There was no financial reason for Alexander Gordon to focus so heavily on treatment of puerperal fever. There were no pharmaceutical companies to approach for money, no patents to file, and no government grants to apply for. He had even worked out ways to act upon his observations of how the disease was spreading so it could be stopped. Gordon noted, “Patient’s apparel and bedclothes ought either to be burnt or thoroughly purified; and the nurses and physicians who have attended patients affected with the puerperal fever, ought carefully to wash themselves and to get their apparel properly fumigated before it’s put on again.”19 He was so close! Okay, I’m not sure what sort of fumigation of clothing they would have managed back then, but washing people more thoroughly with soap and water? That would have been huge in an age when doctors were moving from one patient to the next with blood-encrusted fingernails. In spite of this, Gordon focused on treatment. My guess is that, in the absence of money to earn from being right, Gordon wanted to be the hero.

There is a tremendous rush that you get when you save someone who is on the brink of death. I’ve had that rush while working in the emergency medical services. I know a great many doctors who talk about that patient who was supposed to die who then didn’t because of something they did. Did they get a bonus for saving that life? Not at all. They did it because saving a life is an extraordinary act that has an immense psychological impact.

Whether Gordon wanted to be the hero or not, he became the villain. Aside from angering the midwives and nurses in his hospital by publishing the names of those who had unwittingly spread puerperal fever, he enraged them with his practices.20 While purging and bloodletting had been standard treatments for seriously ill patients for centuries, they were not commonly used on the postpartum patients that midwives and nurses cared for. They strongly disapproved of these techniques, and went so far as to argue that Gordon himself had caused the whole puerperal fever epidemic with his quackery.21 The people of Aberdeen heard the midwives loud and clear and quickly joined their side.

What happened next depends upon whose version of history you read. Some sources say that Gordon was recalled by the Admiralty and returned to active service in the navy.22 Other sources say that he fled the anger of Aberdeen in 1795 and, by choice, returned to his job as a naval surgeon.23 He wrote in his journal at the time, “The ungenerous treatment which I met with from that very sex whose sufferings I was at so much pains to relive; for, while I was using my best endeavours to mitigate the calamities of many miserable sufferers … others were very busy traducing my character … on purpose to raise an odium against my practice.”24 So, I’m inclined to believe that he fled Aberdeen because a mob of angry midwives was after him. Regardless, Gordon never again practiced obstetrics, utterly failed to convince anyone that medical staff were spreading puerperal fever with contaminated hands, and died of tuberculosis at sea with the navy in 1799.25 He was just forty-seven.



As Gordon was learning Boerhaave’s misguided medical views at Leiden University in the Netherlands and preparing to put them to good use in the British war against the American colonies, necessity was driving a medical breakthrough of a very different sort in Massachusetts.

It was June of 1775. The Battle of Bunker Hill had just been fought and the British army was in control of Boston. George Washington had only recently become the commander of the colonial army and, while he had not fought at Bunker Hill, he arrived there shortly thereafter. He and his soldiers hid in the woodlands around the city watching and waiting for an opportunity to take Boston back. There were several problems with that plan though. First, Washington did not have the weapons on hand for a siege.26 Second, even if the weapons had been available, they wouldn’t have done him much good since he didn’t have enough troops to actually lay siege. Yet, both of these problems paled in comparison to the third. There was a smallpox outbreak in the city.27



You can say what you like about Covid-19,* but when you compare it to the great many diseases that have infected human beings throughout history, it is not as bad as most of them. I am not trying to make light of a pandemic that killed millions, but it is important to put it in perspective. Even at the very beginning, when there were no vaccines and no known treatments, Covid-19 rendered roughly 15 percent of those who caught it in North America and Europe seriously ill. Many of these sufferers ended up in the hospital. Some developed complications. Some of those with complications died. In short, for those who were identified as carrying Covid-19, the chance of dying from the disease early in 2020 was around 1 percent.† 28 Now let’s take a look at smallpox.

Early stages of smallpox were not much different from Covid-19 and influenza.29 People would get a fever, they’d have aches and pains, they’d feel tired and often develop nausea. Then the real horror of the virus emerged. Little pimples started to appear on the patient’s forehead. These multiplied rapidly, covering the face and the inside of the mouth. They then spread pretty much everywhere else on the body. Over the next few days, these pimples filled with fluid. They transformed into the dreaded pustules (pox) that smallpox is known for.30 These were horrible round, hard, and raised structures that looked like Rice Krispies that had been inserted under the skin. Patients were often covered with them from head to toe. The infectious liquid inside these pustules then slowly started leaking until, a couple weeks after the disease appeared, the pustules dried out, broke off of the skin, and left behind permanent disfiguring scars.31 This was the “ordinary” version of smallpox, and conservative records indicate that it killed 30 percent of those who caught it.32 There were more deadly versions of the disease (aptly named the malignant and hemorrhagic variants). They killed just about everyone who caught them.*



Washington knew smallpox well.33 The colonies had experienced some outbreaks, but they had not been as large or as frequent as those that had taken place back in England. This alone gave him pause, because while medical science at the time was effectively ignoring the 15 percent fatality rate in women infected by puerperal fever, it had not been ignoring smallpox. So awful and devastating was the disease that extraordinary attention was being given to try and defeat it.†

That attention started long before the war in the colonies. It did not start in Europe either. It was in China where the vile remains of the pustules from smallpox victims were being used as tools to help fight the disease.34 In some cases, the pustules were left to dry out for a few days after falling off of the body before being crushed into a fine powder and then blown through a pipe up a person’s nose.35 In other cases, the fluids from the pustules were collected and exposed to steam and a range of herbs before being placed onto cotton that was then stuck up a person’s nose.36 Regardless of the method used, the person who had the smallpox essence put up their nose would catch a relatively mild form of the disease. Yes, they would be infectious, develop some pustules, and feel ill for a few days, but their chance of dying dropped from 30 percent to around 2 percent.37 More importantly, catching this mild form of the disease rendered the person immune to smallpox for life, just as if they had caught it normally.

The mild disease and immunity happened because the virus was not being transmitted in the usual manner of highly infectious respiratory droplets being coughed or sneezed from a very ill individual to the mouth or nose of a healthy person. More importantly, the smallpox virus particles were being intentionally damaged, by either the drying process or the steam and herb exposure process. These methods dramatically reduced the infectious load of viral material that a person was exposed to and gave their immune system a much better chance of getting the disease under control quickly. This is why fewer disfiguring pustules appeared, and why the fatality rate was much lower.

Precisely when these practices—collectively known today as inoculation—began and which ones were used first is difficult to determine because of greed.38 There are written records of Chinese alchemists having inoculated people during the 1500s, but they would not disclose their methods for fear of creating competition. After all, there was good money to be made, and being the only alchemist in town with the ability to stave off smallpox allowed such people to demand pretty much whatever price they wanted.39 Some experts suggest that Taoist monks developed the technique as early as 1000 AD, presented the treatment as a form of magic, and then passed the tradition along orally to other monks over the course of several centuries.40 There is a lot of debate about this and evidence is thin, but as an expert on the boundary between myth and science, I can certainly say that we have a long history of explaining things that we do not understand as the stuff of sorcery and then passing this along over centuries through stories, so the notion of a “magical inoculation recipe” being communicated with accuracy from generation to generation is certainly plausible.*

The secrets of inoculation did not remain secret forever. They eventually made their way from China, possibly via India, along the Ottoman Empire’s trade routes to Turkey during the 1600s.41 By the time they got to Constantinople, the inoculation technique had changed somewhat. Cassem Algaida Aga, the ambassador from Tripoli to the Court of St. James, who had seen inoculation firsthand, reported, “If anyone hath a mind to have his children inoculated, he carries them to one that lies ill of the smallpox at the time when the pustules are come to full maturity. Then the surgeon makes an incision upon the back of the hand, between the thumb and the forefinger, and puts a little of the matter squeezed out of the largest and fullest pustules into the wound.”42 Aga then went on to explain that “Out of a hundred persons inoculated not two die, whereas on the contrary, out of a hundred persons that are infected with the smallpox the natural way, there die commonly about thirty.” Despite Aga’s letter, interest in inoculation remained low in England, but that was about to change.

Lady Mary Wortley Montagu was the wife of Edward Wortley Montagu, the English ambassador to Constantinople in 1716.43 Her brother had died of smallpox just a couple of years earlier, and she herself had suffered a terrible bout of the disease that left her permanently disfigured.44 She wrote many letters to her sister back in Britain, and one of them noted with astonishment that the women at the Turkish baths never had smallpox scarring on their skin.45 This led Montagu to question how the people of Turkey were avoiding the disease. She learned about inoculation and, desperate to keep smallpox from killing her son as it had her brother, she arranged for him to be treated against the disease by a local monk. After the boy responded well to the inoculation, Montagu tried to arrange for her younger daughter to be treated too, but was advised that the girl was too young.46 When she came back to England in 1721, there was such a terrible smallpox outbreak that she decided to take the risk and have an English physician inoculate her daughter using the methods that she had learned about in Constantinople. The procedure went well, so well that the physician used the same process to inoculate his own daughters. News of this technique spread quickly to the ear of Caroline, the Princess of Wales, who decided that the royal children ought to be protected against smallpox too.47 Soon, royalty all across Europe were being vaccinated, including King Frederick II of Prussia, King Louis XVI of France, and Catherine II of Russia.48 Even Empress Maria Theresa of Austria, who appointed Boerhaave’s disciple Gerard van Swieten to establish the hospital where Semmelweis eventually practiced medicine, underwent inoculation.

All of these royals were lucky. Information on the details of how to properly inoculate a patient was lost as the method spread. This was particularly true in England. The viral particles were not always being weakened appropriately with drying or steaming, and this meant that the very low fatality rate associated with inoculation started to go up. Worse, those who were inoculated were often not told by the “experts” conducting the procedure that they should isolate themselves after being exposed to the virus. Sure, they might have had a weakened version of the disease, but they were still contagious, and could give a much stronger version of smallpox to those that they came into contact with. Greed also aggravated the situation.

Just as Chinese alchemists tried to keep their inoculation methods secret to keep prices up, English physicians tried to keep inoculation from becoming a procedure that just anybody could conduct so they could charge more for it. To do this, they did their best to weave in the theories spouted by Sydenham and Boerhaave.49 Arguing that bad blood needed to be removed before the inoculation could be successfully conducted,* these physicians recklessly drained patients of their blood just before exposing them to smallpox. Far from helping in any way, these quacks sapped their patients of vital immune strength when they would need it most.50 It is not unreasonable to argue that their shameful methods actually increased fatality rates.



Greed still rears its ugly head in science on a regular basis. I know it best in my home field of paleontology, where people dig up fossils that are incredibly important to science and then put them up for auction to the highest bidder, where they’ll be hidden away in some private mansion, out of reach of science. I’ve written about this many times, and what I find particularly galling is that paleontologists working for the auction houses will say just about anything to feed the greed machine. There was one fossil that I wrote about back in 2013 where a ceratopsian (a relative of Triceratops) and a tyrannosaurid (a relative of Tyrannosaurus) were found jumbled together in sandstone. The auction house Bonhams had their director of natural history present the fossil as a moment of mortal combat captured in time, as the tyrannosaurid was attempting to kill the ceratopsian when disaster struck and they were both buried in sand. While it is possible for such fossils to form, they are exceedingly rare. There is one, and only one, that I can think of that comes from Mongolia, where a velociraptor was in the midst of mauling a prey dinosaur when a sand dune collapsed and killed both of them. I had serious doubts about what Bonhams was pushing, and I was not alone. I had a chat with Jack about it and he agreed. The location where the fossils were dug up had once been a sandbar in a river. All sorts of stuff gets snagged on sandbars. As he put it at the time, “Matt, the odds that these two were fighting when they died is pretty much zero.”

Fighting or not, fossils of these species are rare, and paleontologists need all that they can get so they can meaningfully study the bones. As my Berkeley paleontology mentor, the late Bill Clemens, said in class on a few occasions, “You find one critter with bite marks in it, that’s interesting. You find two critters with the same sorts of bite marks in them, you wonder. You find twenty with the same bite marks in them and you know who was eating who.” In short, you need numbers to prove what was going on a long time ago, and when fossils are being auctioned off to go into some rich person’s living room, that’s it. The fossil is effectively gone. You are not going to get access to it. As it turns out, as I was writing a scathing article about Bonhams supporting the destruction of science with their fossil auction, they abruptly pulled the fossil from sale.51 Why? Because of greed. Bidding had stalled at 5.5 million dollars and that was apparently not enough for them. I have no idea where the fossil is now. Nor do any of my friends in the paleontology community, and that is the real tragedy.

Dan Lieberman was recently complaining to me about a similar issue coming up time and time again with human specimens that could be scanned and shared online being hoarded away instead. “Matt, geneticists just put the genomes that they complete up on the web for everyone else to look at. It’s great, and the technology is there for us to do exactly the same thing with [fossil] human skulls, but that is not the case,” Dan explained. He’s right of course. Sharing of genetic information is crucial, and played an important part in us defeating Covid-19 as quickly as we did. We could put a CT scan of every important fossil up on the internet for all interested researchers to study. Unfortunately, that is not how things are working out.

It is not that all the folks digging up these rare fossils are auctioning their specimens off like Bonhams. What they do is block others from gaining any sort of access to the fossil. “They often say, ‘I spent ten years finding this fossil. That’s a lot of time! This is mine!* Until I have finished publishing about it, you cannot see it!’” Dan explained. He then went on, saying, “I have so very little sympathy for that. Yes, you get all the credit for all the hard work, dehydration, and dysentery that you got finding that fossil. But this is science! If you’re uncomfortable with that, you shouldn’t be here!”

Dan is identifying a real problem in the paleontology community, but it would be wrong to suggest that it is limited to the specimens that we are taking out of the ground. Indeed, modern science is rife with greed, where key information is intentionally withheld so that one person or one team can get all the glory and leave all their competitors in the dust. Overall, such behavior causes significant problems that I will get into later. For now, let’s return to the colonies and look at how politicians and the American war for independence paved the way for another scientist to work out how puerperal fever was spreading.






Chapter 3


Amid the chaos and uncertainty created by British physicians miserably trying to commercialize inoculation, there were the politicians who were making matters even worse. While the Whig Party was, on the whole, supportive of smallpox inoculation, the Tory Party argued that inoculation was dangerous and best to be avoided.1 In many ways, the debates and politics that followed were not much different from the way in which right-wing parties during the Covid-19 pandemic argued against the need for mask-wearing and social distancing, while left-wing parties argued that these measures were essential for maintaining public health. The topic effectively left the realm of science and entered the culture wars, which didn’t help anybody.

It was against this complicated political and scientific environment in 1775 that George Washington weighed whether to try and retake Boston or delay his attack until the epidemic had passed. Reports from the time reveal that British deserters described that over two thousand soldiers in the city were ill with smallpox.2 They also reported to Washington that the British commander, General Howe, was making room in the city for reinforcements by forcing some of Boston’s residents to leave. Crucially, Howe was intentionally infecting these people just before they were displaced with, as one deserting British sailor reported, “the design of spreading the smallpox throughout the country and the [revolutionary] camp.”3 This was, quite literally, germ warfare, and it forced George Washington to do what he did best: adapt. Rather than lay a traditional siege, he handpicked a thousand men who reported that they had previously endured smallpox.4 Howe, with his diseased division in shambles, was forced to retreat and Washington’s thousand men, immune to the ravages of smallpox, secured Boston. This would not be the last time that smallpox would turn the tide of battle during the Revolutionary War.

After Bunker Hill, Washington was convinced that a small regiment of British forces, along with residents in Canada, were likely to make an attack on Albany in upstate New York. To stave off this attack, two thousand colonial soldiers and frontiersmen went up the St. Lawrence River. They got to Quebec and were successfully laying siege when smallpox reared its ugly head again. Nine hundred of the two thousand colonials fell ill and were forced to retreat.5 In the end, nearly a third of them died from the disease.

Fear of smallpox, and a poor understanding of how much benefit could be granted by inoculation, led the Continental Congress to make a proclamation in 1776 banning the procedure.6 Washington knew this was a mistake. Indeed, he wrote to William Shippen, the Director of Hospitals for the Continental Army,* saying, “Should the disorder infect the Army in the natural way and rage with its usual virulence we should have more to dread from it than the Sword of the Enemy.”7 With this in mind, he told the Continental Congress that its proclamation was wrong. Washington ordered mass inoculations of his troops and paired the procedure with strict follow-up quarantine measures to make sure that inoculated soldiers did not spread the full-strength disease to others.8 The campaign worked. There were few fatalities and the Continental Army was soon composed of soldiers who were immune to the scourge of smallpox. It is not an understatement to say that George Washington’s understanding of the disease, and his willingness to employ inoculation, paved the way for the thirteen colonies to soon become the United States. It was also a pivotal moment for science.

The American Revolution was not just a big deal for the people of the colonies. It was a big deal for the world. It demonstrated to all the other countries watching the revolution play out that it was possible to stand up to a powerful imperial bully, like Britain, and establish independence.* More importantly, it demonstrated that a representative republic was a viable alternative to monarchy. This was huge. The notion of divine right was well entrenched in Europe. Indeed, England’s King James I declared in a speech to Parliament in 1610 that “Kings are not only God’s lieutenants upon Earth and sit upon God’s throne, but even by God himself, they are called gods.”9 The American Revolution revealed a great many cracks in that nonsense. Just thirteen years later, the French further weakened divine right when they stormed the Bastille. They then shattered the notion entirely when they arrested King Louis XVI, found him guilty of treason, and publicly executed him by guillotine on January 21, 1793.

The actions of the Americans and French sent out cultural shockwaves. People started to ask, “If the king isn’t a god,† what other baloney are we being sold?”‡ It was not long before the ideas of Sydenham and Boerhaave came into the crosshairs.



I give Hippocrates a hard time and that is not entirely fair. Sure, he argued for the use of astrology and the humors in medicine, but it was Sydenham and Boerhaave who latched onto those concepts and transformed them into dogma. It is important to remember that Hippocrates also famously wrote, “As to diseases, make a habit of two things. To help, or at least, to do no harm.”10 While Sydenham and Boerhaave did not give those words much attention, they were not entirely forgotten. A small fraction of the European medical community remembered them and questioned the aggressive humor-balancing practices.

Draining blood from critically ill patients struck this minority of doctors as contrasting somewhat with the “do no harm” edict. This led a select few to explore the possibility of ignoring Hippocrates’s guidance. Known as therapeutic nihilism, this was a dangerous path for physicians to tread. Yes, they were right that intentionally purging patients or draining blood was often proving fatal, but they were advocating doing nothing instead. To a population that had been exposed to procedures like bloodletting and purging for the better part of two thousand years, the argument that it was better for critically ill patients to just be given a good diet, fresh air, and lots of rest struck most as lunacy.11 The families of patients wanted to witness heroic actions and, terrible as it was, draining off what they believed to be “bad blood” from a dying person looked heroic. There was also the fact that bloodletting did have a notable effect on patients with high fevers. Draining these patients of blood did lower their body temperature, but only because it sabotaged the body’s ability to heat itself, and not because the bloodletting was fighting disease in any way. In contrast to the perceived heroics, doctors who refused to participate in these acts risked being exposed to legal attacks for letting people die. Their personal safety could even be compromised if families were angry enough. In spite of these risks, some people started challenging the old ways. One such individual was Pierre-Charles-Alexandre Louis.

The son of a wine merchant, Louis was born in the Champagne region of France in 1787 and grew up amid the chaos of the French Revolution.12 The medical world that he trained in was vastly different to the one that Alexander Gordon had encountered in Scotland and the Netherlands. This was almost entirely because of the revolution itself.

Up until 1793, most doctors in France came to be doctors because of wealth, privilege, and family connections. In the wake of the king’s execution, it was widely agreed that something new needed to be established that gave students access to medical training based upon how smart they were, rather than how much money they had. This led to the creation of the concours system, which used free public examinations to rank both students and doctors for access to training and promotions.13 This was, effectively, standardized testing. Paired with this huge change in who was allowed to train to become a doctor, there was a change in language. Up until the revolution, if an aspiring doctor was rubbish at Latin, that was it, their career was over. That requirement came to an abrupt end when the king was killed. All of the hospitals in Paris switched to French as the language that would be used to train doctors so that anyone with a talent for medicine, even someone from a poor background who was not taught Latin from an early age, could have a chance.14

Louis trained under this new system and graduated in 1813. He then went off with a family friend to St. Petersburg, where he obtained the right to work as a physician. By 1816, Louis was practicing medicine in Odessa, which was part of Russia then and is part of Ukraine today,* and did such a good job of it that he gained the prominent title of physician to the Tsar. Yet, in spite of all this success, he was unhappy.

Very much like Semmelweis and Gordon, Louis was not comfortable with writing off severely ill patients as people he had no power to save. Indeed, when an outbreak of diphtheria hit Odessa in 1820, and he found that he had no ability to help his many patients, he gave up his practice and went back to France to see if there was anything he could learn there that might help him better fight disease.15

Once Louis arrived in Paris, he set about trying to understand whether the treatments that doctors were using were actually having a beneficial effect. He wrote down extensive details, who his patients were, what they were eating, how they were feeling, and, if they died, what their organs looked like. Most importantly, he transformed his observations into numbers and made use of statistics to make impartial observations in medicine for the first time.16 It was extraordinary stuff, and it revealed something rather unsettling: Bloodletting did not look like it was having the wonderful effects that doctors thought it was.* This was a big deal because bloodletting was all the rage in Paris. In the wake of the revolution, leeches were in constant use to treat inflammation. Inflamed lungs? Cover the chest in leeches.17 Inflamed leg wound? Cover the leg in leeches.† Indeed, the use of leeches for bloodletting was so great that in 1833 alone, France imported forty-two million of the little suckers.18

Intrigued by his initial findings that bloodletting looked like it was killing people rather than helping them, Louis got very specific and monitored just the responses of patients with similar cases of pneumonia. In this one study he looked at a total of seventy-seven people of roughly the same age who had all been in good health when their first symptoms appeared. While all of these patients were bled,* forty-one were bled early (during their first four days of illness) while thirty-six were bled late (after the fifth day of illness and before the ninth). What he found was that 44 percent of those bled early died while only 25 percent of those who were bled late died.19 This struck Louis as “absurd.”20 Surely, if removing the bad blood was important for treating the disease, then removing it early was essential. It made no sense that early bleeding was less effective as a treatment than late bleeding. Louis came to the conclusion that bloodletting was ineffective against pneumonia but was careful about attacking the much-cherished medical method too forcefully to avoid social retribution. Rather than declaring it to be the nonsense that it was, he wrote that he saw “narrow limits to the utility of this mode of treatment.”21 The finding was important. It led to the beginning of the end of bloodletting as a practice. However, it was the numerical methodology that Louis employed that was as revolutionary as the beheading of a king.



The work of Pierre Louis was so incredibly important because numbers don’t lie. They can be made to look like something they are not, but once you get someone who knows numbers well to take a good long look, even the most complex mathematical illusions (and bogus arguments) can be revealed for what they are. This is a real problem though, because seeing through some mathematical illusions requires considerable mathematical skill. Not everybody has the gift. I’ll be the first to admit that I don’t. Yeah, I was good enough with mathematics to survive chemistry, physics, and geology courses at university with decent exam scores, but if I learned one thing in those courses it is that mathematics is a weak spot for me. To compensate for this, I put a lot of trust in the scientists whom academic journals lean on for reviewing potential papers. If anonymous reviewers all write glowing things about the research that I am considering for coverage in The Economist, I only wade into the calculations if something seems off to me while I am reading through the paper, or if the external scientists I interview raise concerns. Even then, coverage of bad work does sometimes happen.

I vividly remember one paper that suggested the vaccine for tuberculosis, known as the BCG vaccine, had the potential to grant people with type 1 diabetes more normal blood sugar levels and reduce their dependency on artificial insulin over time. To my mind, this indicated that the vaccine could potentially function as a replacement for the wide array of insulin delivery devices currently on the market.

These were big claims. As I delved into the paper, the results came across as very exciting. Too exciting. That was when my science journalist spider-sense kicked in.* I started looking at the references section for clues that not all was as good as it seemed. Two key references in the paper that were used extensively cited the author’s own work in books. Citing yourself a lot is not forbidden, but is not ideal either. It is often used as a technique for building up an argument based upon research that few others have double-checked. That’s dangerous at best. Another key reference in the paper cited a book by the author that, as far as I could tell, had not been through the important gauntlet of peer review. Concerned, I emailed one of my most trusted immunology contacts to see if he had thoughts about the paper.

Oh boy, did he have thoughts. His opening sentence was, “I don’t know where to begin and discuss yet another abysmal piece of science.” What followed was a rant. No, that does not quite describe the tone. What followed was a tirade of frustration about the terrible quality of the work. The email went on poking a dozen holes in the paper. If the feedback had been negative but more civil in tone, I would have just killed coverage of the article right there. Yet, the emotional quality of the email left me to wonder if I had inadvertently landed in an area of fierce academic debate. Was this just a matter of two people who had serious disagreements, or was the work actually that bad? Clearly, the journal’s reviewers thought it was fine, but I was nervous. My piece, which by this point had the catchy title “Bacteria Carrying Gifts,”* was gaining momentum with editorial. Keen to stop us from reaching a point of no return, I flagged the article with Geoff as being at risk and made a phone call to an expert on metabolomics.† I admitted to the expert that I was just not equipped enough to discern whether calculations in the paper were accurate. He understood and, an hour later, told me what I was expecting by this point: “The numbers just do not add up.” I had to kill the story off. Numbers … they don’t lie.



By using numbers in the way that he did, Pierre Louis effectively created what we know today as the medical trial, but he did little to publicize what he was doing. This was not because he was scared about what others might say about using numbers to analyze results; it was down to his personality. Louis was a quiet man, and while he was often described as sincere and gentle by the bedside of patients, he lacked charisma.22 As a lecturer, he was downright boring. In spite of all the important work that he accomplished, when he died his burial passed with little notice. In France, he was quickly forgotten.23 Fortunately for the world, this was not the case in America.

Following their respective revolutions, America and France developed warm relations. While Napoleon’s wars made travel between the two countries dangerous, once the little corporal was defeated at Waterloo in 1815, things changed rapidly. Americans started visiting Paris, and as it became clear that a scientific revolution was underway there, the young adults of American elite families started heading to Paris for study. Many of these young adults had parents who had seen firsthand what a powerful part smallpox inoculation had played in leading the colonies to victory over Britain. One of those young adults was Oliver Wendell Holmes.

Holmes was born in Cambridge, Massachusetts, in a house not far from where George Washington had planned his strategy for dealing with the germ warfare instigated by General Howe. Holmes initially studied law at Harvard but switched to medicine partway through his time there. He was as capable with science as he was with the written word and, upon graduating from university, went off to Paris to learn all that he could.24

Aside from the new ideas that were circulating in the city, there were corpses, lots of them. While there were taboos against cutting up bodies for scientific purposes in Britain and the United States,* there were no such issues in France.25 Indeed, the city was a dissection paradise, where corpses could be bought with ease. This made the place extremely attractive to doctors in training, who gleefully chopped up all that they could. Holmes even wrote to his parents, “We paid fifty sous apiece for our subject,* and before evening we had cut him into inch pieces. Now all this can hardly be done anywhere in the world but at Paris!”26

Aside from the easily acquired corpses, Holmes was exposed to a number of novel ideas in Paris. A big one was the notion that surgeons and physicians were equals. While surgeons had once been part of the barber social class that traditionally dealt with shaving, hair cutting, and ripping out teeth, in the Parisian hospitals they were working alongside physicians and being treated with the same respect.27 Another important perspective that Holmes quickly learned was that, left to its own devices, the body could (and often would) fight off disease reasonably well without a doctor needing to bleed or purge the patient.28 These were important lessons, but not nearly as important as those that Holmes would learn from Louis.

Holmes and three other American medical students from Harvard, James Jackson Jr., Mason Warren, and Henry Bowditch, revered Louis.29 They respected his pursuit of truth, his habit of passionately listening to his patients, and, most of all, his use of numbers to make impartial observations.

Steeped in the world of Pierre Louis, these four men brought ideas back to the United States that were revolutionary in the medical world. James Jackson Jr. had a particularly huge impact, which might seem surprising since he fell ill and died at the age of twenty-four, shortly after returning to New England in 1833.30 Fortunately, he had been a prolific writer in France. He wrote an extensive report on cholera based on an epidemic of the disease that he witnessed in Paris.31 More importantly, he wrote letter after letter to his father about the use of statistics in medicine.32 Since his father was James Jackson Sr., a professor of clinical medicine at Harvard Medical School, and one of the most influential doctors in the country, those letters became much more than a conversation between father and son. They paved the way for Americans to start thinking differently.

James Jackson Sr. was the first one to have his mind changed. When initially presented with descriptions of what Pierre Louis was doing with numbers to study the effectiveness of therapies, he wrote back to his son, “Though statistics are very valuable … we always find that a man who placed great reliance on them, in any branch of science, physical, moral or political, is apt to make the mistake of thinking that two and two always make four—which they do not.”33

It took only a couple of years for James Jackson Sr.’s perspective to change because, in the wake of his boy’s demise, he arranged for Researches on the Effects of Bloodletting by Pierre Louis to be translated into English and published in the United States.34 He also set up an experiment at Massachusetts General Hospital whereby he repeated the bloodletting work that Louis had conducted in France. He wrote that it “seemed to be of less importance, whether our patients were bled or not, than whether they entered the hospital early or late” after the onset of disease.35 At that point, he became a convert, and started arguing vociferously that bleeding was stupidity masquerading as science.

For his part, Holmes returned to America unlike any doctor the country had seen before. Just as Louis had taught him, he argued that a doctor’s ability to communicate what a disease was doing, and what a patient could expect to happen, was itself a potent type of therapy that could ease suffering.36 And, like James Jackson Sr., he fought against the use of bleeding. With regard to all of the other toxins that doctors were pouring down patient’s throats, like mercury, silver, arsenic, and lead, he famously stated, “I firmly believe that if the whole materia medica could be sunk to the bottom of the sea, it would be all the better for mankind and all the worse for the fishes.”37 Through Jackson Sr., Holmes, and others from the United States who studied in France, Louis set off a medical revolution in America. Unfortunately, it was a revolution that quickly met resistance.

In 1842, New England was struck with epidemic levels of puerperal fever.38 Many doctors were finding women were falling ill with the disease and often dying after child delivery. The disease seemed to follow certain doctors at random. Some infected every woman they worked with while others, with practices in the same area, experienced no problems at all. These troubled doctors tried everything. They washed thoroughly, shaved, changed all of their clothing, and even went so far as to discard the pencils and notepads that they had been using.39 Nothing worked. When Holmes learned about the epidemic at a meeting of the Boston Society for Medical Improvement, he was horrified by the fatality rate and stunned by every doctor’s inability to get the disease under control. Keen to help, he applied what he learned from Louis.

Rather than run experiments or studies, Holmes ran an extensive literature review. He analyzed reports from Europe along with recent cases of the disease spreading in America.40 He allowed the numbers to guide him, and then used his spectacular ability as a writer to lay out the evidence that puerperal fever was both contagious and being spread by medical practitioners.41 He wrote that there were many cases of puerperal fever epidemics being connected to physicians dissecting corpses just before they were helping with the delivery of babies.42 He noted that if physicians accidentally cut themselves with their own scalpels while performing autopsies, they were very likely to catch a disease that looked identical to puerperal fever and killed in the same way.43 He also pointed out that if a doctor tended to a patient with erysipelas (St. Anthony’s fire) before delivering a baby, the mother was at high risk of catching puerperal fever too.44 Quite remarkably, given the years and geography between the two men, Holmes even found the reports written by Alexander Gordon before the angry mob of midwives chased him out of Aberdeen, and used them as evidence.45 Holmes openly admitted that he did not know whether the disease was spreading by touch or through some malignant presence in the air around practitioners, but the numbers alone spoke volumes. He argued that it was undeniable that interacting with corpses and erysipelas patients was leading to the spread of puerperal fever to mothers and their infants.46 The truth, he wrote, is “that the physician and the disease entered, hand in hand, into the chamber of the unsuspecting patient.”47 He was not believed.

The paper that Holmes wrote reporting his findings was barely noticed when he published it in The New England Quarterly Journal of Medicine in 1843.48 Yet, when his work was published a second time in The American Journal of the Medical Sciences in 1855, it set off a veritable explosion in the world of American medicine. Two respected obstetrics professors, Hugh Hodge and Charles Meigs, vigorously attacked him, with Meigs deriding Holmes’s work as made up of “jejeune and fizzenless dreamings.”*49 They both went out of their way to find examples of women who had been assisted in delivery by a doctor who had recently engaged in a dissection, or who had recently visited an erysipelas patient, and who had then not gone on to develop puerperal fever. Holmes, with his firm grasp of numbers, knew that these arguments were meaningless, since the statistics proved beyond doubt that there was a connection, but he could not endure. The withering wrath of Hodge and Meigs escalated and eventually the gloves came off with character attacks being made on him that had nothing to do with his research. Meigs called Holmes’s ideas the “maunderings of a sophomore,” and went after him with a fervent ferocity.50 Holmes started suffering public ridicule by the obstetrics community, who simply did not want to change their practices or admit wrongdoing. Even Walter Channing, who had been his obstetrics professor at Harvard, turned on him by denying that puerperal fever was in any way contagious.51

Channing’s betrayal was the straw that broke the camel’s back. Demoralized by the attacks, and tired of being asked by far too many patients for remedies that he knew would only make them worse, Holmes gave up his private medical practice in 1847.52 As an exceptional writer, he went on to produce a great many works of poetry and influential popular books. Even with his departure from the field, he left quite the medical legacy.

Just as Holmes was pivoting to poetry, Harvard offered him a job as a professor of anatomy and physiology. This was not quite the teaching of medicine, but Holmes saw the opportunity for what it was: a chance to play the long game by shaping young minds. He accepted the post (while continuing to write some truly excellent poems and literature) and immediately started using his position to pass on much of what he had learned in Paris to the next generation. His hope was that, in the future, one of his students would find a way to bring change to medicine and defeat puerperal fever.* Little did he realize that, just as he was starting his professorship at Harvard, the enigma of puerperal fever was being solved in Austria.



Like the midwives of Aberdeen, Hugh Hodge and Charles Meigs had blood on their hands. I think it is very likely that the suggestion Holmes was making that obstetricians were unknowingly responsible for the spread of puerperal fever played a part in making these two men as aggressive as they were. Even so, there is another dimension to their attacks that needs to be considered. They were part of a different scientific culture.

We commonly throw all researchers into a single bin and call them scientists. While this is technically true, the scientific community is vast and not everyone speaks the same language. Park a particle physicist next to a botanist at a cocktail party and they can banter about the chore of writing research grants and the difficulty finding good PhD students, but they will not be likely to get into the details of their work. Why? Because they come from very different parts of the scientific community. The physicist can wax lyrical about bosons and quarks. The botanist can discuss chloroplasts, xylem, and stoma ad nauseam. They have precious little academic overlap. Yet, the problem goes far beyond terminology.

I’ve been following the research of Maria Gloria Dominguez-Bello at Rutgers University for years. Like many ecologists, Gloria is interested in understanding how different organisms interact with one another. That sounds straightforward, but it isn’t in her case. You see, the interactions that she is trying to study are those that exist between people and microbes. More specifically, she is looking at how the immune systems of infants respond to bacteria that they are exposed to as they travel down their mother’s birth canal.

Gloria knew from previous work that the bacterial communities found in the guts, in the mouths, and on the skin of babies were notably different if a child was born via caesarean section (C-section) than if the child was born vaginally. She also knew of the growing body of medical literature that suggested many diseases and disorders, like allergies, asthma, irritable bowel syndrome, and Crohn’s disease, to name just a few, looked to be associated with immune system malfunction that resulted from inadequate exposure to certain bacteria during childhood. This led her to wonder if modern developments in childbirth might be at least partially responsible.

During a normal birth, the baby travels down the birth canal and gets exposed to a diversity of bacteria along the way. These microbes get everywhere. They are, of course, all over the child’s skin, but they also get into the nose, the mouth, and eventually the digestive tract. Children born via C-section do not get such exposure, and this led Gloria to wonder if such microbe denial had longer-term effects. Curious, she ran a small pilot study with infants that were born via C-section. With their parents’ consent, some had their faces swabbed with fluids collected from their mother’s vagina at the time of their birth while some had their faces swabbed with water. She reported in Nature Medicine in 2016 that babies swabbed with vaginal fluids developed bacterial populations on their skin and in their mouths and guts thirty days later that were remarkably similar to those found in children born normally. In contrast, C-section babies swabbed with water had bacterial populations that were notably different.53 She then replicated her findings in a much larger study and published those in the prestigious journal Med.54

Those papers should have led to a culture shift in medicine. Doctors should have at least started considering whether swabbing with vaginal fluids after C-section birth was warranted. This didn’t happen because, in Gloria’s words, “An obvious idea for an ecologist is not necessarily one that is obvious for a pediatrician.” She added, “Gynecologists had a particularly alarming reaction, warning people against swabbing, but you have to remember that the system in the US is very defensive. Nobody wants to be liable.”

Forget a lack of shared terminology, gynecologists, obstetricians, and pediatricians were not looking at things the way Gloria was. They were seeing the potential for bacteria collected from the birth canal to cause disease and worrying about being hit with lawsuits. They were not viewing the infant skin and digestive tract as ecosystems that needed to be managed. Culturally, they were miles off from the realm of ecology. The same situation was true for Mary Schweitzer. Through the creation of what is effectively a new specialized field studying the preservation of proteins and cells, she is now thinking differently from most of her paleontology peers. The problem, explained Johan Lindgren, is that “We inherit certain beliefs from our research supervisors, and it is hard to change this inherited mindset.”

