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			In 1918 an influenza virus emerged—probably in the United States—that would spread around the world. Before that worldwide pandemic faded away in 1920, it would kill more people than any other outbreak of disease in human history. The bubonic plague in the 1300s, often called the black death, killed a far larger proportion of the population, but in raw numbers the influenza killed more than plague did then and more than AIDS has since its appearance in the early 1980s.

			The lowest estimate of the pandemic’s worldwide death toll is twenty-one million, in a world with a population less than one-third of today’s. That estimate comes from a study of the disease at the time that it was happening, and newspapers have often cited it since, but it is almost certainly wrong. Epidemiologists today estimate that the influenza likely caused at least fifty million deaths worldwide, and possibly as many as one hundred million. That was around 5 percent of the world’s population at the time.

			Normally influenza chiefly kills the elderly and infants, but in the 1918 pandemic roughly half of those who died were young men and women in the prime of their lives, in their twenties and thirties. Yet the story of the 1918 influenza virus is not simply one of havoc, death, and desolation. Nor is it merely a story of society fighting a war against nature while simultaneously fighting a world war.

			It is also a story of science and discovery. Of how people think and how to change the way people think. And of how, amid near-utter chaos, a few people were able to find the utter calm needed to plan grim, determined action.

			In the United States particularly, the story is one of a handful of extraordinary people. These were men and some very few women who developed the fundamental science upon which much of today’s medicine is based, including vaccines, antitoxins, and techniques still in use.

			In a way, these researchers had spent much of their lives preparing for the confrontation that occurred in 1918. Throughout history, war had often spread disease. And so the leaders of American medical research had anticipated that a major epidemic of some kind might erupt during the Great War (now known as World War I).

			This story, however, begins earlier. Before medicine could confront this disease with any promise of effect, it had to become scientific. It had to be revolutionized.

			Medicine is not yet and may never be an exact science—the quirks of individual patients and doctors may prevent that—but up to a few decades before World War I, the practice of medicine had remained almost unchanged from more than two thousand years earlier. Then, in Europe, medical science changed and, finally, the practice of medicine changed, too.

			But even after European medicine changed, medicine in the United States did not. In research and education especially, American medicine lagged far behind.

			Not until very late in the nineteenth century did a virtual handful of leaders in American medical science begin a revolution that transformed American medicine from the most backward in the developed world into the best in the world.

			Shortly before the Great War began in 1914, the people who so wanted to transform American medicine succeeded. They created a system that could produce people capable of thinking in a new way, capable of challenging existing systems. They, together with the first generation of scientists they had trained, stood on alert, hoping against but expecting and preparing for the eruption of an epidemic.

			When it came, they placed their lives in the path of the disease and applied all their knowledge and powers to defeat it. As it overwhelmed them, they concentrated on constructing the body of knowledge necessary to eventually triumph. The scientific knowledge that ultimately came out of the influenza pandemic pointed directly—and still points—to much that lies in medicine’s future.
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			A Revolution from Nothing

			The two most important questions in science are “What can I know?” and “How can I know it?”

			And the way one goes about answering these questions, one’s methodology, matters as much as the questions themselves. How one pursues a question often determines, or at least affects, the answer. Indeed, methodology, what we call the scientific method, matters more than anything else. Testing a prediction or hypothesis— a theory that says “If this, then that”—is the single most important element of modern methodology.

			But what you may know as the scientific method has not always been used by those who inquire into nature. Through most of known history, investigators trying to understand the natural world, to penetrate what we call science, relied upon reason alone. They based their thinking mostly on observation and did not probe nature through experiments. This commitment to logic was actually problematic for science in general and medicine in particular, because if you don’t test your hypothesis, any progress is coincidental. If you do test your hypothesis, then progress is inevitable. And for the bulk of twenty-five hundred years, the actual treatment of patients by physicians made almost no progress at all.

