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			Praise for The Great Influenza

			“Monumental . . . powerfully intelligent . . . unflinching . . . Barry’s book is not just a masterful narrative of the events of 1918 but also an authoritative and disturbing morality tale of science, politics and culture. . . . One of the strengths of Barry’s book is that it goes well beyond medical facts and figures. . . . [It is] a sweeping style that consistently focuses on real human beings, and he cares deeply and unapologetically about morality and politics. . . . Barry has done a remarkable service in writing The Great Influenza.”

			—Chicago Tribune

			“Here is a writer of distinction with a deep philosophical underpinning. . . . I loved the range of this book, how it directs a searchlight on science and scientists and gives us so much more than its title. We have no cold statistics to pore over, no tables of case fatalities. Instead, we are entering the forgotten world of personalities of medical science . . . compelling and brilliant.”

			—Journal of the American Medical Association (JAMA)

			“Sometimes the book reads like a detective novel; other times it reads like science fiction. . . . A fascinating and frightening account of sickness, fear, stupidity, scientific exploration, and occasional heroism. . . . If this book were merely about the causes and effects of the 1918 influenza pandemic, it would be an engrossing tale, but the story encompasses much more. . . . Ultimately, Barry brings his narrative into the present with provocative implications.”

			—The Charlotte Observer

			“Immensely readable . . . a multistranded narrative account of the most devastating pandemic the world has ever known, as well as a history of twentieth-century science and medicine . . . He describes how the influenza virus attacks the body with a clarity that lays the conceptual groundwork for much that would ensue. . . . And as a piece of social history, The Great Influenza is invaluable. It shows the courage and cowardice of individuals under great pressure; it shows how institutions, captive to the ethics of the time, can rise to the occasion or abjectly fall. . . . It’s a lesson to ponder in our times.”

			—The Seattle Times

			“Magisterial . . . evocative . . . unusual literary panache . . . impressively up-to-date understanding . . . very artfully constructed [with phrases] repeated like Wagner’s leitmotifs . . . The fact is that flu is one of the most formidable infections confronting humankind. The virus mutates constantly as it circulates among birds, pigs, and human beings, so each new flu season now challenges experts . . . His message for our time is clear.”

			—The New York Review of Books

			“Compelling and timely.”

			—The Boston Globe

			“Barry writes like an angel. . . . Through a vision of the scientists of the day he brings back the tension and excitement, the despair and the sorrow . . . yes I have indulged myself and read the book twice. . . . Barry’s writing . . . manage[s] to capture the science of virology. . . . This book is a wake-up call.”

			—Nature

			“Hypnotizing, horrifying, almost incomprehensible . . . energetic, lucid prose . . . His important story stands solidly and eloquently on its own as a work of history and a cautionary tale.”

			—The Providence Journal

			“History brilliantly written . . . The Great Influenza is a masterpiece.”

			—Baton Rouge Advocate

			“A medical thriller . . . It combines popular history and popular science in a way that reminds one of David McCullough’s great books on the Johnstown flood and the building of the Panama Canal and the Brooklyn Bridge. The Great Influenza might be the most interesting such concoction since . . . well, since the same author’s Rising Tide: The Great Mississippi Flood of 1927 and How It Changed America.”

			—Arkansas Times

			“What distinguishes Mr. Barry’s account is its thoroughness and the writer’s command of both the science and the politics that conspired to spread the disease . . . compelling . . . The storytelling is vivid . . . masterly detail.”

			—The Dallas Morning News

			“Majestic, spellbinding treatment of a mass killer . . . With the same terrorizing flair of Richard Preston’s Hot Zone, the author follows the disease . . . as if from Weegee’s camera.”

			—Kirkus Reviews (starred review)

			“Barry puts the pandemic into a context of medical, national, and world history. . . . His well-researched and well-written account raises the obvious question: Could it happen again? And the answer is: Of course it could.”

			—Los Angeles Times

			“Barry provides enormous insight into the very nature of science . . . The Great Influenza is a must read for its unnerving relevance to today’s scientific challenges of emerging and reemerging infectious diseases and the society’s tragic confrontations with war and terrorism . . . alarming similarities to today . . . gripping.”

			—Ronald Atlas, former president of the American Society of Microbiology, ASM News

			“Terrifying . . . The lessons of 1918 couldn’t be more relevant.”