Historically, these situations were much the same for Hodge and Meigs. Yes, they were doctors like Holmes, but they were not like Holmes. During his time with Pierre Louis, Holmes transcended the traditional role of a doctor and became one of the world’s first medical researchers. Rather than solely practicing medicine, he was putting medical practices under the proverbial microscope. Holmes’s method of operating was utterly foreign to Hodge and Meigs, in a way that Gloria’s and Mary’s were foreign to their colleagues. They didn’t understand him, and people have a nasty tendency to fear that which they do not understand.



As Holmes was hanging up his stethoscope in 1847, Semmelweis was looking closely at numbers. This is not because he had attended the lectures of Pierre Louis in Paris with Holmes,* but because he had enrolled in a fifteen-month course on statistics in Vienna to make better sense of all the information that he was collecting. Taking such a course was unusual for medical doctors in Austria at the time, but, baffled by the mystery of puerperal fever, Semmelweis saw the endeavor as worthwhile.

His statistics instructor was Josef Skoda, a doctor who came from extreme poverty and who was culturally unlike just about everyone else at the Vienna General Hospital. After walking to the hospital from Prague over the course of six days in 1827 because he couldn’t afford to take the train, Skoda quickly rebelled against the notion of studying the doctrine of Sydenham and Boerhaave.55 He was extraordinary in that he immediately recognized their nonsense for what it was. Instead, Skoda sought out practical methods for studying patients. He found them in the form of percussion and auscultation.56

Percussion was a practice that came from vineyards. Winemakers would tap on their barrels and use the sound to determine how full of wine they were. Skoda used the same concept with patients. He would tap on the body and use the resulting sound to determine whether lungs were filled with fluid, whether a heart was enlarged, or whether an underlying organ was inflamed. Auscultation involved using a stethoscope to listen to the sounds of the body. While Skoda didn’t invent the stethoscope (that happened in Paris in 1816), he mastered it as an instrument of medicine and was putting it to extensive use by the 1830s to determine if patients had hearts or lungs that were developing problems. He got so good with it that he could predict with startling accuracy what doctors would find during dissections of corpses weeks before the patients had actually died.57

Skoda was an outstanding instructor for Semmelweis because of the way he made him think about how different data points added up to indicate that a patient was suffering from a specific condition.58 In essence, he trained him in the scientific method. Yet, Skoda’s rebellious nature simultaneously provided Semmelweis with a terrible role model. The man had no tolerance for stupidity and made his feelings abundantly clear toward those who followed the old ways. Moreover, Skoda pretty much ignored all social norms. Aside from saying what he meant regardless of the situation, he saw no point in dressing in a manner that helped him to fit in. His clothing was widely described as “threadbare.” Unsurprisingly, his embrace of unusual medical techniques, lack of tact, and his generally odd behaviors led many doctors at the hospital to take a dim view of him.59

Social deficiencies aside, Skoda taught Semmelweis how to statistically test theories. This led Semmelweis to realize the importance of having a very large data set. While the hundreds of dissections that he had conducted were a good start, he needed more and found them in the hospital medical archives. These huge stacks of documents went back to the days when the doors of the facility were first opened in 1784, a few years after Empress Maria Theresa had died. They led Semmelweis to discover the activities of a medical hero named Johann Lucas Boer.

Boer had been the hospital’s first head of obstetrics and was noted in the documents that Semmelweis read as having a distinct dislike for touching corpses. While all other doctors at the hospital used cadavers during instruction, Boer eschewed this practice in favor of a leather mannequin.60 Paired with this unusual preference was something striking. While Boer helped roughly 65,000 women to deliver babies over the course of his thirty-three years in the hospital, fewer than 1 percent of these women caught puerperal fever.61 Given that the rate was 15 percent for women tended to by all other doctors during this time period, Semmelweis wondered whether Boer’s reluctance to touch cadavers was important. As he continued reading, he found that the Austrian Ministry of Education had ordered in 1822 that all doctors use cadavers during teaching. Boer disagreed.62 He argued that there were risks associated with handling cadavers. He was, of course, correct. However, as pressure mounted, Boer was forced to outright refuse to use the dead as classroom props. He assumed that his thirty-three years of outstanding service in the hospital would protect his position. He was wrong. Shortly after his refusal, he was fired for insubordination.63 Boer was swiftly replaced by Johann Klein, a doctor who had a grand total of two weeks of obstetrics experience when he became head of the department.64 That alone was bad. However, what was far worse was that Klein would eventually end up supervising Semmelweis. It is not an understatement to say that a worse combination of personalities would have been hard to find.



Science should be about ideas and skill. If someone is a fountain of good ideas and adept at testing them, what their personality is like shouldn’t matter. Unfortunately, this is not how things work.

The list of good scientists who lost out on critically important grants and promotions because they lacked the charisma or social wherewithal to say the right things to the right people at the right times is probably quite long. I write “probably” because creating a list of scientists who had good ideas but who were passed over for promotion or driven out of the scientific community for social reasons is tricky. First, it is difficult to even consider the quality of ideas thought up by scientists who have faded into obscurity or been forgotten since their ideas tend to fade or be forgotten along with them. Second, it is often challenging to discern whether a person was pushed out of science for social reasons or for academic reasons. Why? Because history is written by the victors, and even though people are pushed out of science all the time for reasons that have nothing to do with their scientific ability, it doesn’t look good for a senior researcher to report to the rest of the department that they decided to get rid of a student because they didn’t like them or disagreed with their philosophies. The same goes for rejection of papers at journals. Is it unethical for a reviewer to reject a paper because they personally dislike the author? Sure. Does it happen? Yes.

This is not just my observation. The journals themselves are beginning to publish papers about problems in the publication process. An excellent one that published recently pointed out that the peer review process is rife with bullying.65 It noted that, while many bad behaviors like verbal abuse, intimidation, and public humiliation are often easy to see and do something about at conferences, bullying during peer review is much harder to spot. Yet, just because it is tough to see, doesn’t mean it isn’t there. Reviewers who don’t like the authors they are reviewing have an arsenal of subtle mechanisms available to them to cause harm to those whom they dislike. They can provide unconstructive criticism. They can delay review for months on end for no good reason. They can engage in gatekeeping behaviors, whereby some papers on a topic are allowed to publish while other papers of the same quality on the same topic are rejected simply because of authorship. They can even go so far as to steal ideas from papers that they reject and then claim them as their own.66 It is toxic, and leads a lot of good researchers to suffer so badly that they just decide to quit.

Having once been a scientist myself I can speak to a lot of this. Not a single paleontologist would openly admit to distancing themselves from me when I chose to pursue science journalism back in 2000 rather than continuing toward the PhD, but I saw it happen. I remember the looks of disdain that appeared on so many faces when I suggested that having scientifically trained journalists in the media was potentially as important for the future of society as having more scientists. That was practically heresy at the time and, never mind that I actually had academic publications in my name as an undergraduate, I really got burned for speaking out.*† It was not until I started calling up my old colleagues and saying, “Hey, I read your paper and think my million Economist subscribers would be interested in your findings. Do you have time to chat?” that those withering glares started to recede.

With that said, my personal tribulations are tiny compared to those of so many others who are actively working as scientists. Indeed, a week does not go by where someone does not complain to me about the social games that they must play to get funding for their work. Junior researchers agreeing to co-author papers with more senior researchers, not because they agree with the points being made, but because they want their name associated with someone who is well respected. PhD students studying stuff that they have no interest in because they know that they risk being cut loose from the labs that pay their rent if they object. Senior researchers kissing up to reviewers at top journals to ensure that the proverbial gates are kept open. Brilliant people with brilliant ideas keeping their mouths shut because they fear retribution from the community. Or worse, brilliant people with brilliant ideas keeping their mouths shut because they believe that their gender, race, or nationality will make them a target for attack. It’s awful, but every now and again someone comes along who is so unbelievably amazing that they can give social games the finger, survive the inevitable attacks, and then go on to achieve greatness. With that in mind, I want to finish this chapter with the tale of Carl Woese.



While most scientists study one subject area and become specialized, Carl Woese was different. He had the rare ability to become an expert on just about anything he studied. He excelled at mathematics early on and made the decision to study physics when he attended Amherst College in 1950.67 Superb as he was in his chosen field, he got bored and decided to study biophysics at Yale University.68 That didn’t quite suit him either, so he turned to medicine.69 Then, after training as a medical doctor for a couple of years, he got bored with that too. During his studies of biology, he became interested in the world of microscopic organisms. He eventually got his doctorate in biophysics analyzing how heat and radiation damaged viruses that caused disease.70 Ultimately, he became a professor of microbiology at the University of Illinois Urbana-Champaign.

As much of a genius as Woese was, like Josef Skoda, he faced social challenges. He detested meetings, viewing them as political interactions that had nothing to do with his work.71 This was not just his view of meetings at the university with other faculty, but his view of much larger meetings too. As he became ever more expert on the world of microbes, it would have been natural for him to attend the annual conferences hosted by the American Society for Microbiology, but he almost never went.72 To make matters worse, Woese made a habit of sequestering himself in his lab with ample supplies of Dr Pepper to sip while he used techniques that few people understood to study organisms that even fewer were thinking about. His asocial ways and esoteric interests led few to view him worth funding and resulted in his lab always just barely scraping by.73

In spite of the monetary challenges, two important things happened while Woese was hidden away in his lab over the course of a decade. First, he discovered that the basis for all of biology was wrong.74 Second, he developed a reputation as a crazy old crank.75 The discovery was a big deal, so let’s discuss that first.

Biologists love categories for good reason. There is a lot of complexity in the world of living things, and organizing species into different categories makes it easier to work out who is related to whom. Does it lactate, have nipples, and have young that remain in the uterus until thoroughly developed? If yes, it’s a placental mammal. Does it lactate, have nipples, and have its young crawl into an external pouch early during development? If yes, it’s a marsupial. Does it lactate but lack nipples?* If yes, it’s a monotreme. During the decades before Woese came along, when all the categories were drawn out into something of a schematic, which biologists call a cladogram, it formed an image that looked like a tree with two trunks. One of those trunks had all of the life that schoolchildren learn about. Plants, fungi, animals, and protists (complex single-celled organisms with nuclei in them) were all there. The other trunk was labeled “Monera” and contained the crazy diversity of bacteria in the world. Many had tried to organize Monera into tidy categories based upon how they looked and behaved, just as had been done with animals, but this didn’t work. As a result, biologists were always taught that creating an organized cladogram for bacteria was a fool’s errand.

Since Woese didn’t train as a biologist, he never got the memo that trying to organize bacteria was a waste of time. More importantly, he didn’t spend years organizing living things by creating categories for them based upon how they looked and behaved. That mattered because when we do something often enough, we tend to just assume that the way we have always done it is the best way. As a physicist, Woese took a different path. He looked for molecular evidence indicating which bacteria were related to one another. He found what he was looking for in the nucleic acid sequences produced by the tiny protein production machines called ribosomes that were housed within the bacteria themselves.* As he studied these sequences, and he studied thousands of them over the course of a decade, Woese realized that many of the microscopic creatures being classified in Monera were utterly unrelated to one another.76 While they all looked similar upon casual observation, they were genetically nothing alike. It was like classifying a cactus in the bear family, or a sparrow as a fungus. The microbes were that different. Sequence after sequence revealed that the tree of life cladogram had a third trunk hiding in plain sight. He named that trunk Archaeabacteria (or Archaea) and renamed the Monera trunk Eubacteria.77

What Woese had discovered was revolutionary. He worked with his well-respected colleague Ralph Wolfe to write up the findings in a paper, and submitted that paper to Proceedings of the National Academy of Sciences, one of the most reputable journals that a researcher can publish in.78 In spite of the fact that the findings were revealing that a core concept at the heart of all biology was wrong, and that the paper would most certainly be viewed as controversial, the editors at the journal allowed it to publish in November of 1977.79 That was a big deal, and it should have sent shockwaves through the field. It did not.80

It is important to remember that the second thing that happened while Woese was sequestered in his lab for a decade was that he developed a reputation as a cranky crazy guy, which was somewhat warranted because he was rather antisocial (but was most certainly not crazy). The silence that followed the publication of his paper was deafening. Rather than openly attack him, the biology community dumped his paper in the trash and moved on. Yet, hostile whispers were everywhere. Dr. Wolfe would later recall to a journalist at Science, “One Nobel Prize winner, Salvador Luria, called me and said, ‘Ralph, you’re going to ruin your career. You’ve got to disassociate yourself from this nonsense!’”81 Woese had to endure miserable, cowardly attacks like this for years, and while they did not drive him out of the field as Hugh Hodge and Charles Meigs drove out Holmes, they did leave wounds that the few who knew him well said never healed.82

Eventually, other labs started to work out that Woese was right and, when that happened, the awards started to roll in. He became a MacArthur Fellow, was made a member of the National Academy of Sciences, was awarded the National Medal of Science, and was even granted the Leeuwenhoek Medal (a microbiology award that is only given out once every couple of decades and has a very small list of prestigious recipients like Louis Pasteur).83

By the time Woese died in 2012, he was able to see his tree with three trunks published in biology textbooks everywhere.* Just like Darwin, he had reshaped the way scientists would look at the living world forever.

To some extent, Woese’s story is reassuring, because it proves that great ideas proposed by decidedly uncharismatic people still sometimes win the day. However, as Woese’s fight shows, poor navigation of the social environment puts good ideas at risk of being ignored for years, and potentially forgotten. Fortunately, the importance of Archaea was recognized while he was still alive so he could savor the moment. Semmelweis was not so lucky.






Chapter 4


Johann Klein was everything that Ignaz Semmelweis was not. While Semmelweis was the son of a grocer from a vassal state who always had to worry about earning enough to get by, Klein descended from Austrian aristocracy and was politically very well connected. Moreover, he knew how to use those connections to his advantage. In the presence of politicians who controlled hospital funding, Klein was a master of oozing charm.1 He also gained a reputation among the doctors for being duplicitous, commending rivals to their faces and then stabbing them in the back as soon as they were out of earshot.2 He was excessively concerned with minor details and a stickler for following rules regardless of whether the rules themselves actually helped save lives.3 Most notably, Klein was not a particularly adept doctor.4

Unlike Johann Boer, the obstetrics supervisor who came before Klein, who rarely lost a patient to puerperal fever, Semmelweis noted that Klein lost just over 7 percent of his patients to the disease each year.5 Klein usually blamed the walls, arguing that there was some sort of contamination present on them that was making his patients ill.6 When he didn’t blame the walls, he blamed bad air. Had he been even remotely interested in resolving the problem, it would not have been hard for him to notice a remarkable bit of evidence sitting right under his nose. While the bulk of his time was spent in the public obstetrics ward, Klein ran a private clinic for aristocrats that was separate from the main hospital. Students were strictly forbidden from visiting. Unlike the public ward, puerperal fever rates in this private ward remained at just 1 percent month after month, even when the disease was surging elsewhere.7 If this is true, and I say that because only one source of many on Semmelweis describes the existence of this private clinic, then it is pretty damning. It would have been impossible for Klein to be unaware of such differing fatality rates and a strong indicator that he just didn’t care.

Semmelweis did care, and this put him on a collision course with Klein from the start. Early in his tenure as Klein’s assistant, the Austrian Health Ministry convened a commission to try and work out why rates of puerperal fever were so high. Members of this commission came to the hospital to interview everyone there, and during their interviews with the obstetrics doctors, Klein explained that the high fatality rate was due to poor conditions within the hospital itself. Semmelweis knew that this could not be true and, rather than keep his mouth shut in front of the politicians, he intervened.8 He explained that there were hospitals found throughout Europe that had far more squalid conditions than the Vienna General Hospital and that had notably lower rates of puerperal fever. This was correct, but the incident had to have thoroughly embarrassed Klein given how important his appearance in front of the political elite was to him. Yet, it was not just Semmelweis’s confidence and lack of diplomacy that created a rift between him and his supervisor. Political opinions played their part too.

The revolutions in America and France inspired a wave of enthusiasm for democracy across Europe. That wave reached Hungary early in 1848. Keen to break the vassal chains binding the country to Austria, the Hungarian parliament (known as the Diet) passed laws that revoked Austrian control of its military, diplomats, and financial affairs.9 Most importantly, these laws ended feudalism and stripped Austrian nobles living in Hungary of their power.10 The laws were approved and signed by Habsburg Emperor Ferdinand.

This approval by the emperor was not so much out of benevolence as it was out of incompetence. Inbreeding within the Habsburg family was a perennial problem and the great grandson of Empress Maria Theresa had serious neurological issues.11 He suffered from frequent seizures due to epilepsy, had such a severe speech disorder that he could barely put sentences together, and struggled to just make it down a flight of stairs.12 His favorite activities involved rolling around on the floor while wedged inside a rubbish bin and catching flies with his hands.13 It is not an understatement to say that his medical conditions rendered him less than capable of developing a strategy for dealing with rising Hungarian nationalism. Either way, he effectively freed Hungary from its vassal state status for a brief time before being forced to abdicate the throne in favor of his more astute nephew, Franz Joseph I, who quickly revoked the laws that his own uncle had just signed.14 The people of Hungary were none too happy about their laws being crushed by the new emperor. Their initial attempts to peacefully come to an agreement with the Habsburgs were scrapped in favor of an all-out rebellion. Initial battles went badly for the Austrians, and Emperor Franz Joseph I had to beg Tsar Nicholas I of Russia for help in 1849.15 With the support of a huge Russian contingent, the Austrian Empire was able to defeat the Hungarian rebels and force the country back into its position as a vassal state.16

Throughout this period of political upheaval, Semmelweis openly supported the Hungarian forces.17 He even went so far as to wear the blue jacket, gray trousers, and broad-brimmed hat typically worn by the revolutionaries when he was lecturing at the hospital.18 If Klein disliked his assistant for speaking out of turn in front of visiting politicians, he had to have been outraged to see him so sympathetic toward the forces that wanted the Austrian ruling class (of which Klein was most definitely a member) overthrown. An animosity built up between the two men that ultimately undermined Semmelweis’s ability to defeat puerperal fever even after he had worked out how to do so.19



Just as Semmelweis was infuriating Klein with his political opinions, a twenty-five-year-old Louis Pasteur was carefully considering his own political options. It was June of 1848 and Paris was again in a state of chaos. Workshops had previously been created by leftists in the National Assembly to give the poor jobs and a tiny income to survive on.20 Conservatives disliked this policy and, upon attaining a majority in 1848, they declared that the workshops would be shut down. The poor of the country were rather displeased with this decision and took up arms.21 The National Guard was called out, thousands were killed, and the rebellion was defeated. Paired with this uprising were increasing uncertainties in the country over whether democracy was truly better than monarchy. Many yearned for the return of a powerful leader like Napoleon.

Pasteur had been studying a chemical compound known as tartaric acid that could be found naturally in some fruits, like grapes, but could also be created artificially in the lab. In spite of the fact that natural and lab-created tartaric acid crystals looked to be chemically identical, they interacted with light differently when they were put into a solution. More specifically, a solution with naturally formed tartaric acid crystals present would bend polarized light shone into it to the right, while a solution with the lab-formed tartaric acid crystals in it had no effect on light at all.22 Pasteur worked out that tartaric acid crystals came in two forms, a right-oriented form and a left-oriented form. Naturally formed tartaric acid crystals were always right-oriented, which explained why they redirected polarized light in that direction. In contrast, lab-formed crystals were always a mix of right- and left-oriented crystals, which explained why solutions made with these crystals had no effect on the direction that light traveled.23

Throughout all of his work on these crystals, Pasteur had been an apprentice under a brilliant chemist named Auguste Laurent.24 There is no question that Laurent taught Pasteur to closely study crystal form and consider how it might influence the properties of the chemical compound, since this is the key area that Laurent studied.25 Yet, Pasteur’s apprenticeship and debt to Laurent are not widely known. Indeed, most books on Pasteur make no mention of him at all. This is no error.

Aside from being an excellent chemist, Laurent was politically active. He sympathized with the leftists of the National Assembly, was supportive of the 1848 June uprising, and fervently disliked the idea of France having a monarch again.26 Pasteur could see which way the political winds were blowing. He also watched as his mentor was denied academic promotions time and time again.27 This had nothing to do with Laurent’s academic credentials. He was a genius. It was the result of how conservative elites in Paris viewed his leftist politics. The whole situation taught Pasteur a valuable lesson. Regardless of how he felt about government, he needed to align himself politically with those who were in power if he wanted to get ahead.

Cutting Laurent out of his life was an essential first step. While an unpublished first draft of Pasteur’s crystals work that was found decades after he died gushed about how much he owed to Laurent for helping him to make his discovery, later drafts mention him less and less often until his name is entirely absent.28 Once removed, Pasteur never again publicly mentioned the name of the mentor who had taught him so much.



Scientific hatred comes in several flavors. That which Klein developed for Semmelweis was a personal hatred. Science was not really involved. The contempt that the Aberdeen midwives had for Alexander Gordon was similar. They didn’t hate him for his science. They hated him for publishing their names in a document that effectively said they were inadvertently responsible for the deaths of hundreds of women. Again, it was personal.

The hatred that the American obstetrics experts Hugh Hodge and Charles Meigs had for Oliver Wendell Holmes was different. While they ultimately made their attacks on Holmes personal, personality and culture were not the factors driving their hatred. No, they hated him because he was saying that the truths they were clinging to were wrong. There was definitely an emotional factor to their behavior. After all, Holmes was suggesting obstetricians were responsible for spreading puerperal fever. Hodge and Meigs were thus culpable, but Holmes did not bring this upon himself by calling them out by name for past mistakes, as Gordon did with the midwives. Holmes only reported that current obstetrics methods needed to be changed. Just the same, Hodge and Meigs saw this as an attack aimed specifically at them and retaliated fiercely enough to force Holmes into retreat. This was a scientific hatred. A hatred born out of the view that Holmes was challenging the academic territory that the obstetricians had staked out for themselves. He was telling them that what they were doing was wrong and they could not accept that.

Both of these hatreds are alive and well today, but they tend to blend. Carl Woese was the victim of one cowardly act of character assassination after another. Much of this came from the fact that a lot of people in the microbiology community simply did not like him very much because he was a grumpy recluse. So, a social hatred was definitely present, but it did not stop there. Carl was challenging the structure at the very base of the phylogenetic tree that biologists had viewed as sacrosanct for decades. Many microbiologists did not like that, and this further fueled the flames of resistance against him. In essence, Carl was the target of both personal and scientific hatreds.

Mary Schweitzer faced a blend of hatred too. On the surface, the abuse that she endured early in her career looks to have stemmed from the fact that she was challenging the long-cherished notion that soft matter from ancient organisms rotted away to nothingness long before any paleontologist could come along and dig it up. It was a paleontological truth, just as the two-trunk architecture of the phylogenetic tree of life was a biological one. Yet, that is not where the hatred ended. Mary was relatively new to the field of paleontology when her first papers came out, and a lot of the vitriol that she received came with the subtext of, “Who the hell are you to tell us that we are wrong!” There is also the fact that Mary is not a man.* In fact, she was worse than “not a man.” As Mary puts it, “I was a middle-aged housewife from podunk Montana. I didn’t have a storied degree from Harvard or Yale, and I was encroaching on the territory of those a lot smarter than me!”

Men have dominated paleontology since the beginning, and while that has definitely changed in recent years, it has not changed enough. I remember writing a report on plesiosaurs and ichthyosaurs for an undergraduate evolutionary biology course back in 1998 and finding an extraordinary book in the library entitled Ancient Marine Reptiles.29 It had the most amazing cover, with a Mosasaur leaping out of the ocean like a whale. It was edited by a paleontologist named Elizabeth Nicholls, and I remember thinking, “There are female paleontologists?” With hindsight, I find my reaction both shocking and understandable. Shocking because I am ashamed that I had not considered the fact that there were female paleontologists out there.* Understandable because every paleontologist I had met up until that point had been male.

“I don’t want to use it as an excuse, but I do think some of the prejudice that I have received is because I’m a woman,” reflects Mary. Johan Lindgren agrees that, while it has often been difficult for him to get grants in the nascent field that Mary founded, he has not faced the sorts of outright attacks that she has because he is male. It took the intervention of a few powerful people (of the male variety) in the field to mitigate the damage caused by the withering attacks on Mary. Indeed, Kevin Padian, one of my paleontology professors at UC Berkeley, was in the vanguard of this protective group, stating to a reporter at the time, “Mary Schweitzer is just the best there is, so it’s time to readjust our thinking.”30 Like Jack, who was already Mary’s wingman, Kevin was making it clear to everyone that he had her back too, and that the naysayers needed to reconsider. I also have fond memories of Bill Clemens taking her corner during an argument over her work at the coffee table in North Carolina. Important as all of their defense of Mary was, I find the fact that she needed so much defending troubling.

While I am not even going to raise the issue of whether it is right or wrong to more vigorously criticize someone because of their gender,† I do think it is worth asking if it is really such a terrible crime for a newcomer to a field to challenge truths that are widely accepted there. One could argue, and I will, that the people who are often best positioned to spot problems with well-established ideas are outsiders who have not been brainwashed from the beginning of their careers to accept everything they are taught as truth. This was certainly the case for Carl and, given that Mary studied communications almost twenty years before she got her PhD in paleontology, I think it was true for her too.

Being an outsider is about much more than having a background in a different field. Personality, perspective, and wider beliefs are also important. Carl was a recluse who shunned social interactions. This was unusual in his field. Did it play a part in leading him to think differently? Possibly. By not mixing with others, Carl was likely influenced less and better able to come to his own conclusions that clashed with the ideas cherished by the wider community.

Mary was a committed Christian when she started studying paleontology and still is. During her first class on the subject, she recalls saying, “Hi, Jack, I’m a young Earth creationist and I’m going to convince you that you’re wrong about evolution.” Jack responded with, “I’m an atheist, have a seat.” Being religious in paleontology during the 1990s was like being a second-class citizen. Boards of education in the United States were pushing for discussion of evolution to be banned from science textbooks, and the concepts of creationism and intelligent design were getting ever-increasing chatter. Pretty much every paleontologist took a dim view of this. Yet, I think Mary’s faith ultimately functioned as a valuable tool that enabled her to make the discoveries that she did.

Religion is about belief and Mary understood that well. Science, she realized early on, was different. “As scientists, we don’t believe anything. We don’t prove anything either. Proving is not our job. We only have data that support or fail to support ideas. That’s it,” she says. By ensuring that her faith and her science remained in their own mental compartments with no overlap, Mary rigorously followed the scientific method by collecting data and constantly trying to find evidence that her theories were wrong. When a scientist starts to have beliefs and discuss what they have proved, “they get biased and they immediately lose credibility,” comments Mary. If anything, I’d argue that Mary’s faith has made her a better scientist.

As much as Mary and Carl were outsiders, an outsider hiding in plain sight is Jack. Sure, he was another sociable atheistic white male entering paleontology, but his brain was very different from the brains of paleontologists who dominated the field at the time. People called him dumb in school because it took him forever to read and write. He was terrible with mathematics. This was because of his dyslexia, but nobody knew that at the time. While his grades were universally poor, he had a latent ability that nobody really appreciated. He could see things that others could not, and he applied this to his passion for dinosaurs when, in his last year at school, he created an exhibit for the science fair that compared fossil species found in his home region of Montana to those dug up in neighboring Alberta, Canada. It blew the judges away. They quickly awarded him top marks.

Bolstered by that success, Jack tried taking geology and paleontology courses at the University of Montana, but failed them over and over again. He eventually gave up trying to get a degree and just applied for technician posts at every museum with dinosaurs that he could find. This led him to Princeton University’s Natural History Museum, where he demonstrated a real talent for seeing hidden aspects of fossils that, in many cases, were quite important. “People kept telling me, you can’t do this and you can’t do that because I didn’t have a PhD. But I never let that stop me,” he recalls. Ultimately, when he got a giant grant in the form of the MacArthur Fellowship, an award given each year to a small selection of exceptionally bright and creative people, he set off to establish his own lab that would focus on breaking apart dinosaur bones and dissolving them in chemical solutions to better understand the biology of the ancient beasts. It would have been hard for Jack to select a more controversial area of study, given that dinosaur bones are the paleontological equivalent of gold dust. Founding a lab that depended upon destroying them was tantamount to heresy. Nevertheless, armed with lots of money, his MacArthur Fellowship, and a bunch of impressive publications, Jack fought his way into paleontology the hard way. We are lucky. His hard work forced colleagues around the world to look at things differently.

Mind you, I am not arguing that everyone in a field should remain silent when long-standing views are challenged by outsiders. Quite the contrary, skepticism is an integral part of science. It was good that people objected to Jack melting down Tyrannosaurus rex bones. It initiated a healthy conversation about the value of total preservation versus the value of breaking things down to look at them in a new way. However, the conversation needs to remain precisely that, healthy. Just imagine how much less misery Carl and Mary would have endured if the criticism that they received early on was constructive. Or, to take a more historic example, just imagine what would have happened if Hodge and Meigs had responded to Holmes with questions rather than attacks. I’d wager that Holmes would never have hung up his stethoscope and would have brought obstetrics reform to the United States decades earlier, sparing the lives of hundreds of thousands of young women. Yet, the benefits of maintaining civility in the scientific community go well beyond just reducing the harm endured by those who speak up.

For every Carl and Mary there are those who respond to the attacks by saying “enough is enough” and walk away from research. Alison Moyer is one such person. “She’s been out of the field for what, ten years now?” says Mary. “I really think that the intense scrutiny and criticism broke her. Part of that was my fault. I didn’t protect her as much as I could have. I feel really bad about that. I wish I could have done more.” It is all the more tragic because she was right. Paleontologists at the time were just using shape and size to identify melanosomes in fossils. Alison’s work revealed that this was a flawed approach because bacteria get preserved too and they have the same shape and size as melanosomes. Yes, we now know that melanosomes can be preserved in fossils, but lots of bacteria were incorrectly being counted as melanosomes when she presented her findings in 2012. She should be celebrated for revealing such a serious problem. Instead, she was pushed out. It is deeply troubling because Alison was a person who bravely spoke up. How many other young scientists out there spot problems with well-established ideas and then choose not to do so? Sure, a few might remain silent until they reach positions of power and then, once relatively safe in their careers, they critique ideas in their field that are considered sacred. But how many never speak up? It is impossible to quantify those who remain silent. Even so, they are there, and we ignore them at our peril because their unpalatable views may well yield solutions to our most important unsolved problems.



While Klein hated Semmelweis for speaking out in front of government officials, and for his support of Hungary during the revolution, Semmelweis ignored his supervisor and buried himself in his research. As he read more and more about the history of the obstetrics ward, he noted that when the hospital grew in size, so too did the bed count. The records showed that this was not great for the health of the women who came flooding in, since more people meant more disease, but there was a small silver lining. More people also meant more data. Crucially, more people also meant that the maternity ward could no longer remain in just one room. In 1839, when hospital management had to find space for over eight hundred maternity beds, they were forced to split Klein’s obstetrics department into two large spaces. These came to be known as division one and division two.31 The medical care that was administered in these two locations was similar, and where a patient was sent was determined by where there was a free bed when they arrived, rather than based upon a patient’s condition. This meant that fatality rates should have been roughly equal. Semmelweis noticed big differences.

Between 1841 and 1846, 1,989 women died of puerperal fever out of the 20,042 who were admitted to division one. This meant there was a fatality rate of 9.92 percent.32 However, the real rate was likely higher, since some women who became very ill with puerperal fever were moved to other wings of the hospital before they died. This meant that they ended up having their deaths recorded elsewhere rather than in division one where they caught the disease. In contrast, only 696 women died out of the 17,791 who were admitted to division two.33 This meant there was a fatality rate of just 3.91 percent. Semmelweis didn’t need his knowledge of statistics to tell him that something was very wrong with division one. Yet, the spaces were the same. Weren’t they? Curious, he looked for any differences that he could find.

The hospital had a chapel in it that was manned by priests who spent most of their time praying for those who were dying. When they were on the move, as per Catholic tradition, they always had an attendant with them who rang a bell.34 The sound of that bell filled everyone with dread.* Indeed, Semmelweis noted, “Even to me myself it had a strange effect upon my nerves when I heard the bell hurried past my door; a sigh would escape my heart for the victim.”35 As he reflected upon the sound, Semmelweis realized that the patients in the divisions did not hear equal amounts of bell ringing during their days at the hospital. First, there was the higher fatality rate in division one. That meant the priest was visiting more often, and the women in that division were hearing the bell more frequently. Second, there was the layout of the hospital to consider. A priest had to travel through five large wards, with the attendant ringing the bell all along the way, before reaching division one. That created a lot of noise that everyone heard before he arrived. Division two required no such travel, meaning that the ominous sound of the encroaching bell was not something that patients in division two had to contend with. Semmelweis theorized that the anxiety produced by the steadily increasing volume of the bell was damaging the health of patients in division one.36 To this end he wrote, “I appealed to the sense of humanity of the servant of God, and without difficulty it was arranged that for the future the priests would take a roundabout route without ringing the bell, so as to reach the sick chamber in silence.”37 It all seemed so logical. Unfortunately, the banning of the bell and the rerouting of the priests had no effect on the mortality rate.38

With that hypothesis out the window, Semmelweis kept looking for other differences. He wondered whether the food was different between the divisions, but found that the caterer was the same for both.39 He studied the heating and discovered it to be identical.40 Maybe it was the sheets? Then he learned that they were all washed in the same location. Perhaps it was the beds? He discovered that they were all of the same make and source.41 Then he started to consider the patients themselves. While it was true that patients were randomly assigned to a division upon arrival regardless of their medical condition, these patients often arrived in their assigned division in very different emotional states.

The patients didn’t understand percentages let alone statistics, but they did understand that the fatality rate in division one was much higher than that of division two. Semmelweis wrote, “That they were afraid of the First Division there was abundant evidence. When they found out [they were assigned to division one] they knelt down, wrung their hands, and begged that they might be discharged.”42 Yet, he knew it was impossible for a psychological condition, like fear, to generate physical changes, like the dreaded red streaks in the uterus that were indicative of puerperal fever infection.*43

Since the fear factor associated with division one could not be mitigated, Semmelweis looked more closely at the medical staff in the two divisions. Doctors ran division one, while midwives ran division two.44 The position that these two groups put women into during delivery differed. Midwives typically had women deliver babies on their sides (in what is known as the lateral position), and doctors tended to have women deliver on their backs (in the dorsal position).45 That the position of delivery could be responsible for puerperal fever seemed absurd, but Semmelweis wrote, “Like a drowning man clutching at a straw, I gave up the dorsal position in labour … and introduced the lateral position for no other reason than because it was that adopted in the Second Clinic.”46 Again, there was no effect. Patient position clearly had nothing to do with puerperal fever.



Failure is a negative word. However, in science it is not. At least, it isn’t supposed to be. Everything that Semmelweis did, while it produced no solution to the puerperal fever problem, eliminated one possible cause of the disease. He correctly reasoned that, once he eliminated all potential causes, whatever remained had to be the actual cause of the disease no matter how odd it might seem. With the exception of Josef Skoda, nobody at the hospital in Vienna understood his logic. This was especially true of Klein, who rather disliked his Hungarian associate and had precious little interest in solving the puerperal fever problem. Things should be different today. We’ve had a solid understanding of the scientific method and the benefits that it grants for well over a century. Unfortunately, the essential process of trial and error that was integral to Semmelweis eventually defeating puerperal fever is very much under threat.

Hungary was no longer a vassal state in 1985, but for Katalin Karikó it might as well have been. The country was still sitting behind the Iron Curtain and research funding was limited. Her biochemistry program at the University of Szeged had recently run out of resources and she was laid off. There was no money anywhere nearby for her work to be done. She needed a job and did not want to give up being a scientist, so, like Semmelweis, she made the decision to leave her homeland. Rather than head for Austria, Kati flew to Pennsylvania and took up work in a biochemistry lab at Temple University in Philadelphia. That post had been offered to her by Robert Suhadolnik.

Suhadolnik was a world expert at creating compounds, known as nucleoside analogues, that were readily picked up by viruses for replication but ignored by the mechanisms involved in animal DNA replication. This was important stuff back in 1985 because a properly constructed nucleoside analogue had the potential to sabotage a virus, like herpes or HIV, while being entirely ignored by the human body. Indeed, medications made with nucleoside analogues today are widely used to fight these viruses and many more. While working in Hungary, Kati had already published papers demonstrating that she could run tests that helped detect the presence of these tiny analogues in samples, and Suhadolnik saw great value in bringing her to his lab.47

Their collaboration did not last long. Suhadolnik had an explosive temper. For three years Kati watched him mistreat other lab members when they made minor transgressions, like being a few minutes late for a meeting. Then, in 1988, a famous virologist at Johns Hopkins University made her an extraordinarily generous offer that she could not refuse. When Suhadolnik learned that Kati was preparing to leave his lab, he went nuclear. Her memoir notes, “He cursed, screamed, and slammed things.” During a recent conversation that we had, she recalled that he shouted, “You are a nobody. I am a professor. You are a nobody!” over and over again. Yet, he went much further than just shouting at her. First, he called Johns Hopkins. What he said to them is not recorded, and Suhadolnik has since passed away, but it was obviously not complimentary because the university rescinded its offer to Kati. Next, he contacted Immigration Services and told them that Kati had violated her visa rules by seeking work with a different employer. The State Department followed up by calling her in for questioning. Finally, and this was truly cruel, he systematically removed Kati’s name from papers that were pending publication.*48

Kati fell into the very difficult position of having to search for a new job that would not require a recommendation from her lab supervisor. She found it in a lab at a military medical school that agreed to help her obtain a new visa. Unfortunately, the school was in Bethesda, Maryland, and Kati could not afford to move her family from Philadelphia, so she commuted there every week and slept on the office floor. It was hardly an ideal situation, so she kept looking for other work by responding to jobs posted in journals like Nature and Science. Then, in 1989, she responded to an advertisement put up by Dr. Elliot Barnathan at the University of Pennsylvania. Elliot was a cardiologist not a molecular biologist. Even so, he saw the potential for what Kati was working on to help patients with heart disease.