			It took until the nineteenth century before that finally began to change—and then it changed with extraordinary rapidity. Medicine began to make use of objective measurements and mathematics. For two millennia physicians’ senses had mattered far more than any objective measurement, so they had always avoided applying mathematics to the study of the body or disease. It was only in the 1820s that French clinicians began using thermometers—two hundred years after they had been invented. Nineteenth-century clinicians also began taking advantage of methods discovered in the 1700s to measure other bodily functions precisely.

			By then in Paris, a man named Pierre Louis had taken an even more significant step. Using the most basic mathematical analysis—nothing more than arithmetic—he studied how the different treatments patients received for the same disease related to the results. For the first time in history, a physician was correlating data and creating a reliable and systematic database. Physicians could have done this earlier. It required only taking careful notes. Yet this was the point when modern medicine diverged from the previous two thousand years.

			Louis compared treatments with results to reach a conclusion about a treatment’s effectiveness—based on data, he rejected bleeding, or removing blood from patients intentionally, as a useless therapy, for example. He and others also used autopsies to correlate the condition of organs with symptoms. They dissected organs and compared diseased organs to healthy ones. What they found was astounding and compelling, and it helped lead to a new conception of disease as something that invaded parts of the body. This was a fundamental first step in what would become a revolution.

			Louis’s influence could not be overstated. Nor could that of what became known as “the numerical system,” which included advances such as the stethoscope, the laryngoscope, the ophthalmoscope, the measurements of temperature and blood pressure, and the study of parts of the body. These advances created distance between the doctor and the patient, as well as between the patient and disease. They turned the human body into an object that could be studied. These steps had to come to make progress in medicine.

			In England in the 1840s and 1850s, an epidemiologist named John Snow began applying mathematics in a new way. Epidemiologists investigate patterns of disease with the goal of preventing community spread and future outbreaks. Snow had made meticulous observations of the patterns of a cholera outbreak, noting who got sick and who did not, where the sick lived and how they lived, and where the healthy lived and how they lived. He tracked down the disease to a contaminated well in London. He concluded that contaminated water caused the disease. It was brilliant detective work, brilliant epidemiology.

			Snow needed no scientific knowledge, no laboratory findings, to reach his conclusions. Like Pierre Louis’s correlation of treatments with results, his work could have been conducted a century earlier or ten centuries earlier. But his work reflected a new way of looking at the world, a new way of seeking explanations, a new methodology, a new use of mathematics as an analytical tool.

			Medicine was advancing by borrowing from other sciences. And when investigators began using a magnificent new tool—a microscope equipped with a new kind of lens, which came into use in the 1830s—an even wider universe began to open.

			Never had there been a time so exciting in medicine.

			Still, with the exception of these findings on cholera and similar findings on typhoid, little of this new scientific knowledge could be translated into curing or preventing disease. And much of what was being discovered was not understood because physicians were not receiving the right education.

			By the 1870s, European medical schools required rigorous scientific training. In contrast, most American medical schools were owned by a faculty whose profits and salaries were paid by student fees. The schools often had no admission standards other than the ability to pay tuition. No medical school in America allowed students to either perform autopsies or see patients routinely, and medical education often consisted of nothing more than two four-month terms of lectures. Few medical schools had any association with a university, and fewer still had ties to a hospital. Even at Harvard University, a medical student could fail four of nine courses and still get a medical degree in 1870.

			This began to change in 1873, when an American man named Johns Hopkins died, leaving behind $3.5 million to found a university and hospital. It was at the time the most significant gift ever given to a university. The trustees of Hopkins’s estate, against the advice of leading university presidents, decided to model Johns Hopkins University after the greatest German universities, places where people were consumed with creating new knowledge, not simply teaching what was believed.

			The trustees made this decision precisely because there was no such university in America and they recognized the need. A board member later explained, “There was a strong demand, among the young men of this country, for opportunities to study beyond the ordinary courses of a college or a scientific school . . . The strongest evidence of this demand was the increased attendance of American students upon lectures of German universities.”[1] The trustees decided that quality would sell. They intended to hire only excellent professors and provide opportunities for advanced study.