			—Newsweek

			“An enthralling symphony of a book, whose every page compels.”

			—Booklist (starred review)
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			PROLOGUE

			THE GREAT WAR had brought Paul Lewis into the navy in 1918 as a lieutenant commander, but he never seemed quite at ease when in his uniform. It never seemed to fit quite right, or to sit quite right, and he was often flustered and failed to respond properly when sailors saluted him.

			Yet he was every bit a warrior, and he hunted death.

			When he found it he confronted it, challenged it, tried to pin it in place like a lepidopterist pinning down a butterfly, so he could then dissect it piece by piece, analyze it, and find a way to confound it. He did so often enough that the risks he took became routine.

			Still, death had never appeared to him as it did now, in mid-September 1918. Row after row of men confronted him in the hospital ward, many of them bloody and dying in some new and awful way.

			He had been called here to solve a mystery that dumbfounded the clinicians. For Lewis was a scientist. Although a physician he had never practiced on a patient. Instead, a member of the very first generation of American medical scientists, he had spent his life in the laboratory. He had already built an extraordinary career, an international reputation, and he was still young enough to be seen as just coming into his prime.

			A decade earlier, working with his mentor at the Rockefeller Institute in New York City, he had proved that a virus caused polio, a discovery still considered a landmark achievement in the history of virology. He had then developed a vaccine that protected monkeys from polio with nearly 100 percent effectiveness.

			That and other successes had won him the position of founding head of the Henry Phipps Institute, a research institute associated with the University of Pennsylvania, and in 1917 he had been chosen for the great honor of giving the annual Harvey Lecture. It seemed only the first of many honors that would come his way. Today, the children of two prominent scientists who knew him then and who crossed paths with many Nobel laureates say their fathers each told them that Lewis was the smartest man they had ever met.

			The clinicians now looked to him to explain the violent symptoms these sailors presented. The blood that covered so many of them did not come from wounds, at least not from steel or explosives that had torn away limbs. Most of the blood had come from nosebleeds. A few sailors had coughed the blood up. Others had bled from their ears. Some coughed so hard that autopsies would later show they had torn apart abdominal muscles and rib cartilage. And many of the men writhed in agony or delirium; nearly all those able to communicate complained of headache, as if someone were hammering a wedge into their skulls just behind the eyes, and body aches so intense they felt like bones breaking. A few were vomiting. Finally the skin of some of the sailors had turned unusual colors; some showed just a tinge of blue around their lips or fingertips, but a few looked so dark one could not tell easily if they were Caucasian or Negro. They looked almost black.

			Only once had Lewis seen a disease that in any way resembled this. Two months earlier, members of the crew of a British ship had been taken by ambulance from a sealed dock to another Philadelphia hospital and placed in isolation. There many of that crew had died. At autopsy their lungs had resembled those of men who had died from poison gas or pneumonic plague, a more virulent form of bubonic plague.

			Whatever those crewmen had had, it had not spread. No one else had gotten sick.

			But the men in the wards now not only puzzled Lewis. They had to have chilled him with fear also, fear both for himself and for what this disease could do. For whatever was attacking these sailors was not only spreading, it was spreading explosively.

			And it was spreading despite a well-planned, concerted effort to contain it. This same disease had erupted ten days earlier at a navy facility in Boston. Lieutenant Commander Milton Rosenau at the Chelsea Naval Hospital there had certainly communicated to Lewis, whom he knew well, about it. Rosenau too was a scientist who had chosen to leave a Harvard professorship for the navy when the United States entered the war, and his textbook on public health was called “The Bible” by both army and navy military doctors.

			Philadelphia navy authorities had taken Rosenau’s warnings seriously, especially since a detachment of sailors had just arrived from Boston, and they had made preparations to isolate any ill sailors should an outbreak occur. They had been confident that isolation would control it.

			Yet four days after that Boston detachment arrived, nineteen sailors in Philadelphia were hospitalized with what looked like the same disease. Despite their immediate isolation and that of everyone with whom they had had contact, eighty-seven sailors were hospitalized the next day. They and their contacts were again isolated. But two days later, six hundred men were hospitalized with this strange disease. The hospital ran out of empty beds, and hospital staff began falling ill. The navy then began sending hundreds more sick sailors to a civilian hospital. And sailors and civilian workers were moving constantly between the city and navy facilities, as they had in Boston. Meanwhile, personnel from Boston, and now Philadelphia, had been and were being sent throughout the country as well.