Kati was working with a molecule known as messenger RNA (mRNA) that contained the blueprints for cells to manufacture proteins. Elliot hoped that Kati would figure out a way to have mRNA trigger cells in blood vessels to produce a protein known as urokinase receptor that was associated with preventing the blood clots that cause heart attacks from forming. Nobody believed that what Kati was working on was going to get anywhere, and that included all of the funding agencies that she wrote to asking for money. Like most researchers in the United States, Kati needed grants to continue working, and she was unable to get a single one. Fortunately, Elliot believed in the work she was doing and kept her afloat. She wasn’t making much, never more than $60,000 in a year, but it was enough to keep studying mRNA, and that was all that mattered to her. It was certainly the right move because she made a breakthrough just a few years later.

Kati created mRNA that could instruct cells in Petri dishes to produce urokinase receptor proteins. Since these proteins were too small to see, she visualized them by adding a radioactive molecule that would readily bind to them in solution. She then used a technology that was designed to detect these radioactive isotopes. In short order, the device revealed that the radioactive markers were bound to the cells. The mRNA was doing exactly what it was supposed to. Exciting as the result was, the work was conducted in a Petri dish rather than in a person.

As discussed in chapter 2, there is a treatment bias in medical science. If research hints that a cure for a disease can be found, money magically appears and more work gets done. If research hints that a disease can be prevented by taking certain measures, the disease needs to be really big and bad for funding to be allocated. The same is true when research reveals ideas rather than obvious therapies. There was no guarantee that what was working in the Petri dish would work inside a human and, without that guarantee, funding never materialized. Indeed, Kati even struggled to find a journal to take the article, and when it published, it got little attention. Elliot was under tremendous pressure from the university to dump Kati, because senior administrators felt she was going nowhere, but he ignored it. He was up for tenure, which is effectively a promotion whereby the university acknowledges that a researcher has been doing good work and agrees to employ that researcher for life. He should have been granted it, and he was not. “Elliot did not get tenure because he stood up for me,” recalls Kati sadly. With no way forward at the university, Elliot departed to take up a job in private industry. This was the best move that he could make. Unfortunately, it left Kati with no money and vulnerable.

She was lucky. Before the university could cut her loose, a researcher named David Langer, who had once worked in Dr. Barnathan’s lab as a medical student, intervened. David knew Kati’s work and, more importantly, had the wisdom to see its potential. David was a neurosurgeon, not a molecular biologist, but, like Elliot, he understood what Kati was working on and recognized the huge benefits that could be gained if mRNA could be wielded effectively. He wanted to see if it was possible to use mRNA to drive cells to quickly produce nitric oxide in stroke patients. Nitric oxide was well understood to cause blood vessels to widen, and stroke victims often suffer from severely narrowed blood vessels that block blood flow and lead brain cells to die. David theorized that, by widening vessels in the brain, nitric oxide had the potential to help stave off much of the brain damage endured during a stroke. There was just one problem. When nitric oxide was injected into the body, it fell apart almost immediately. He hoped that driving brain cells to produce nitric oxide on their own might bypass this challenge.

Kati found that she could use mRNA to get cells to produce nitric oxide in a Petri dish easily enough, but could not get the mRNA technique to work in lab animals. David convinced the university to support her research and provide her with lab space because it was still proving impossible for Kati to obtain grants. Nobody believed in the potential for mRNA to do much of anything. Then David left the university and Kati again became vulnerable.



Science requires resources and resources require money. As Kati was well aware at the time, getting money required convincing grant-awarding bodies to believe in her work, and that was hard. This is not a problem unique to her. As I discussed earlier, Daniel Lieberman at Harvard is an evolutionary biologist at the top of his game. He is a world expert when it comes to understanding how we make ourselves unwell by living lives that are so very different from those that our bodies evolved to cope with on the African plains.* Yet, he struggles to get funding, because grants for research aimed at treating diseases are so much easier to get than grants for research aimed at preventing them. Maria Gloria Dominguez-Bello faces similar problems. Preventing immune disorders like asthma, allergies, irritable bowel syndrome, Crohn’s disease, and so many other ailments by ensuring that children have healthy immune systems from the start is not as attractive to grant-awarding bodies as research aimed at treating these disorders once they arise. You would think that the National Institutes of Health (NIH) in the United States would be enthusiastic about supporting her work, but, as she says, “They are not going to give us any funding until we show that [vaginal swabbing of infant faces] improves health.”*

This puts many scientists like Gloria, Dan, and Kati in the challenging situation of needing to demonstrate that what they are working on is important before they can actually get money to do the work itself. It is a chicken and egg scenario that stifles a lot of potentially important research. The entire situation is made worse when the work that needs to be done is going to take a long time.

“We have to follow kids for five years to see if [swabbing with vaginal bacteria] protects against diseases like allergies and asthma,” explains Gloria. To make matters worse, she and her colleagues cannot recruit babies all at once. It takes time for them to get enough parents of C-section babies opting to participate for a substantial pool of participants to form. This means that overall, a research project monitoring the immune system–adjusting effects of bacterial swabs needs funds to keep it running for seven years. Getting funding for a year or two is already tough. Getting funding for five years is even more difficult. Getting funding for seven years is almost impossible.

The long duration that Gloria’s work requires, paired with the worries that non-ecologists in the field of medicine already have about wielding bacteria from the birth canal to prevent disease, makes it insurmountable to obtain funding for experiments that directly study the relationship between C-sections, bacterial absence, and immune disorders. She copes by applying for grants that fund her to explore other aspects of ecology and then quietly redirects some of that money toward the work that she knows is so important. It is a troubling state of affairs that needs to change.



As Kati was waiting for the university to dismiss her due to lack of funds, she started talking to a researcher named Dr. Drew Weissman. Kati and Drew were avid readers of academic articles and depended upon the department photocopy machine to copy papers that they wanted to annotate. Each found themselves regularly waiting for the other to finish copying material, and during those waits they got to talking. Drew was an immunologist looking to make a vaccine against HIV. As he learned about what Kati was up to, he wondered if it might be possible to use mRNA to instruct cells in the body to produce HIV proteins for the immune system to study so that it could then rapidly mount an attack against the HIV virus if it ever arrived. He didn’t have the resources to take Kati into his lab, but they built a remarkable collaboration anyway.

As the university ramped up pressure for Kati to get grants or leave, she simultaneously became something of a laboratory demigod. She could create mRNA molecules that drove cells in Petri dishes to produce any protein she wanted. Yet, her divine power was limited. When she injected mRNA molecules into live animals some proteins were produced, but it was not nearly impressive enough for Kati to get the sorts of grants that she needed.

For his part, Drew noticed that certain immune cells produced lots of inflammatory molecules when they were near Kati’s mRNA, and that this was leading to a damaging immune response. This made no sense though, because mRNA is everywhere inside living cells and normally causes no inflammation whatsoever. There was no doubt about it, something was different about the mRNA that Kati was creating, but what that was remained mysterious. This led her to run dozens of experiments in collaboration with Drew to try and figure out why the lab-created mRNA was having this effect while naturally formed mRNA was not. It was painstaking, time-consuming, and, like the tests run by Semmelweis, it led to a lot of dead ends. Then, in 2004, a single experiment revealed a clue as to what was going on.

Drew and Kati noticed that while mRNA made in the lab triggered the production of inflammatory molecules, this did not happen when they used a type of RNA known as tRNA, which transfers information between mRNA and the cellular machinery that actually makes protein. A closer look at the tRNA revealed that it was carrying a molecule known as pseudouridine that seemed to prevent immune cells from triggering inflammation. Fascinated, they tried adding pseudouridine to lab-created mRNA and were delighted to discover that it prevented the inflammatory response.

With immune cells no longer hunting down and destroying the mRNA that she was creating, Kati could finally exert her influence on the cells inside living animals. It was a tremendous finding, but nobody cared. Everyone in the academic world believed that mRNA would not be of any use for treating diseases. Nature passed on the paper that Drew and Kati wrote up. Funding agencies ignored them. Then the university kindly evicted Kati from her lab. The staff literally dumped her stuff in garbage bags and tossed it into the hallway. Too bad the university managers, the journals, and the funding agencies didn’t have a crystal ball on hand to see where Kati and Drew’s work was headed.



While the observations that Semmelweis made of the split maternity wards yielded little evidence of what was behind the doubled rates of puerperal fever in division one, he did note something intriguing as he combed through hospital records. When women were in labor for a long time, like between one and two days, they would invariably end up with puerperal fever if they were in division one.49 This was not so if they were in division two.50 This meant that women having their first child, which usually takes quite a long time, were at much higher risk of dying than women who were having their second, third, or fourth child (labor typically speeds up with subsequent deliveries). Indeed, Semmelweis noticed that the protection granted by having a second, third, or fourth child existed regardless of which division the women were admitted to.51 Fascinated, he looked closer and made other discoveries.

Babies that were premature, born weeks before their due date, had mothers that remained almost universally free of puerperal fever.52 Intriguingly, women who had babies on the street before, being carried over to the hospital for post-delivery care, also only rarely caught the disease.53 The exceedingly low infection rate for street-birth mothers, as they were called, struck Semmelweis as bizarre. The conditions were dire where this group of typically impoverished women were giving birth. Both the women and their babies were often filthy and cold from exposure to the Austrian elements upon arrival.*54 Semmelweis expected the infection rate in this group of women to be much higher than average, not lower. Even so, as he mulled the matter over, he realized that street-birth mothers, mothers with premature babies, and mothers having their second, third, or fourth delivery had something in common: All three of these groups needed very little intervention from a doctor. Semmelweis did not initially understand why this was important. Unfortunately, he did not remain in a position at the hospital long enough to find out because Klein abruptly dismissed him.55

The doctor who had previously been in the position that Semmelweis occupied returned to the obstetrics department and was quickly reinstated in his post. To take this doctor in, Klein forced Semmelweis out.56 To make matters worse, Klein’s actions shut down the investigation that Semmelweis was conducting just as he was about to make a major discovery.

The notes that Semmelweis made on the street-birth mothers revealed that rates of puerperal fever infection for this group remained at 0.5 percent whether they were placed in division one or division two upon arrival.57 This meant that while 20 women out of 200 who delivered in division one died of puerperal fever, only 1 out of 200 died in that division if they were brought in for care after having delivered in the slums of Vienna. “This would be the place for demonstrating by statistics the smaller death-rate among the cases of [street-births],” Semmelweis wrote.58 It was his intention to gather these numbers to lead to a closer examination of why street-birth mothers were so resistant to puerperal fever, but his dismissal meant he never got the chance to do so. Josef Skoda, being statistically minded and no supporter of Johann Klein, saw the importance of what Semmelweis was working on. He quickly moved to convene a committee of doctors to study the numbers and work out if the benefits of street-birth that Semmelweis was reporting were real, but Klein intervened.59 He ensured that the committee Skoda created never met. He even got ministers in government involved to help shut down the investigation.

There is no question that much of what motivated Klein to do what he did was personal, but it was more than that. A theory was growing in Vienna that foreigners were more likely to induce patients to develop puerperal fever than Austrians because they were less gentle in their manner of examination.60 This was both true and false. There was no evidence whatsoever that foreigners working in the hospital were rougher in their handling of women. With that said, foreign students studying at the hospital were often there for a relatively short period of time and had very busy days. This meant that they were more likely to handle corpses rife with bacteria before examining the birth canals of women in labor.61 As a result, they were likely responsible for unwittingly spreading puerperal fever more often than Austrian medical students who had the luxury of spreading out their workload over a longer period of time. Being Hungarian probably played a part in Semmelweis’s removal too, given the charged political environment at the time. There was also the fact that, with all the data sets he was gathering, Semmelweis was becoming a threat.

Part of the threat that Semmelweis presented was that of change. Like Oliver Wendell Holmes, he was beginning to work out that current routines in the hospital were part of the problem. He was also on the verge of discovering that doctors had filthy hands in need of cleaning. The notion of change was scary back then. Frankly, it is scary now, and it really can’t be.



Back in 2013, I was renting a small flat in the London suburb of Wimbledon. While that might sound nice, it is important to note that Wimbledon has two bits. There is the gorgeous and lush historic village on the hill adjacent to the location where the famed tennis competitions take place every year, and there is the bit of Wimbledon with rundown flats all squished together on narrow roads by the tube station where the plebs live.* I had spent a small fortune on insulation that I jammed into all of the gaps in the flooring and cracks in the walls to keep the bitterly cold winter drafts from blowing in.

It was against this backdrop that I found myself reading a paper in an academic journal one particularly cold November morning about how tumors in mice grew up to 60 percent slower when the rodents were given enclosures to live in that were 30 degrees Celsius, versus when they were given enclosures that were 22 degrees Celsius. The work went even further to point out that cold mice had fewer of the anti-tumor immune cells called cytotoxic T lymphocytes circulating in their bodies than the warm mice did. The finding mattered because lab mice are routinely kept in cool (22-degree) conditions in labs around the world during all sorts of experiments to reduce the amount that they urinate.†62 Yet, the lead researcher behind the work, Elizabeth (Betsy) Repasky at the Roswell Park Cancer Institute in New York, questioned whether this was for the best since mice, left to their own devices, will look for places to live where temperatures are closer to 30 degrees. This meant that mice being used in experiments were being kept artificially cool. Fascinated, I called Betsy up that afternoon (while wrapped in a winter blanket) and learned during our conversation that she had real concerns about medical research being conducted globally because all of the mice that people were working with were cold, and thus likely suffering from immune compromise. Of course, this was news, and it was being published in a prestigious journal that I trusted (Proceedings of the National Academy of Sciences), so I promptly reported Betsy’s findings in our newspaper and argued that researchers everywhere working with mice needed to start rethinking how they were housing the animals.63

I recently called Betsy to find out about her progress on spreading the word that running experiments on chilled mice is a mistake, and I was simultaneously stunned and unsurprised that very little has happened. I was stunned because, well, this stuff is important. She identified a major flaw in the way that we conduct science over a decade ago. It is a flaw that directly impacts the results of medical trials that can cure things that we all care about, like cancer. In spite of this, the scientific community has moved at a snail’s pace toward doing anything. With that rant now finished, I was also unsurprised because we’ve seen all this before.

“People just don’t want to change the way they conduct experiments,” explains Betsy. Indeed, this fear of change has caused the message that she is trying to communicate to be manipulated. “Frankly, I think I have been intentionally misquoted by others in my field to find a reason not to do anything,” she explains. “People are saying I want mice in 30-degree enclosures all the time. I’m not saying that. I’m saying that temperature matters and mice should have the choice to move into a warmer space in their enclosure if they want to.”

In essence, the mere notion of having to change rodent enclosures all over the world to comply with what Betsy uncovered has frightened the research community into inaction, because adapting practices everywhere to her findings would be both costly and complex. That paralysis is finally coming to an end (more on that later), but it is unfortunate that it had to happen at all. This was ten years of research impairment that we could have done without.



The other threat that Semmelweis presented was that of potential humiliation. Klein enjoyed the favor of many powerful people in Vienna, but they were not fools. Loads of women dying shortly after childbirth looked bad, and the more Semmelweis talked about it, the more the ruling classes of Vienna noticed. Moreover, Semmelweis was getting awfully close to proving that Klein’s argument that faeries were behind the disease* was nonsense. While Klein really had no idea what caused puerperal fever and might not have fully understood what Semmelweis was working on, he was smart enough to know that he would be in trouble if it were demonstrated that his faerie argument was baloney. He knew full well that being caught standing idly by, while thousands of young mothers were losing their lives every year, would be a bad look for him. Just the potential for that to happen had to have been making him uncomfortable. That, I think, was a key reason why he kicked out Semmelweis when he did.






Chapter 5


It is astounding how readily history repeats itself. Klein neither liked Semmelweis nor understood his research, so he dismissed him just as he was on the verge of a making a massive breakthrough. The University of Pennsylvania neither liked Kati Karikó nor understood the value of her research, so it pushed her out just as she was going to make her own major breakthrough. While Klein has passed and cannot admit to the offenses he committed against Semmelweis, the evidence of his poor behavior is obvious. With the University of Pennsylvania, the situation is similar, but rather than being dead, the university had an opportunity to apologize to Kati and declined to do so.* There is also Kati’s memoir which, backed up by the accounts of many researchers at the university, does not exactly paint the place in a rosy light.

Jim Wilson was director of the gene therapy program and is still at the university. Kati recalls, “He never seemed interested in my research or mRNA.” When he even deigned to glance her way, “it always felt as if he were looking right through me.”1 She remembers that, when she asked Wilson to include her work in a grant that had received funding, he denied her access to these resources.* Another executive at the university told her to desist speaking in Hungarian on site (to other Hungarians) and to stop coming to further grant meetings. The university then demoted her.2 Like Semmelweis, these officials had come to the conclusion that Kati was challenging to manage. It is doubtful that this was true, though, as the researchers who actually managed her, like David Langer and Elliot Barnathan, have had nothing but glowing things to say.

She was passed over for promotion and then demoted in 1995. In 1999, when a new department head named Sean Grady came in to manage things, he put considerable pressure on Kati to bring in more grant money and release more impressive publications. Dr. Grady paid exclusive attention to the funding she had and the prestige of the journals where her papers were landing while ignoring what she was actually doing. “It was a calculation. How much money you brought in was just how much space you got,” recalls Kati. In 2010, five years after working out that pseudouridine was critical for keeping immune cells from attacking mRNA, Kati asked the university to reinstate her to faculty status from her demoted position. The administration turned down the request. When she followed up with the faculty office for the reason, they told her that she was “not of faculty quality.” Dr. Grady then made his final move and threw Kati out of her lab. A lab tech was sent to her office under order to remove everything. When she arrived, she found a pile of trash bags filled with her things in the hallway. That was the last straw. Kati gave up on the University of Pennsylvania and took up work in the private sector with a little-known company called BioNTech.*

The German biotech firm had read her papers and had got to wondering if her techniques could be used to develop vaccines. Kati and Drew were working on using mRNA to trigger the body to produce iconic influenza proteins that would help the immune system to better spot the virus if it invaded. They were also looking at using the technique to create vaccines for Zika virus. Then Covid-19 appeared.

Researchers have known since the days of SARS that coronaviruses have unusual structures on their surfaces. Known as spike proteins, these long assemblages stick out from the virus like towers or spikes. When viewed under electron microscopes, because they are so thin they make a virus that has them look like it has a glowing aura around it. This aura is reminiscent of the glowing corona found around the sun and is the reason for the viral family name. Aside from being an iconic characteristic of coronaviruses, spike proteins are essential tools that these pathogens use to make their attacks. More specifically, the proteins in the spike interact with those on the surfaces of healthy cells in a way that allows the virus to enter the cell and release its genetic payload. The genetic material that it releases sabotages cellular machinery and transforms the cell into a microscopic factory for producing coronaviruses. When a veritable swarm of these viruses has been produced, the cell explodes and the newly created pathogens begin their search for other healthy cells to attack.

Like many others, Kati and Drew recognized early during the pandemic that the spike protein on the SARS-CoV-2 virus that caused Covid-19 was the pathogen’s Achilles’ heel. Yes, it was a potent tool employed by the virus to gain entry into cells, but it was also conspicuous. It was for this reason that the duo reckoned that immune cells within the body would be able to easily spot the spike protein, and prevent widespread infection, if the cells could be told what to look for before SARS-CoV-2 initiated a life-threatening infection. This was where their mRNA techniques came in. They theorized that they could get the attention of the immune system if they engineered mRNA that would drive the body to produce SARS-CoV-2 spike proteins and nothing more. Working with the vast treasure trove of genetic information provided by the Chinese virologist Zhang Yong-Zhen,* they found the genetic information that the virus used to produce its spike protein. They worked with this information to craft mRNA that would lead the human body to produce the troublesome protein in a manner that helped the immune system to study it, recognize it as a threat, and be ready to attack it when the actual virus carrying the protein eventually came along.

The work that Kati and Drew conducted with mRNA that rendered it usable without triggering an inflammatory response helped BioNTech, Pfizer, and Moderna develop the Covid-19 mRNA vaccine that ended the pandemic and earned them both the Nobel Prize in Medicine. It is not an understatement to say that we are all very lucky Kati proved so resilient. But think about how differently things could have played out if, after years of mistreatment at the University of Pennsylvania, she had said, “That’s it, I’m done!” and turned to a career in floristry. Where would we be? It is easy for skeptics to say, “Oh, someone else would have come up with the idea and saved the world,” but I’m not so sure. Without Kati to point out the promise of mRNA to Drew, and without the two of them working together to discover the vital importance of pseudouridine, the vaccines that brought the world back from the brink would not have been created.* More importantly, mRNA work was viewed in a dim light before the pandemic years. Funding was effectively non-existent and, as the University of Pennsylvania showed with its behavior, there was a big enthusiasm gap between those who were in power and those who were doing the actual work in the lab.

While Kati found BioNTech, went on to the save the world, and has now achieved the recognition that she deserves, I find it decidedly disturbing how frequently she was presented with challenges that would have led so many others to just quit. This raises the important question of what it was that led Kati to face so much resistance during her journey.

Arguments can be made that being an immigrant and a woman were partly responsible. She acknowledged this herself during our interview. An argument can also be made that resistance arose because her chosen area of study was poorly understood and unpopular with those who held power. I think these factors were important, but not nearly as important as her personality. Kati is kind, gentle, and has believed throughout her entire life that working hard is the single most important thing that she can do to push her career forward. Unfortunately, history suggests that this is not true.



Like Kati, Louis Pasteur was a workhorse.3 He started with crystals and then went on to study the fermentation of beer. This led him to realize that arguments for life spontaneously arising out of thin air had to be false, which drew him into some pretty fierce battles with researchers who believed in the notion of spontaneous generation. After decisively winning those fights, Pasteur turned his attention toward disease prevention and invented the first vaccines against anthrax and rabies. He was brilliant, tireless, methodical, and tenacious. He was also an asshole.

Pasteur’s surgical removal of all mention of his (once) valued mentor Auguste Laurent from his publications to ensure his own political success under the conservative government early in his career provided just a mere glimpse of his darker side. Pasteur was highly competitive and ambitious. His letters to his wife when he visited with the French elite made it clear that he craved fame, power, and wealth.4 If anyone dared to say something critical of his work, his responses were abusive and cruel.5 If others were due credit for their findings, he rarely gave it to them.6 Most importantly, he fought dirty.

It was relatively late in his career in 1879. Pasteur had already achieved remarkable success by revealing that the air people breathe carries microscopic life and that these tiny organisms could be killed with intense heat to keep nutrient-rich liquids, like milk, from spoiling. This is, of course, where we get the pasteurization techniques that keep people from falling ill when drinking milk today. He had moved on to studying diseases and was looking for a way to prevent cholera in chickens as it was devastating the French poultry industry. The bacterium that causes chicken cholera was leading the birds to experience debilitating diarrhea that almost always proved fatal. Pasteur suspected that it might be possible to provide the birds with protection if he could weaken the microbe in his lab first and then inject them with it.*

This idea was not an entirely novel one given that smallpox inoculation, which had already been conducted for centuries, depended upon weakening small samples of the virus in sunlight or herbal solutions before blowing them up peoples’ noses. There was also the work of Edward Jenner to consider. He had discovered that injecting people with pus from the blisters generated by the mild cowpox virus rendered them immune to smallpox. This took the ideas that Lady Mary Wortley Montagu brought to Britain from Turkey and pushed them that one critical step further, making risk-free vaccination, rather than the low-risk task of inoculation, a reality. Even so, the notion of using lab techniques to actively weaken a virus (instead of using a weaker virus like cowpox) before injecting it into a patient such that immunity was granted without triggering a full-blown infection was new.7

The tale of how Pasteur figured out how to defeat chicken cholera is a lovely one. Samples of the bacteria, which had been provided by farmers, were being tinkered with in various solutions by lab assistants while Pasteur was off on holiday.8 Some of these samples were carelessly left unsealed on a shelf overnight and then injected into the chickens before the animals were later exposed to potent samples of the disease taken straight from very ill birds. The overnight exposure to ambient air weakened the bacteria that only thrive in low oxygen environments like the gut,† and made it possible for the immune systems of the chickens that they were injected into to mount an effective response and then develop immunity to the disease. In short, a chance mistake led to the discovery of the vaccine.9

The whole story has been repeated many times online and in most books on Pasteur. Too bad it isn’t true.10 Analysis of Pasteur’s notebooks in recent years shows that rather than being the result of serendipity, the chicken cholera vaccine came about after a lot of testing and hard work. So why the myth? Because Pasteur saw the power of narrative and understood the importance of enchanting the powerful people who funded him.*11 As Pasteur was realizing that exposing the chicken cholera bacterium to the open air weakened it such that it could then be used to vaccinate the birds, he was simultaneously preparing to conclude years of work on a vaccine against a much more important disease.

Anthrax is rare today. Only a couple thousand people catch it each year and few die. This is because, like cholera, it is caused by a bacterium, and bacterial infections are usually easy to treat with antibiotics.† This was not the case back in the days of Louis Pasteur. With no antibiotics available for use, anthrax commonly swept through huge populations. It often killed more than half of those who became infected. Worse, while chicken cholera is distinct from human cholera, the anthrax bacterium that kills animals is the same bacterium that kills people. Thus, an anthrax outbreak burning through a flock of sheep can quickly become an anthrax outbreak burning through a town. During the 1870s in France, farmers raising sheep were losing up to thirty million francs a year as the disease swept through their flocks.12 Pasteur knew full well that defeating anthrax would make him a national hero, and he saw the development of the chicken cholera vaccine as a vital stepping stone. By July of 1880, Pasteur had already revealed that he had developed a chicken cholera vaccine, and he was tantalizingly close to having an anthrax vaccine available too. It is for this reason that he was blindsided when a report arrived in August of 1880 that a rival had produced an effective anthrax vaccine ahead of him.

The rival was not some high-flying prestigious researcher based in Paris. No, it was Jean-Joseph Henri Toussaint, a humble veterinarian in Toulouse.13 Pasteur was outraged. After years of work, he was going to be beaten in his quest to be the first to defeat anthrax. Moreover, he was not going to be beaten by a powerful rival but by a country bumpkin with no academic standing. What must have particularly irked Pasteur was that he knew Toussaint and had dismissed him as irrelevant years earlier.14 The vet had been one of the first people to share samples of the chicken cholera bacterium with him in 1878, but Pasteur wrote in his notebooks at the time that he considered Toussaint’s work and methods inferior.15 Now his unwillingness to collaborate with a veterinarian, whom he viewed as lesser than himself, was coming back to bite him. This was not an ending that he was willing to accept.

While Pasteur revealed that he had an effective chicken cholera vaccine in February of 1880, he remained silent on how he created it.16 His notebooks reveal that this was intentional. He recognized that simply leaving cultures of chicken cholera exposed to ambient air was easy for just about anyone to do, and, since he theorized that the method would be applicable to anthrax, he wanted to be sure to have that vaccine complete before sharing his methods.17 Toussaint was forcing Pasteur’s hand and he didn’t like it. In response, he drew up a strategy that would undermine his rival.

In October of 1880, Pasteur revealed that oxygen was the key to weakening the chicken cholera bacterium and that weakening, but not killing, the bacterium was essential for vaccine creation as its biological activity within the body was important for immunity to develop. This directly contrasted with Toussaint’s preparation of the anthrax vaccine, which involved killing the pathogenic bacteria with exposure to high temperatures (55 degrees Celsius) for ten minutes.18 It also took advantage of a weakness in Toussaint’s vaccine in that it did not always work.19 Some of Toussaint’s vaccinated animals died when they were exposed to a dose of anthrax bacteria. Toussaint himself was acutely aware of this problem, and by November 1880 he was creating his vaccine by first heating bacterial samples and then exposing them to an antiseptic substance known as carbolic acid.*20 Pasteur learned of this and latched on to it as a vulnerability. He argued vociferously that oxygen likely had a weakening effect on all microbes. This was, in his opinion, why so many disease epidemics started out strong and weakened over time as they spread through populations and received ever more oxygen exposure.21 This was total nonsense, but it sounded reasonable and, if it helped to discredit Toussaint, all the better. Then, in March of 1881, Pasteur announced that he had an anthrax vaccine.

While his announcement was made with his typical supreme confidence, his lab notebooks show that he was in trouble. Oxygen exposure on its own was not weakening the anthrax strains very much. When oxygen exposure was combined with warm temperatures of around 43 degrees Celsius the effects were better but still far from ideal. On April 13, 1881, Pasteur’s notes show that in a mini trial where two sheep were vaccinated with his oxygen methods before being exposed to virulent strains of the bacterium, one died.22 The 50 percent fatality rate from this first experiment indicated that his results were even less reliable than those of Toussaint. It was then that the pressure really mounted.

A veterinary surgeon named Hippolyte Rossignol based in Pouilly-le-Fort, a small town to the southeast of Paris, doubted Pasteur’s claims. Rossignol disliked Pasteur’s theories on germs being responsible for disease and smelled blood in the water when Pasteur’s March revelation was not paired with a demonstration of any sort. Keen to embarrass him, Rossignol challenged Pasteur to publicly show that his vaccine worked.23 It was an impossible position. Pasteur either had to admit that he had exaggerated the readiness of his vaccine or find a solution fast. He selected option two.

Pasteur agreed to the challenge, immediately put his oxygen-weakening trials on hold, and started testing vaccines that he created using anthrax bacteria that had been killed with antiseptics in his lab.24 Never mind that this was precisely what Toussaint had started doing months earlier. Never mind that Pasteur had already publicly ridiculed the notion of creating a vaccine with dead bacteria. He needed a vaccine technique that would work in less than a month.

May 5 arrived and Pasteur agreed to vaccinate the sheep that Rossignol supplied. He remained utterly silent that the vaccine he was using was effectively Toussaint’s. Sure, his vaccine had been created by killing off anthrax with the chemical compound potassium-bichromate while Toussaint was working with carbolic acid, but the mechanisms were the same. So too were the effects that the vaccines had on sheep.25 Pasteur continued with this deception on May 17, when the relevant sheep were given their booster vaccine. On May 31, when all of the sheep were injected with virulent anthrax, his stomach had to have been in knots. While Pasteur had declared that all of the vaccinated sheep would survive, some were developing dangerously high fevers after exposure to the full-strength pathogen.26 At one point Pasteur even considered sending one of his lab assistants to Pouilly-le-Fort on the day of reckoning (June 2) to avoid having to face humiliation.27

They say that fortune favors the bold and this was certainly true for Pasteur. In the face of tremendous pressure, he gambled and won. While control sheep that had not been given the vaccine died, all of the vaccinated sheep, even those that had developed high fevers, survived. He presented extensively on the results of this very public test and consistently left out any mention of the fact that potassium-bichromate had been used to kill off the anthrax used in the vaccine. Indeed, by frequently alluding to his chicken cholera vaccine during his speeches and by heavily citing the reports that he wrote up on the creation of that vaccine, he led everyone to believe that the anthrax vaccine had been prepared with oxygen exposure.28 That was, of course, intentional. Pasteur wanted to avoid anyone finding out that the vaccine he was using was created using a technique pioneered by someone else.

All of this led the noble work conducted by Toussaint to be forgotten.29 That suited Pasteur just fine, but he was not willing to leave things at that. To further undermine Toussaint, Pasteur referred to his rival’s work often, but only Toussaint’s initial work, where anthrax samples were heated for a short while and where the protection provided by the vaccine was not consistently effective.30 This was cruel since, by March of 1881, Toussaint was demonstrating that the combination of heating anthrax samples and then treating them with carbolic acid generated a vaccine that was every bit as effective as the one created by Pasteur. Even so, by using his considerable prestige to draw attention to his own work while reminding everyone of the earlier flaws associated with his rival’s methods, Pasteur was able to divert all funding away from the Toulouse veterinarian. He destroyed him. Toussaint got no further recognition, never received a patent for his hard work, published little else, and was forgotten.31



I was having dinner with a retired radiologist in California the other night named Chris Rose. He’s a longtime friend of the family and a world leader when it comes to using radiation to treat prostate cancer.* He asked me how the writing was going and, having just penned this section on Pasteur, I told him about it. He commented, “Pasteur knew how to play the game.” I found that interesting because one of my key sources on Pasteur, The Private Science of Louis Pasteur written by Gerald Geison, often defends the chemist’s behaviors. Make no mistake, the book is excellent at providing translations of what Pasteur wrote in his lab notebooks. Indeed, it dispels many of the myths about him. What I find unsettling is Geison’s view of what makes a good scientist.

After revealing all of the details from lab notebooks indicating that Pasteur intentionally misled everyone so he could eliminate his rival, Geison writes, “And if Toussaint was strategically inept in advancing his claims, if he was less skillful than Pasteur at persuading others of the value and importance of his work, that is hardly Pasteur’s fault.”32 Geison then goes on to write, “Pasteur’s sensitivity to the concerns of his audience, his ability to win them over to his side, even his skillful exploitation of the external advantages he enjoyed, show that he was in fact a better scientist than Toussaint.”†33

This resonates with the comment that Chris made—“Pasteur knew how to play the game”—but I think we embrace that statement at our peril. I do not deny that scientists who are able to politically ruin their rivals and draw attention to themselves through deceit gain a significant advantage over scientists who do not engage in such subterfuge. What I take umbrage with is that Geison and others have the view that behaving in this way makes a person a better scientist. I think that is categorically untrue for two reasons.

First, there are people like Kati, Mary, and Carl. They all worked hard and had important ideas to share, but either lacked the ability to play the game or simply chose not to. Being unwilling to shaft your rivals so severely that they drop out of the field makes science better, not worse. Why? Because it allows contrasting arguments and views to exist side by side for longer. That is a good thing. Science is at its best when there is disagreement and debate, because these processes drive everyone involved to think carefully about which arguments are right and which are wrong. More time is spent testing theories and exploring options. That is healthy. It squelches debate when one scientist uses deception to sabotage their rival to the point where that rival is silenced and increases the risk that a flawed argument is accepted by the scientific community as accurate. Flawed arguments that are accepted and allowed to endure are extremely damaging. They lead everyone to waste time running experiments that assume a notion to be accurate when it is not. In short, they send research into a dead end. Given the many crises that we face on this planet that science is needed to solve, we simply cannot allow that to happen.

Second, by arguing that better scientists are those who are willing to screw the competition through deception, we pave the way for serious unethical behavior to become more common. If it was the action of the better scientist for Pasteur to lie through omission about the methods that he used to remove his rival from the field, where does that leave us with more overt forms of fraud? It is a slippery slope. Geison writes, “Keep in mind the highly competitive context of mid-nineteenth-century French academic life.”34 Really? Does the presence of a highly competitive environment make unethical behavior in some way more excusable?



I got good enough with statistical analysis in university to check numbers in papers from the very beginning of my science journalism career back in 2001, but being somewhat capable with statistics does not mean that I was using my skills in this area.* While I would never say that science journalism is challenging in the way that a career in, say, neuroscience, particle physics, or oncology is, getting what I call “takeoff velocity” in the field puts young journalists under enormous pressure.

No newspaper is going to just hire you straight out of university. You have to demonstrate competence first and you do that while freelancing. Before The Economist took me on as a science correspondent, I wrote science news articles for New Scientist, Nature, Science, National Geographic, BBC, The New York Times, and others as I spread my proverbial wings. Did they pay me? Yes. Did they pay me enough to even remotely cover my rent? No. Most newspapers have payment tiers. The more experienced you are, the better you get paid. Newbie journalists get paid terribly. This means that they have to write more to earn enough to survive. It also means that they usually have to get some sort of other job to keep themselves afloat when starting out.

Early on, I relied on a junior press officer role at the European Organization for Nuclear Research (CERN, Conseil Européen pour la Recherche Nucléaire) in Geneva, and a science communication post at the Natural History Museum in London, to help keep food on the table. While this was necessary, it was not great for maintaining significant mental bandwidth. I couldn’t just ignore the nuclear research center and the museum. Aside from having to be on-site for most of the day, I had to solve problems at these places.* To carve out time for journalism, I’d wake up at 5:30 AM every day and write until 8:30 AM, and then return to my writing desk from 6 PM until I couldn’t keep my head up any longer. Just getting articles written and pitches prepared for editors was an enormous chore. I didn’t have time to sit back with my cup of coffee and peruse the results section of papers for statistical funny business.

To make matters worse, when you are starting out you are not in a position to ever turn down an editor. You need the money. It is like manna from heaven whenever an editor calls you up and says, “Hey, I’ve just read this paper, I think it is interesting and know it is your area of expertise. Do you have the time to write it up?” The answer to that question was always “Yes!” Under most circumstances, editors were calling me because a staff member couldn’t do the job and there was an urgent need to fill a space in the newspaper or magazine. I had to deliver. If I didn’t, there was a good chance that I might never get such a call again. This presented a serious problem when the editor would send a paper to me to report on that had flaws in it.