			Their plan was in many ways an entirely American ambition: to create a revolution from nothing. It made little sense to locate the new institution in Baltimore, Maryland, a squalid industrial and port city. Unlike Philadelphia, Boston, or New York, Baltimore had no tradition of supporting charitable causes, no social elite ready to lead, and certainly no intellectual tradition. Even the architecture of Baltimore seemed exceptionally dreary: long lines of row houses crowding against the street and yet almost no street life or community—the people of Baltimore seemed to live inward, in backyards and courtyards.

			In fact, there was no base whatsoever upon which to build . . . except the money Hopkins had left.

			The Hopkins opened in 1876. Its medical school would not open until 1893, but it succeeded so brilliantly and quickly that by the outbreak of World War I in 1914 American medical science had caught up to Europe and was about to surpass it. By then, those trained directly or indirectly by the Hopkins were already leading the world in investigating pneumonia. They could in some instances prevent and cure it. And their story begins with one man.
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			The Modernization of American Medicine

			William Henry Welch was born in 1850 in Norfolk, Connecticut, a small town in the northern part of the state that remains even today a hilly and wooded retreat. His grandfather, great-uncle, father, and four uncles were all physicians. Yet it was not always clear that Welch would become a physician too.

			Welch’s mother died when he was six months old. His sister, three years older, was sent away, and his father was distant both emotionally and physically. His childhood was marked by what would become a pattern throughout his life: loneliness masked by social activity. Welch charmed without effort. He inspired without effort. There was something about him that made others want him to think well of them. A later age would call this “charisma.” And yet he tended not to return the feelings of attachment so many felt toward him.

			He attended Yale University, and he graduated third in his class. With his family pressuring him to become a physician, Welch returned to Norfolk and apprenticed to his father. It was an old-fashioned practice. Nothing his father did reflected any knowledge of the newest medical concepts. Like most American physicians, his father ignored objective measurements such as temperature and blood pressure, and he even mixed prescriptions without measuring dosages, often relying on taste. This apprenticeship was not a happy time for Welch. In his own later accounts of his training, he passed over it as if it had never occurred. But sometime during it, his views of medicine changed.

			At some point he decided that if he was going to become a physician, he would do so in his own way. At the time, those preparing for medicine apprenticed for six months or a year and then attended medical school. Welch had served his apprenticeship. But in the next step he took, he marked out a new course. Welch returned to school all right—to study chemistry.

			Not only did no medical school in the United States require entering students to have any scientific knowledge or a college degree, neither did any American medical school emphasize science. Far from it. To Welch, however, chemistry seemed to be a window into the body. So in 1872 he entered Yale’s Sheffield Scientific School. Six months later, he began medical school at the College of Physicians and Surgeons in New York City. It was a typical good American medical school—it had absolutely no requirements for admission and no grades in any course.

			Welch graduated, and on April 19, 1876, he sailed for Europe to continue his scientific education. He was going to Germany, where the best science was then being done. He was hardly alone in seeking more knowledge there. One historian has estimated that between 1870 and 1914, fifteen thousand American doctors studied in Germany or Austria, along with thousands more from England, France, Japan, Turkey, Italy, and Russia.