			That had to chill Lewis, too.

			Lewis had visited the first patients, taken blood, urine, and sputum samples, done nasal washings, and swabbed their throats. Then he had come back again to repeat the process of collecting samples and to study the symptoms for any further clues. In his laboratory he and everyone under him poured their energies into growing and identifying whatever pathogen was making the men sick. He needed to find the pathogen. He needed to find the cause of the disease. And even more he needed to make a curative serum or a preventive vaccine.

			Lewis loved the laboratory more than he loved anyone or anything. His work space was crammed; it looked like a thicket of icicles—test tubes in racks, stacked petri dishes, pipettes—but it warmed him, gave him as much and perhaps more comfort than did his home and family. But he did not love working like this. The pressure to find an answer did not bother him; much of his polio research had been conducted in the midst of an epidemic so extreme that New York City had required people to obtain passes to travel. What did bother him was the need to abandon good science. To succeed in preparing either a vaccine or a serum, he would have to make a series of guesses based on at best inconclusive results, and each guess would have to be right.

			He had already made one guess. If he did not yet know precisely what caused the disease, nor how or whether he could prevent it or cure it, he believed he knew what the disease was.

			He believed it was influenza, although an influenza unlike any known before.

			

			•   •   •

			Lewis was correct. In 1918 an influenza virus emerged—probably in the United States—that would spread around the world, and one of its earliest appearances in lethal form came in Philadelphia. Before that worldwide pandemic faded away in 1920, it would kill more people than any other outbreak of disease in human history. Plague in the 1300s killed a far larger proportion of the population—more than one-quarter of Europe—but in raw numbers influenza killed more than plague then, more than AIDS today.

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

			Yet even that number understates the horror of the disease, a horror contained in other data. 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 life, in their twenties and thirties. Harvey Cushing, then a brilliant young surgeon who would go on to great fame—and who himself fell desperately ill with influenza and never fully recovered from what was likely a complication—would call these victims “doubly dead in that they died so young.”

			One cannot know with certainty, but if the upper estimate of the death toll is true as many as 8 to 10 percent of all young adults then living may have been killed by the virus.

			And they died with extraordinary ferocity and speed. Although the influenza pandemic stretched over two years, perhaps two-thirds of the deaths occurred in a period of twenty-four weeks, and more than half of those deaths occurred in even less time, from mid-September to early December 1918. Influenza killed more people in a year than the Black Death of the Middle Ages killed in a century; it killed more people in twenty-four weeks than AIDS has killed in twenty-four years.

			The influenza pandemic resembled both of those scourges in other ways also. Like AIDS, it killed those with the most to live for. And as priests had done in the bubonic plague, in 1918, even in Philadelphia, as modern a city as existed in the world, priests would drive horse-drawn wagons down the streets, calling upon those behind doors shut tight in terror to bring out their dead.

			

			•   •   •

			Yet the story of the 1918 influenza virus is not simply one of havoc, death, and desolation, of a society fighting a war against nature superimposed on a war against another human society.

			It is also a story of science, of discovery, of how one thinks, and of how one changes the way one thinks, of how amidst near-utter chaos a few men sought the coolness of contemplation, the utter calm that precedes not philosophizing but grim, determined action.

			For the influenza pandemic that erupted in 1918 was the first great collision between nature and modern science. It was the first great collision between a natural force and a society that included individuals who refused either to submit to that force or to simply call upon divine intervention to save themselves from it, individuals who instead were determined to confront this force directly, with a developing technology and with their minds.

			In the United States, the story is particularly one of a handful of extraordinary people, of whom Paul Lewis is one. These were men and some very few women who, far from being backward, had already developed the fundamental science upon which much of today’s medicine is based. They had already developed vaccines and antitoxins and techniques still in use. They had already pushed, in some cases, close to the edge of knowledge today.