During my first year, in 2001, I am ashamed to say that I never pushed back when the content that I was being asked to report on seemed off. I wasn’t checking numbers because I didn’t have the time and I needed the money. However, after having studied vertebrate paleontology at the University of California, Berkeley, one of the best places in the world to study the subject, I was able to quickly sense when a paleontology paper had problems. People love dinosaurs and newspapers love writing about them, so I got sent a lot of dinosaur papers to write up.*

I vividly remember reading a paper passed to me by an editor early on that revealed the discovery of a small dinosaur with feathers on both its forelimbs and hindlimbs. The paper made the argument that this “four-winged” dinosaur was using all of these feathers to help it to glide between trees or potentially fly. It seemed like a cool finding, but as I studied the details of the research, I got worried. The researchers were not showing any evidence that the feathers on the hindlimbs were actually being used as wings, or even as airfoils to help the creature slow its descent. My mercenary instinct told me to write the piece up anyway. Yet, countering that mercenary instinct was a sense that the conclusions in the paper were, at best, unsupported, and potentially just wrong. I had studied under Kevin Padian, who aside from standing up for Mary when she was in trouble, is a world expert on the evolution of ancient flight. Everything that I had learned from him led me to see the problems with the paper. Moreover, I was sure he would see the holes in the arguments and I didn’t want to get an email from him saying, “Matt, what were you thinking?” when a news article entitled “Four-Winged Flight” published with my byline. So, I mustered the courage to tell editorial that we ought to not cover the piece and bid adieu to two hundred pounds that I rather needed at the time.*

The four-winged flight paper was not fraud. It just had questionable arguments in it, but I recount the experience to illustrate that science journalists, particularly junior science journalists, are not incentivized to reject papers for coverage because they do not smell right. To this day, I still triple check myself before I call my editor and say, “I think we need to spike coverage of this because the results do not add up.” I do not do this because I’m worried about losing payment. I have reached a point in my career where I get paid regardless of whether a piece that I am working on publishes. I do it because I know that spiking an article puts editorial in the uncomfortable position of having to fill the space with something else at the last minute. Unpleasant as this is, after putting more than half a million words into The Economist over the course of nearly two decades, the number of articles per year that I have spiked because my own analysis has led me to believe that something isn’t right has more than doubled. Of course, I’m not the only one detecting this increase. Indeed, my numbers are minor compared to those being detected by the journals publishing the papers themselves. One article on this subject, written in the journal Nature by my longtime colleague and sometimes editor Richard van Noorden, noted that while there were a little over a thousand articles retracted for being identified as fraud in 2013, this number swelled to over ten thousand in 2023.35

Part of the increase is no doubt because the science journalism community is becoming more sensitive to fraud. We know it is there and look for it more aggressively than we once did. Speaking personally, I’m also much more confident, better with my statistics, and long past the days when I was financially penalized for doing the right thing by flagging problems.* There is also the fact that I am writing for The Economist. Weekly newspapers give authors the luxury of time to get their writing done properly. You have the breathing space to double-check content, debate points with colleagues, and ponder larger issues. These luxuries are often unavailable to journalists at daily newspapers, who are under intense pressure to publish content quickly.

The situation is similar for young scientists. While their time scales for publication are very different (they can spend months or even years writing up a finding), they are just as vulnerable as young science journalists. They don’t exactly get paid per article, but they absolutely must publish papers to launch their careers. This is also where some of the dramatic increase in papers that don’t smell right is coming from.

Faced with unbelievable pressure to publish or perish, scientists who get mediocre results after running an experiment have an incentive to fudge their numbers to make them look more impressive, so that prestigious journals will agree to print them. This pressure goes up when the resources that went into the experiment were considerable. It is not so terrible to get mediocre results when a month and a few thousand dollars were used, but it is dire when the time span was years and the budget was huge. The pressure also goes way up when the scientist is early in their career because they have no track record. You need impressive publications to progress through academia and, if you don’t get them early, this can kill your career. This threat has fueled what is effectively a black market in the publications industry.

Thousands of papers with made-up results that look good (but are total crap) are being pumped out by illicit publishers in darker corners of the world every year. Known as paper mills, the people behind these facilities seek out researchers in desperate situations and offer to put their name on the fraudulent paper in return for payment. It is a devil’s bargain, but one that many vulnerable researchers agree to because, as the journal Science reports, “at least tens of millions of dollars flow to the paper mill industry every year.”36 The problem is getting worse too because the illicit groups behind paper mills are now known to be bribing editors at journals. The paper mills are rewarding these gatekeepers with lucrative payments in return for them allowing fraudulent papers to publish.37 The end result is that we now have thousands of papers, if not tens of thousands, in the academic literature that are bogus. This poisons the entire system and is a direct threat to all of us. We need scientists to solve many of our most pressing problems. They cannot do that if the literature that they depend upon to ask their questions and build their experiments is laced with lies.38

Aside from there being a considerable incentive for young scientists to engage in fraud, they are also in a terrible position to call it out when they spot it. As the situation that played out for Alison shows all too well, it can take only a single critique of work conducted by more established scientists in the field to quickly lead a young scientist to be deluged with a tsunami of career-destroying dissent. Alison was not even accusing anyone of fraud and she still suffered withering attacks. The sorts of attacks that are dealt to young scientists when they imply or accuse their better-established colleagues of engaging in corrupt behavior are even worse.

The power difference between a PhD student and an established researcher is huge. If that researcher happens to be the PhD student’s supervisor, then their power in relation to the student becomes nearly godlike. This is unfortunate because PhD students are privy to the inner workings of their supervisor’s lab and are frequently co-authors on papers with them. Sure, outsiders can study the information in a published paper, and potentially spot indicators of fraud too, but this is hard since those who commit fraud are often good at covering their tracks. Insiders are those who are best situated to say, “Hey, isn’t it unethical for us to leave this key piece of information out of our results?” or “Why the heck aren’t we mentioning this technique that we used in our methods section?”* Yet, while insiders are well positioned to spot problems, it is rare for them to speak up. This is partly because of the ridiculous power difference. Merely suggesting that a supervisor is behaving unethically has the potential to set a graduate student up for years of misery under a manager who now hates them and could even lead to the ending of their PhD.

This is not mere speculation. Students who reveal fraud are routinely attacked and discredited by those in their field who are more established, especially their supervisors.39,40 Departments, of course, have rules against treating graduate students like this, but they rarely help since universities are almost always going to side with a grant-winning academic who is a publishing powerhouse over a mere student. Even so, it would be wrong to suggest that the power imbalance that exists between student and research supervisor is the only one interfering with our ability to tackle unethical behavior in academia.

I was having a beer with an oncologist named Will a few weeks ago whose kids also happen to be friends with my daughter. The June weather was behaving itself, a rare thing on this soggy little island, so the ale on the table had actually been in the fridge for a few hours.* Now, Will is a world expert in his area of oncology and one of the key people running clinical trials with drugs to defeat this wretched disease. The research is fascinating and increasingly focusing on ways to teach the immune system to recognize cancer cells for the malevolent agents that they are. I write about this stuff all the time, and Will and I then chat about it when we run into each other.

I knew from our regular banter that Will was frustrated with the state of affairs in medical science. This was the reason we were sitting at a table with cold beer and me writing in shorthand. So, I got right to the point and asked what it was that was annoying him. “Authorship, Matt, it’s a rat’s nest.” What followed was a discussion of the role that authorship on academic papers has in determining the success of a scientist’s career. None of this was new to me. Papers today often have dozens of names on them. Having your name first or last in the list grants prestige and is tightly linked to promotion.

Will had recently finished supervising an early phase trial of a drug that was being used for the first time in Britain. That is a huge responsibility. While drugs like the one he was working with are tested extensively on animals first, usually mice, people are not rodents. There is a lot that can go wrong. The workload for someone like Will doing that research is enormous. There are two rewards for all of that effort and responsibility. First, there is the chance that the drug will be a success and help patients to better fend off cancer. Second, there is the academic prestige. Supervising researchers doing the stuff that Will did on that trial should always be the ones with their names at the top of the list of authors and the ones speaking at conferences about the work. While Will’s name appeared at the top of the list of authors, at a follow-up conference where the paper was presented, Will found out that a more junior researcher with much less clinical trial experience than him had been assigned to speak in his place.

The reasoning for the change went unstated, but Will knows the game. He is cautious by nature and early phase trials present a lot of risk to patients. Moreover, there is considerable competition in the pharmaceutical industry. “There is a lot of money in developing new drugs. You often have three or even four companies working as fast as they can to get a drug to market. The pressure to get data rapidly is intense and I was raising safety issues,” he explains. The first author on a paper published at a conference is the one who will invariably stand up and talk about the work in front of everyone else, including companies that may well be interested in buying the drug. This raises the question of whether the drug company wanted to avoid having safety concerns raised because, more than anything, smaller companies developing novel drugs want larger companies to hear enthusiasm at conferences so they will be inclined to offer a heftier price. “I think I would have been invited to speak if I had kept my mouth shut.” When asked if he would do things differently if the same situation emerged again to increase his own prestige, Will responded with an emphatic “No!”

This was only a drug company possibly attempting to prevent safety concerns from being raised. It was not the company using its power to cover up potential fraud or idea theft. Even so, it is another power imbalance that is arising from a highly competitive environment that is having a corrosive effect on the way science operates. The parallels with Toussaint are palpable. In the race to be first to defeat anthrax, Pasteur erased the humble veterinarian. In the race to be first to market with drugs, it would seem that pharmaceutical companies are willing to silence and sideline the experts who know best.

Kati was exposed to terrible power imbalances too. When Suhadolnik shouted her down and erased her name from publications to force her to remain in his lab, he was not her PhD supervisor. She was already a PhD in her own right. But, as she recalls, “Matt, you have to understand that I was an alien and I was a woman.”

Will, Toussaint, Kati, Alison, and so many others were victims of power imbalances. Semmelweis too. Indeed, Johann Klein spectacularly abused his position of power when he dismissed Semmelweis simply because he disliked him. Without any ability to challenge Klein or further access medical records at the hospital, Semmelweis was forced to find ways to fill his time while he waited for another assistant medical position to open up. He turned his attention toward learning English with the intention of finding an obstetrics assistantship post in England or Ireland, where large outbreaks of puerperal fever in hospitals were surprisingly rare during the 1840s.41 His hope was that, if he could make it to one of these hospitals, he could work out what the British were doing that the Austrians were not.

His plan was scuppered though when Klein suddenly lost his newly appointed assistant to the University of Tubingen.42 Klein needed a doctor who could deliver babies, and as much as he hated Semmelweis, the Hungarian had a talent for doing precisely that. Thus, instead of visiting the British Isles, Semmelweis went on a short break to Venice before returning to the Vienna General Hospital to take up his old position. It is a pity that this is the way history played out, because a kindred spirit was waiting for him in London.






Chapter 6


As Ignaz Semmelweis was returning to his obstetrics duties in Vienna, a young man named Joseph Lister was studying surgery at University College London. This was not the path that his family had envisioned for him. The Listers were Quakers and Quakers followed a strict code of conduct. They were not supposed to engage in frivolities, like hunting, or games, like football and fencing. They weren’t even supposed to go to see performances like plays and operas. Instead, they were meant to spend their time honoring God by studying his creation and looking after their fellow man. Studying the natural world was considered an acceptable activity, and given that it is actually quite a lot of fun studying animals, plants, and fossils, it is unsurprising that many Quakers became scientists.

Lister’s father, Joseph Jackson Lister, was no exception. He followed this path and became a master with the microscope, a relatively new invention at the time. While microscopes were found in the homes of many people with significant wealth, they were typically presented as luxuries to show off to visitors rather than as instruments of science. Lister’s father actually used the one that he owned. He shared his passion for the instrument with his son, possibly with the hope that Lister would follow in his footsteps and become a scientist too. While Lister did fall in love with the microscope and became an expert with it, he did not become a scientist.1 While pursuing a career as a surgeon might sound reasonably scientific to the modern ear, it definitely was not back then.

Just as was the case in Paris, English surgeons belonged to a low social class. They were effectively manual laborers who were paid poorly and who carried little status.2 Even so, they were very busy. A chemical known as diethyl ether started being used by surgeons in 1842.3 By soaking towels in the stuff and then holding these towels to the faces of patients until they passed out, surgeons could cut through flesh much more easily.*4 Oliver Wendell Homes himself would later name the treatment anesthesia, using the Greek word “αναισθητικό,” meaning “a lack of feeling.”5 The invention made the prospect of surgery slightly more palatable. It was also a game changer for surgeons who, before general anesthetic came along, were under tremendous pressure from desperately suffering patients to make their cuts as quickly as they possibly could. Even so, the invention of anesthetic was something of a Pandora’s box.

While surgeons could operate more methodically and carefully on unconscious patients, the increasing frequency with which surgeries were being conducted was leading postoperative infection to become a serious issue.6 In truth, it had always been a problem. Surgeries were not tidy places. Most surgeons wore aprons thoroughly encrusted with dried blood as evidence of their extensive experience.7 The notion of cleaning a blade between patients simply did not exist. Nobody understood hygiene. Germs proliferated. The state of the landscape around Lister’s university only made matters worse. London’s graveyards were overflowing with corpses. The air was thick with the stench of rot. During the summer, clouds of insects hovered over vast heaps of decaying flesh. Human waste was dumped on the street. The Thames was an open sewer. Medical facilities were the worst. There were few cleaning regimens. It was typical for gore to accumulate in the halls.8 Beds would become infested with maggots and caked with layers of mold. This led to doctors and nurses referring to the odor of these facilities as “good old hospital stink.”9 Since the landscape was rife with bacteria that could easily invade open wounds, postoperative infections became exceptionally common. However, the ways in which surgery patients died varied with location.

An obstetrician named James Simpson, one of Lister’s contemporaries who gained fame in the British medical community in 1847 for discovering that chloroform gas could also be used as an anesthetic, was intrigued by postoperative infection. Simpson hailed from Scotland and had developed similar note-taking techniques at the University of Edinburgh to those that Alexander Gordon had used in his research on puerperal fever over five decades earlier. Simpson used his formidable skills to compare the fates of patients who had two limbs amputated at what he called “private country and provincial practices” to the fates of those who had two limbs amputated at “large and metropolitan hospitals.” The numbers were striking. At country locations, seven out of twenty-three patients died. At city locations, ten out of eleven patients in his survey died.10 We typically want more data points than this in science, since greater numbers yield greater statistical power and help ensure that the picture being painted is real rather than one created by chance. Even so, the difference between a 69 percent chance of postoperative survival and a 9 percent chance was so stark that Simpson knew he had results worth reporting. More importantly, the causes of death in these two groups were quite different. Shock from too much blood loss was the main killer in rural locations while infection was always the cause of death in urban areas.11

The threats presented by corpses themselves were also becoming apparent. Indeed, a terrible tragedy struck one of Lister’s professors in April of 1847. John Phillips Potter had only been working as a surgeon and instructor at the hospital where Lister was training for a week when he got the opportunity of a lifetime.12

Harvey Leach was known as the shortest man in the world.13 He routinely demonstrated incredible agility and had been a circus performer for an American businessman named Phineas Taylor Barnum until he injured his hip and died of infection.*14 Leach had been close friends with Potter and, rather than having his body buried, he wanted to be dissected by the surgeon when he passed. Potter obliged, and with an audience watching him that included young Joseph Lister,15 he cut Leach’s corpse up. During that procedure, he accidentally cut the knuckle of his forefinger with his blade.16 Little did Potter know at the time the trouble he was in. The following day the tiny wound became painful and inflamed. The swelling and redness steadily climbed up his arm and caused him to suffer chills and to feel generally unwell. He was visited by many doctors. They drained pus from the vile abscesses that spread across his body, but this didn’t help.17 Ultimately, the infection overwhelmed him. He died just three weeks after the dissection.

Watching Potter die was a pivotal moment for Lister. There was no way for him to know that the tiny cut endured by his instructor was the way the infectious bacteria thriving on the corpse made their way into Potter’s body. He can be forgiven for not working this out, since most doctors at the time believed that toxic materials in the air were responsible for infection.* The big difference between Lister and everyone else was that Lister was armed with a microscope … and he knew how to use it.



Just as Lister was mourning the passing of a giant, so too was Semmelweis. He had been back at the Vienna General Hospital for just a day when he learned that Jakob Kolletschka had died.18 Kolletschka had been the leading professor of forensics. His position, understandably, involved conducting a large number of autopsies in the morgue each week. He was talented and always asked students to assist him during these procedures. This was partially for educational purposes but also for legal reasons, so he would always have at least one witness present to report what the autopsy revealed.19 During one such dissection early in March of 1847, a student accidentally punctured one of Kolletschka’s index fingers with a dissecting knife.20 The wound became infected. Then the angry red streaking that Semmelweis had seen time and time again extending outward from the uterus in patients who died of puerperal fever appeared in Kolletschka. However, the streaking erupted outwards from the professor’s infected finger.21 Like a river of fire, it flowed upstream through his veins toward his heart. Similar to the women who were dying of puerperal fever, Kolletschka developed swollen black and blue splotches on his body and abscesses everywhere.22 However, unlike puerperal fever patients from the maternity ward, who first developed these vile marks around their genitalia before they spread outward, these splotches first manifested in Kolletschka on his infected arm. The professor’s fever then soared higher, he became delirious, entered a coma, and died.23

That the death had a profound impact on Semmelweis is unquestionable. He wrote in his personal journal, “Day and night the vision of Kolletschka’s malady haunted me, and with ever increasing conviction I recognised the identity of the disease from which Kolletschka died with the malady which I had observed to carry off so many lying-in women.”24 There was a big difference though. While the acute cause of the malady that was killing maternity ward patients was a mystery, the cause of the malady that killed Kolletschka was plain to see. Death followed the coma, the coma came after the splotches appeared, the splotches appeared after the angry red streaking erupted from the inflamed finger, and the finger had become inflamed because it was punctured during the autopsy. Everyone acknowledged that the cut caused by the knife was responsible, but Semmelweis was able to take things one step further. He wrote at the time, “In the case of Kolletschka the cause of the disease was cadaveric material carried into the vascular system. I must therefore put this question to myself: Did the individuals whom I have seen die from an identical disease also have cadaveric matter carried into the vascular system?”25

All of the work that Semmelweis had done before being relieved of duty by Johann Klein came flooding back to him. Johann Boer, the chief of obstetrics who had come before Klein, was fired for refusing to teach his students with corpses. Boer’s patients had just a 1 percent infection rate with puerperal fever. Klein, who taught with corpses rather than the leather dummy favored by Boer, had an 11 percent of his patients catching the disease.26

Then there were the differences in infection rates between the two obstetrics wards. Women in division one were catching the disease all the time, while women in division two were much less likely to do so. This led Semmelweis to ponder whether there was a difference in contact with corpses that existed between division one and division two. He realized that there was. Doctors studied the corpses of their patients every morning before beginning their rounds in division one. Nurses and midwives never went to the morgue and, as a result, the “cadaveric matter” that killed Kolletschka was rarely making its way into division two.

The enigma presented by street birth mothers suddenly made sense too. Regardless of which division they landed in, impoverished women who gave birth in the gutters before being carried to the hospital for care only caught the disease 0.5 percent of the time. Why? Because even if they were being tended to by a doctor, their baby had already been delivered. These women never received the bimanual exam, whereby the doctor felt around inside them for the position of the baby’s head. This meant that their chances of a doctor introducing bacteria from corpses into the birth canal were effectively zero.

Semmelweis didn’t know about bacteria. Even Louis Pasteur, toiling away in his lab in Paris at the time, had not discovered their existence yet. However, Semmelweis was astute enough to determine that the problem was with his hands. While he washed with soap and water after he worked in the morgue every day, he knew his hands always carried a lingering “cadaverous smell” on them.27 That odor, he realized, had to indicate that they were carrying invisible material from the corpses he had been working with. The realization hit him very hard.

“My conscience tells me that I must reprove myself, as God only knows the number of those who have died as a result of my activity. Few of the obstetricians have had more dealings with cadavers than myself … However painful and distressing this fact is, there would be no sense in denying it.”28 Semmelweis was an instrument of death and he knew it. Rather than allow the discovery of the devastation that he had unknowingly brought to so many lives to send him into a second depression, Semmelweis achieved a remarkable feat. He found a solution.

Odor was obviously the problem. This meant that destroying the “cadaverous smell” was essential for preventing puerperal fever from appearing. Soap and water were clearly not up to the task because they were already in use and the disease was spreading like wildfire. Something stronger needed to be found. Semmelweis knew that European cities, like Paris and Brussels, were starting to use a chemical compound to neutralize the putrid smell emanating from their sewers.29 The compound was chloride of lime, which we know today as calcium hypochlorite or Ca(ClO)2.* It was being dumped into stinky sewers to make them stink less, and, given its effectiveness, Semmelweis wondered whether he could use the compound to remove the seemingly invisible corpse matter from his hands.30 He tested a chloride of lime solution out on himself after working in the morgue and could no longer detect the foul stench of the corpses he had handled.31 Eager to see if the chemical compound could make a difference with patients, he decided that an experiment was in order.

Early in May of 1847, Semmelweis arranged a meeting with Klein to discuss using chloride of lime in the obstetrics ward. He explained his theory about cadaveric particles, presented the evidence that he gleaned from studying Johann Boer’s history, discussed the history of the wards, and described how his theory resolved the street birth enigma. It was then that something extraordinary happened. Klein listened.32 The obstetrics chief who had shown no interest whatsoever in the work that Semmelweis had been conducting, and who had a number of reasons to not like the man personally, took in what he was told and then did the unthinkable. He signed off on the Hungarian’s plan to trial washing with chloride of lime in the wards.*33

Semmelweis put his plan into action after the meeting with Klein. He taught the hospital staff how to make the chlorine solution, so that a bowl of the stuff could be made up fresh every day, and established it as a requirement that anyone who might put their fingers inside a birth canal while in the maternity ward had to wash their hands with the solution before gaining entry. A scrub brush was even supplied to help clean under fingernails.34 Many of the staff viewed having to go through this cleaning regimen as a terrible waste of time. They complained vigorously as the program was rolled out, but this didn’t get them anywhere.35 Klein had signed off and his decision was final. Indeed, Klein himself actively participated in the chlorine washing every time he visited the wards.36

The effects were tremendous. During April of 1847, 18.3 percent of the women who arrived in the first division died from puerperal fever. In May, this number dropped to 12.2 percent. In June, that number plummeted to just 2.4 percent.37 In August, it dropped to zero.38 As the evidence mounted, it became clear that puerperal fever was a disease that appeared when the blood was poisoned by invisible particles unknowingly carried by a medical practitioner from a corpse to a patient.

You’d think that doctors working with Semmelweis in the Vienna wards would be jubilant at results like these that could be so easily seen, but this was not so with Klein. While the notes made by Semmelweis are, understandably, almost entirely focused on the spectacular results of his experiment during the summer of 1847, a visitor to the maternity wards saw Klein’s reactions firsthand and noted them down. That visitor was Adolf Kussmaul.

Kussmaul was a German doctor who, among other things, was the first to write about the strange behavior of the jugular vein when patients with constrictive pericarditis (a condition where the walls of the heart become thick and inflexible) were making inhalations.39 He was the first to report that some people had dyslexia, which he called “word blindness.”40 Of course, if you work in emergency medicine, the thing that you will know him best for are Kussmaul respirations—those rapid deep breaths that we commonly see in diabetes patients who have tons of sugar in their system but lack the insulin to get it into their cells.41 In short, Kussmaul is a medical legend. He is widely described as having studied medicine in Heidelberg, and while that is true, it is not the whole story. To expand his range of experiences, he was encouraged by his mentors to spend some time in Austria, and this led him to the Vienna General Hospital during the summer of 1847.42 A prolific writer, Kussmaul noted everything that he saw.

Semmelweis supervised Kussmaul in the maternity ward, and even the German doctor noted that Klein was … less than helpful. He noted, “Klein showed no interest whatsoever in the work of his assistant. The great leaders of the young Vienna school … [like Skoda] recognised the importance of Semmelweis’ endeavours and helped him whenever they could, Klein, on the other hand, was a stumbling block, not so much because he wanted to oppose him, but for sheer lack of understanding.”43

On the whole, Semmelweis scholars agree with Kussmaul’s notes, but I have my doubts. Sure, Klein wasn’t operating at the same academic level as Semmelweis, Skoda, Boer, and even the relatively young Kussmaul, but the results of the chlorine work did not need higher levels of reasoning to be seen. Fatalities from puerperal fever had been greater than 18 percent before the washing regimen was introduced and dropped to near zero afterward. The change was obvious. You’d have to be dumb as a rock to miss it. The explanation that Semmelweis used for why it worked was pretty easy to understand too. There was invisible “bad stuff” on corpses that doctors carried on their hands into women with the bimanual exam, and this caused puerperal fever. This “bad stuff” could be eliminated with the chlorine solution. This was not rocket science. The concepts were straightforward to digest. Personally, I think Klein was perfectly capable of understanding what Semmelweis was discovering. He chose not to engage.



Klein had a prestigious position, high standing in society, and a great salary. I don’t think he was consciously averse to change.* However, because of his position in society, he had very little reason to embrace it. Klein’s situation was hardly unique and definitely not limited to Austria during the 1800s.

While writing earlier about the work of Maria Gloria Dominguez-Bello, I noted that a lot of the resistance she faced came from gynecologists, obstetricians, and pediatricians who don’t understand her work because they are medical researchers rather than ecologists. This is true, but it is not the whole story. They are also comfortable and that is a problem.

In her memoir, Kati commented, “There were so many researchers who worked beautifully within the system … by nearly every measure, they were successful. But they were so incurious!”44 She then went on to point out that these incurious people had funding steadily flowing in and that they were happy enough to live off of the money that these grants yielded. She then concluded, “I suppose there was nothing wrong with that.”45 No Kati, there really is.

Funding for research used to be a rather elitist system. It started in Britain with The Royal Society of London for Improving Natural Knowledge, which is known as just The Royal Society today, handing over funds to people who had been voted in by their peers to become members because of great or interesting things that they were doing. While a little funding is still distributed in that way, the dominant system that we now have in place requires scientists to write grant proposals that are reviewed by their peers and then voted on by committees at places like the National Institutes of Health and the National Science Foundation. The chances of success are low and the funding, if it does come, is usually only for a few years.46 This is better than nothing and has kept research ticking along at a moderate pace for years. Yet, even this is no longer assured. The budgets of these federal agencies are in the midst of being slashed to the tune of over six billion dollars as I write these pages. That’s a lot. Researchers working in the fields of neurology, cardiology, endocrinology, and genomics who depend upon these agencies for resources are about to be competing with one another for a lot less cash. This is important because the pot of money that is used to dole out funding to the experts fighting diseases like diabetes, dementia, and heart disease is about to shrink by over 15 percent.47 I don’t know about you, but I care about preventing Alzheimer’s and not dying of a heart attack when my predilection for cheese and wine catches up with me.

This state of affairs puts researchers under pressure to constantly write new grant proposals. That is a lot of work, and it is even more work to come up with entirely new experiments to propose each time a grant is written. The end result is that a lot of researchers carve out a niche. They find a single thing to study that earns them grants and then examine it from every angle during their careers. The tactic works. Unfortunately, having committees decide the fate of research proposals helps this tactic to work particularly well.

With so many grant applications coming in, committees are frequently overwhelmed. They readily throw out bad experiment proposals, that is easy. What is difficult is discerning the difference between excellent proposals and outstanding ones. With the competition so fierce, committees end up approving funding for proposals that look like logical next steps forward from proposals that have yielded results in the past. Novel experiment proposals that have a real chance of going nowhere, even if written perfectly, are so unlikely to get financial support that researchers have a huge disincentive to write them. In essence, our funding system for science leads scientists to be less creative. It drives scientists to enter the incurious state that Kati noted. It encourages them to follow in the footsteps of Johann Klein, doing what needs to be done to keep the money flowing. Needless to say, this is bad for all of us in the long run.



By the time that Joseph Lister was engaged in his residency as a surgeon in London in 1852, the Semmelweis findings with chlorine washing were still sequestered away in Austria. Lister had no knowledge of Semmelweis, was unlikely to have read the 1843 paper by Oliver Wendell Holmes on the contagiousness of puerperal fever, and had no idea who Alexander Gordon was. Even so, he was thinking about infection a lot.

An epidemic of what was known as “hospital gangrene” was spreading through the wards of University College Hospital at the time.48 Unbeknown to everyone, the disease was caused by highly infectious bacteria that entered wounds and readily spread from one patient to another on the hands of doctors and nurses. Lister had been put in charge of getting the rampant infection under control. He was scrubbing infected wounds with soap and water and applying mercury pernitrate.49 The scrubbing with soap and water was the result of simple deduction. Lister was a notetaker and he could see that patients with thoroughly cleaned wounds fared better than those whose wounds went untended. The mercury pernitrate was hideously toxic.* Fortunately, it was just as toxic to the bacteria in the infected wounds as it was to the patients. This led the infections to resolve more often than not, but Lister was well aware that the treatment method was far from ideal. He was also aware that he was fighting a poison of sorts.

Many years later in 1900, Lister would reflect while speaking at the Charing Cross Medical School that the longer he allowed the mercury compound to sit on top of infected wounds, the more likely it was to neutralize the poison that caused infection and death. He said, “I was greatly struck with the clear evidence which these cases seemed to afford that the disease was of the nature of a purely local poison.”50 He did not know at the time that he was killing off bacteria rather than neutralizing a poison, but that soon changed. Inherently inquisitive and well-schooled by his father, Lister took samples of the pus from the infected wounds of patients during the epidemic and placed them under his microscope for study as if they were materials collected from the natural world.† What he saw initiated the beginning of a revolution in science.

There were “some bodies of pretty uniform size” he recalled during his talk at Charing Cross. “I imagined [they] might be the materies morbi in the form of some kind of fungus,” he said.51 The term materies morbi referred to the Victorian notion that there were particles responsible for causing disease that got into wounds and eventually the blood. While such particles do not exist, Lister was remarkably close to discovering pathogenic bacteria with his observation that there were tiny fungal agents of uniform size in the sample. Even so, he was not in a position to change the way that people viewed disease and medicine. While clever and capable, Lister was still not a fully-fledged surgeon in 1852. More importantly, he had enemies.

He performed well in university but ended up being placed last on the honors list. This was not because his work was anything short of excellent, but because his professor of physiology and comparative anatomy, a fellow named William Carpenter, didn’t like him. Carpenter advised Lister that he had put him at the bottom of the honors list because he felt his papers were “defective.”52 Since no other professors felt this way, Lister was certain that this professor’s contempt largely came from the fact that he refused to just recite the text from Carpenter’s book like a trained parrot during lessons. Indeed, Lister had a distinct distaste for accepting facts as truth just because people in authority told him so.53 He wanted to make his own mind up about how the world worked, and while that character trait paved the way for him to do extraordinary things in the long run, it did not make life easy.



Even though Kussmaul saw what Semmelweis was up to, and brought knowledge of what he had seen in the Vienna maternity ward back to Heidelberg, the chlorine washing technique did not spread. I do not think this was because Kussmaul doubted what Semmelweis was finding, but because Kussmaul decided to focus on other areas of medicine and was therefore never in a position to teach the technique to obstetricians in Germany. Indeed, given the success that chlorine washing brought, it is astonishing that it never left the halls of the Vienna General Hospital. This was partly because a problem emerged in October of 1847.

A woman was brought into division one with a cancer known as a carcinoma present in her cervix. The carcinoma was leading the surrounding tissues to become infected with bacteria and produce fluids that smelled vile. To the misfortune of the other women in the division, this patient was put into bed number one.54 This meant that she was visited first by the attending doctor every day before they moved on to other patients in the same row of beds. Since Semmelweis had concluded that puerperal fever was caused by corpse particles, he did not see a need for the chlorine solution to be used between patients in the ward. This was a huge mistake. While he and the other doctors washed their hands with soap and water after visiting the carcinoma patient, this was not enough to rid their hands of the bacteria that were infecting her.55 They unwittingly carried those microbes to every other patient in the row. Eleven women in that row of beds died of puerperal fever within days.56

Another problem developed in November when a pregnant woman was admitted to division one with an infection in her knee.57 Semmelweis examined this woman’s birth canal and found that it was healthy, but her knee was in a terrible state. It was weeping fluid that had a disgusting odor. That smell filled the air of the division and, during the week that followed, almost every patient present died of puerperal fever.58 This proved true even for patients who were not given a bimanual exam by a doctor who had previously examined the woman with the infected knee. They had become infected in some other manner, but what that was remained unclear.

The October and November cases forced Semmelweis to reconsider his theory. While corpse particles were obviously a threat, the October patient showed that particles from a patient who was not (yet) a corpse could also be transferred into the birth canal to induce puerperal fever. He reasoned this meant it was not particles solely found on corpses that were the problem, but particles associated with tissue that was rotting away that were the issue. He concluded, “Puerperal fever originates in the carrying over of decomposed animal-organic matter.”59 As for the November patient, Semmelweis worked out that the infected knee had to be releasing particles into the air that created the bad smell and that those particles were making their way into the birth canals of patients.60 He was right but, in the process of changing his theory, he made it harder to digest.



There is a reason that Disney is a company worth billions of dollars. People like stories with happy endings that are easy to understand. Make the story depressing or complex and people switch off. I didn’t write these rules and will be the first to admit that I don’t like them. Even so, they are the rules we are stuck with. This is unfortunate for the film industry. It is even worse for science. The scientific findings that I have a responsibility to report to our readers have become significantly less positive over the past two decades. Between increasing conflicts, rising temperatures, vanishing ecosystems, and the appearance of some truly nasty diseases, happy endings have been in short supply. To make matters worse, science is becoming increasingly hyperspecialized. This makes it more difficult to understand.

The hyperspecialization of science has not happened overnight. It was already there way back in 2000 when I started working at the nuclear research center in Geneva. As a paleontologist, I had just spent four years studying geology, biology, chemistry, and physics.* On the matter of physics, I’d taken a few terms of the subject and performed reasonably well before taking on the geology courses that required it as a prerequisite. I assumed that three university courses on physics would arm me with enough information to be able to arrive at CERN and take on the role of a junior press officer relatively easily. After all, I wasn’t there to do physics,† I was there to summarize the physics being done. I just needed to sit down with researchers for thirty minutes, make notes about what they were working on, and then write my notes up into content that could be sent out as press releases to newspapers. I figured it would be like taking a physics course with the key difference being that a paycheck in Swiss francs would be arriving every month. I was completely out of my depth.

While sitting with a Nobel laureate during my third week on the job and taking notes about quarks, he casually made reference to the chocolate and vanilla variants. That did seem odd to me, but I had just learned about strange and charm quarks the day before and guessed that these were more quarks with weird names that I’d never heard of. I went away, wrote up a summary, and shared a draft of the press release with him for the purpose of fact-checking. Of course, I’d been set up. There were no chocolate or vanilla quarks. He’d just thrown those names in to have some fun with the new guy on the press team. A week later I dealt with a fellow who left me in the dust with his explanations of how he was using ultra cold temperatures to improve superconductors. The fact of the matter was that taking three courses in physics was nowhere near the level of preparation that I needed to work as a press officer at CERN.

Initially, I reasoned that my physics training had just not been good enough, but as time passed I realized that this was not actually true. Shortly after my time in Geneva, I was writing as a freelancer for the journal Nature. The journal has a news section in it with briefings in plain English about the latest happenings in science. Even though it is clearly written, the news section is meant for researchers rather than for your average punter.* It was really interesting learning to write for that section back in 2002 because, rather than making science understandable for punters (which was what I was good at), when I was writing an article for that news section I was writing about science for scientists. That might sound like an easier task, but it really wasn’t because of the hyperspecialization that was already well established. While everyone reading the news section in Nature can be assumed to understand the way the scientific method works, that is pretty much where the similarities ended. When writing about a finding related to some new climate information gleaned from isotopes gathered from fossilized enamel, I had to assume that my reader was a psychologist who knew nothing about fossils or isotopes. When writing about discoveries made in the field of cognition revealing that we view people as less intelligent when they use larger and more complex words,† I had to assume I was writing for one of the physicists at CERN who knew nothing about psychology. The chasm in understanding that divided researchers over two decades ago was already huge, and it has grown wider since to help us better grapple with the incredibly complicated world that we live in.

With all that said, my perceptions are just those of a science journalist. I rarely go and dig up fossils anymore, and when I do, writing up academic papers about what I find is not high on my agenda. Even so, discussions with people who are working in the field indicate that they share my views here. During a recent conversation with Ken Verosub, a geologist who has worked at the University of California, Davis, for decades, he lamented to me about the good old days when he and his colleagues would actually talk. “We were all on campus, lunch would roll around and we’d all go to a bunch of picnic tables in the atrium. Lots of people came down with a bag, ate, and, you know, conversations just happened,” he recalls fondly. To a nonscientist, this might not sound like much of an event since this was just rock-lovers gathering. However, having been there as an undergraduate and seen it happen, I can say that it was.

Ken isn’t just a geologist, he’s a paleomagneticist which, simply put, means he looks for evidence of Earth’s magnetic field being captured by rocks.* Richard Cowen and Gary Vemeij, my paleontology mentors before I migrated to UC Berkeley to complete my training, were also there. So too were astronomers, oceanographers, geophysicists, mineralogists, and geochemists. Yes, they all worked with rocks, but the diversity was spectacular. “I wouldn’t say that great ideas always came out of those conversations, but they were stimulating and forced people to think a little bit out of the box,” says Ken.

The same social dynamic emerged when a staff member was up for promotion or merit. “We’d all sit, talk about their papers, and try and understand what they were doing. If we got the sense that the person was doing good stuff, we’d get some outside advice from others doing similar work and then make a decision,” recalls Ken. Those merit meetings also pushed people in the department out of their comfort zone. The lunches died with the pandemic and the promotion meetings have largely gone the way of the dodo too. “Now the only things that the university looks for when deciding merit are, ‘How many publications have you come out with and what’s your H index,’” Ken adds.* Aside from taking a whole bunch of human judgment out of the promotion equation, the new methodology also killed the crosstalk in the geology department that built understanding across disciplines.