			Welch expected to have to practice medicine to make a living, and he recognized how helpful to such a career studying in Germany could be. He assured his sister and brother-in-law as well as his father, all of whom were helping support him financially, “The prestige and knowledge which I should acquire by a year’s study in Germany would decidedly increase my chance of success. The young doctors who are doing well in New York are in a large majority those who have studied abroad.”[1]

			But his real interest lay with the tiny minority of Americans who went to Germany to explore a new universe: he wanted to learn laboratory science. In America he had already acquired a reputation for knowing far more than his colleagues. But in Germany he was refused acceptance into two laboratories because he knew so little. This inspired rather than depressed him. Soon Welch found a place to start and excitedly wrote home,

			
				I feel as if I were only just initiated into the great science of medicine. My previous experiences compared with the present are like the difference between reading of a fair country and seeing it with one’s own eyes. To live in the atmosphere of these scientific workshops and laboratories, to come into contact with the men who have formed and are forming the science of today, to have the opportunity of doing a little original investigation myself are all advantages, which, if they do not prove fruitful in later life, will always be to me a source of pleasure and profit.[2]

			

			By 1878 Welch was back in New York and looking for work. At no time in history had medicine been advancing so rapidly. The thousands who flocked to Europe were proof of American physicians’ intense interest in those advances. Yet in the United States neither Welch nor anyone else could support themselves by either joining in that great march or teaching what they had learned.

			So Welch began teaching a laboratory course. There were no microscopes, no glassware, no incubators, no instruments. Facing the empty rooms, discouraged, he wrote, “I cannot make much of a success out of the affair at present. I seem to be thrown entirely upon my own resources for equipping the laboratory and do not think that I can accomplish much.”[3]

			He was also worried. His entire compensation would come from student fees, and the three-month course was not required. Would he earn enough money to live on? He confided to his sister, “I sometimes feel rather blue when I look ahead and see that I am not going to be able to realize my aspirations in life . . . There is no opportunity in this country, and it seems unlikely there ever will be . . .”[4]

			He was wrong.

			Welch’s course quickly became extraordinarily popular. Soon students from all three of New York City’s medical schools were lining up for it, attracted as Welch had been to this new science, to the microscope, to experimentation.

			But despite the throngs of motivated students taking his course, Welch did not prosper. Two years went by, then three, then four. To cobble together a living, he did autopsies at a state hospital, served as an assistant to a prominent physician, and tutored medical students before their final exams. But as he passed his thirtieth birthday he was doing no real science. Little medical research was being done in America at the time. Yet in Europe science was marching from advancement to advancement, breakthrough to breakthrough.

			In 1884 Welch finally received a job offer from the Hopkins. At the Hopkins—which became known simply as “Hopkins,” as it’s called today—Welch would be expected to create an institution that would alter American medicine forever. When he accepted the position, he was thirty-four years old.

			

			+

			The greatest challenge of science lies in asking an important question and framing it in a way that allows it to be broken into manageable pieces, into experiments that can be conducted to ultimately lead to answers. To do this requires a certain kind of genius, one that allows someone to weave together seemingly unconnected bits of information. It allows an investigator to see what others do not see, to make leaps of connectivity and creativity. This, in turn, can lead an investigator deeper and deeper into something, which creates new information.

			The best investigators ask the question “So what?” Like a word on a Scrabble board, this question can connect with and prompt movement in many directions. It can eliminate a piece of information as unimportant or, at least to the investigator asking the question, irrelevant. To consider questions like this requires wonder, a deep wonder focused by discipline.

			William Welch had a vital and wide curiosity, but he did not have this deeper wonder. He could not see the large in the small. Instead, he examined a problem, then moved on. Welch’s failing as a researcher was this: In science, as in the rest of his life, he lived upon the surface. His attention never settled upon one important or profound question. The research he did was first-rate. But in the context of an entire lifetime, it did not amount to much.

			Instead, Welch’s real genius lay in two areas. First, he had not only knowledge but judgment. He had an extraordinary ability to hear someone describe their experiments, or read a paper, and immediately define the series of experiments needed to clarify the crucial points. He had an equally extraordinary ability to judge people, to identify those with the promise to do what he had not done. Second, Welch inspired. He inspired unconsciously, simply by being himself. He seemed so comfortable with himself that he gave comfort to those around him. He exuded confidence without arrogance.