			In a way, these researchers had spent much of their lives preparing for the confrontation that occurred in 1918 not only in general but, for a few of them at least, quite specifically. In every war in American history so far, disease had killed more soldiers than combat. In many wars throughout history, war had spread disease. The leaders of American research had anticipated that a major epidemic of some kind would erupt during the Great War. They had prepared for it as much as it was possible to prepare. Then they waited for it to strike.

			

			•   •   •

			The 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 fully a science—the idiosyncrasies, physical and otherwise, of individual patients and doctors may prevent that—but, up to a few decades before World War I, the practice of medicine had remained quite literally almost unchanged from the time of Hippocrates more than two thousand years earlier. Then, in Europe first, medical science changed and, finally, the practice of medicine changed.

			But even after European medicine changed, medicine in the United States did not. In research and education especially, American medicine lagged far behind, and that made practice lag as well.

			While for decades European medical schools had, for example, required students to have a solid background in chemistry, biology, and other sciences, as late as 1900, it was more difficult to get into a respectable American college than into an American medical school. At least one hundred U.S. medical schools would accept any man—but not woman—willing to pay tuition; at most 20 percent of the schools required even a high school diploma for admission—much less any academic training in science—and only a single medical school required its students to have a college degree. Nor, once students entered, did American schools necessarily make up for any lack of scientific background. Many schools bestowed a medical degree upon students who simply attended lectures and passed examinations; in some, students could fail several courses, never touch a single patient, and still get a medical degree.

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

			William James, who was a friend of—and whose son would work for—several of these men, wrote that the collecting of a critical mass of men of genius could make a whole civilization “vibrate and shake.” These men intended to, and would, shake the world.

			To do so required not only intelligence and training but real courage, the courage to relinquish all support and all authority. Or perhaps it required only recklessness.

			In Faust, Goethe wrote,

			’Tis writ, “In the beginning was the Word.”

			I Pause, to wonder what is here inferred.

			The Word I cannot set supremely high:

			A new translation I will try.

			I read, if by the spirit, I am taught,

			This sense, “In the beginning was the Thought. . . .”

			Upon “the Word” rested authority, stability, and law; “the Thought” roiled and ripped apart and created—without knowledge or concern of what it would create.

			Shortly before the Great War began, the men 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 the natural order. They, together with the first generation of scientists they had trained—Paul Lewis and his few peers—formed a cadre who 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. For the scientific knowledge that ultimately came out of the influenza pandemic pointed directly—and still points—to much that lies in medicine’s future.

		

	
		
			■ Part I

			THE WARRIORS

		

	
		
			CHAPTER ONE

			ON SEPTEMBER 12, 1876, the crowd overflowing the auditorium of Baltimore’s Academy of Music was in a mood of hopeful excitement, but excitement without frivolity. Indeed, despite an unusual number of women in attendance, many of them from the uppermost reaches of local society, a reporter noted, “There was no display of dress or fashion.” For this occasion had serious purpose. It was to mark the launching of the Johns Hopkins University, an institution whose leaders intended not simply to found a new university but to change all of American education; indeed, they sought considerably more than that. They planned to change the way in which Americans tried to understand and grapple with nature. The keynote speaker, the English scientist Thomas H. Huxley, personified their goals.

			The import was not lost on the nation. Many newspapers, including the New York Times, had reporters covering this event. After it, they would print Huxley’s address in full.

			For the nation was then, as it so often has been, at war with itself; in fact it was engaged in different wars simultaneously, each being waged on several fronts, wars that ran along the fault lines of modern America.

			One involved expansion and race. In the Dakotas, George Armstrong Custer had just led the Seventh Cavalry to its destruction at the hands of primitive savages resisting encroachment of the white man. The day Huxley spoke, the front page of the Washington Star reported that “the hostile Sioux, well fed and well armed” had just carried out “a massacre of miners.”

			In the South a far more important but equally savage war was being waged as white Democrats sought “redemption” from Reconstruction in anticipation of the presidential election. Throughout the South “rifle clubs,” “saber clubs,” and “rifle teams” of former Confederates were being organized into infantry and cavalry units. Already accounts of intimidation, beatings, whippings, and murder directed against Republicans and blacks had surfaced. After the murder of three hundred black men in a single Mississippi county, one man, convinced that words from the Democrats’ own mouths would convince the world of their design, pleaded with the New York Times, “For God’s sake publish the testimony of the Democrats before the Grand Jury.”