Semmelweis never really had the attention of Johann Klein, but he did have the attention of Skoda and half a dozen others at the Vienna General Hospital. They even understood his argument that something on corpses was leading to puerperal fever in women. However, as his explanations evolved to cope with the challenges presented by the patient with the carcinoma, and then the patient with the infected knee, he lost their attention.

From a medical perspective, Semmelweis was unknowingly doing something quite extraordinary. By arguing that there was some identical “bad thing” on corpses, in the infected knee, and in the carcinoma that caused puerperal fever, he was identifying that there was a singular entity causing the disease. This was revolutionary because all doctors at the time assumed that a single disease could have many different sorts of causes. The notion that we have today of each disease having a unique cause—Streptococcus pyogenes for scarlet fever, Varicella-zoster for chickenpox, and Mycobacterium tuberculosis for tuberculosis, etc.—did not exist back then. Unfortunately for Semmelweis, communicating this novel concept to colleagues who had never considered it before required a complex tale of discovery and evidence. The simplistic Disney narrative that they needed to understand his findings was no longer there. Even as Semmelweis watched in amazement as mortality rates in division one dropped to near zero in 1847, he found it ever more difficult to explain to people why his strategy was working. He did not realize that his story had become too complicated to easily tell.

The situation faced by Semmelweis was not unique. Science is rich with tales of those who were right but who had an exceptionally challenging explanation that they needed to communicate. Even so, nobody faced an explanation problem quite like Charles Darwin.


The dinosaurs fly past in herds

Singing their song without words

They’re small ones, it’s true

Warm and feathery too

But they’re here and we call them birds.



That limerick, written by my mentor Richard Cowen, was not the first moment when I learned that birds were dinosaurs. That revelation took place in junior high school while reading Jurassic Park. Even so, I share the poem because I think it lays out rather beautifully how well evolution hides in plain sight. One moment birds were their own isolated group on the tree of life and suddenly, after a whole bunch of feathered dinosaurs got dug up, they were the descendants of Tyrannosaurus rex and Velociraptor. It was just a given that the life around me had evolved from life that had existed a long time ago. I grew up in a world where that was widely accepted.* This was not the world that Charles Darwin was in.

During the 1840s and 1850s, nobody knew how life on the planet had come to be. It was just there. Most people accepted that God had created living things just as they were. Some accepted ideas proposed by Jean-Baptiste Lamarck, that living things passed along traits that they acquired during life to their offspring. This was the idea that if a giraffe mother managed to stretch her neck to great lengths during life to reach food high up in the trees, her offspring would inherit longer necks too. This wasn’t true, but it sure sounded convincing. The French naturalist Georges Buffon suggested that animals that looked somewhat the same, like horses and donkeys, had descended from the same ancestor.†61 It was amid this stew of ideas that Darwin worked out what was really going on.

Over the course of his travels, and after years of studying life in dozens of different contexts, Darwin noticed that all life was in a struggle for survival. This life was not all identical. Individuals in a population differed from one another when studied closely. These differences had the potential to affect survival, with some individuals surviving for longer than others. These individuals that endured for a longer period of time tended to have more offspring. Crucially, the traits that enhanced survival were heritable. This meant that an individual with a trait that allowed it to survive for longer and have more offspring increased the number of animals in the population over time that carried that trait. In contrast, if an individual had a trait that made survival more difficult, it was less likely to reproduce very much and its trait would eventually be eliminated from the population. All of this was how life changed over time.

While the paragraph above all makes perfect sense now, Darwin was well aware that it had the potential to be viewed as crazy talk in 1859. Indeed, he wrote in his own notes, “I am a bold man to lay myself open to being thought a complete fool.”62 He had to show that all members of a population were not identical. He had to show that certain traits granted benefits and that others created hindrances. He had to show that these traits were heritable. He had to show that these mechanisms caused animals to change over time. These were Herculean tasks. What is interesting is that Darwin’s letters and journals do not suggest, as much popular literature does, that he was afraid of how the general public or religious institutions would react to his arguments. His concerns were really about how other academics would view him.63 He was no showman and was never going to be in a position to use a silver tongue on the debate stage to convince others. No, the only option for Darwin was to provide a metric ton of evidence to support his arguments. For over two decades he collected this evidence and triple-checked his points to make sure that On the Origin of Species was as convincing as it could possibly be.

Unlike Semmelweis, Darwin recognized that his story was going to be a hard sell, and he took the necessary measures to make it as convincing as possible before he released it for others to read.



Findings that are challenging to communicate to others are not unique to the past. Carl Woese, Maria Gloria Dominguez-Bello, and Kati Karikó all faced significant resistance because their intended audiences did not understand what they were discovering. However, a lack of understanding is hardly the only factor that sabotages communication today. There is also the “head in the sand” effect, whereby researchers willfully ignore findings that they understand perfectly well but do not want to hear. This is very much what Betsy Repasky has had to put up with.

The notion of chilled mice being a confounding factor in modern research presents a simple narrative. The mice are colder than they would be in the wild. Being cold hampers their immune systems. Testing novel drugs on mice with messed up immune systems has real potential to skew results in all sorts of unhelpful ways that make unviable drugs look viable and viable drugs look unviable. None of this is particularly complicated to understand, but acceptance of Betsy’s discovery was initially very slow. Shocked by the poor uptake, she realized that she needed to do something. Simplifying the message wasn’t possible because, well, the message was already a simple one. Instead, she decided to try framing her findings differently.

Betsy knew that a lot of labs worked on mice that were being intentionally stressed. The purpose of this is to help researchers better understand how stress affects the body and how a stressed body responds to treatments of various sorts. To get the mice stressed, most of these labs were stuffing mice in test tubes such that they were restrained by the walls of the glass tube. While not physically injured, the method scared the crap out of the mice because they could not move their limbs while stuck in place. It led them to become stressed. Betsy saw in the restraint method her opportunity to get other labs to buy in to what she had discovered. “I changed the way I talked about our research, because I realized that mice are already stressed from mild cold,” she explains. By doing so, she gave labs studying stress an opportunity to do away with the cumbersome and time-consuming restraint method. By just citing Betsy’s findings and acknowledging that their animals were stressed from the start, they could stop using the restraint method. Of course, to have non-stressed animals available for comparison meant that some mice needed to be given special enclosures where they had the option to sit in a warmer space. Yes, those enclosures came at a cost, but it was comparable to or less than the cost of running the restraint method. “We have got much more traction for our work since we started framing our research in this way,” explains Betsy. I can appreciate why scientists working with mice have dragged their feet for years. Change is inconvenient and comes at a cost. They didn’t want to hear that a lot of past rodent work may well be flawed. Even so, when you look at the mountain of medical research that stands upon experiments conducted on animals that were effectively hypothermic, I find it stunning that very little has been done since Betsy made her discovery over a decade ago.






Chapter 7


Unlike Darwin and Semmelweis, Louis Pasteur understood the importance of building a short and sweet narrative. As discussed earlier, he kept the painstaking trial and error work that went into creating the chicken cholera vaccine a secret. Instead, he told everyone that the vaccine had come about through serendipity when one of his careless lab assistants accidentally left a sample of chicken cholera exposed to the open air overnight. The tale was nonsense, but everyone believed what they were being told because it was engaging and easy to digest. Pasteur allowed similar fictions to circulate about his discoveries with crystals early in his career. Indeed, when he proofed the biography that his son-in-law wrote about him later in his life, he allowed a myth of him having a sudden “Eureka!” moment with the crystals to be perpetuated. His notebooks make it clear that this was not how things played out at all.1 The discovery was long and tedious, but Pasteur knew that this was not the sort of story that would capture the imagination of those whose funding he depended upon.2 He needed to inspire.

Paired with Pasteur’s ability to fabricate engaging stories was his charisma. He carried a stage presence that allowed him to convince others with great effect. During the 1860s he focused his attention on proving the theory of spontaneous generation wrong. The common belief back then was that life could emerge from nothingness under the right circumstances. Pasteur was certain that this was incorrect. In his lab he proved that when liquids rich in nutrients, like broth or milk, were boiled and then kept from being exposed to the open air, they would never end up getting spoiled by microscopic organisms.3 Yet, he was not content to just leave his findings at that. Like with the chicken cholera and anthrax vaccines, where he very publicly demonstrated the power of his creations, he made the decision to demolish the notion of spontaneous generation in public too.

Pasteur would boil sugared yeast water in front of an audience, break the necks off some flasks while leaving others intact, and then use a jet of flame to seal a few of the necks back onto the flasks that they came from to demonstrate that sometimes even a small amount of air is all that it takes to let life in.4 As if those actions were not enough for Pasteur to make his point, he went so far as to organize trips into the Alps. He went to Chamonix and hired a guide to help him ascend Montanvert with a mule. The beast hauled along thirty-three flasks that Pasteur did not want shaken very much, so he walked alongside the animal and used one of his hands to steady the load whenever possible.5 He then ran his experiments on a peak before running them again on the streets of Paris to show, in the most impressive fashion possible, that not all air was equal in the number of microscopic organisms it contained. Flasks exposed to mountain air for just a brief time were much less likely to spoil than those exposed to the rife air of Paris.6 This was pretty dramatic stuff, but it was not enough for Pasteur. His son-in-law later wrote that what Pasteur really wanted to do was charter a hot air balloon to take him high above Paris to show that the higher up a person went, the fewer microbes they would encounter, with the potential for no microbes at all to be found at very high elevations.7 While that idea certainly had a lot of drama to it, it lacked practicality and never happened. Pasteur just had to settle for the Alps.8

None of Pasteur’s theatrics were strictly necessary. While his ethics were sometimes questionable, and while he was willing to fight dirty, he was a hard worker and an astute researcher. The results of his many experiments were incredibly important and would have stood up all on their own. He did not need to resort to drama, but he did so over and over again. It can even be said that his passion for drama was what led him to develop his first vaccine for humans.

During the 1870s there were lots of human diseases that Pasteur could have tried to counter with a vaccine. Typhoid, cholera, and tuberculosis were all serious killers. He could have studied any of them, but he didn’t. Instead, he focused on rabies. That virus might seem an unusual choice since it did not actually kill that many people. Deaths in France each year rarely amounted to more than a hundred, whereas deaths from tuberculosis alone were in the tens of thousands.9,10 Rare as it was, when someone did catch the disease, it always made the headlines. This was simply because of how awful it was.

I’ve written that, in terms of historic diseases, smallpox was the worst. It was hideously disfiguring, highly contagious, painful, and fatal in more than 30 percent of the people who caught it. Depending upon your perspective, rabies was either a close second or worse. People do not catch rabies by breathing contaminated air or by drinking infected water. They catch it by being bitten by an infected animal, usually a wolf or a dog.11 Anyone who contracted the disease would die. There were never survivors. That alone was awful, but the path followed by those doomed to the grave by rabies was often the stuff of nightmares. These poor people became hypersensitive to bright light and were desperately thirsty but could not stand the sight of water, as the act of drinking was exquisitely painful for them.12 As the disease progressed, roughly 80 percent of those infected would become twisted shadows of their former selves.13 As the virus attacked their brains, they would lose their minds and act very much like the beasts that had attacked them. Thrashing, delusions, aggression, snarling, howling, and drooling were all behaviors that have been recorded.14 Carers needed to be very cautious around these patients because it was not unheard of for rabies sufferers to attack those near them, break the skin of a carer with a bite, and then spread the virus further.* To add to the misery, many of these crazy ferocious patients would sporadically enter calm periods where they expressed deep affection for their loved ones and speak with remarkable lucidity about their awareness that death was near.15

Was this all slightly less bad than tuberculosis, typhoid, or cholera?† While that question really depends upon your personal preferences, death by rabies was definitely more dramatic. Pasteur was well aware that he would be remembered forever as a hero if he could defeat that particular scourge.16 Thus, creating a rabies vaccine is what he set out to do, even though the other diseases killed far more people each year.



Semmelweis was different from Pasteur. He did not have a silver tongue or the French chemist’s flair for the dramatic. Like Kati and Carl, Semmelweis worked hard and expected his results to speak for themselves. To a certain extent, they did. Josef Skoda saw what his colleague was doing and was impressed by the decrease in division one mortality that was being achieved with the chlorine wash. Moreover, Skoda was still angry with Johann Klein for dismissing his star pupil for political reasons a year earlier, and then dismantling the committee of doctors that Skoda himself had convened to work out if the numbers behind increased street-birth mother survival were robust.

In the summer of 1847, Skoda moved to convene a committee of doctors again. This time, rather than double-check the street-birth survival numbers, Skoda wanted these doctors to formally analyze and report on the results of the chlorine wash experiment.17 While there is no doubt that Skoda was working to support Semmelweis, since he knew firsthand that the decline in mortality was awe-inspiring, there was more to it than that. While there are no letters or journal entries to prove it, I suspect that Skoda had an axe to grind. Klein had harmed his protégé in the past. There was a real incentive for Skoda to seek retribution. By convening a formal committee that would have no choice but to write glowing things about the chlorine wash experiment, Skoda was setting Klein up to be, at the very least, embarrassed since he was on record for not thinking very highly of the man who had come up with the experiment. There was also the potential for Klein to be thoroughly humiliated in front of the Austrian aristocracy for tacitly being responsible for the deaths of thousands of women, and I don’t think Skoda would have minded that happening one bit.

While well intentioned, Skoda’s actions were a disaster for Semmelweis. By restarting the feud with Klein, Skoda shifted the man from being, as one historian writes, “a tolerant observer” to “an active and dangerous enemy.”18 Klein fervently resisted the attempt to convene a committee and used all of the political connections at his disposal to ensure that it never met. In the months that followed, some historians report that students under Klein mocked the chlorine wash and looked for ways to bypass using it, which led to puerperal fever rates increasing until the offending individual was caught by Semmelweis and reprimanded.19 Given Klein’s character, I wouldn’t put the notion of encouraging students to rebel past him, but in spite of some historians suggesting that he did, I cannot find hard evidence suggesting that he was actually behind the student maternity ward revolt.

Aside from lacking Pasteur’s charisma, Semmelweis also lacked the man’s love of attention. Even when a spotlight was right there waiting for him to walk into, Semmelweis routinely walked away. The spotlight first appeared for Semmelweis in December 1847. His friend and colleague Ferdinand Ritter von Hebra was a dermatologist at the Vienna General Hospital who recognized the important results that the chlorine wash was having in the maternity ward. Aside from his position at the hospital, von Hebra was an editor of the Journal of the Medical Society of Vienna, a publication that circulated all across Europe.20

He wrote, “The Editor of this Journal feels it is his duty to communicate to the medical profession, in the view of the prevalence of puerperal fever in all lying-in hospitals, the following observations made by Dr. Semmelweis, Assistant in the First Obstetric Clinic in the General Hospital of this city.”21 While von Hebra’s letter laid out the evidence brilliantly and backed up the findings with hard numbers that made it indisputable that something important was happening, he penned one prominent sentence that would prove very damaging. He wrote, “Puerperal fever was in most cases nothing else than cadaveric infection.” This was a big mistake.22

The revolting habit of using the corpses of mothers and infants who had just died as props for teaching in classrooms, which Johann Boer had been fired for refusing to participate in, was not found throughout Europe. Even the practice at the Vienna General Hospital of requiring doctors to spend their mornings dissecting the cadavers of the patients they had lost the previous day was not found everywhere. Such dissections were notably absent in England, Scotland, and Ireland.23 Yet, even though these practices were not everywhere, puerperal fever epidemics were. This made it hard for many doctors across the continent to see why the findings were relevant to them. Semmelweis should have stepped into the spotlight in that moment and spoken up. He didn’t.

There were only a couple of notable responses to von Hebra’s article. A positive one that came in was written by Gustav Michaelis, an obstetrician based in the town of Kiel in the north of Germany. His response read:

Von Hebra, your letter of 21 December 1847 has excited my highest interest. I was in the greatest need. Because of puerperal fever our institution was closed from 1 July until 1 November … Your communication gave me renewed courage; the proof of the usefulness of chlorine washings, as they were practiced in Vienna, is already of great significance because of the large numbers involved … Since the introduction of your method not a single case of labour, attended either by myself or my pupils, has shown the slightest degree of fever … I therefore thank you for your communication with all of my heart; you have perhaps saved our institution from destruction … I beg of you to greet Dr. Semmelweis on my behalf, and to offer him my thanks.24

In short, Michaelis adopted the chlorine wash and found that it worked. The Kiel maternity hospital was not a large facility, but the response constituted the first evidence of the Semmelweis findings spreading outside of Vienna. Unfortunately, the ideas would not remain there for very long.

As Michaelis considered his contact with corpses and the many ways in which he had unwittingly spread puerperal fever during his years of helping women during labor, he came to realize that he had been personally responsible for the death of hundreds.25 Awareness of the part he played in killing so many innocent women and their newborn children crippled him during the months that followed. He cared deeply for his patients and that took a toll.

According to Semmelweis’s notes, “[Michaelis] sank into a deep melancholy and threw himself under a train speeding into Hamburg.”26 Sadly, with his demise came the demise of the chlorine wash in Kiel. The obstetrician who was nominated to take the place of Michaelis, a fellow named Carl Conrad Litzmann, did respond to later letters from Semmelweis asking about further results on the effectiveness of the chlorine wash, but he advised that the practice had been abandoned in favor of managing numbers. Litzmann reported few deaths from puerperal fever but attributed this to keeping his wards from becoming overcrowded and closing the hospital temporarily whenever there was an outbreak of the disease.27 While he did not realize it, the actual reason why puerperal fever outbreaks became less common in Kiel was because Michaelis had ended the practice of doctors and their students handling corpses. Litzmann did not reverse this policy and, as a result, infection rates went down even without the chlorine wash being in place.28

In contrast to the response from Germany was a scathing response from Scotland. The obstetrician James Simpson, who had compared the deaths from infection in amputee patients treated at rural and city hospitals, was still tinkering with chloroform gas as an anesthetic when von Hebra’s article reached him. Given Simpson’s long-standing interest in postoperative infection, it is unsurprising that he read the article and responded. However, rather than consider the principles outlined by von Hebra with an open mind, Simpson went on the attack.29 While a copy of the letter that he posted to Austria does not exist, the wording was vicious enough to warrant the following in Semmelweis’s notes:


This letter was full of abuse. Simpson said that he knew, even without our letter, the lamentable condition of obstetrics in Germany and especially in Vienna. He knew certainly that the cause of our great mortality lay in the boundless neglect from which maternity patients suffered, that, for example, without even changing the linen, healthy patients were placed in beds in which others had died … After this letter we saw no reason to continue our correspondence with Professor Simpson.30





I’ve talked about becoming emotionally invested in medical outcomes and the dangers that come with it. As such, it is worth pointing out that, while Simpson comes across as hostile here, he was probably motivated by many of the same emotions that drove Michaelis to write such a supportive letter just months before killing himself. In fact, both of them can comfortably be put into the same bin as Hugh Hodge and Charles Meigs, the obstetricians who attacked Oliver Wendell Holmes so vigorously. The nurses and midwives who formed the angry mob that chased Alexander Gordon out of Aberdeen are part of their number too. All of these people were practicing medicine and had a part to play in spreading puerperal fever. They all had blood on their hands.* What is interesting is that some people are willing to say, “What can I do to make things right?” while others enter a state of angry denial. They did not want to accept that their actions were responsible for potentially preventable deaths. This is not a conscious decision so much as it is a visceral one where anger boils over and the response is pure vitriol.

I have real sympathy on this matter for those working in medicine. These are people who are making decisions that have an enormous impact on whether patients live or die. When Holmes revealed to Hodge and Meigs that their own hands were responsible for infecting women with puerperal fever, he wasn’t just telling them that some of their ideas were wrong. He was telling them that their actions were leading to widespread deaths. It logically explains the rage that flared in Simpson, Hodge, and Meigs. Similarly, while Michaelis’s suicide was undeniably tragic, it also makes perfect sense under the circumstances.*

The people for whom I have a lot less sympathy are those who do not have blood on their hands, but react strongly to other scientists’ ideas. This would include the paleontologists who mobbed Alison at the conference and those who relentlessly attacked Mary for over a decade when she had already done everything in her power to shoot holes in her own theories (and couldn’t). Those people were angry for no reason other than the fact that the concepts they understood to be true were being challenged. Nobody had died because they were wrong. As Johan Lindgren rather clearly put it, “The notion of what can and cannot be found in the fossil record almost became like a religious belief for the vocal minority that attacked Mary.” The threat that they might be wrong was just too much for them to cope with.

Scientists need to be better than that.



The patient with the infected knee and the patient with the carcinoma presented Semmelweis with challenges that he was able to defeat relatively easily. In both cases, he reasoned that degrading tissue on living people could cause puerperal fever in expectant women if it was unknowingly transferred to the uterus by a doctor during the bimanual exam or concentrated in the air. Where these patients caused real trouble for him was with the story that he was trying to tell. This was something that Louis Pasteur never had a problem with.

After deciding to battle rabies in 1881, Pasteur soon discovered that this foe would be much harder to defeat than chicken cholera and anthrax. There were many reasons for this. One was that while chicken cholera and anthrax are caused by bacteria that can be seen under the sorts of light microscopes that he had in his lab at the time, rabies is caused by a virus that is utterly undetectable by anything short of an electron microscope.* This did not stop Pasteur from looking, though. He tried to find what he called “the rabies microbe,” but there was no way for him to succeed with the technology that he had.31

While not being able to see his chosen enemy was a nuisance, not being able to test vaccines against the disease in people made his mission much more challenging. Pasteur knew from earlier work conducted in 1879 by the veterinarian Pierre-Victor Galtier that it was possible to transmit rabies from a dog to a rabbit.32 Through this work with animals, Galtier found that the incubation time for the disease dropped. With dogs, the virus normally needed a month to incubate inside the body before the animal went rabid. When the disease was injected into rabbits from dogs, this incubation period dropped to just eighteen days.33 This was valuable information for Pasteur since it set the stage for him to be able to run experiments much more quickly. Crucially, Galtier had reported in 1881 that sheep injected with saliva collected from rabid dogs could subsequently be given a flesh wound with rabid saliva and not succumb to the disease as they normally would.34

Galtier’s work was a threat to Pasteur. While his papers on rabies were not well known, Pasteur could not tolerate the notion of someone beating him to first place or even being perceived as having given him essential help in his quest to defeat rabies. So, he handled Galtier in the same way that he handled the veterinarian Toussaint.35 He erased him. In all of Pasteur’s papers and speeches that he later published on rabies, he mentions Galtier just once, and, rather than give the man the credit he deserved, he mentioned him only to question whether the veterinarian’s findings were accurate.36

Armed with all the information collected by Galtier and ready with a plan to keep him from getting any recognition, Pasteur began running hundreds of animal tests. If passing rabies through a dog before injecting it into a rabbit reduced the incubation time, he wondered how passing the disease through multiple animals of the same or different species might affect it.37 He and his assistants knew from their earlier work with chicken cholera and anthrax that serial passage of a disease through different species would tend to weaken it, while serial passage through animals of the same species would tend to strengthen it. His reports from 1884 state that all the testing paid off. Passing the virus through one rabbit after another strengthened it, while passing the virus from rabbits into monkeys and then letting it go through multiple monkeys weakened it.38 Once a very weak version of rabies was obtained from the monkeys, it was used as a vaccine to save the life of a boy who had suffered severe bites all over his body from a rabid dog and was certain to die of the disease if action was not taken. That all sounds very straightforward, but the stuff that Pasteur publicly reported omits a lot of information. This was intentional.

Just as Pasteur knew how to erase his rivals, he also knew how to keep his narrative simple and engaging.* He did not spontaneously shift from rabbits to monkeys on a whim. Oh no, he went through a veritable mountain of animals to get to that point. His testing had involved injecting different volumes of infectious saliva into different species, collecting brain tissue from individuals suffering from the disease and turning this tissue into an emulsion that was then injected into other animals, exposing rabid tissues to hydrogen peroxide before injecting them, and even infecting animals with anthrax to see if that disease helped them fend off rabies.39 All of this very messy trial and error is only recorded in his notebooks for a reason. It made his science look complicated.† He worried that it would confuse the people whom he depended upon for support. Pasteur could not allow that, and so he controlled the narrative by remaining silent about anything that would complicate the story.40

After injecting animal after animal with rabies, Pasteur noticed something extraordinary. A small number of dogs would suffer a mild form of the disease when injected but then recover. More importantly, the dogs that did recover were always immune to later exposure. This, Pasteur realized, was exactly like smallpox.41 Since that disease had been defeated by Edward Jenner with a vaccine derived from the closely related cowpox virus, it gave Pasteur hope that something similar could be accomplished with rabies.42 In the wake of that finding came the chance discovery that running the disease through multiple monkeys weakened it to the point where dogs injected with the subsequent virus would not fall ill from the disease while simultaneously gaining immunity to it. Always the showman, Pasteur did not just report his monkey finding, he publicly presented it in 1884 with twenty dogs that had been vaccinated and twenty that had not been vaccinated all being injected with the rabies virus.43 As expected, the vaccinated animals all survived while the unvaccinated … fared worse.

While the results of his public presentation were never in doubt,* the work still left Pasteur with a problem. While testing on animals was socially acceptable, he knew he’d be in big trouble if he did the same thing with people. And yet, he needed to conduct human experiments. There is no public record of Pasteur ever conducting such experiments. They did happen.

In May of 1885, a man named Girard came to the Necker Hospital in Paris fearful that he had contracted rabies. The day after his arrival, Pasteur came to the hospital and learned that the man had been bitten on the knee by a dog in March. At the time, Girard thought that he would be fine since his wound had been thoroughly cauterized shortly after the attack.†44 Even so, he had developed a distinct aversion to water, a debilitating headache, and stomach pains. This was more than enough evidence for Pasteur. He and his colleagues gave Girard seven injections of a prototype rabies vaccine from the lab over the next forty-eight hours. During the days that followed, he entered into the madness of rabies. He was racked with pain, slashed at his own body with his nails, flailed about in chaos, and refused all water.45 Then, something incredible happened. Girard recovered. Unfortunately for Pasteur, the doctors at the hospital were unsure whether the patient had truly come in with rabies or if the horrible episodes that they had seen him endure were the result of the prototype vaccine. Pasteur did not know which was true either.46 This was not a narrative that was going to win him the adulation that he craved.

Secret experiment number two happened on June 22. Eleven-year-old Julie-Antoinette Poughon had been playing with a puppy in May when it suddenly bit her on the mouth. When she arrived at Saint Denis Hospital in the northern outskirts of Paris a month later, she had a severe headache.47 Like with Girard, Pasteur visited her. He and her doctor both agreed that she was suffering from rabies and needed immediate intervention if she was going to survive. The girl was given one dose of the vaccine straightaway and then another at midnight. Pasteur returned the following morning with more vaccine but received the news that the child had become overwhelmed by rabies during the night and died.48 Was the vaccine given too late? Was it even effective? Did the girl even have rabies or did the vaccine cause her to so abruptly take a turn for the worse? Pasteur did not know. Again, this was not a tale that would encourage confidence in his work.

The story that was ultimately circulated by Pasteur was one about a little boy who had been bitten all over the face by a dog that was widely acknowledged to have been rabid. Pasteur did indeed save this child from certain death with his newly invented vaccine. This narrative, with none of the trial and error mentioned, made it seem like the effective vaccine came directly from the dog, rabbit, and monkey work, without any problems along the way. This was as Pasteur wanted it to be.49 He remained silent about Girard’s puzzling case and Julie-Antoinette’s tragic death because they would have marred a positive and inspirational story that everyone could easily understand.



Scientists withhold findings all the time. Under most circumstances, this is because the information being held back is not deemed particularly exciting. Researchers have run an experiment and are fairly certain that the results are too unsurprising or uninteresting for any journal to publish. This is a problem because many of the experiments that go unreported involve researchers testing out ideas that simply did not yield results that advanced their agenda. But sharing what does not work actually helps improve science overall by preventing other labs from conducting the same experiment and thereby wasting resources. The journals themselves are also a part of the problem because, even if such experiments are sent to them for publication, they typically reject the proposed papers for not being exciting enough. Another major challenge is that “unsurprising” results are often replications.

Considered the “boring” side of science, replication experiments are run to double-check that the results of an earlier experiment are accurate. This is because science works in a world of 95 percent confidence. We run statistical tests on our results and report that the findings are likely real if the statistics indicate that there is a 95 percent chance that they are. This is confusing, so let me provide an example.

If a new cancer drug is being tested, it is impossible to test the drug on every human with the relevant cancer. There are just too many people. Under these circumstances, researchers create an experimental group to work with. The people in this group all have the sort of cancer that the drug is expected to attack, but are otherwise selected at random from the population. Choosing all men would be a mistake as the drug might not work on women or, worse, might have devastating side effects on women that are not seen in men. Choosing people from just one genetic background, like only Finnish patients who all have Sami origins, would also be a mistake, because doing this would not determine whether the drug is effective in people with the cancer from China, Bolivia, Tanzania, or even other Finns with different genetic origins. For these reasons, the size of experimental populations matters a lot. Can you really have an experimental population that is representative of human diversity if you test on just ten people? Of course not. As such, you work with as big an experimental population as you can afford.

The word “afford” is important here, because unless you are a god at obtaining research grants, you are going to have budget limitations. Working with a million people is never an option. Even working with a thousand is really rare. Most experiments must settle for far fewer. The smaller the group, the higher the chances that researchers have tested the cancer drug on people who are not entirely representative of humanity as a whole. This is where statistics come in. We run results through statistical tests to determine how likely it is that the numbers we are seeing are real, as opposed to an illusion created by working with an unrepresentative population. The rule in science is that if these tests show that the results are 95 percent likely to be accurate, the results are probably real and should be taken seriously.

The problem with putting such faith in 95 percent confidence intervals is that 95 percent confident also means 5 percent not-so-confident. If the results of twenty experiments with 95 percent confidence results are published, the odds are that one of them will be an illusion. This is why replications are so important. We get very valuable confirmation of past work by running experiments from the past a second time. Doing so also helps to reveal the 5 percent of experiments that are being taken seriously when they should not be. When you hear about the “replication crisis” in science, this is what it is about. On the rare occasions when scientists run replications, they are finding that a lot of research that is taken seriously cannot be replicated. This is crucial because science builds upon itself. If time and money are being spent running new experiments that are built upon the results of an earlier experiment that is part of the 5 percent, the scientific community is wasting resources that could be better used elsewhere.

Despite their importance to science, replication experiments are not often funded and are usually left for PhD students to conduct. Moreover, they rarely find their way into journals unless a replication fails to yield the same results that the original experiment did (i.e., the earlier experiment is revealed to be part of the 5 percent). While it might seem strange that the journals are uninterested in publishing the results of replications, you have to remember that most journals are there to make money, and they make money by convincing research organizations to subscribe to them. Publishing a bunch of replication papers that confirm earlier research is important, but it is never going to be viewed as exciting to readers. It is for this reason that the rare researcher who does run replications often cannot find a place to publish the results.

Withholding replication information damages science through neglect, and the harm is compounded over the years as more and more work is built upon research that is faulty. Yet, what Pasteur did was far worse. Pasteur was not running replications: He was running novel experiments on people. The results were not boring. He simply did not like the confusing story that the results of those human experiments were telling, so he buried them. Denying other scientists information about experiments that you have conducted because the results do not support your personal agenda is just plain wrong. Even so, researchers do it all the time. And the problem affects much more than just the scientific community.

The newspaper that I have spent the entirety of my adult life writing for has long argued against the maxim “If you like laws and sausages, you should never watch either one being made,” on the grounds that it is important for citizens in a liberal society to be well informed about how their government functions. In this day and age, where discoveries in the research world are regularly sending shockwaves through civilization, the same could not be more true for the workings of science. Everyone needs to be aware of how it works.

In 2017, my editor Geoff asked me to write a proposal for a column that would appear in the science section of The Economist. As with other columns in the newspaper, like Lexington, Charlemagne, Buttonwood, and Prospero, the column that he and I developed together was meant to run weekly. We designed it to discuss both the scientific community’s culture—including many issues related to replication—and the community’s interactions with the wider world, like business and government. Our supervising editor who ran the back half of the newspaper gave the column his blessing. One of our deputy editors in chief wrote me a lovely note advising how much he liked the sample column articles.* Unfortunately, other members of senior editorial felt that the space for the column could be better used writing about new technology. Ironically, a major story about information suppression in science appeared shortly after the column proposal was rejected and we didn’t end up writing about it.

The information suppression involved the northern white rhino. There are only two individuals of this rhino alive at the time of writing this book. Both are female, and both are well past their breeding age. This means that the northern white rhino is in serious trouble, but there is a sliver of hope. Theoretically, it should be possible to use sperm that were collected from the last male before it died to fertilize eggs that were collected from the two females when they were still in their prime. Theory is very different from practice, though. This stuff is hard.

When you try to fertilize a mammal egg with mammal sperm, you want the egg to incorporate the genetic material from the sperm and then transform into a bundle of dividing cells known as a blastocyst, which is effectively the first step toward the creation of an embryo. The trouble is that when sperm are introduced to an egg you can easily get what is known as a parthenote, where the egg cell transforms into a blastocyst without incorporating the genetic material from the sperm. This is bad news because mammal parthenotes will not survive long term.* Parthenotes are created all the time in human in vitro fertilization (IVF) clinics. We have tests that are good at detecting them so that a pregnancy started via IVF does not spontaneously abort because it was a parthenote.

We don’t have such tests for rhinos. This makes it exceedingly difficult to discern whether a rhino blastocyst is the real deal or a parthenote. We need to know for a lot of reasons. First, the supply of northern white rhino sperm and eggs is limited. We cannot conjure more. Second, the next step of inserting the blastocyst into a southern white rhino surrogate mother is not easy.† You really want to be sure that you have something that is going to become a viable embryo before you go to the effort of putting it in place. This is where the story suppression comes in.

There are two groups that are working to bring the northern white rhino back from the brink of extinction. There is an effort being led by researchers at the San Diego Zoo Wildlife Alliance. The folks in San Diego are getting really good at studying rhino blastocysts and determining whether they are parthenotes or not. There is another lab group that is getting really good at running IVF procedures. Are they sharing information with one another? No.

You would not know that each group is keeping their secrets to themselves unless you looked at their publication lists closely and realized that, in spite of the fact that they are working toward the same goal, they have not authored papers together for years. I stumbled upon this problem while interviewing the parthenote detection expert at San Diego. We were talking about the latest rhino blastocyst produced by researchers working at another lab and I asked if we knew if it was a parthenote. The researcher in front of me broke down into tears.* I couldn’t believe it. She explained that competition to be the first to produce a baby northern white rhino was leading to information being hidden, making it impossible for her to study the blastocysts being produced. Stunned, I asked if she really had no contact with the teams at the other lab and she told me that when she had tried to discuss matters with a former colleague who was collaborating with the other lab, he had said, “Please, you know I cannot discuss rhinos with you because of the politics.”

Obviously shocked that a researcher was weeping in front of me and divulging such sensitive information, the press officer who was babysitting me for the day as I went from lab to lab started running interference. She stammered, “The [other lab isn’t] keeping quiet because of competition. No, they are … they are keeping quiet because their team is mostly male and we have an all-female team here.” I noted that down on my pad and didn’t challenge the point at the time, but I do remember thinking, Is it better that such an important collaboration is being sabotaged by chauvinism instead of competition? I also wrote, “Press officer unwittingly confirms researcher statement.” Just like Pasteur, modern researchers were keeping their cards well concealed so they could best reap the glory of their efforts by being first. Never mind that the competition might, in the process, ruin the potential to save a species on the brink of extinction.

What followed was a desperate attempt by the press people at San Diego to convince me that the fate of the northern white rhino was not being imperiled by rivalries or, worse, the chauvinism that the press officer had mentioned. When I notified them that I was looking for a way to write about this in the newspaper, even without the column being in place, I got a stern message back saying, “Your email has raised serious concerns for us because much of it seems to be hinged on a single person’s personal perception, which may not be factually accurate, and does not reflect our organizational position.”

A follow-up call with a senior member of the San Diego Zoo Wildlife Alliance communications team made it clear that she was petrified about me divulging the information-hoarding behavior in the rhino community that her researcher had described, and that her own press officer had confirmed when making the chauvinism explanation. She feared that any publication on the topic would lead big donors to view efforts to save the rhino in a negative light and reduce the funding that her organization received. Just as with Pasteur, this was all about controlling the narrative and keeping the money flowing by communicating only the simple and positive story that the public would resonate with.* I understand the reasoning but disagree. Making this dysfunction public and generating pressure for more friendly collaboration is ultimately better for science.†

What is so interesting is that the very same organization behaved in the opposite manner more than two decades earlier. It was 2003, and after giving the San Diego researchers, who were known as the Center for Reproduction of Endangered Species (CRES) at the time, some very favorable coverage about their spectacular work with panda and condor reproduction, I was invited over by their press officer Sharon to mine labs for more information that could be used in science news stories. I accepted, and during meetings with the California condor rehabilitation team, they explained to me the process by which these birds were saved from extinction.