			American medical education needed a revolution. When the Hopkins medical school opened in 1893, most American medical schools had still not established any affiliation with either a teaching hospital or a university; most faculty salaries were still paid by student fees (meaning that anyone who could pay their way was accepted into medical school); no other medical school required a college degree, much less any knowledge of biology, physics, or chemistry; and students still often graduated without ever touching a patient. By contrast, the Hopkins paid faculty salaries itself, and it required medical students to have not only a college degree with a background in science courses but also fluency in French and German so they could read foreign scientific articles. The school’s requirements were so rigorous that Welch worried no students would enroll.

			But students did come. Motivated and self-selected, they flocked to a school where students did not simply listen to lectures and take notes. They trooped through hospital rooms, examined patients, and made diagnoses. They performed autopsies and conducted laboratory experiments, and they explored: they explored organs with scalpels, nerves and muscles with electric currents, the invisible with microscopes.

			By the first decade of the twentieth century, Welch had become the glue that cemented together the entire American medical establishment. He became a national figure, first within the profession, then within science, then in the larger world, serving as president or chairman of nineteen different major scientific organizations, including the American Medical Association and the National Academy of Sciences. One colleague said that Welch had “the power to transform men’s lives almost by the flick of a wrist.”[5]

			He used his power to transform American medical education both directly and indirectly. His recommendation meant everything. Stanford University president Ray Wilbur neither flattered nor overstated when he wrote Welch, “Not to turn to you for information in regard to the best men to fill vacancies in our medical school would be to violate all the best precedents of American medical education.”[6]

			One area Welch focused on was finishing the reform of all medical education. The example of the Hopkins had forced more and faster changes at the best universities—such schools as Harvard, Columbia, the University of Pennsylvania, and the University of Michigan—and their leaders joined Welch in his quest to improve medical education. So did the American Medical Association.

			But most medical schools were almost unaffected by the Hopkins example. That remained the case until Welch protégé Abraham Flexner, who would later bring Albert Einstein to the Institute for Advanced Study at Princeton University, wrote a report titled Medical Education in the United States and Canada. It soon came to be known simply as the Flexner Report.

			Flexner dismissed many medical schools as “without redeeming features of any kind . . . general squalor . . . clinical poverty . . . One encounters surgery taught without patient, instrument, model, or drawing; recitations in obstetrics without a [mannequin] in sight—often without one in the building.”[7]

			According to his investigation, few—very, very few—schools met any reasonable standard. Flexner recommended that more than 120 of the 150-plus American medical schools in operation be closed. The report made the front page of newspapers. Remarkably, nearly one hundred medical schools did close or merge within a few years. Those that survived improved dramatically.

			In addition to his influence on medical education, Welch played another, hugely important role: directing the flow of tens of millions of dollars into laboratory research.

			

			+

			On January 2, 1901, John D. Rockefeller Sr.’s grandchild died of scarlet fever in Chicago. Later that year, the Rockefeller Institute for Medical Research was incorporated in New York City. This was no coincidence, and it would change everything.

			Welch declined an offer to head the new institute, but he assumed all the duties for launching it, chairing both the institute’s board itself and its board of scientific directors. At first the institute gave modest grants to scientists elsewhere, but in 1903 it opened its own laboratory. In 1910 a small affiliated hospital to investigate disease was added to the institute; the physician Rufus Cole served as its first director.

			Cole was tall, mustached, and elegant; he did not appear to be a forceful man. But his thinking was powerful. Cole urged the directors of the institute “that the hospital laboratory be developed as a true research laboratory.”[8] Cole was setting an enormously important precedent. He was calling for—demanding—that physicians treating patients undertake rigorous research involving patients with disease. This kind of work had been seen elsewhere, but not in the systematic way Cole envisioned.

			Such studies not only threatened the power of scientists doing purely laboratory research at the institute but also changed the doctor-patient relationship. They were an admission that doctors did not know all the answers and could not learn them without the patients’ help.

			The Rockefeller
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