			Voting returns had already begun to come in—there was no single national election day—and two months later Democrat Samuel Tilden would win the popular vote by a comfortable margin. But he would never take office as president. Instead the Republican secretary of war would threaten to “force a reversal” of the vote, federal troops with fixed bayonets would patrol Washington, and southerners would talk of reigniting the Civil War. That crisis would ultimately be resolved through an extra-constitutional special committee and a political understanding: Republicans would discard the voting returns of three states—Louisiana, Florida, South Carolina—and seize a single disputed electoral vote in Oregon to keep the presidency in the person of Rutherford B. Hayes. But they also would withdraw all federal troops from the South and cease intervening in southern affairs, leaving the Negroes there to fend for themselves.

			The war involving the Hopkins was more muted but no less profound. The outcome would help define one element of the character of the nation: the extent to which the nation would accept or reject modern science and, to a lesser degree, how secular it would become, how godly it would remain.

			Precisely at 11:00 A.M., a procession of people advanced upon the stage. First came Daniel Coit Gilman, president of the Hopkins, and on his arm was Huxley. Following in single file came the governor, the mayor, and other notables. As they took their seats the conversations in the audience quickly died away, replaced by expectancy of a kind of declaration of war.

			Of medium height and middle age—though he already had iron-gray hair and nearly white whiskers—and possessed of what was described as “a pleasant face,” Huxley did not look the warrior. But he had a warrior’s ruthlessness. His dicta included the pronouncement: “The foundation of morality is to have done, once and for all, with lying.” A brilliant scientist, later president of the Royal Society, he advised investigators, “Sit down before a fact as a little child, be prepared to give up every preconceived notion. Follow humbly wherever and to whatever abysses nature leads, or you shall learn nothing.” He also believed that learning had purpose, stating, “The great end of life is not knowledge but action.”

			To act upon the world himself, he became a proselytizer for faith in human reason. By 1876 he had become the world’s foremost advocate of the theory of evolution and of science itself. Indeed, H. L. Mencken said that “it was he, more than any other man, who worked that great change in human thought which marked the Nineteenth Century.” Now President Gilman gave a brief and simple introduction. Then Professor Huxley began to speak.

			Normally he lectured on evolution, but today he was speaking on a subject of even greater magnitude. He was speaking about the process of intellectual inquiry. The Hopkins was to be unlike any other university in America. Aiming almost exclusively at the education of graduate students and the furtherance of science, it was intended by its trustees to rival not Harvard or Yale—neither of them considered worthy of emulation—but the greatest institutions of Europe, and particularly Germany. Perhaps only in the United States, a nation ever in the act of creating itself, could such an institution come into existence both so fully formed in concept and already so renowned, even before the foundation of a single building had been laid.

			“His voice was low, clear and distinct,” reported one listener. “The audience paid the closest attention to every word which fell from the lecturer’s lips, occasionally manifesting their approval by applause.” Said another, “Professor Huxley’s method is slow, precise, and clear, and he guards the positions which he takes with astuteness and ability. He does not utter anything in the reckless fashion which conviction sometimes countenances and excuses, but rather with the deliberation that research and close inquiry foster.”

			Huxley commended the bold goals of the Hopkins, expounded upon his own theories of education—theories that soon informed those of William James and John Dewey—and extolled the fact that the existence of the Hopkins meant “finally, that neither political nor ecclesiastical sectarianism” would interfere with the pursuit of the truth.

			In truth, Huxley’s speech, read a century and a quarter later, seems remarkably tame. Yet Huxley and the entire ceremony left an impression on the country deep enough that Gilman would spend years trying to edge away from it, even while simultaneously trying to fulfill the goals Huxley applauded.

			For the ceremony’s most significant word was one not spoken: not a single participant uttered the word “God” or made any reference to the Almighty. This spectacular omission scandalized those who worried about or rejected a mechanistic and necessarily godless view of the universe. And it came in an era in which American universities had nearly two hundred endowed chairs of theology and fewer than five in medicine, an era in which the president of Drew University had said that, after much study and experience, he had concluded that only ministers of the Gospel should be college professors.

			The omission also served as a declaration: the Hopkins would pursue the truth, no matter to what abyss it led.