In brief, when there were only two dozen or so California condors left in the wild, the San Diego researchers gathered them all up and brought them into captivity for careful breeding to save the species. I asked what bringing them into captivity involved, and one of the researchers explained that a deparasitizing process took place. Since many parasites are species-specific, I started wondering if condor salvation had involved the unintentional destruction of parasite species that were unique to the California condor. I got in touch with the world louse expert in the entomology department at the Natural History Museum in London, where I had a part-time job back in those days, and discovered that, just among lice, there were at least two species in the museum collection that CRES had eradicated by delousing condors brought in for breeding. As a courtesy, I made a call to Sharon and advised I had evidence that, in the process of saving one charismatic bird, CRES had killed off others.* Rather than deny or run interference, she took lemons and made lemonade. She gave me full access to the researchers on-site and encouraged them to answer my questions openly and honestly. I got some great quotes from senior researchers, like, “We do not have the resources to save everything”—which, while an admission of guilt, was also a fair statement of fact. Resources for saving species are limited. If we keep screwing up the environment, we cannot save everything. Readers of my 2004 article, which I proudly titled “Save the Rhino Maggot,”† needed to hear that. Heck, readers today need to hear that. Cooperating with me to put the truth out there was the right decision.

So, do I think it was unethical for Pasteur to keep what happened with Girard and Julie-Antoinette secret? Yes. He had a responsibility to report those cases. Did remaining silent help Pasteur in the long run? Sure. Does such behavior hamper science in the long run? Definitely. Even so, the important question that needs to be asked is whether Semmelweis would have benefited from doing the same thing.






Chapter 8


The 1848 von Hebra article about the research conducted by Semmelweis that circulated widely throughout Europe communicated to the medical community that “filthy and putrid fluids” carried from corpses by doctors conducting dissections were the problem.1 Yes, the article had mentioned the patient with the infected knee and the patient with the carcinoma, but these were side notes and downplayed in the text.2 Unlike Pasteur, who had the political influence to bury the Girard and Julie-Antoinette stories, Semmelweis could not keep information about the increased fatalities from puerperal fever that these patients had brought to division one from leaking. Frankly, the notion of suppressing information to craft a more convincing narrative would never have even occurred to Semmelweis. That sort of behavior just wasn’t in his nature. Nevertheless, he could plainly see the problem that von Hebra had created through omission. He needed to step up and clarify the points. He needed to pull everything together into a sensible story that everyone could digest. He needed to correct von Hebra’s work by stating that it was decomposing matter in both the dead and the ill patients that caused puerperal fever, and not just corpse particles. Since von Hebra was the editor of the Journal of the Medical Society of Vienna, there is no doubt that the opportunity was there for Semmelweis to write a follow-up article clarifying the causes of the disease. He did not.3 That was when things got even worse.

Karl Haller was one of the professors on the faculty of medicine at the Vienna General Hospital who read the von Hebra article about the magnificent work conducted by Semmelweis. He was quite senior in position, noted as having been assistant director at the time, and was tasked with writing the annual report for the hospital.4 He understood numbers well and saw the precipitous reduction in mortality in division one that was connected to what von Hebra had written. This went straight into the report that he published in February 1849. He gushed about Semmelweis’s “astoundingly successful” experiment, stating, “The significance of this discovery for maternity hospitals, for hospitals generally and particularly for surgical institutions is so immeasurable as to be worthy of the most serious consideration by all men of science and by the government.” Then he really messed things up by pointing out that before the chlorine wash, “under professor Klein’s direction the first clinic (division one) … had a significantly larger mortality rate.”5 Haller concluded his report by offering Semmelweis the opportunity to be an honored guest at the Vienna Medical Society and speak about his discoveries in front of his peers.6

Using the annual report to celebrate Semmelweis, while reminding everyone that Klein had been doing nothing to counter the ridiculously high mortality rate that had been common under his watch, was incendiary.7 Inviting Semmelweis to speak added further fuel to the fire. This was all rather unfortunate because, along with Skoda’s continued taunting, Klein was becoming increasingly vulnerable and angry.8

Haller, thinking that he was doing the right thing, created even more problems by not fully understanding the work that Semmelweis had done. His entry in the annual report suggests that he had seen numbers from division one but had only read von Hebra’s article in the journal. These two sources of information led him to make no mention of the infected knee or the carcinoma patient.9 All Haller writes about the spread of the disease is that it happens via “introduction of a poison from corpses through manual examination.”10 There is no discussion of the fact that tissues and exhaled particles from ill people could also spread puerperal fever, even though Semmelweis had worked that out months before Haller drafted his annual report. Von Hebra further added to the confusion by publishing another editorial in his journal that stated, “Women become ill especially when they have been examined by medical men who have soiled their hands by examinations of dead bodies and had washed them only in the usual way.”11 While writing “especially” allowed von Hebra some wiggle room on puerperal fever spreading in other ways, it was vague language that left readers to assume that other mechanisms of contamination were not important enough to discuss. The article from von Hebra also stated, “[the work conducted by Semmelweis] is worthy ranking beside that of Jenner’s smallpox vaccination.”12 If he was looking for language that would send Klein into a fit of rage, that was it.

The follow-up von Hebra article and the invitation to speak at the Vienna Medical Society once again put the spotlight right there for Semmelweis to walk into. He could have easily authored an article or accepted the invitation to speak to help his findings gain momentum and to set the record straight about puerperal fever being caused by more than just corpse particles. He did nothing.



As Semmelweis was remaining painfully silent in January 1849, Charles Darwin was halfway through his two decades of triple-checking all of his arguments for On the Origin of Species. There was no way for him to simplify his message. What he was trying to communicate was just too complex and he knew it. More importantly, he was no showman and lacked the love of attention that would have been needed to convince people of his theories by presenting his work in snappy short summaries. Debate was also out of the question. Commonly described as “reticent” and “gentlemanly,” Darwin was many things, but a public debater was not one of them.13 This is why he spent so long hidden away supporting his points with heaps of evidence.

In the end, his decision to spend so much time getting things right paid dividends. Darwin got most of the academic support that he wanted, which was vital because while Darwin might not have been worrying about how the general public and religious institutions would react to his ideas, they did react rather badly in the end. Help from other academics ultimately was essential to the survival of his ideas. This might sound similar to how things played out for Semmelweis. After all, he got help from Haller, Skoda, and von Hebra. Dig deeper, though, and it becomes obvious that the support that Darwin enjoyed was different.

During his two decades of silence, Darwin was not actually entirely silent.14 He quietly shared his findings with key people in the fields of biology and geology. Thomas Henry Huxley was one of them. Huxley was a charismatic and fiery professor of natural history at the Royal School of Mines. He had extensive experience with fossils and considerable influence. Joseph Hooker was reader number two. A botanist and the director of the Royal Botanic Gardens, Kew, Hooker had a keen eye for spotting subtle traits in plants and had traveled extensively, including to Antarctica. Charles Lyell was the third reader. He had been a professor of geology at King’s College London and was author of the compelling text Principles of Geology. Lyell came from considerable wealth and was politically well connected. Darwin had feedback from all three of these men and over a dozen others. He used this information to sharpen his arguments.15 In the end, this careful planning and diplomacy meant that there were powerful people at the ready to champion Darwin’s theory of evolution when he revealed it. Perhaps more importantly, all of these men were on the same page. It is not an understatement to say that their support played a key part in helping Darwin’s ideas to endure.* The sorts of serious issues that tend to arise when a message is not clear and coordinated, like those created by von Hebra and Haller downplaying or ignoring the data presented by the infected knee and carcinoma patients, did not come up.

Semmelweis did not engage in any of this activity. All of the journals and notes that remain from his days indicate that Haller, Skoda, and von Hebra were caught by surprise when Semmelweis reported his puerperal fever results. None of them had been briefed in advance. No carefully worded report had been compiled. Indeed, von Hebra’s misleading articles suggest that he did not even send his pieces to Semmelweis for review before publication.16



While Semmelweis did not run his ideas past colleagues in advance as Darwin did, the two men had personalities that were very much alike. They were both kind, calm, and reflective. Crucially, they both had Herculean levels of patience, and understood the importance of making arguments bulletproof. The journal entries made by Semmelweis show that he was eager to spend years collecting further evidence that revealed the various ways in which puerperal fever entered the maternity ward.17 It was not meant to be. As an assistant to Johann Klein, Semmelweis did not have a permanent contract with the hospital. It had to be renewed every two years, and when it came up for renewal in the spring of 1849, Klein used the opportunity to rid himself of the Hungarian nuisance once and for all. He effectively fired his assistant on March 20 of that year.18

This proved devastating to Semmelweis. Desperate to continue his work, he mounted a protest and appealed to the Minister of Public Instruction. There was no chance that the Austrian aristocrat in that position was ever going to go against a man like Klein.19 The appeal was denied. Grasping at straws, Semmelweis applied for a teaching position within the maternity branch of the hospital. The job would not have allowed him to have contact with patients and typically did not allow the instructor to have access to the morgue or hospital records, but Semmelweis was hopeful that an exception would be made in his case.20 The application went straight to Klein, since he was the man responsible for the maternity wards. There was not a lot for him to consider. Klein could have easily made his decision in a day or two. He didn’t. He sat on the application for eight months.21 Most historians agree that he did this to make Semmelweis twist in the wind.

During this waiting period, Skoda convinced the Academy of Science to give Semmelweis a grant to run puerperal fever experiments with rabbits.22 Shortly after the animals gave birth, blood from people who had succumbed to puerperal fever or other diseases was introduced up the rabbits’ birth canals with a brush or syringe. Of the nine rabbits that were worked with, seven died and no clear insight was gained.23 That must have frustrated Semmelweis, but what must have infuriated him was a lack of access to patients. After everything that he had accomplished, he was stuck working with rabbits. It was an awful fate. With nothing to do and limited resources to use for travel, Semmelweis started to seriously consider the invitation that he had been given to speak. As he pondered breaking his silence, Skoda spoke for him by publishing an article in the Vienna Medical Journal and also delivering lectures.24

The article and lectures were well intentioned. Skoda wanted to encourage the spread of the chlorine wash and knew that the maternity clinic over in Prague had a history of very high fatalities from puerperal fever. He also knew that the obstetricians there engaged in a lot of dissections in the morgue. With these two pieces of evidence, he took it upon himself to tell the doctors there what to do. He wrote, “In the Prague maternity hospital the number of ill patients occasionally becomes very great; to all appearances this has the same cause as in Vienna … I therefore urge that chlorine washings be instituted.”25 The chief obstetrician in Prague, Wilhelm Scanzoni, would not tolerate being told what to do. He fired back, “Chlorine washing was first adopted in the maternity hospital in Prague in March 1848 when puerperal fever was frequent and virulent. It was used continuously through the second half of March and through all of April. During this period, we also visited the autopsy room only very rarely … sickness was not reduced.”26

The fact that Scanzoni was a believer that the sun, the moon, and the stars were responsible for puerperal fever meant that Skoda was fighting an uphill battle from the beginning. However, he set himself up for a much more difficult fight by so publicly stating the high mortality rate in Prague. Scanzoni’s subsequent letters make it clear that he was incensed. He wrote, “If Professor Skoda had thought it worth his while to obtain more exact information, he would have avoided giving expression to censure which must bring down upon the institution of Prague and its medical staff the suspicion not only of the medical profession but also of the public.”27 He then wrote that Skoda had implied that “the alleged shocking results were owing to our indolences and stupidity in not introducing the chlorine disinfection of Dr. Semmelweis.”28

Skoda’s actions led Scanzoni to become a fervent enemy of the Semmelweis technique. He would go on to publicize over and over again that chlorine washing after touching cadavers had been tried but not worked. Of course, the reason it had not worked was because puerperal fever was being spread in other ways that Semmelweis had identified but Skoda and von Hebra had ignored.



Scientists need allies when challenging paradigms. Darwin had Huxley, Hooker, and Lyell. Mary had Jack. Even the reclusive Carl had Ralph Wolfe. That these allies help make arguments and change minds is undeniable, but they also have the potential to provide protection when the going gets tough. Or, to put it another way, they provide shelter when someone who is challenging entrenched views needs to weather the storm. With that in mind, it is time to talk about a scientist who weathered a storm like no other because of the alliances that he forged. It is time to talk about Galileo Galilei.*

In 1618, three bright comets drew considerable attention in Europe as they soared through the night sky.29 Shortly after their appearance, Orazio Grassi, a Jesuit mathematician at the Gregorian University in Rome, published a text suggesting that the comets were fiery bodies that were moving in an enormous circle at a constant distance from Earth. Galileo disagreed. Since 1609, he had become a master with the telescope and had spotted lots of stars that could not be seen with the naked eye. He also noticed that there were objects that appeared to be circling Jupiter, and that Venus had phases just like the moon, hinting that it was going around the sun.*30 These discoveries led Galileo to argue against Grassi’s ideas and pen his Discourse on Comets as a rebuttal. The text roundly attacked Grassi, criticized the work of Danish astronomer Tycho Brahe, whose work was known for its accuracy,† and insulted prominent Jesuits in the community.31 Galileo knew the work would make him many enemies and had the potential to turn public opinion against him. He could not run that risk. Even back then, he understood the importance of maintaining public support. To protect himself, he published it in 1619 under the name of his longtime friend Mario Guiducci, who was a consul at the Florence Academy.32

Grassi was no fool. He knew Galileo’s work when he saw it and retaliated with a text of his own also under a pseudonym.33 Infuriated, Galileo penned Il Saggiatore.34 Rather than disagree with Grassi on facts, Il Saggiatore eviscerated his methods. It pointed out that many of his arguments were not supported by any sort of mathematical evidence.35 The work is widely considered to be the first book detailing how the scientific method ought to function. It is also one of the earliest examples of a scientist paying attention to audience. Unlike Pasteur, who was seeking to manipulate people in positions of power to keep money flowing to his lab, or Huxley and Hooker, who were seeking to get the wider public on their side, or even Semmelweis, who would have gained so much if he had reached out to the wider scientific community right when he made his discoveries, Galileo had an audience of one.

The idea that the sun rather than Earth was the center of the universe had been published by Nicolaus Copernicus in 1543 just before he died. This did not go down well with the church. Holy scripture dictated that Earth was the center of the universe and that everything else rotated around it. To suggest otherwise was heresy. Galileo was well aware of the danger, but his observations of Venus and Jupiter were leading him to realize that the ideas put forward by Copernicus over seventy years earlier might well be right.36 He had already been investigated by the inquisition in 1615 as a possible heretic for writing letters to private individuals that suggested he believed Earth might not be at the center of the universe. That investigation ended with him being warned by Cardinal Robert Bellarmine in 1616 to knock it off.*37 Galileo saw the peril and backed down. Even so, he recognized that he was on a collision course with the church and made one of the best political moves of his life. He dedicated Il Saggiatore to Cardinal Maffeo Barberini.38 While Barberini was powerful as a cardinal in Rome, he became even more so when he ascended to become Pope Urban VIII in 1623.39

Even when he had been a cardinal, Barberini had thoroughly enjoyed Galileo’s writings.40 His ascendancy led the astronomer to believe that he would have more freedom to challenge the notion of Earth being the center of the universe in the years ahead. He started to gently question the old views with his next text in 1623, which he entitled Dialogue Concerning the Two Chief World Systems. Rather than directly argue that Earth went around the sun, Dialogue dispassionately analyzed the arguments that were for and against this notion.41 Careful as the text was to not make an outright attack on the old beliefs that were sacred, Galileo was still sensitive to the danger that the work might put him in. With this in mind, he made another politically sensible dedication.

Writing the text in honor of the pope again was not going to help him. Dedicating it to some other cardinal was not going to be useful either since, if he pissed off the pope, the support of a cardinal was not going to matter much. Instead, Galileo dedicated the text to Ferdinando II de’ Medici, the grand duke of Tuscany and ruler of Florence.42

An argument can be made that this choice was personal because Galileo had a warm relationship with the de’ Medici family. Both Ferdinando and his brother Leopoldo read everything that the astronomer wrote with relish. They were obsessed with science and had Galileo on their books as their chief mathematician and philosopher.43 Both of them spent a great deal of time playing with barometers and thermometers, which were new technologies at the time.44 Ferdinando had his son mentored by the mathematician Niccolo Aggiunti, who was one of Galileo’s best students and closest friends. The brothers also had a passion for looking at the stars and planets. Indeed, orders for telescopes and other scientific gear from their palace were frequent for this reason.45 While they were sensible enough to keep their opinions about Earth’s position in the universe to themselves, they were clearly intrigued by the questions that Galileo was asking, and probably believed he was right.

Warm relations aside, dedicating Discourse to Ferdinando was unquestionably a political move too. The de’ Medici family was wealthy, powerful, and very well connected. By 1632, they had already produced four popes (Leo X, Clement VII, Pius IV, and Leo XI) and two queens of France (Catherine and Marie). Galileo had to have known that, if the Inquisition came after him and if Urban VIII did not intervene, having the support of the de’ Medici family was going to be important. And if any further incentive was needed to make the dedication, Galileo was close friends with the Tuscan ambassador to Rome (Francesco Niccolini), who he had to have known would ultimately be the one dealing directly with the Vatican if things went sideways.46

The text of Discourse was too much for the clergy to swallow. Many within the church complained that Galileo was suggesting Earth did move, and that he was violating the orders given to him by Cardinal Bellarmine to stop arguing in favor of the ideas proposed by Copernicus.47 Forced to come before the Inquisition in Rome, Galileo debated the charges being brought against him in a legal manner. He pointed out that Bellarmine had specifically told him to stop defending the notion of Earth moving, and shared the certificate given to him in 1616 that said as much. Nowhere in the certificate, he explained, did it say he was not allowed to discuss the subject matter in a neutral manner. He further argued that Dialogue was just an analysis of ideas rather than a document that supported the notion of Earth revolving around the sun.48

Documents written up by the Inquisition during their time spent with Galileo contain the language “rigorous examination,” which was code for torture back then.*49 This made sense. The clerics had doubts about whether Galileo was being honest when he said Dialogue was just an analysis of ideas, and absent a lie detector, they turned to the next best thing. The Inquisition documents also state that Galileo “answered in a Catholic manner.”50 This was code for, “Hey, Pope, we think he’s telling the truth.” Throughout the trial, the public was also left to assume that Galileo was being kept in a prison cell to help the Inquisition break him. All of this material led readers at the time to conclude that the astronomer had been tortured at the hands of the Inquisition.51

Faced with Galileo’s “Catholic” answers and the fact that the certificate really did not ban him from discussing the topic, the Inquisition turned to what was effectively plea-bargaining.52 The clerics proposed that, in return for them dropping their most serious charges against him, Galileo would admit that his writings had implied the notion of Earth moving around the sun. He agreed to this and was then sentenced for “vehement suspicion of heresy.”53 He was forced to publicly recant his beliefs and Dialogue was banned.

While Galileo’s fate was pretty awful, the story that most people know is not entirely true. While he did come to Rome to be questioned by the Inquisition and was sentenced for heresy, letters that were found in 1775 written by the de’Medici family and their allies show that the scientist’s situation was not quite as terrible as many think. For starters, the Inquisition did not force Galileo into a prison cell to soften him up. This was not because they were less flinty-hearted than we thought. This was because the Tuscan ambassador (Niccolini), speaking on behalf of Ferdinando II de’ Medici, made it clear that the man they were trying to take into custody was a valued adviser to the grand duke and that there would be serious political consequences if he were to be treated badly.54 The documents even show that the charming Niccolini had regular amicable meetings directly with Pope Urban VIII on this very sensitive matter.55 Given the pressure that was brought to bear on the Vatican by the powerful family of Florence, the letters show that the Inquisition acquiesced to the de’ Medici demands and allowed Galileo to initially stay at the luxurious Tuscan embassy in Rome as a personal guest of Niccolini and his wife.* During the few weeks when he was actually brought to the Inquisition palace, there was no time spent behind bars either. The records show that the de’ Medici’s again intervened. They used their immense power to negotiate for Galileo to be lodged in a comfortable six-room apartment and for meals to be brought to him twice a day from the kitchen run by Niccolini’s wife at the Tuscan embassy.56

Apropos the torture that everyone has long believed took place, this did not happen. For starters, the main mechanism of torture in the 1600s involved binding the wrists of a prisoner together behind their back with rope and then hoisting them up with a pulley to the ceiling. To make their detainees particularly miserable, the Inquisition would sometimes attach weights to the feet of prisoners and suddenly drop them a short distance to snap the joints in their shoulders.57 Galileo was sixty-nine years old in 1633. If he had been exposed to that sort of treatment, he would not have walked back on his own two feet to the Tuscan embassy, as we know he did. Furthermore, the Inquisition was the epitome of organized cruelty. They kept meticulous notes and had stringent rules for their villainy. One of those rules was that every gasp, scream, and moan that escaped the lips of someone being interrogated needed to be recorded for posterity.58 This was sadism at its worst, and yet there is no record whatsoever of the noises that Galileo made as he was being stretched alive, while there are plenty of records about everything else that he discussed with the inquisitors. This was not because the Inquisition apprentice cleric taking notes fell asleep on the job. It is because there were no screams, gasps, or moans to record.59

All told, it looks very likely that Ferdinando II had Niccolini convince Pope Urban VIII to remember how fond he was of the astronomer and to tell the Inquisition to let him off gently. That might sound like it counters the message communicated to the public that Galileo was exposed to “rigorous examination,” and it does. This was intentional. The pope needed to be perceived as a strong defender of the faith to maintain his grasp on power.60 As such, he made certain that the public believed Galileo had been thrown in a cell and tortured for his crimes, while he quietly let the scientist whom he had admired for so long return to his villa in Florence unscathed. The reason why so many people today still think these terrible things happened is because it was not until 150 years later that documents surfaced revealing the truth about where Galileo stayed during his examination by the Inquisition. It was not until 250 years later that it became clear he had not been tortured either.* Stories that get thoroughly integrated into our societies become very hard to change after they have been there for decades, even when evidence emerges that dictates otherwise.



We no longer have the Inquisition hunting down heretics.† But even without the Inquisition, scientists still need shelter. Kati Karikó was in trouble in 1988. After enduring horrible treatment by Robert Suhadolnik at Temple University, she had found a safe haven at the University of Pennsylvania in the lab of Elliot Barnathan. Kati was working hard. In the midst of all her lab work, she had been writing at least one grant application each month and not a single one had come through. The writing was particularly exhausting because it all had to be in perfect English, and as a second-language speaker, this was no easy feat for her. The responses were all the same. Granting agencies, both public and private, doubted that mRNA was stable enough to be used as a therapeutic agent. They could not see how Kati’s work would ever serve any sort of practical purpose and denied her funding over and over again. As the rejections were piling up, the University of Pennsylvania decided to demote Kati and advised Elliot to stop supporting her.

Elliot did not allow the university to bring the axe down. Like the grand duke of Tuscany offering up lodging in the embassy to Galileo, Elliot used his lab funding to protect Kati. The university forced her title to change from research assistant professor to senior research investigator, a title that was never used on campus. It was an obvious demotion, but at least she still had an income and a lab to do her work.

When the university then denied Elliot tenure in retribution, and he left the university for private industry, Kati was again exposed to the storm.61 With Elliot’s protection gone, she knew that it would not be long before the university tried to remove her again. It was then that David Langer stepped in.

Like Niccolini, David had both connections and charisma. As a medical student, he had been a fellow in Elliot’s lab when Kati had first arrived at the university. His father had been a cardiologist at the university for years before having a stroke that paralyzed him on one side. As a result of that awful incident, and how beloved his father was by everyone who knew him, David had been treated like family by most members of that department for years.62 Many of these people, including his own godfather, had left the cardiology department under the new managers who were seeking to push Kati out.

David saw Kati’s imminent termination as a continuation of what many of the others in cardiology had endured and would not tolerate it. He was working as a neurosurgeon resident just as Kati was about to be kicked out and was not in a position of significant power. Even so, he went to the chair of neurosurgery, a fellow named Eugene Flamm, to try and save her. With the skills of a diplomat, David charmed the man into believing that the department needed a molecular biologist. Indeed, he convinced him into believing that Kati was who they needed. While this was not Niccolini convincing Pope Urban VIII to tell the Inquisition to put their instruments of torture aside, David’s convincing the neurosurgery chair to shield Kati from expulsion, unemployment, and deportation is about as close to a modern equivalent as there is.



Just as Galileo and Kati needed shelter when the going got tough, so too did Semmelweis. He didn’t get it.

Haller, Skoda, and von Hebra were supportive. Many others at the hospital were too. There were a lot of departments and Semmelweis was a medical doctor. Yes, his expertise was obstetrics, but he could have taken on other work if it had been offered to him. The logical move would then have been for him to wait until the political winds changed. A bit of creativity between himself and others was all that was needed to give him shelter. This never happened. He was already vulnerable, with his contract having expired and Haller having publicly rubbed it in Klein’s face that infection rates with puerperal fever had gone through the roof when he took over from Johann Boer. Unfortunately, Semmelweis made himself even more of a target by finally deciding to speak up.

Not long after Skoda antagonized the obstetricians in Prague with his ill-advised paper, Semmelweis accepted the long-standing invitation to present remarks in front of the Vienna Medical Society. Precisely who was in the audience is not noted anywhere, but Haller, von Hebra, and Skoda were likely present.63 Klein probably was too.64 If he was not, he definitely had associates in the room to report back to him on what was said. It was May 15, 1850, over a year since Semmelweis had lost his position as an assistant in the maternity wards. He was still waiting to hear back about whether he would be granted a maternity teaching position with some exceptions built in that would allow him to continue his research.65 This put him under considerable pressure. He had a responsibility to report the facts. However, if he wanted to have any chance of getting the job that he had applied for, he needed to report the details without further angering Klein.

Semmelweis started out with the basics, explaining why the old theories proposed by Sydenham and Boerhaave were inadequate for the patterns of infection that he saw with puerperal fever.66 While those points were contrary to what many in the room understood to be true,* they were a critique of widely held beliefs rather than an attack on Klein. So far, so good.

He then did what he should have done two years earlier and outlined the mechanisms of infection. The infection route from corpses was discussed, but the route provided by air that had been rendered infectious by diseased patients was, for the first time, given equal attention. Semmelweis discussed the carcinoma and infected knee patients in detail. He also discussed, for the first time, the notion that medical instruments used in surgery had the potential to spread the disease.67 He explained that the chlorine wash had a chemical ability to destroy the “animal organic material which has become putrid,” and was pivotal to stopping the spread of epidemic infections. This was all safe territory and Semmelweis, after seeming so fearful to speak in front of an audience, apparently delivered this information well.68 Where things went wrong was with his discussion of trends in division one.

He did not need to point out the history of puerperal fever deaths at the hospital. Everyone who had read Haller’s report knew it already. Moreover, the arguments that Semmelweis had just made showing how the disease spread and how epidemics could be halted with the chlorine wash were strong. Even so, he went further and explained that cases of the disease rarely were above 1 percent between 1789 and 1822.69 Then in 1823, “one patient out of every two” died of puerperal fever.70 The speech did not mention names, but the audience was clever enough to know that 1822 was the year that Johann Boer was fired for refusing to teach with corpses and replaced with Johann Klein. Thus, Semmelweis set Klein up to be recognized by everyone in the room for presiding over the maternity wards when fatality rates shot up. Actually, it was worse than that. Semmelweis was effectively stating that Klein was a bringer of death. Adept diplomacy this was not.

Klein remained utterly silent about the maternity teaching position in the wake of the speech. The summer passed and nobody was hired.71 This is surprising because the hospital really needed an instructor. Most of the maternity assistants who had come before Semmelweis had been hired as professors at universities. Some had moved on to practice at other hospitals.72 Semmelweis had the perfect background to take the job on. To a certain extent, that put management in a bind, because not offering him the job would have looked really stupid. Finally, in October of 1850, Semmelweis was notified that the position was his. There were some stipulations though.73

We do not know exactly how he was notified, or what the notification said, but the catalog of classes for the winter of 1850–51 contains the text, “Lectures on Midwifery with practical demonstrations on the phantom five times a week by Dozent Ignaz Semmelweis.”74 The term “phantom” meant a dummy, meaning that the teaching would not involve any corpses, and that the instructor running the course would not have access to the morgue. This also implied that access to hospital records was also off limits. What is interesting here is that the text in the course catalog differs from writing later uncovered in the Austrian ministry that signed off on the job offer. That text read “with practice on the phantom and cadaver.”75 This suggests that the job offer originally would have granted Semmelweis access to the morgue and the hospital records so he could continue his research. It also suggests that the job offer was meddled with somewhere between it being signed off by a government official and given to Semmelweis.

Was the treachery the doing of Johann Klein? Probably. He certainly had many reasons to dislike Semmelweis. Even so, Klein could not deny him the lecturing position. Semmelweis was just too qualified. This left Klein with the only option available. He needed to sour the milk and hope that doing so would drive Semmelweis away. Delaying the job offer for a ludicrous amount of time was part of this process. Removing the access to the morgue that the ministry had granted was part of this process too.

This all makes Klein out to be quite the villain, and there is certainly plenty of evidence that he behaved badly. The findings that Semmelweis was reporting were not making him look good. Every paper and every speech that pointed out how significantly fatalities increased after he took over the maternity department must have added to his anxiety levels. Moreover, there was ample evidence that Klein was an inept doctor who was happy just earning a hefty paycheck as his patients died. That is definitely not the profile of a hero. Indeed, Adolf Kussmaul would later write, “In Austria a revolting system of favouritism dominated everywhere: there were incompetent professors and chief physicians who owed their appointments to the patronage of distinguished petticoats and influential cowls.”76 It is not difficult to discern which chief physician Kussmaul was writing about, especially when one of his other notes about Klein says he was a “mediocre practitioner, raised to his position through influential friends.”77

With all that said, it is important to remember that when Semmelweis initially came to Klein asking for approval to run his experiments with the chlorine wash, the maternity chief consented. When there was pushback from staff, Klein continued to wash with the chlorine solution himself and told others to do so. Recent evidence that has surfaced reveals that just months before Klein decided not to renew Semmelweis in his post, he had written his assistant “a very favourable reference.”78 This suggests that, in spite of their personal differences and political friction, Klein was still planning on granting Semmelweis an extension in late 1848. While it is impossible to know why he changed his mind, my guess is that ever-increasing pressure from the likes of Skoda, von Hebra, and their allies pushed Klein to a point where he truly feared for his future, and realized that the only way forward was to dismiss Semmelweis.

Regardless of his reasoning, Klein’s strategy of souring the milk worked. Teaching with dummies alone and having no access to the hospital for research purposes was too unpalatable for Semmelweis. He turned down the teaching position and left Austria for Hungary.79 This was the biggest mistake of his life.






Chapter 9


As Semmelweis was returning to Hungary, Joseph Lister was becoming increasingly frustrated by the fact that British surgeons routinely accepted fatal postoperative infection as something that they could do nothing about. He refused to believe that prevention was impossible and turned to his trusty microscope for answers.1 By 1856, he was well established as a surgeon at the Royal Infirmary in Edinburgh, Scotland, and was regularly studying tissue samples collected from his patients.2 Pasteur was simultaneously studying spoilage. He had not yet discovered that microbes from the air caused decay in nutrient-rich solutions like milk and beef broth, but he was getting very close.3

Meanwhile, medical doctors in Britain noticed that when a person broke a bone, but the break did not involve the skin being cut open, the break would tend to heal without infection. In contrast, if the break did involve a cut or tear in the skin, infection was common and death from sepsis became a real threat.4 This led some to reason that there was something in the air that caused wounds to fester. The relationship between this line of thought and Pasteur’s research was palpable, but the connection had not yet been made. Lister would continue to study the matter for years. He worked with patient tissues and with frogs.5 He would cut the delicate tissues of the amphibians and then monitor the inflammation and healing process under the microscope to try and figure out what was happening.6

Just a few weeks after Darwin published On the Origin of Species in November of 1859, Lister became a professor of clinical surgery at the University of Glasgow. Not long after his arrival, he applied for a post as a surgeon at the Royal Infirmary in Glasgow, because he fervently believed that the best way to teach his surgery students at the university was for him to “illustrate by practice” in front of them on the surgery table with real patients.*7 His application was rejected because the Royal Infirmary in Glasgow was supervised by a board composed of twenty-five people who mostly had no real understanding of medicine (much like the Vienna General Hospital was ultimately supervised by Austrian aristocrats who had little medical experience). Only two were doctors. The rest were priests, politicians, and businessmen from the community. The chair was a local boot- and shoemaker named David Smith who completely disagreed with Lister and wrote, “Our institution is a curative one. It is not an educational one.”8

Faced with a board of morons and unable to gain any traction, Lister put his energy into teaching. He never swayed from his mission to defeat postoperative infection and continued with his microscopy. However, he never allowed his focus on that problem to detract from the importance of following the Quaker ethos of educating students so that they could become great surgeons and eventually help others. While Lister had a stutter that forced him to speak slowly, this actually served him well. Compared to other professors, he was easy to understand. Quite to his surprise, his students found his lectures entertaining and numbers in his classes swelled. At one point he had 182 pupils, making his surgery course very likely the largest in Europe.9 Many students became overwhelmed with affection for him. Indeed, so taken were they by his charisma that they elected him honorary president of the student medical society.10

The students at Glasgow University also noted with disdain the way in which the Royal Infirmary board was treating Lister’s application to teach surgery by doing surgery. They wanted their beloved teacher to gain access. They wanted the practical instruction. As frustration grew, they became unwilling to just leave things in the hands of hospital management and created a petition. Directly above a whopping 161 signatures they wrote, “We the undersigned Students of Surgery in the University of Glasgow cannot allow this.”11 As pressure increased and public criticism of the board mounted, the hospital was forced to grant Lister what he wanted.12 This marked a major success in his career. Interestingly, the path to this success had been paved by the devotion of students.



The situation in Hungary was dire. The country descended into vassal status again after the rebellion of 1848 was crushed. The Habsburgs were ruthless. Military supervision and police outposts were everywhere. The Austrians suppressed anything that they deemed culturally characteristic of the vassal state.13 Dances, art exhibitions, festivals, and debates were all forbidden. Science suffered too. This was partially because there was no money for facilities damaged during the revolution to be repaired such that lab work and lectures could take place again, and partially because the authorities had shut down most scientific organizations. The Medical Society of Pest-Buda,* the Society of Natural Sciences, and the Conference of Hungarian Physicians and Natural Scientists had all been forced to close.14 There was also the problem that a lot of Hungarian scientists were actually locked up.

Janos Balassa was a surgeon, but he was also a military hero. As professor at the University of Pest, he saw the diminished opportunities that his students had due to the oppression that Hungary endured as a vassal state. When the revolution came in 1848,* Balassa mustered his courage and joined his students at the barricades.15 He was lucky to escape with his life. After the rebellion, Balassa was sentenced to three months behind bars.16 He was not alone; many professors at the university had been openly supportive of the revolution. If they did not end up serving prison time, they were, at minimum, hounded by the police and prevented from gathering to discuss ideas. This was the place that Semmelweis returned to.

Semmelweis quickly became friends with Balassa and his circle of scientific allies. In short order, they led him to the maternity ward at Rochus Hospital, where the doctors regularly went between the morgue and the various wards with contaminated hands.17 Unsurprisingly, cases of puerperal fever were very high. Shocked by the conditions, Semmelweis wrote a letter imploring the regional police to give him control of the maternity ward. They granted this request in March of 1851, but since there was no funding to hire him, the authorities told him that he would have to perform the work of head of department as a volunteer. Semmelweis accepted, and he simultaneously established a small private practice to keep food on the table.18

Once in charge, Semmelweis initiated his chlorine wash regimen. Fatalities from puerperal fever plummeted. During the next six years there would be 933 births at the hospital and only 8 fatalities from puerperal fever. This was less than 1 percent.19 Back in Vienna, where the chlorine washing regimen that he had established was disregarded by management as ridiculous, fatalities from puerperal fever shot up to 19 percent.20 While the return of these preventable fatalities in Austria was a terrible thing, an even worse outcome was that everything Semmelweis had worked so hard to discover was vanishing from obstetrics discourse. Yes, people like von Hebra, Skoda, and Kussmaul remembered his findings, but since they were not obstetricians, they were in no position to be implementing the methods or teaching them to others. Even the volunteer work that Semmelweis was putting into the Hungarian hospital was going nowhere.

Like the Royal Infirmary in Glasgow, the management of the Rochus Hospital saw no point in students being on the premises. The city authorities that were running things felt that the activities of teaching and healing were at odds with one another.21 This meant that Semmelweis had no students during his six years there. In July 1855, when he was eventually granted a paid position as professor of obstetrics at the University of Pest, he did have students, but he faced serious challenges.

Unlike in Vienna, where teaching was solely conducted in German, Hungarian universities taught courses in Latin, Hungarian, and German. Even Janos Balassa, who had spent his entire life in Hungary, and who was capable of teaching in all three of the languages, found it difficult to use the right technical terms in the various languages during his lectures on surgery.22 This would have been hard for Semmelweis too, but what really made things difficult was the educational diversity that he encountered in the students with whom he worked.

Unlike other departments at the University of Pest, a quirk of the obstetrics department meant that Semmelweis was not teaching many trainee doctors. Roughly 75 percent of his students were women who wanted to become midwives. Most of these women came from the poorest social classes in Hungary and had very little experience with learning in an academic environment. Many were nearly illiterate.23 There were few students who were able to learn much of the material that Semmelweis was prepared to teach them about disease prevention, and there were even fewer who were in a position to transmit what they learned further afield.

Exacerbating matters was the isolation that Hungary experienced. When the Medical Society of Pest-Buda eventually opened again, Semmelweis gave regular lectures. Unfortunately, the content of what he presented was only discussed locally, and notes from his talks never made it out of the country. The same proved true for Medical Weekly, a small journal that he helped to found in 1857. He contributed to the publication often, but because what he wrote was only in Hungarian, the content of the journal rarely made its way outside of the vassal state.24 As for the letters that he eventually did send out of the country, they were laced with hatred and fury for those who refused to see things his way.25



I was running an interview with a researcher not long ago about the development of new technologies that will allow people living in arid places to harvest water vapor from the air. The conversation was going well when the researcher said, “Oh shit, I have to get off this call!” When I asked if everything was okay, I was told, “Yes, yes, but I’ve got another damn class to teach. It will be a miracle if I get any research done this week.”

Comments like that are common. For scientists who are intensely curious and driven to study the world around them, teaching must feel like such a drag. Just imagine being a chemist at the top of your game, developing materials that make it easier for desperately thirsty people dwelling in deserts to more easily get water, and then being asked to step out of your lab for five hours a week to run introductory classes for first-year university students who are spending more time staring at their phones than the podium of the lecture theatre. I can see why it must be maddening. I can also see why viewing things this way is a trap.

The Scientist’s Instruction Manual, which doesn’t really exist but everybody in the field knows what it contains, says that success is obtained by publishing papers in high impact journals that everyone then cites. I am not going to argue that point. A scientist will definitely be viewed as a success if they follow that path. They will also get a ton of grant money thrown at them if this is the way their career plays out. What I question is the role of students in this process. Teaching a lot of young people does not provide a scientist with a lot of status. It does not lead universities to give them promotions. It will not drive grant-awarding bodies to hand them more cash. It will not cause journals to view their papers more favorably. Yet, that is the short-term view.

While Jack Horner and I were recently reminiscing about his many awards and the brightest moments in his career, I commented that I’d been “blessed” to know him for much of it. He paused and grew wistful. He said, “If I can borrow your word ‘blessed,’ my real blessings are my students. Mary is one of them. All of my doctoral students have gone on to get really good jobs. They are at the top of their field. To have them all be basically superstars, well, that’s pretty cool. I mean, I don’t know how it gets any better than that.”

Have all these students helped Jack? Sure. As he readily admits, “I’ve learned more from them than they from me!” Yet, this impact goes beyond the symbiotic relationship between professor and students because these students have helped the paleontology community to think in the unorthodox ways that Jack does. “Most of them are real creative minds who challenge conventional ideas because that is what I taught them to do,” explains Jack. “Thinking outside the box is risky … the scientific community is generally suspicious of it,” he adds. As his students have dispersed, I would argue that the community has become more used to Jack’s unusual way of thinking, and that, in turn, has reduced some of the resistance that Jack has to face when he proposes ideas. Having tremendous success with his early papers and awards has not hurt, though. After all, his stature in the community did play a crucial part in helping Mary endure years of withering attacks. With that said, you do not need to be a success for your students to be successful.

Betsy Repasky was becoming increasingly frustrated with the lack of interest that the research community had in testing her findings that the cool temperatures used in labs were skewing results during medical experiments with mice. Even at her own institute, the Roswell Park Comprehensive Cancer Center, she wasn’t finding anyone who was prepared to ditch working with cold mice. Then, one day in 2019, a recent recruit to the immunology department named Prasenjit Dey came up to her after she gave one of her lectures to a group of students. “He was a brand-new assistant professor interested in pancreatic cancer, and right away he asked if he could compare mice housed at standard cool temperatures with those housed in our warm room,” recalls Betsy. He was not exactly her student, but as someone who was not entrenched in the old ways of doing things, he was eager to learn from her and explore the effects of room temperature on his mouse models.

Prasenjit almost immediately noticed differences in the role that obesity had on pancreatic tumor growth when mice housed at warmer temperatures were compared to those housed at standard cooler temperatures. Temperature really mattered.* This is not only great for Prasenjit; it is also huge for Betsy, because when his work publishes (and is covered in The Economist) it will show to the rest of the scientific community that temperature is an important factor that researchers need to consider in their work with mice.*

Kati Karikó was not technically David Langer’s instructor when he arrived in Elliot Barnathan’s lab. He was a medical student on a fellowship to learn by doing in the lab. Even so, the relationship between Kati and David was still that of teacher and student. Early on, David had submitted work to Kati that she declared to be “shit” and tossed in the bin to make her point.26 This did not deter him from trying to learn from her. After he left the Barnathan lab to complete his medical degree, he still read everything that Kati wrote and constantly peppered her with queries. She comments that, through the million questions that he asked her, “It felt as if David were trying to download the contents of my brain.”27

While Kati languished in academic limbo, and faced the very real threat of losing her job when Elliot Barnathan was driven out of the university, it was David who intervened. Yes, he was no longer a student. He was a fully-fledged medical doctor completing his neurosurgery residency with a number of academic papers under his belt. That, combined with his potent political connections at the University of Pennsylvania, meant that he had the ability to throw Kati a lifeline that kept her afloat long enough to make the critical discoveries that helped bring the Covid-19 pandemic to an end.28



As the doors of the Glasgow Royal Infirmary in Glasgow were opened for Lister by his students, Louis Pasteur was still theatrically demonstrating that when he prevented air from landing on nutrient-rich solutions, they did not spoil. He was also still yearning to run experiments in a hot air balloon over Paris.29 Even with his silver tongue and considerable political clout, he never made that bit of scientific theater happen, but he was getting attention nonetheless.

Word of Pasteur’s experiments reached Lister in 1863. Others, including Queen Victoria’s own surgeon, started to put two and two together and speculated that if there was microscopic life in the air that could land on milk rendering it foul, there was potential for microscopic life to land on an open wound and do the same thing.30 Nobody, including Pasteur, who was not medically trained, was trying to put these ideas into practice. This was Joseph Lister’s moment. He rolled up his sleeves and gave it a try.

He knew from reading Pasteur’s reports that microbes could be killed by heat. This was how the agents that caused rabies were being destroyed: with hot irons in patients who had been bitten by wolves in France.* Yet, branding surgery patients with hot irons struck Lister as impractical.† This is why destroying microbes with chemical solutions caught his attention. Just like Semmelweis, Lister knew that engineers working with sewer systems used specific compounds to neutralize the vile odors that so often arose from the waters running through them. In England, the compound being used for this purpose was carbolic acid, which is a water-soluble derivative of coal tar, so Lister decided to try and work with it.31 He wrote at the time, “Just as we can destroy lice in the head of a child … by poisonous applications which will not injure the scalp, so, I believe, we can use poisons on wounds to destroy bacteria without injuring the soft tissues of the patient.”32

Throughout the spring and early summer of 1865, Lister tried again and again to treat infection with carbolic acid. He was met with varied results. This was not because carbolic acid does not kill bacteria, it does. The matter that Lister had yet to work out was that the carbolic acid needed to be applied before the infection was established, rather than afterward.33 This is why patients who had sections of decaying bone and tissue chopped away during surgery still fell victim to sepsis. Bacteria had already infected the tissues, and pouring liters of carbolic acid over the surgery site did nothing to kill the microbes that were already nestled deep down.

Given the challenges that he was facing, Lister decided that he needed to narrow his focus. Pouring carbolic acid on every patient was making things too complex. To make the problem more manageable, he started to limit his experimentation with the antiseptic to only patients who had recently suffered a severe trauma that had resulted in them having a broken bone protruding out of their flesh.34 Known as compound fractures, patients with these injuries were almost always the victims of accidents. This meant that they were generally healthy with no lingering infections before the catastrophe that broke their bones. It also gave Lister an ethical way out. If he treated a compound fracture with carbolic acid and the wound went septic, he could always amputate the limb and have a good chance of saving the patient’s life. Since amputation was the typical treatment for these injuries anyway, he reckoned that testing on patients with these injuries meant that there were only gains to be made if the treatment worked.

With his mind made up on a strategy, Lister had his first compound fracture to work with in the summer of 1865. The patient was James Greenlees, an eleven-year-old boy who had fallen in the streets of Glasgow and had his leg run over by a passing cart.35 His tibia, the larger of the two bones found in the lower leg, was broken. Moreover, a thumb-sized section of bone had pierced through the child’s skin. While serious, people rarely die of these sorts of fractures today because we have access to antibiotics. This was not the case for people in 1865. Infection killed half of those who were unlucky enough to sustain these injuries. Lister himself reflected on this years later in one of his papers, noting, “The frequency of disastrous consequences in compound fracture, contrasted with the complete immunity from danger to life or limb in simple fractures, is one of the most striking as well as melancholy facts in surgical practice.”36

Since the child had been run over in the filthy streets of Glasgow, Lister was aware of the high risk of infection. He also had to have known that if the boy lost his leg, his future would be ruined since amputees back then were treated like second-class citizens. With all of this in mind, Lister decided to roll the dice. He washed the wound with carbolic acid and then applied dressings soaked in the antiseptic to the wound as well.37 He then watched the wound like a hawk. It did not go septic. The boy kept his leg and lived. It was August 13, 1865. The day would go down in history as the pivotal moment when sepsis was defeated.



Like Lister, Janos Balassa was a surgeon. A few years before Lister conducted his triumphant work in Glasgow, Balassa had a triumph of his own. He had been preparing to conduct a tracheotomy whereby he was going to cut a hole in the neck of a Hungarian woman whose airways had become so severely inflamed that she could no longer breathe. Before he could initiate the surgery, “she lifelessly collapsed, her tense shoulders and arms became flaccid, her cyanotic face became a mask of death.”38 There was no breathing and no heartbeat. While most surgeons would have just stopped at that point, Balassa wondered if the fact that she had just died from lack of oxygen might mean an urgent infusion of air into her lungs could be enough to save her life. Working quickly, he cut open a hole into her trachea and inserted a tube that allowed air to go straight to her lungs. Since she was not breathing, Balassa wrote that he “exerted bellows-like rhythmic pressure to the front of her chest imitating breathing.”39

As the seconds passed, he watched in silence as his movements pumped air into her lungs over and over again with a sharp whistling sound that came from the hole he had cut. After six minutes of trying this novel technique, something extraordinary happened. The woman suddenly made a “spontaneous sigh-like inspiration.” This was followed by more gasps for air. She then started breathing on her own. When Balassa went to take her pulse, he found that she had a heartbeat again. He had achieved the impossible. He had brought her back from the dead.40

So, aside from heroically fighting the Austrians at the barricades, he also, through his medical heroics, invented the CPR technique that we all learn in first aid courses today.* I write this because a lot of literature has made Balassa into something of a villain for condemning Semmelweis to a mental institute.

On July 29, 1865, he wrote in a formal notice to the other doctors at the university,


The undersigned confirm herewith that Professor Dr. Ignaz Semmelweis of the Royal University at Pest has been burdened for three weeks by an ongoing disturbance of his mental state which implies on the one hand removal from his usual surroundings and from the practice of his vocation and on the other hand suitable supervision and medical care; which can be achieved most surely in an institution for the mentally ill.41



Semmelweis had definitely developed a mental health condition by the summer of 1865.42 According to Irvine Loudoun, a medical historian who was a medical doctor himself, the problems started years earlier. He notes that as Semmelweis was making a final push to share his findings in writings and speeches in 1858,* he was already suffering from bouts of disorientation and depression that were punctuated with periods of manic energy.43 He also began experiencing sleeping problems and developed anger control issues. Some suggest that he had Alzheimer’s disease.44 Some argue that he had developed bipolar disorder.45 That makes sense since, along with genetics, extreme stress is considered to be a major cause of the condition, and Semmelweis had been exposed to far more than his fair share.

What it was that finally caused Semmelweis to psychologically break is impossible to determine. He was treated with real cruelty in Vienna by Klein and his cronies. As I mentioned in chapter 1, he also was terrible at preventing himself from becoming emotionally invested in the outcomes of his patients. While he did not throw himself under a passing train as Gustav Michaelis did, realizing that he had personally been responsible for the deaths of so many women may have been the critical moment when he suffered the psychological wound that would fester and ultimately ruin his mind. Being mocked and ignored by so many in the scientific community only made matters worse. Yet, as obvious as it was that Semmelweis had developed a mental health problem, it is unclear whether he warranted being locked away in an asylum. Indeed, some sources suggest that, while he had grown eccentric around 1860, he was still perfectly capable of doing his work in June 1865.46

Balassa’s own time imprisoned by the Habsburgs had to have been weighing heavily upon him as he wrote what he did. It did not matter that the bars were going to be those of an insane asylum. While England was just beginning to see asylums revolutionized into places aiming to support and cure those suffering from madness, many of the asylums in Austria and Hungary were more horrible than prisons. The “patients” in these facilities were often thrown into darkened cells, starved, strapped into straitjackets, doused with cold water, and beaten.47 Balassa knew full well that the bars he was suggesting Semmelweis be put behind were going to be worse than those that he had sat behind after his own imprisonment by the Habsburgs.

The doctor who declared Semmelweis insane was Janos Bokai, a pediatrician who ran Hungary’s largest children’s hospital. Bokai was talented with children but had precious little experience working in adult medicine. He had even less experience with mental health.48 It has struck many historians as odd that Balassa would select such a man for the task of diagnosing a fellow professor as mentally incompetent.49 And that is not the only questionable element of Balassa’s decision.

If Semmelweis was really deteriorating as quickly as Balassa says in the letter, then it would have made sense for him to have been urgently placed in a nearby asylum. Such a facility did exist. Semmelweis lived in Pest and, just across the river, there was the Schwartzer Institute of Buda.50 Unlike most of the other mental health facilities in Hungary, the Schwartzer Institute was beginning to use the new techniques that were being tested in England. The facility would have been a good fit for Semmelweis, but Balassa chose to avoid it. His reasoning is not documented, but many have theorized that it had to do with the man who ran the Institute. Dr. Ferenc Schwartzer had been friends with Semmelweis since childhood. They knew one another well, and it is likely that if Balassa had sent Semmelweis to the Institute, Schwartzer would have discovered that his old friend’s mind, while troubled, was still intact. He probably would have either refused to admit him or provided brief treatment before arranging for a discharge.51 So, instead of being sent to Schwartzer, an elaborate ruse was concocted to ship Semmelweis off to an asylum in Austria.

Balassa sent a telegram to Semmelweis’s old ally Ferdinand von Hebra in Vienna and convinced him that Semmelweis needed to be urgently placed in an asylum. Semmelweis was tricked into boarding a train, on the premise that he was going be given a tour of a new private sanitorium that von Hebra was helping to establish. This must have appealed to Semmelweis because, upon meeting von Hebra at the station, he eagerly followed him to the site.52 Unfortunately, the “new private sanitorium” was actually the Lower Austrian Mental Home. There was nothing new or enlightened about the place. It housed almost seven hundred inmates and treated them like animals. On July 30, 1865, Semmelweis was led into a cell by von Hebra.

He died there two weeks later on August 13, the very same day that Joseph Lister was making his breakthrough with James Greenlees.53



After his incredible success with the young boy, Lister went on to treat ten more compound fracture patients with carbolic acid in the autumn of 1865. Eight of them walked out of the hospital. Only two became amputees.54 Compared to the way things had been before, these were extraordinary results. You would think that Lister’s work would be enough to end the debate on whether antiseptics could prevent sepsis, but this was not how things played out.

Lister published his findings in a five-article series in The Lancet in 1867. He wrote, “We know that blood kept exposed to the air at the temperature of the body … soon decomposes.” He then went on to state that this same decomposition appeared to be taking place in wounds. Crucially, he cited Pasteur, writing, “The germs of various low forms of life, long since revealed by the microscope” are the force that causes wounds to go putrid.55 He reported that killing these germs was critical and then presented example after example of how application of carbolic acid did precisely this.

Shortly after his papers published, articles attacking him appeared. Given how much uncertainty there had been about what caused infection, it would have made sense for these articles to be attacks on his ideas. Pasteur’s findings were still debated. All of the theory that Lister was building his methods upon could have been questioned. Instead, the critics attacked him for plagiarism.56

In September of 1867, a piece published in the Daily Review of Edinburgh. The letter commented that Lister’s claim to have discovered the effectiveness of carbolic acid for preventing infection was misleading, and that the French and Germans already widely used the stuff. The letter went on to state, “Various essays have, during the last six or seven years, appeared abroad on carbolic acid and its healing and disinfectant powers.”57 It cited a physician in France named Jules Lemaire who had, apparently, already written extensively on the chemical in 1865. The same editorial then published a week later in The Lancet. The author didn’t have the courage to sign their name to the writing, instead using the pseudonym Chirurgicus. Even so, many knew that this was the work of the obstetrician James Simpson.58

When Simpson blasted Semmelweis with abuse two decades earlier for proposing that puerperal fever was spread by doctors with hands that needed cleaning, I think it was all but certain that his fury came from an emotional reaction to the notion that he might have unwittingly been responsible for the deaths of countless women. Why else attack Semmelweis so vigorously? Simpson didn’t have any other reason to be so aggressive. With Lister, things were different. Lister was revealing a method for preventing postoperative infection that worked, and this was a threat to Simpson in a way that Semmelweis’s work never was because, well, Simpson was trying to solve the same problem.59

Just as Pasteur was willing to fight dirty when he sensed that other researchers were going to beat him to a goal he was aiming for, Simpson was willing to fight dirty to protect what he viewed as his own academic turf. Simpson was not working with carbolic acid. No, he was testing a technique that involved inserting tiny metal needles into the ends of blood vessels during surgery to staunch bleeding. Known as acupressure, Simpson believed that his technique would revolutionize medicine by reducing the incidence of hospital infections.60 James Syme, Lister’s mentor and father-in-law, had publicly shot down Simpson’s acupressure ideas years earlier. So too had Lister himself, in a paper that he published in 1859.61 Lindsay Fitzharris, the author of an excellent history of Joseph Lister, argues that Simpson “could not let the slight go,” and that this was fuel for him to attack the carbolic acid work as fiercely as he did.62 I don’t deny that. The man clearly had a nasty side to him. However, the real impetus for Simpson to write his letters was likely territorial defense.

To discredit Lister, Simpson cited ample publications by Jules Lemaire in France. Like the best arguments in a debate, there was truth to what he was saying.63 Lemaire had worked with carbolic acid. What Simpson did not say was that Lemaire had thrown carbolic acid at all sorts of diseases and decided that it was effective against everything.64 Lister fought back by explaining that the novelty of his work was not the surgical use of carbolic acid so much as it was his methods of application. More importantly, he argued that what really mattered was the finding that carbolic acid prevented infection after surgery, and that whether he was the first one to work with the chemical was ultimately unimportant.65 Simpson dumped his pseudonym and counterattacked, publishing yet another piece in The Lancet.

The arguments were much the same. “Contrary to what Professor Lister seems inclined to maintain, carbolic acid had been used for some years past in surgery in France, Germany, etc., and that his use and applications of it—and his theory of its mode of action—were not in any way original,” wrote Simpson.66 He then went on to describe how the President of the College of Surgeons had tried using “methylated spirits containing a small proportion of carbolic acid,” but that he gave up because “it did not seem to produce so much benefit.”67 The problem was that the cases Simpson was citing were using tiny concentrations of carbolic acid, far too little to have an antiseptic effect. The piece then expounded the virtues of acupressure, repeatedly.*

After Simpson made his declaration of war on Lister’s ideas, the floodgates opened. Criticisms steadily came in from a dozen others.68 The headlines say it all. “We cannot concede to him the credit of having introduced … carbolic acid,” “Mr. R. has occasionally sponged the wound [with carbolic acid] but not having found any advantage … has discontinued the practice,” and “Mr. C. does not approve of Lister’s method.”69 Many tried the carbolic acid technique and reported that it just did not work. Particularly damaging were reports published by James Paget, a famous surgeon based in London. Paget wrote that “carbolic acid was applied, if not with all the skill that Professor Lister would employ it, yet with more than is ever likely to be generally used,” and that using the chemical “failed altogether to attain its end.”70 The respected Scottish surgeon Donald Campbell added his voice to the chorus, writing in The British Medical Journal that the use of carbolic acid was “based on false premises, and bolstered up by coincidences.”71 So too did Thomas Nunneley, a respected surgeon based in Leeds, who argued that Lister’s proposals had no basis in fact and would actually do a great deal of harm if they were to ever be widely used.72



Faced with the din of disapproval, Lister retreated. Yet not all retreats involve surrender. While Semmelweis destroyed his chances of ever changing things for the better by turning down the teaching position offered to him and then vanishing into repressed Hungary, Lister made a tactical retreat. With the influential Simpson leading the charge, he had no hope of convincing the rest of the world that he was right through oratory and eloquent writing. With this reality blatantly apparent, he turned to the weapon that had helped him to smash down the doors of the Glasgow Royal Infirmary in Glasgow. He turned to his students.

Lister doubled down on his teaching.73 As each bright young mind arrived in his lecture theater, he worked tirelessly to lay out the rationale for using carbolic acid to keep germs out of wounds. He was persuasive and awe-inspiring. More importantly, he presented his results and then taught one trainee doctor after another the techniques that needed to be employed to defeat infection. There simply were not enough jobs for most of these doctors to remain in Glasgow, and that suited Lister just fine since, for his plan to work, he needed his followers to be like the seeds of the dandelion. He needed them to disperse.

And disperse they did. Throughout the 1870s, “Listerians” (as they came to be known) spread to medical facilities all across England, Scotland, and Wales.74 They brought with them Lister’s knowledge and demonstrated to their colleagues the success that his techniques could bring. In the end, Lister didn’t win the war against Simpson and his allies by battling them on the printed page or on the debate stage. He won the day through the devotion of his students.






Chapter 10


The school that my daughter attends in our little town on the outskirts of London has a summer fair every year to raise money. Most of my conversations at events like this are idle chatter with other parents. This is Britain, so complaints about the weather and public transportation are pretty common. Yet, every once in a while, I have a chance encounter that proves surprising. Such was the case on Friday, July 5, 2024. I was speaking with a medical doctor and a virologist, and after hearing about their work, the conversation turned toward what I was writing about in this book. I mentioned Kati and the virologist said, “Oh, I was at Penn when she was there.” Fascinated, I pressed for more information. Did he know her? Did he know how the university had treated her? His response staggered me, but it really should not have. “They were right to fire her. She wasn’t bringing in grants. If you want to succeed in science you have to play the game.”* I mulled over what he said and questioned whether it was the time or place to get into a debate. It wasn’t, but before the rational region of my brain could make the right decision, the emotional region took over, and I countered with perhaps a bit more intensity than was warranted, “Have you ever considered the possibility that the game might be broken?” The virologist stammered for a moment before saying, “No, I guess I haven’t.”

It is sad because the brokenness of science is everywhere once you know what to look for. Maria Gloria Dominguez-Bello has to apply for grants to study more traditional ecological questions, and then quietly redirect the funding that she gets toward the C-section microbiology work that she knows is so important but cannot get supported. Will has to constantly weigh whether it is worth it to raise safety concerns about drugs funded by the pharmaceutical industry at the risk of advancing his career. Betsy Repasky has been forced to entirely reframe her discovery that cold mice in labs are suffering from immune compromise just to get a bit of traction in the scientific community. Mary Schweitzer had to put up with years of vicious attacks before finally being recognized as a leading light in paleontology. Kati Karikó had to endure being demoted, fired, and threatened with deportation by the US Department of State before finally landing in the private sector and playing a key part in defeating the scourge of Covid-19.

This is insane.

I’ve been a science correspondent with The Economist for a long time. It has not quite been twenty years, but I’m getting there. That kind of tenure at the newspaper has definitely done something to my brain, because I find that, these days, my instincts when presented with problems are to automatically look at the financial issues underpinning them. This is a very Economist-y thing to do, and it is not a bad place to start.

Money certainly plays a part in scientific dysfunction today. Gloria, Kati, Mary, and Betsy have all had their progress slowed or their careers damaged because they could not get the funding that they needed to do essential research. This is nothing new. Both Pierre-Victor Galtier and Jean-Joseph Henri Toussaint were starved of government funding after Louis Pasteur used his Machiavellian tactics to discredit them. Semmelweis, too, ended up in a precarious financial situation that likely influenced his disastrous decision to leave Vienna when Klein fired him. Not having funding is only part of the problem though. There is also the issue of how much time researchers have to spend trying to get it in the first place.

It is getting progressively more difficult for labs to successfully obtain funding. This is not based upon my own casual observation, or scientists reporting increased hardship during my interviews with them. It is fact. Reports from the National Institutes of Health, one of the largest funders of science in the world, reveal that the chances of a lab obtaining a grant from the NIH just once during a five-year period dropped from 43 percent in 2003 to 31 percent in 2015.*1 In spite of this drop, researchers are spending more time than ever applying for grants. Indeed, one analysis published by the National Health and Medical Research Council in Australia as it attempted to streamline its grant application process in 2014 reported that scientists applying for money from the council collectively spent 547 working years before the streamlining processes were introduced and 614 working years afterward.†2 I think we can all come together and agree that it would be better for humanity if a large chunk of this time were reallocated to, you know, actually doing research.

There is also what I am going to call the “Kati factor.” While nobody believed that research in mRNA was going anywhere, and this certainly was a reason why Kati struggled to obtain funding, there is the simple fact that her communication skills are not the best. Kati is both brilliant and extremely enthusiastic about her work, but her extraordinary energy tends to sometimes jumble the answers that she gives to questions.* That English is not her native language compounds the problem further and made it a real challenge for her to obtain grants in the years before she was awarded the Nobel Prize. Should native language and grant-writing ability determine whether a good idea is funded? No, but they do.

There is no silver bullet for these problems, but there are a number of potential solutions. For starters, time spent writing grants needs to be reduced. I am not suggesting that this is something to be considered in the future. I am emphatically stating that it needs to happen immediately. We have too many big problems on this planet and cannot afford to have our best and brightest collectively wasting hundreds of years of their time filling out paperwork when that time could be spent finding solutions to critical challenges like defeating cancer, combating climate change, and providing enough food for more than eight billion people. Fortunately, there are several options for defeating this particular problem.

One idea that is already being tested is using lottery systems to award cash to labs requesting it. Grant applications are still made under lottery systems, but instead of a committee debating which labs get money and which labs do not, the money is awarded randomly. Since such methods run the risk of sending funds to labs with sloppy methods or terrible ideas, the grant applications would be used to weed out labs that truly do not deserve to be admitted to the lottery. Really, nobody has any quibbles about this. Eliminating applications that simply are not worthy of funding is both easy and noncontroversial.

What takes up lots of time is when grant-awarding committees have a bunch of proposals in front of them and they must decide between those that are good and those that are excellent. These are the circumstances that force researchers applying for funding to really burn the midnight oil, because they believe (correctly) that every turn of phrase, every calculation, and every citation matters in obtaining a grant. These are also the circumstances whereby those who are reviewing applications are most vulnerable to unconscious biases. It should not matter whether the words written in an application have grammatical structures indicative of someone who is not a native speaker. It should not matter if an applicant is based at Harvard or ETH Zurich if the idea being proposed is a good one.* It should not matter if the author uses a few words that reveal they are from a younger generation. And it damn well should not matter if they are known by the reviewers to be something other than white and male. Unfortunately, when the pressure is on and difficult decisions need to be made, the evidence shows that these things matter quite a lot.3 Establishing a lottery with some basic quality control measures would help resolve this.

A few funders, including the Volkswagen Foundation in Germany, the Austrian Science Fund, the Health Research Council of New Zealand, the British Academy, and the Swiss National Science Foundation, are already testing out lotteries. All are using a degree of quality control, but the methods vary. Some are only leaning on the lottery when there is funding for, say, twenty applications and there are thirty excellent ones on the table. Others are using lottery tactics more widely with a mix of good and excellent applications all being given the same chances of winning.

While lotteries resolve a lot of issues, they do not really tackle the matter of a good grant proposal being chucked out because a reviewer considers the idea to be too far outside the mainstream. Having unorthodox ideas is part of the reason why Kati, Betsy, and Mary faced such resistance. It is why Dan Lieberman, who is looking to prevent diseases rather than treat them, struggles to get funding. They are hardly alone. Grant-awarding groups have been discriminating against scientists with unusual ideas for years.4 The problem is extensive and goes far beyond causing individual researchers grief. It is causing scientific discoveries to stagnate.5 This is not hypothetical. In 2020, a group of rather sharp economists based at Stanford University and MIT came to the conclusion that in all scientific fields, ranging from agriculture to engineering, experiments exploring novel ideas were getting rarer while the effort needed to get research done was steadily increasing.6

The problem is at least partially created by having committees make grant-awarding decisions by consensus. Under such circumstances, a majority of those on the committee need to agree that the research project is worth funding before money can be doled out. If one or a few members think the project is awesome and the rest think it is too odd or risky to support, the project gets nothing. The long-term effect of this dynamic is that “safe investment” research gets support and research that presents higher risks does not. That might seem acceptable, but it really is not. This is because research that could yield extraordinary results but probably won’t effectively gets ignored, and this reduces our chances of making big academic strides forward. A mechanism is clearly needed to help counter this. Enter the golden ticket.

Named for the golden chocolate bar wrappers that were found by the lucky children who were then granted access to the famed Willy Wonka factory, the notion behind the golden ticket methodology is that reviewers working on grant-awarding committees can each be given the power to override their colleagues on one occasion during consideration of applications. This tactic is not a perfect fix, but it does mean that proposals with unusual ideas and higher risks stand a better chance of getting funding than they do now since just a single reviewer can say, “This is cool, we should give it a try!” and not get shot down when the rest of the committee disagrees. A golden ticket pilot scheme is already being tested by the Villum Foundation in Denmark. In 2022 alone, fifty-one researchers who made applications that were deemed “risky” and who historically would not have been funded were granted the equivalent of 14.3 million US dollars in local currency.7 A more unexpected effect of golden tickets is that they reduce the amount of time that committees spend debating which papers to fund. When everyone on the committee has the power to play an ace, there are fewer disputes, and those on the committee (most of whom are scientists themselves) can get back to doing their research sooner. What the Villum Foundation launched in 2017 has gained a lot of attention. Indeed, even the National Science Foundation in the United States (a juggernaut of research funding) is now looking to launch a golden ticket pilot project.8

Golden tickets are not without their perils though. The very nature of using them puts considerable power in the hands of individuals who could then abuse it. Given the rise in scientific fraud that we have seen in recent years, this is a threat to take very seriously. As discussed earlier, we already have extensive evidence of reviewers at journals being bribed to permit publication of poor quality or entirely fraudulent papers.9 There is little doubt that those carrying golden tickets will be tracked down by fraudsters in the years ahead and offered large sums to use their tickets on specific papers. Even if those papers made it past basic quality control, it would be unethical and damaging to science if bribery were to enter the process. Safeguards will need to be established to prevent this. Frankly, safeguards needed to be established in science years ago.

As Pasteur’s notebooks make clear, corruption is not new to science. It has been around for ages and it is getting worse as the incentives to lie and cheat grow. Just as any city plagued by criminal activity must allocate resources for a police force, the scientific community should be allocating resources toward tracking down those who are engaging in fraud and punishing them. This is essential so that scientists are reminded that unethical behavior has consequences.

I am not just talking about fines or exclusion from academia. Jail time is potentially appropriate. If you think that sounds like overkill, consider a scientist using a $50,000 grant from the NIH to conduct research and then lying about the results to make it sound like the work had a beneficial effect when it did not. Under those circumstances alone, $50,000 in taxpayer money is used to lie. That is not cool, but it gets worse. With the lie making the work look useful, the NIH then releases $100,000 in grants the next year to conduct follow-up work that should not be done. If more deception occurs, more money is released later to fuel a fantasy that is being perpetuated by a fraudster who knows full well that the research is going nowhere. When thieves steal half a million dollars, we lock them up. We should do exactly the same thing with researchers who knowingly engage in this behavior.

The problem with this plan is that hunting down unethical researchers and corrupt editors is not a free activity. When scientists themselves do the hunting, and there are some honorable souls who do,* they run the very serious risk of being hit with expensive lawsuits by those who they accuse of wrongdoing. The sheer size of the problem requires a major effort for it to be countered. If we are to root out scientific corruption, we will need research inspectors, ethics enforcers, and specialized courts for hearing cases.

Establishing this academic immune system is going to be expensive since it will need to be built up from nothing. More importantly, the inspectors who hunt down those engaging in unethical behavior* are going to need a complex mix of sleuthing and statistical skills that will require significant training and compensation. Artificial intelligence (AI) should be able to help by being trained to look for signs of fraud, but teaching computers what to look for will not be cheap or easy either because the algorithms that power AI are only as good as the papers that they are trained on. If we inadvertently give the algorithms fraudulent academic publications when they are being trained on how to find good quality papers, they will not ultimately be good at spotting fraud.

As for how we pay for all of this, some experts in the scientific community propose that we get governments, journals, and universities to all chip in.10 We can even ask scientists to pay a fee when they get their papers accepted by the journals. We could call it a publication integrity tax and send the money directly to an agency established for countering academic corruption. There is real potential here, but there is also a major challenge.

Without more money suddenly being poured into science, the funding of this academic immune system is going to come out of money currently allocated for supporting new projects. That will make research funding even more scarce than it already is. Worse, it will increase competition and create an even more powerful incentive for researchers to turn to the dark side. If we want an academic immune system to deter people from behaving badly, we need to ensure that establishing it does not make our current problems worse. That means more money needs to be found from elsewhere. This is going to be very difficult as funding for research dries up in the current geopolitical climate where spending on defense is increasing at the cost of just about everything else. Even so, it needs to happen.

All issues of fraud aside, friendships also present risk as a golden ticket-wielding researcher on a committee would have an incentive to use their ticket to support research being conducted by allied labs. This is a delicate situation because the committee member could argue, legitimately, that they are using their golden ticket because their expert knowledge allows them to see promise in a research proposal from their own field that others on the committee cannot. If they were really only using the ticket to help a friend in the field, this would be difficult to detect.

A potential solution that the Villum Foundation is already using against this threat is to blind those on the committee to the identities of the researchers submitting proposals. Whether this really prevents those with golden tickets from using them on academic allies remains to be determined. I’m not a research paleontologist, but I’ve read enough material in the field to say that if I was given a paleontology paper with the names of the authors removed, I’d still have a good chance of guessing who wrote the document after reading the discussion section alone. The chances of Jack, Mary, and Kevin being able to do the same would be far higher. Again, safeguards will need to be put in place to monitor where those with golden tickets are using them. Consistent use on allies would need to be cause for investigation, suspension, or even removal from the scheme.

Interestingly, the Villum Foundation reports that rendering their committees blind to author identity has resulted in a significant increase in the funding of junior researchers, like postdoctoral students. They are not receiving more money than well-established senior researchers—the distribution is about equal—but this is a major change since it has, historically, always been the most senior researchers who have walked away with the most money.11 This finding has major implications. Since young researchers are those who typically have the least entrenched views, they are the ones who are most likely to propose new ideas and challenge doctrines. They often do not do this because challenging the notions of more senior scientists can put these young members of the scientific community in political peril. As I discussed earlier, this is especially true if they are PhD students and challenging their research supervisor. The fact that money can flow to these young scientists more easily with golden ticket schemes will not negate the risks, but it will help. It is very easy for a university to ignore a penniless postdoc. It is straightforward for an irate supervisor like Robert Suhadolnik to exile a much younger researcher like Kati. Not so much if that younger researcher has $50,000 in the bank.

On the matter of youth, it is also worth taking a moment to point out that older scientists, by remaining in their posts past their prime, increase competition within the scientific ecosystem. Simply by keeping their labs open and applying for grants, older scientists consume valuable resources that could be going to younger scientists who are in a much more precarious situation. They also draw much higher salaries, making it even harder for universities to pay decent wages to scientists who are just starting their careers.12 Some will argue that these older individuals are not actually consuming the resources that they obtain because they are mentoring younger scientists in their labs and that they are not increasing competition. I disagree. During a recent chat with Venki Ramakrishnan, a Nobel Laureate, former president of the Royal Society, and world expert on aging at Cambridge University, he commented, “Matt, I can’t think of any elderly researchers who are so great that a better young scientist could not replace them.” The fact of the matter is that aging takes its toll on all of us, and nobody in their seventies or eighties is operating anywhere near as well as they were when they were in their thirties. People also become more conservative, rigid, and risk averse as they get older.13 This means that, aside from sucking up valuable resources, they often also prove particularly intractable when younger researchers propose novel ideas. This might sound like I am saying researchers need to entirely stop working when they are sixty-five or seventy. I’m not. If an older scientist has good mentoring abilities, they should move to a smaller lab space, shift to a lower salary, and continue mentoring. If the older scientist is a good author, they should pivot toward writing more books. If they are talented at editing, journals are always in need of people who can help with reviewing and editing articles that come in. What matters most is that they take a step back as they enter old age to free up essential resources for young researchers.

Returning to the tactic of blinding, it is not just being tested on grant-awarding committees. It is also being rolled out at journals. This is important because, while journals do not hand out cash to researchers,* they do hand out prestige that ultimately helps researchers win both grants and university support. The reviewers at journals are supposed to select the best papers that are submitted and publish them. What makes a paper the best? There are a mix of factors. An expectation that the paper is going to be widely cited is certainly one of them. Another is that the findings are deemed important. What should not matter at all is the nationality of the author submitting the paper or the university that they are based at. Unfortunately, reviewers do pay attention to this information. During an analysis of papers that were submitted for review at an ecology journal in 2022, a team found that when reviewers were provided with author identity and location information, they were heavily biased in favor of submissions that came from those based in wealthy English-speaking countries. When this information was stripped from proposals, the bias vanished.14 Eliminating bias during review is definitely for the best, and solutions like blinding submissions need to be rolled out much more widely.

While lotteries, golden tickets, and blinding all need to be used on a larger scale, none of them resolve the challenges faced by Maria Gloria Dominguez-Bello. More than anything, she needs large periods of time to study the effects of being exposed to different microbiota during birth on the immune system of children. Grants that offer funding for more than a few years are rare. Worse, if grant money is actually awarded and the results do not look promising during that short window of time, most grant-awarding committees are rather unforgiving. A scientist blacklist does not exist, at least not to my knowledge, but there might as well be one for those who are given grants and who then do not produce impressive results. This is counterproductive. If we penalize researchers for trying and failing, we encourage them to only try things that they are pretty sure will work. This is exactly what is happening. Most research proposals that go out these days are variations or tiny steps forward from research that has been conducted and which worked. Kati hit the nail on the head during our interview when she said, “So many scientists become not inquisitive!” She is right, and the funding systems that we have in place are driving people to behave this way. This is not the way to solve the big problems that we have here on Earth. Fortunately, the Howard Hughes Medical Institute recognizes this.