			In no area did the truth threaten so much as in the study of life. In no area did the United States lag behind the rest of the world so much as in its study of the life sciences and medicine. And in that area in particular, the influence of the Hopkins would be immense.

			By 1918, as America marched into war, the nation had come not only to rely upon the changes wrought largely, though certainly not entirely, by men associated with the Hopkins; the United States Army had mobilized these men into a special force, focused and disciplined, ready to hurl themselves at an enemy.

			

			•   •   •

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

			Science and religion in fact part ways over the first question, what each can know. Religion, and to some extent philosophy, believes it can know, or at least address, the question “Why?”

			For most religions the answer to this question ultimately comes down to the way God ordered it. Religion is inherently conservative; even one proposing a new God only creates a new order.

			The question “why” is too deep for science. Science instead believes it can only learn “how” something occurs.

			The revolution of modern science and especially medical science began as science not only focused on this answer to “What can I know?” but more important, changed its method of inquiry, changed its answer to “How can I know it?”

			This answer involves not simply academic pursuits; it affects how a society governs itself, its structure, how its citizens live. If a society does set Goethe’s “Word . . . supremely high,” if it believes that it knows the truth and that it need not question its beliefs, then that society is more likely to enforce rigid decrees, and less likely to change. If it leaves room for doubt about the truth, it is more likely to be free and open.

			In the narrower context of science, the answer determines how individuals explore nature—how one does science. And the way one goes about answering a question, one’s methodology, matters as much as the question itself. For the method of inquiry underlies knowledge and often determines what one discovers: how one pursues a question often dictates, or at least limits, the answer.

			Indeed, methodology matters more than anything else. Methodology subsumes, for example, Thomas Kuhn’s well-known theory of how science advances. Kuhn gave the word “paradigm” wide usage by arguing that at any given point in time, a particular paradigm, a kind of perceived truth, dominates the thinking in any science. Others have applied his concept to nonscientific fields as well.

			According to Kuhn, the prevailing paradigm tends to freeze progress, indirectly by creating a mental obstacle to creative ideas and directly by, for example, blocking research funds from going to truly new ideas, especially if they conflict with the paradigm. He argues that nonetheless researchers eventually find what he calls “anomalies” that do not fit the paradigm. Each one erodes the foundation of the paradigm, and when enough accrue to undermine it, the paradigm collapses. Scientists then cast about for a new paradigm that explains both the old and the new facts.

			But the process—and progress—of science is more fluid than Kuhn’s concept suggests. It moves more like an amoeba, with soft and ill-defined edges. More important, method matters. Kuhn’s own theory recognizes that the propelling force behind the movement from one explanation to another comes from the methodology, from what we call the scientific method. But he takes as an axiom that those who ask questions constantly test existing hypotheses. In fact, with a methodology that probes and tests hypotheses—regardless of any paradigm—progress is inevitable. Without such a methodology, progress becomes merely coincidental.

			Yet the scientific method has not always been used by those who inquire into nature. Through most of known history, investigators trying to penetrate the natural world, penetrate what we call science, relied upon the mind alone, reason alone. These investigators believed that they could know a thing if their knowledge followed logically from what they considered a sound premise. In turn they based their premises chiefly on observation.

			This commitment to logic coupled with man’s ambition to see the entire world in a comprehensive and cohesive way actually imposed blinders on science in general and on medicine in particular. The chief enemy of progress, ironically, became pure reason. And for the bulk of two and a half millennia—twenty-five hundred years—the actual treatment of patients by physicians made almost no progress at all.

			One cannot blame religion or superstition for this lack of progress. In the West, beginning at least five hundred years before the birth of Christ, medicine was largely secular. While Hippocratic healers—the various Hippocratic texts were written by different people—did run temples and accept pluralistic explanations for disease, they pushed for material explanations.

			Hippocrates himself was born in approximately 460 B.C. On the Sacred Disease, one of the more famous Hippocratic texts and one often attributed to him directly, even mocked theories that attributed epilepsy to the intervention of gods. He and his followers advocated precise observation, then theorizing. As the texts stated, “For a theory is a composite memory of things apprehended with sense perception.” “But conclusions which are merely verbal cannot bear fruit.” “I approve of theorizing also if it lays its foundation in incident, and deduces its conclusion in accordance with phenomena.”