Established in Maryland in 1953, the Institute throws massive sums of money at medical research. That is obviously great for the scientists who get the support, but what is particularly encouraging is that the Institute gives its researchers time. Rather than handing out grants for just a few years, the Howard Hughes Medical Institute hands them out for seven. It also “urges its researchers to take risks, to explore unproven avenues, to embrace the unknown—even if it means uncertainty or the chance of failure.”15 These are not just words. The Institute backs them up by being incredibly tolerant of failure. When it reviews grants after five years, it convenes a panel of elite experts on the relevant subject. The researcher being reviewed selects a small number of papers published during the past five years for the panel to consider. A discussion/debate then follows between the panel and the researcher during which the researcher explains what they have learned (from failure or success) and what they expect their next steps to be. For its part, the panel provides thoughtful and rich feedback for the researcher to consider along with a decision on whether a new grant can be issued.

Another extraordinary quirk of the Institute is that it funds people. This is quite different from most grant-awarding groups that dole out money for very specific experiments rather than scientists themselves. Under normal circumstances, if a researcher gets funding to run an experiment over three years and discovers early on that it is not going to work, they face a real threat. They can choose to redirect the funding toward something else. However, if they do that, the alternative experiment had better yield some impressive results to show the funder in the end or there will be no grant renewal. People funded by the Howard Hughes Medical Institute do not face this conundrum since they have been given the resources to explore whatever they want for quite a long time.

Does all this kindness have an actual effect? Yes. A team of management, finance, and economics experts turned the microscope on the Howard Hughes Medical Institute in 2011 and specifically looked at whether all of the freedoms afforded to researchers by it resulted in more innovation and success. They found that researchers supported by the Institute produce 39 percent more publications than elite researchers supported by the NIH, a more generic grant-awarding body that has short support periods and is unforgiving of failure.16 The authors behind the study knew full well that producing more publications is not the same as producing more high-quality publications, so they looked closer at how highly cited the papers published by researchers supported by the Institute were. They found that Howard Hughes researchers produced 97 percent more papers that were among the top 1 percent most cited in the academic literature than those produced by NIH-funded researchers. That is a huge difference and it needs to be taken seriously. However, there is a caveat. Researchers funded by the Institute also generated 30 percent more flops and ran into more dead ends than those supported by the NIH.17

The Howard Hughes Medical Institute is no longer alone. In 2022, the Arc Institute opened its doors in California with the intention of offering similar support to scientists. By funding researchers rather than projects and providing them with finances for a whopping eight years at a time, the hope is that more risks will be taken. Will they see a lot of flops too? Sure. This is to be expected. Failure is the price that must be paid for innovation. We need to start getting comfortable with that fact.

When I say “we need,” I mean everyone. This includes the pharmaceutical industry. I don’t have a problem with a company wanting a new drug to work. By the time it is being tested on people at a hospital, a lot of money has been spent creating it and testing it on animals. For the drug to fail at such a late stage is terrible on many levels. With that said, the drug has to be allowed to fail if the results collected by the doctors monitoring its effects indicate that it is not working or is creating safety issues. For a pharmaceutical company to interfere in this process by pressuring a doctor to report that all is well when it might not be is deeply unethical. It is a betrayal of the dispassionate scientific system in which drug testing is supposed to operate. It is a betrayal of the patients who may well suffer when the drug is administered. And yet, this is exactly the situation that Will has found himself in.

In Will’s case, the pressure that has been brought to bear is subtle. The message is, “If you raise safety concerns about our drugs, we will work to deny you the prestige that you need to progress in your career.” The solution to this particular problem looks straightforward. Pharmaceutical companies should be barred from meddling when their drugs are being put through clinical trials at hospitals, and they should not be allowed to determine who presents the results of those trials in papers and at conferences. What makes enforcing this far from easy is the fact that most governments are in bed with the pharmaceutical industry.

In the United States alone, the industry throws millions of dollars into the campaigns of politicians who agree to keep regulations at a minimum.18 The situation is very similar in the United Kingdom and other countries, and, frankly, the only way voters can prevent this from happening is by making it a campaign issue. I am not optimistic. Just getting citizens to vote is difficult. Getting citizens who do not have a grounding in science to understand the problems here and to then support candidates who promise to introduce the relevant regulation is even more difficult. Getting them do so when the pharmaceutical industry creates a multimillion-dollar advertising blitz (which we know it will) to convince people that regulations will harm the development of future drugs will make such action all but impossible.

There is also the undeniable fact that the pharmaceutical industry does a lot of good too. Without the likes of Pfizer, Moderna, AstraZeneca, and BioNTech, the Covid-19 pandemic would have lasted a lot longer and been far more damaging. We benefit from these companies. While I think some regulation is called for, this needs to be handled delicately to avoid stifling innovation and the healthy collaborations that often do exist with the researchers at universities.



As is probably clear by now, I am particularly partial to modifying systems and funding mechanisms to tackle the problems that have been plaguing science since the days of Pasteur, Lister, and Semmelweis. This does not mean that I am right. There are a lot of people out there who disagree. One of them is Kati.

“I do not believe that the system can be reformed,” she explained during our last interview. From her perspective, the real problem underlying everything is the scientist as an individual. “In the science, there is ego. [Scientists] all want to be recognized. Have prestige,” she added. Her argument is that the desire for fame and power that many researchers develop over the course of their careers is ultimately responsible for the rot in the system that causes so much damage. She is not wrong.

James Simpson skewered Lister because he wanted to be the one who defeated postoperative infection with his acupressure technique. Pasteur discredited Galtier and Toussaint because he yearned for the glory that he knew would come from being first. Johann Klein fired Semmelweis because the work he was doing was increasingly looking like it was going to embarrass him. Sure, there were financial aspects to all of these cases. Money issues are always going to be present, but the hunger to be recognized or, in the case of Klein, to avoid embarrassment, is undeniably there.

The problem is not restricted to history either. The paleontologists who attacked Alison so vigorously at that conference in North Carolina were doing so because she was presenting a reputational threat to them. Mary has been subjected to similar cruelty from people saying they wanted to see her destroyed. The competition between the rhino labs is the same sort of issue in a different field. Money is again involved in these cases because scientific prestige is intertwined with a researcher’s ability to win grants, but toxic ego is undeniably there too.

Ego also contaminates the peer review process for journals. “You have a scientist reviewing a paper saying, ‘This is a horrible paper, but look, they cited five of my papers!’ Then [the reviewer] will accept this paper because they get five references,” explained Kati. In essence, she is arguing (correctly) that there is the perverse incentive for a reviewer to allow a lower quality paper to publish if the paper they are reviewing cites their work a bunch of times because being cited in a paper in a high-profile journal brings prestige.

These kinds of messed up incentives are also a big part of the reason why we are facing such a serious problem with fraud. Yes, Pasteur engaged in this sort of unethical behavior over a century ago, but it is now endemic. Rather than just lying about findings to get ahead of rivals, we are seeing scientists who are peer reviewers at reputable journals allowing crappy papers to publish in return for substantial illicit payments.

There is no question that this is all problematic. However, as we face the challenges in the system it is critical for us to avoid throwing out the baby with the bathwater. We must remember that, troubled as modern science is, it has given us a whole lot. It brought Neil Armstrong to the moon. It transformed modern medicine with the completion of the human genome project. It has made it possible to provide entire countries with nuclear and renewable power sources. It has dramatically lengthened the human lifespan with the invention of both antibiotics and potent vaccines. The list is long. We do not want to take a sledgehammer to this proverbial engine of discovery. We want to give it a tune up. This is something to keep in mind because science is very much under attack.

The current US administration is aiming to massively reduce science spending. Precisely what the reductions will be remains to be determined, but they are looking like there will be a 38 percent cut in the NIH budget, a nearly 50 percent cut in NASA’s budget and a more than 50 percent cut to the NSF budget.19 These are colossal. The argument made by the administration for initiating these cuts is that science is not currently serving America as well as it should. It argues that vast resources are being wasted. I will be the first to agree. As I pointed out just a few pages earlier, lots of money is thrown at labs simply because they have made notable findings in the past and not because the research proposals that they are making today are actually all that good. Nowhere near enough replication experiments are being run and this is likely wasting a lot of funds supporting research that depends upon previous findings that are not replicable for statistical or fraudulent reasons. Foundations that dole out cash to researchers are notoriously reluctant to invest in young scientists with novel ideas and favor funding experiments that will yield quick results over those that will require many years of monitoring. These are genuine cases of poor funding decisions. There is definitely waste. Yet, resolving this problem cannot involve slashing the budgets underpinning American science so severely that it collapses. This is, unfortunately, the effect that the severe cuts will have. Indeed, the damage is already being done. Aside from progress slowing down, many of America’s greatest minds are leaving. Springer Nature, the company that publishes the prestigious journal Nature, also runs a jobs board for scientists and found that job applications by non-American scientists currently based in America for posts in other parts of the world were up by 32 percent in the first three months of 2025 alone. When it polled 1,200 researchers at American institutions in March 2025, it found that 75 percent were seriously considering leaving the country.20 As for where they are thinking of going, most suggest that they are aiming for Europe or Asia where funding for research is much more plentiful. This brain drain has not yet come to pass but, if America loses even 25 percent of its best and brightest when the proposed cuts occur, the nation’s status as a research powerhouse will be greatly diminished. This is bad for everyone, but particularly America.

The answer to scientific dysfunction is not devastating cuts. What we require is genuine reform. There needs to be an intelligent reallocation of resources that enhances creativity, increases replication, and reduces fraud. This is why it is so important to establish an academic immune system and deploy new research funding models that relieve pressure on the system.

Even so, while I genuinely believe that regulation needs to be implemented to tame the behavior of science, I think it is fair to entertain the argument that scientists themselves can bring about a great deal of good by changing their ways too.

According to Kati, there is a corruption that creeps into scientists early in their careers. “Something happens during that PhD … people lose their basic enthusiasm, the craving of being famous starts, this [need for] prestige begins to spoil them,” she explained. Then, if they eventually run their own labs, they start “losing their souls because they become managers,” said Kati. Her argument that it is scientists who must change has merit. Consider the pharmaceutical industry dilemma that Will faces as an example. Ultimately, the gatekeepers who control speaking slots at conferences and authorship positioning on papers are other scientists. While many are in bed with the pharmaceutical industry too, not all of them are. Even those who are funded by the industry can see the sense in barring it from deciding who speaks about clinical trials and where names appear on papers. Based upon Kati’s logic, an argument can be made for trying to appeal to the ethics of these people. Would such a tactic work? I think it depends upon the position of the individual.

If a researcher is financially safe and can afford to anger a pharmaceutical company and its government allies, then I think there is a good possibility that a campaign to set power and influence aside in favor of doing the right thing could sway them. This is the key place where altering the financial systems that surround science can pay real dividends. Lotteries, golden tickets, and funding bodies like the Howard Hughes Medical Institute all have the potential to reduce the fierce competition for resources that has become the norm in science. While discussing this with Johan Lindgren, he commented, “Relieving the financial pressure that is growing exponentially should really help people in our community to start behaving more professionally again.” The problems arise when you have researchers who are threatened and vulnerable. Unless a person in that position has ironclad ethics,* there is little chance that they will do the right thing when such an action is likely to anger a major source of their lab’s income (like a big pharmaceutical company).

On a grander scale, Kati argues that scientists really need an attitude adjustment: “When two people are working in the same field to solve the same problem and one of them publishes a big [finding] before the other, they go, oh my God, my promotion is out the window.” She takes real umbrage with this response because it shows all too clearly that the researchers involved have lost their way. From her perspective, scientists should be happy that there has been a breakthrough in their field. They should be happy to just be in science. “It is a privilege to be in a lab,” she emphasized.

I broadly agree with Kati’s assessment of the issues, but I don’t think that simply telling scientists to stop being competitive is going to get us very far. Prestige is thoroughly baked into modern science and we can’t all become prestigious. The whole system fuels competition. Even the Howard Hughes Medical Institute, which gets so much right, looks at the prestige of scientists before it gives them grants. Even a lottery system would ultimately look at prestige to some degree before allowing scientists to participate. We cannot get rid of it. Not entirely, anyway. What we can do is remind scientists that we are all here for the sake of humanity, connected to one another through an inherent bond of sympathy.*

Just as Galileo endured because of the kindness of Ferdinando II de’ Medici, so too did Mary because of the kindness (and ferocity) of Jack, and Carl Woese because of the support of Ralph Wolfe. Just as Lister’s students helped him to survive, so too did David help Kati when times were tough. Just as Michaelis bravely tested Semmelweis’s ideas when he was being attacked, so too has Prasenjit Dey tested Betsy’s findings in his own lab and made remarkable discoveries.

That might all sound very poetic and idealistic. To a certain extent, it is. There is no getting around the fact that the systems within science need to be altered in a manner that reduces competition and nurtures creativity. Reform must happen. With that said, we are creatures with a love of stories. Since the first tales were told around fires, we have loved our heroes and fondly dreamed of stepping into their shoes. Those instincts have not changed. This is something that we must take advantage of.

Science journalists, myself included, have a long history of reporting the latest scientific discoveries. This is important, but it is no longer enough. If we want to change the way scientists behave, we need to talk more about heroes both in the pages of books like this one and within the science sections of newspapers like The Economist. We need to be shouting the stories of scientists who are doing the right thing from the rooftops. When they call out fraud, refuse to be manipulated by perverse incentives, and support those with unorthodox ideas in their communities, we need to celebrate their actions. We have done a good job with Kati, but there are so many more people out there whose heroics remain unknown. We need to find them. We need to prioritize telling their tales. We need to do this. Now.
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	* Which is something to take seriously. I think the world of Jack, but he has always been highly protective of his students. Just as you wouldn’t want to mess with a cub in front of a mother bear, you definitely don’t want to mess with one of Jack’s academic offspring!


	* And by “critters” Bill was always referring to mammals. He loved that word.


	* Teeth, being coated in enamel that is capable of withstanding immersion in acid (and Coca-Cola), are often the only hard bits that remain from small mammals.


	* Mary and Jack ultimately worked out that what they were seeing were not blood cells exactly, but heme, the key oxygen-carrying component found in blood.


	* This was totally wrong, but those who thought the idea up definitely get points for creativity.


	* Known by the British as the swede, the Canadians as the Swedish turnip, and the Americans as the rutabaga, which, if you really want some impressive cocktail trivia, comes from the Swedish word “rotabagge,” meaning “thick root.”


	* The name of the disease is also thought to stem from the observation that during an epidemic of the disease in 1089, those who prayed to St. Anthony survived while those who did not perished. This was nonsense. However, with so little understood about disease at the time, any seeming act of divine intervention was often embraced to provide stability and comfort in an otherwise frightening world.


	* They were recycling! Rather than continue mining silver ore, they just melted down all the plunder from their enemies and turned the stuff into coins. Unlike ore, the plunder that they collected had very little lead in it and this resulted in much less lead pollution blowing across the Atlantic Ocean and collecting on the Greenland ice sheets.


	* When you write about a different researcher’s work each week over more than two decades, the names all sort of become a blur.


	* I find it shocking that someone as accomplished as Dan has trouble securing funding for research, especially when the goals of the research are so important.


	* And, having covered the damn disease 24-7 throughout the pandemic, I can say plenty.


	† It is worth noting that at the epicenter of the pandemic in Wuhan, China, the chance of dying was over 20 percent early in 2020, when doctors were overwhelmed and had not yet worked out how to handle it.


	* Given that this book isn’t in the horror genre, I’m not getting into what these more deadly versions looked like. The ordinary version is bad enough.


	† One could also argue, and I will, that because smallpox infected men and women alike, while puerperal fever only infected women, there was extra incentive from the male portion of the population to resolve this particular scourge.


	* Shameless plug, my book Science of the Magical is all about this sort of stuff.


	* An argument for which there was no evidence whatsoever.


	* Mine! My own! My precious!


	* The position that would eventually come to be known as the US Surgeon General.


	* And I write this in hushed whispers given the sodden small island that I call home.


	† And he clearly wasn’t, since no bolts of lightning came to strike down the executioner or anyone who arranged for Louis to be decapitated.


	‡ Okay, they didn’t say it quite like that, but you know what I mean.


	* For the moment anyway …


	* Shocking right?


	† Inflamed testicles? Err … let’s not go there.


	* To do otherwise at the time was just too risky for Louis due to expectations that bleeding would be done.


	* Yes, that’s a thing. No radioactive spider required. Just a decade of science reporting.


	* Get it? The vaccine is known as “BCG,” and the findings were indicating that the bacteria responsible for tuberculosis had a part to play in preventing/treating type I diabetes?


	† Not exactly a term that rolls off the tongue and definitely not a field that everyone is familiar with. It’s the scientific study of the processes in our body that handle things like carbohydrates, lipids, and amino acids.


	* Incidentally, these factors led medical students to turn to grave robbing. This illicit activity resulted in angry mobs forming to hunt down students guilty of digging up their loved ones. Known as “anatomy riots,” these uprisings created problems for people who were studying to become doctors, as they could easily end up at the end of a rope while trying to improve their knowledge of the human body.


	* How much would that equate to today? Well, twenty sous made a franc back then and a franc during the 1830s tended to be worth about twenty cents. So, fifty sous would be what? Fifty cents? Since a dollar back in 1830 would equate to about fifty bucks today, that means that Holmes and his friend had each paid the equivalent of twenty-five dollars today. I don’t buy many corpses, but apparently these were bargain prices.


	* While Meigs was a grade “A” certified jerk, he clearly was studying his SAT vocabulary sets when he made his attacks on Holmes. Incidentally, “fizzenless” was not a common word back then either. It probably made him feel smarter to fling out a few arcane terms while attacking Holmes for no particularly good reason.


	* His son, Oliver Wendell Holmes Jr., eventually became an associate justice on the Supreme Court and, when faced with the first case in history of a citizen suing the government for being forced to have a vaccine against smallpox, ruled in 1905 (along with six of his fellow justices) that the state had a right to defend itself against disease through the establishment of compulsory vaccinations. In essence, he argued that civil rights had limits. While Holmes Jr. ostensibly made his decisions based upon the law, I do wonder about the degree to which hearing Dad talk about the importance of preventing the spread of contagious diseases had a role in shaping his thinking on this case. It is also worth noting that, as lawsuits against compulsory mask-wearing arose during the Covid-19 pandemic, this relatively arcane Supreme Court case, which had pretty much gone uncited for over a century, suddenly got a ton of attention by judges, lawyers, and journalists at The Economist tasked with trying to work out whether those who opposed wearing masks actually had a constitutional right to do so.


	* It is very likely that he had never even heard of Louis.


	* Incidentally, if any of you doubters are reading this now, you should count your lucky stars that we did have a few scientifically trained journalists available during the pandemic to make sense of the epidemiology and virology for everyone else who desperately needed to understand what was going on.


	† It is also worth noting that I would never have pursued science journalism if a few of my mentors had not taken the opposite point of view and provided extraordinary moral support at a time when I was taking a lot of heat for “turning to the dark side,” as one Berkeley professor put it. Ken Verosub, Gary Vermeji, and Richard Cowen—I wouldn’t be here without you.


	* Yes, that’s a real thing. The echidna and the duck-billed platypus ooze milk out of their skin rather than having nipples. Consider yourself fortunate that you have a paleontologist who specialized in mammal evolution to share such important details.


	* I’m not going to get too technical here since my editor at Macmillan frowns on me getting too nerdy, but this was ribosomal RNA—also called rRNA.


	* It is worth noting that, five years after he died, scientists worked out that all complex life (fungi, plants, and animals) are actually found within the Archaea trunk that Carl created and not in a separate trunk of their own. However, there was no way for Carl to know that with the information and tools that he had on hand at the time …


	* I know that sounds dumb, but it needs saying.


	* Elizabeth (or Betsy as my mentors referred to her) was one of my heroes and I yearned to one day meet her. Unfortunately, she died of cancer before I would have the chance. As fate would have it, an award was set up in her memory and one of the winners of the Betsy award was … Mary.


	† Indeed, I find it hard to even have to write that in this day and age.


	* Remember how the constant wail of ambulance sirens left you with a hole in your stomach during the early days of the Covid-19 lockdowns? This was like the predecessor of that phenomenon.


	* We now know this to be wrong. Scare somebody badly enough and you can drive them into a form of shock whereby their blood vessels widen, their blood pressure plummets, blood flow to their brain abruptly stops, and they pass out, potentially cracking their skull open or breaking their neck as they fall over unconscious. While it is rare, under certain circumstances you can literally scare someone to death. Evidence is also emerging of chronically sad and lonely people suffering immune system impairments that allow viruses and bacteria that would normally be well controlled to mount major, life-threatening attacks. Emotional state does not actually cause the disease, but it paves the way for it to wreak havoc.


	* Kati recalls that one of the papers publishing in the prestigious Proceedings of the National Academy of Sciences was already in galley format, indicating that printing was imminent. Asking a journal to change text of any sort when a paper has reached the galley stage requires the author to pay a penalty fee. This meant that Suhadolnik had actually paid money to ruin her. Nice guy.


	* Our bodies are wonderfully adapted for steadily running after prey animals over long distances in the sizzling heat of the day such that the prey become exhausted and can be easily killed. They are not adapted at all for sitting at a desk for eight hours typing on a keyboard … I should probably go for a jog.


	* Frankly, the NIH isn’t going to be providing medical researchers with much of anything in terms of funding given the recent massive budget cuts. Sadly, this will hurt everyone since diseases do not discriminate between Republicans and Democrats.


	* I write “often filthy and cold” because there was a subset of this group that was not. When wealthy women were having illegitimate pregnancies that they wanted nothing to do with, they would give birth at home with a midwife present, call for a coach to take them to hospital, claim that they delivered en-route, and then anonymously hand their unwanted child over to the Foundling Hospital where it would be raised by the state.


	* With that said, as London housing prices have shot through the roof in recent years, I do wonder how rundown those streets are now, as the only folks who can afford them these days are likely pretty wealthy. Haven’t been back for years …


	† Warm mice drink more, urinate more, and require their litter to be changed more frequently. So, aside from needing to pay for a room to be heated, labs need to buy more litter if an enclosure where mice are kept is to be warm. In essence, keeping mice in cooler enclosures is a cost-saving measure.


	* You know what I mean. Honestly, I’m just tired of writing, “the sun, the stars, and the weather.”


	* More specifically, during email conversations, the university admitted that an administrator who had given Kati trouble was now delivering a lecture entitled “How we missed it!” which went into detail on how the importance of her work was never spotted. When asked if anyone at the university had apologized or would like to apologize, the previously chatty communications official simply stopped responding.


	* There is real irony here because Dr. Wilson himself played a pivotal role in developing gene therapy, which was thoroughly mocked for years, before recently being identified as valuable medicine. While he was certainly one of Kati’s opponents, there is no denying that he was a scientific underdog and hero in his own right. Too bad he has not responded to my interview requests.


	* Aside from reaching out to the university for commentary, I approached Dr. Grady directly to get his side of this story. He has not responded.


	* He bravely shared the SARS-CoV-2 genome with the rest of the scientific world when his own government had told him not to.


	* It is worth noting that they themselves were standing on the shoulders of giants. Not everyone can win the Nobel Prize, but a good argument can be made (and often is) that the biophysicist Bill Studier probably should have won it too. During the 1980s, he pioneered the RNA mass production technology that ultimately proved critical to the creation of the Covid-19 vaccines. Like Kati and Drew, his work saved millions of lives. With that said, he won a $400,000 cash prize for his research in 2024 … not the Nobel, but not bad either.


	* The bacterium that causes chicken cholera has no genetic relationship to the bacterium that causes human cholera. The diseases caused by these microbes have the same name because their symptoms (revolting loose stools) and their methods of killing (severe dehydration) are so similar.


	† Although Pasteur did not understand this process, he was able to figure out that exposure to the air seemed to harm them. The details of how oxygen harmed microbes that depended upon an environment bereft of oxygen were beyond him.


	* He was an exceptional showman and a masterful manipulator. More on that later though.


	† Although this is rapidly changing as ever more bacteria develop resistance to the antibiotics that we are using against them.


	* A chemical compound that was proving exceptionally important in England at the time. Keep it in mind …


	* I’m not sure if he still has the same license plate, but as a child I remember wondering what “IRADCAL” meant.


	† I find it fascinating that, in spite of comments like these, Geison was vigorously attacked by a number of book reviewers back in 1995 for being far too critical of the legendary Pasteur. They called him cowardly for being critical of someone who, being dead, could not fight back. I really don’t get it. If a professor of history at Princeton University cannot be critical of a historical figure in their area of expertise, what is the point of having historians?


	* I hasten to emphasize the word “somewhat” here. I did well enough in my biological statistics course but am no master. On the final exam, one of my professors put significance calculations for us to analyze. The title of that portion of the exam was, “Lying with Statistics?” We had to note whether the test being run was appropriate for the question being asked by the researcher for one point, and then note if the calculations were correct for another. I got 85 percent of that section correct. Passable? Sure. A skill I would trust my life with? Not so much.


	* This was particularly tricky at CERN because my exposure to high energy physics was, as they say, not statistically significant. I vaguely knew what a boson was and I knew that quarks had some silly names (up, down, strange, and charm) but that was about it. Every day was a giant learning experience, and I’d come back to my tiny flat mentally drained.


	* Which was actually kind of ridiculous since my area of specialization in paleontology was ancient mammals, but I didn’t spell that out to my editors. Indeed, when I mentioned that I was a paleontologist to one of the editors I wrote for at New Scientist, she said, “Oh, like Ross from Friends. What dinosaurs have you dug up?” The notion that a paleontologist might study something other than dinosaurs never even crossed her mind.


	* Infuriatingly, they then had someone else write the damn piece anyway. At least my name wasn’t on it.


	* Incidentally, denying young science journalists payment when they flag problems in a paper is a practice that needs to change. It creates a perverse incentive from the very moment they begin their careers.


	* This was precisely where Pasteur’s fraud could have been flagged. While outsiders could not have known, his assistants definitely knew that he was lying about the methods that he used. Whether they remained silent out of loyalty or fear remains unknown. Either way, it was wrong.


	* Which, having passed my citizenship test years ago, I appreciate is considered heresy over here. Sorry Brits, it was hot, I’m from California, and warm beer on a sweltering day is madness.


	* And by “easily” I mean without people screaming, “Dear God, kill me now!” Remarkably, such operations were viewed as spectacles, where people would pay to cram into surgery theatres to watch patients have diseased limbs sawn off. While that might sound strange, it is worth noting that this was a moment in history when watching criminals hang at the gallows every week was also a common form of entertainment for the masses. We can criticize these forms of entertainment as outdated, but are they really all that different from the rubbish that reality television serves up?


	* You might know him better as P. T. Barnum of Barnum & Bailey Circus or The Greatest Showman. While he did sometimes wear a top hat, he didn’t look anything like Hugh Jackman.


	* Potter’s obituary in The Lancet concludes that “He was in the habit of rising early in the morning, and hurrying to the dissecting-room without breakfast, and we have repeatedly heard him speak of the hunger he felt often while dissecting. Such a state is, we know, the most favourable to absorption, and this danger should never be incurred.” In other words, it was skipping breakfast that did him in.


	* While you might not recognize the compound in its powdery white solid form, you’d recognize its odor in an instant as it is the chemical that is widely used today to sanitize public swimming pools.


	* While there is plenty of evidence that Klein was a spiteful individual, this moment is widely overlooked. Most historians argue that Klein cynically went along with the chlorine experiment because he expected it to fail and just wanted to get Semmelweis off his back. That may be true, but he could have just said “no.” Yet, he didn’t. Make no mistake, he really disliked his assistant, but I think he was more than the simplistic villain that he is so often portrayed to be.


	* So long as that change did not involve overthrowing the Austrian aristocracy.


	* This is the same stuff used by hatters at the time when working with felt and furs that then leached into their bloodstreams and drove them insane. And yes, this is where Lewis Carroll got his idea for the mad hatter in Alice’s Adventures in Wonderland.


	† Which, frankly, they were, since hospitals were literally teeming with a diversity of microscopic organisms back then.


	* I also made time for linguistics, neurology, genetics, Spanish classical literature, and Greek history, because I am, after all, a total nerd.


	† That would have been laughable given that it is a place where many of the best physicists in the world work.


	* Punter is British slang for a nonexpert. It is very much akin to the JK Rowling term “muggle,” except that punter indicates “nonscience folk” while muggle means “non-magic folk.” The term comes from the activity of punting (pushing a little boat around with a large pole) that takes place on the rivers around the University of Cambridge. While you need to be pretty sharp to attend the university, anyone with ten pounds in their pocket can get aboard a boat and go punting around the campus. These people are punters.


	† Written by psychologist Danny Oppenheimer and published in Applied Cognitive Psychology, the paper “Consequences of Erudite Vernacular Utilized Irrespective of Necessity: Problems with Using Long Words Needlessly” achieves the rare feat of being a good bit of psychological research while simultaneously being rather fun to read.


	* This most commonly happens when lava rich in iron gets shot out of a volcano and lands on some ground. As it begins to cool, the iron in the lava acts like a compass and orients itself toward magnetic north before the lava hardens and locks the iron in place. That solidified lava can be studied by people like Ken to work out where the magnetic poles of the planet were long ago. FYI—magnetic north moves every year. Indeed, it has often been in the south rather than the north in the distant past.


	* The H-index is a calculation that is determined by looking at how often an author’s work has been cited by others.


	* Mostly widely accepted, anyway. If I’d grown up in Kansas, where there were major issues with teaching evolution to kids during the 1990s, things would have been a bit different.


	† While this might make it sound like Buffon had figured out evolution before Darwin, that’s not quite right. Many people proposed the idea of animals changing over time before Darwin came along. None of them had a decent explanation for how this worked. Even so, Buffon was way ahead of his time.


	* If being bit by a wolf, “transforming” into a beast, and then spreading the “curse” with a bite to other people sounds a bit like gothic horror fiction, you are correct in spotting the similarities. The modern werewolf myth emerged in folklore just as a major rabies epidemic struck the wild dogs and wolves of France during the 1700s. In one case, in 1739, a rabid wolf bit seventy people, and in another case, in 1764, forty people were bitten. But wait! Is it not vampires that fear bright lights and cannot stand the sight of running water? Yes, the myths of vampires and werewolves are intertwined.


	† I’d prefer to not catch any of them, thank you very much.


	* Quite literally. Have you seen what comes out with the baby? The mess gets everywhere. Cleaning up the ambulance afterward is a massive chore.


	* Let’s be realistic, just how many of us would end up in serious therapy if we were told that we had inadvertently killed hundreds of people? After writing about deaths every day for over a year during the pandemic, I snapped and needed to talk to someone for a few months (thank you, John). If I had unknowingly been responsible for all of those deaths … well, let’s just say I wouldn’t be around to write this book.


	* Which, unfortunately for Pasteur, would not be invented until several decades after his death in 1931.


	* If he were alive today, he’d be in a prime position to take over that tough-to-fill CEO spot at Disney.


	† Which it really was!


	* There was not a chance that Pasteur would have initiated such a PR stunt if he had not been absolutely certain ahead of time that it would go as he planned.


	† While jabbing a red-hot iron into a wound caused by an animal bite might sound awful, it was a common practice for preventing rabies back in the day. Sure, it was excruciatingly painful, but there was real logic behind it as we know that intense heat can kill the virus. Unfortunately, it was not a perfect guarantee against infection if the virus got inserted by sharp teeth deep into the flesh below the surface that was eventually burned.


	* He also very kindly reviewed this book and provided extraordinary feedback over a tapas lunch.


	* We used to assume this was true for reptiles and birds too, but recent work that I’ve covered shows that a lot of these animals, including crocodiles and condors, can give birth to parthenote offspring that have the potential to survive for many years. These are literally virgin births where no males were involved. Quite something.


	† By not easy, we are talking about someone having to stick their arm up the uterus of a friendly female southern white rhino in captivity that is being distracted by buckets and buckets of delectable fruit and vegetables being shoveled into its mouth. Getting the timing right for implanting a blastocyst is also crazy challenging since white rhinos have two different ovulation cycles, one which is thirty days and one which is seventy days. We have no idea why, and it is tricky to predict which a given rhino is going to have since they seem to shift from one cycle to the other at random.


	* While some journalists, like those who make a habit of reporting on natural disasters or wars, interview a lot of crying people, this was a first for me. I’d never seen someone get so upset about scientific dysfunction.


	* It is also worth noting that, in response to my even proposing the rhino story, I seem to have been blacklisted by the San Diego Zoo Wildlife Alliance which, frankly, is just another way of controlling the narrative. Will they admit to that? Of course not. They will tell you that I am on their press list, but all I get these days are press releases advising that they’ve given pandas a new toy to play with or polar bears some artificial snow to roll around in. Actual research findings never come my way anymore. I cannot help but feel that this is deliberate.


	† Not to mention better for the rhino. And let’s remember, it was not San Diego that was withholding the information in the first place.


	* I find it so odd to use the word “charismatic” to describe the California condor, which is a pretty ugly animal that makes a habit of feasting on decaying carcasses, but charismatic megafauna is the jargon for it.


	† The flies that spray their eggs inside the nostrils of endangered rhinos, which then turn into maggots, are in trouble too.


	* You will note that I wrote “ideas” and not “idea.” Geoff and I have made it a habit of noting when papers publish that confirm musings that Darwin had back in his day but which he could not prove. They come up with such frequency that we have realized we cannot give them all the title of “Darwin was right … again,” because then we would look like we lack the creative flair that is the hallmark of our newspaper, but we do make sure that those words appear somewhere in the text every time. (Kaplan, 2014) (Kaplan, 2017) (Kaplan, 2024)


	* You didn’t really think I’d write an entire book about scientists who were screwed for being right without bringing him up, did you?


	* Venus is brightly lit and easily visible when it is on the other side of the sun from Earth, but it vanishes from sight when it orbits in front of the sun. This is because even though Venus is scorching hot, it emits no light of its own. It can only be seen by us when the sun’s rays strike the planet’s highly reflective atmosphere and are bounced out into space toward our planet.


	† Tycho Brahe had argued that the other planets go around the sun but that the sun goes around Earth.


	* The warning was much lengthier than that and in thoroughly clerical language, but “knock it off” sums things up rather well.


	* In much the same way that “enhanced interrogation techniques” was used as code for waterboarding by the American authorities with foreign nationals captured after the September 11 terrorist attacks. I find it decidedly disturbing that a modern intelligence organization is using the same sort of language tricks as the Inquisition to make torture sound like something it is not.


	* Whom Galileo was also apparently very good friends with. Are you detecting a pattern yet?


	* I don’t want to suggest for a moment that what Galileo went through was either fair or fun. Being interrogated under threat of torture, possibly with the necessary ropes and pulleys sitting in plain sight in the room, would have been awful.


	† Although the fact that I am kept up at night worrying about some particularly ruthless politicians hunting down political enemies suggests that we actually have not come very far. You’d think we could all at least agree that the Inquisition was a bad idea …


	* Fairy believers, all of them …


	* A radical notion if ever there was one.


	* Buda and Pest were separate twin cities on each side of the Danube back in those days. It would be years before they merged and became Budapest.


	* Mind you, this is the same revolution that Semmelweis had so enthusiastically supported during his time under Klein in Vienna.


	* How it mattered is not something that I can reveal yet because his work has only just been submitted for publication and the results need to remain confidential until publication.


	* Remember to send me near final proofs of your paper once you have a publication date, Prasenjit!


	* Nobody understood that rabies was a virus and that the microbes responsible for septic shock were bacteria, but they worked out that searing heat killed both.


	† Which, of course, it was.


	* Important safety tip: Unless you actually have a medical license, you need to leave out the part about cutting open a hole in the trachea.


	* Which were tragically all in Hungarian and rarely made it out of the country.


	* Simpson was hardly subtle with his agenda. And no, inserting tiny needles into blood vessels does nothing to reduce risk of postoperative infection.


	* You will note that I am not putting in a name here since this was a virologist who was at a social event stumbling into a conversation with a science journalist and not someone who was knowingly on the record. Putting down his name would be unethical.


	* And that was over ten years ago when funding was still healthy. While the numbers have not yet been run with the recently slashed NIH budget, there is no question that they are now far worse.


	† The paper comically concluded with the understatement, “Streamlining the application system has not had the desired effect…”


	* Keeping up with her during interviews for this book was the journalistic challenge of a lifetime. She is such a whirlwind of ideas!


	* Incidentally, some of the best technology and engineering research I have ever covered has come out of ETH. I really ought to visit one of these days.


	* In recent years a small and dedicated group of science vigilantes have come into being who use their blogs to name and shame those who they find to have engaged in fraud.


	* Who, let’s face it, are going to be the scientific equivalent of the aurors in Harry Potter.


	* Many of them actually siphon away cash by charging publication fees. This would be fine if the funds from the fees were being used to invest in an academic immune system to better detect and prevent fraud, but they are not. This is just the journals increasing their profits, which is ridiculous as it puts younger researchers who have limited funds under much more pressure than they need to be. It is, in effect, just another way of biasing the system to favor older and more established researchers with wealthy labs.


	* And let’s be honest, most people have a breaking point where they will ditch ethics to keep themselves afloat.


	* And yes, I’m paraphrasing Einstein’s “You and Your Fellow Man” here.
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