			But if such an approach sounds like that of a modern investigator, a modern scientist, it lacked two singularly important elements.

			

			•   •   •

			First, Hippocrates and his associates merely observed nature. They did not probe it.

			This failure to probe nature was to some extent understandable. To dissect a human body then was inconceivable. But the authors of the Hippocratic texts did not test their conclusions and theories. A theory must make a prediction to be useful or scientific—ultimately it must say, If this, then that—and testing that prediction is the single most important element of modern methodology. Once that prediction is tested, it must advance another one for testing. It can never stand still.

			Those who wrote the Hippocratic texts, however, observed passively and reasoned actively. Their careful observations noted mucus discharges, menstrual bleeding, watery evacuations in dysentery, and they very likely observed blood left to stand, which over time separates into several layers, one nearly clear, one of somewhat yellowy serum, one of darker blood. Based on these observations, they hypothesized that there were four kinds of bodily fluids, or “humours”: blood, phlegm, bile, and black bile. (This terminology survives today in the phrase “humoral immunity,” which refers to elements of the immune system, such as antibodies, that circulate in the blood.)

			This hypothesis made sense, comported with observations, and could explain many symptoms. It explained, for example, that coughs were caused by the flow of phlegm to the chest. Observations of people coughing up phlegm certainly supported this conclusion.

			In a far broader sense, the hypothesis also conformed to the ways in which the Greeks saw nature: they observed four seasons, four aspects of the environment—cold, hot, wet, and dry—and four elements—earth, air, fire, and water.

			Medicine waited six hundred years for the next major advance, for Galen, but Galen did not break from these teachings; he systematized them, perfected them. Galen claimed, “I have done as much for medicine as Trajan did for the Roman Empire when he built the bridges and roads through Italy. It is I, and I alone, who have revealed the true path of medicine. It must be admitted that Hippocrates already staked out this path. . . . He prepared the way, but I have made it possible.”

			Galen did not simply observe passively. He dissected animals and, although he did not perform autopsies on humans, served as a physician to gladiators whose wounds allowed him to see deep beneath the skin. Thus his anatomic knowledge went far beyond that of any known predecessor. But he remained chiefly a theoretician, a logician; he imposed order on the Hippocratic body of work, reconciling conflicts, reasoning so clearly that, if one accepted his premises, his conclusions seemed inevitable. He made the humoral theory perfectly logical, and even elegant. As the historian Vivian Nutton notes, Galen raised the theory to a truly conceptual level, separating the humours from direct correlation with bodily fluids and making them invisible entities “recognizable only by logic.”

			Galen’s works were translated into Arabic and underlay both Western and Islamic medicine for nearly fifteen hundred years before facing any significant challenge. Like the Hippocratic writers, Galen believed that illness was essentially the result of an imbalance in the body. He also thought that balance could be restored by intervention; a physician thus could treat a disease successfully. If there was a poison in the body, then the poison could be removed by evacuation. Sweating, urinating, defecating, and vomiting were all ways that could restore balance. Such beliefs led physicians to recommend violent laxatives and other purgatives, as well as mustard plasters and other prescriptions that punished the body, that blistered it and theoretically restored balance. And of all the practices of medicine over the centuries, one of the most enduring—yet least understandable to us today—was a perfectly logical extension of Hippocratic and Galenic thought, and recommended by both.

			This practice was bleeding patients. Bleeding was among the most common therapies employed to treat all manner of disorders.

			Hippocrates and most of those who followed him—even deep into the nineteenth century—also believed that natural processes must not be interfered with. The various kinds of purging were meant to augment and accelerate natural processes, not resist them. Since pus, for example, was routinely seen in all kinds of wounds, pus was seen as a necessary part of healing. Until the late 1800s, physicians routinely would do nothing to avoid the generation of pus, and were reluctant even to drain it. Instead they referred to “laudable pus.”

			Similarly, Hippocrates scorned surgery as intrusive, as interfering with nature’s course; further, he saw it as a purely mechanical skill, beneath the calling of physicians who dealt in a far more intellectual realm. This intellectual arrogance would subsume the attitude of Western physicians for more than two thousand years.

			This is not to say that for two thousand years the Hippocratic texts and Galen offered the only theoretical constructs to explain health and disease. Many ideas and theories were advanced about how the body worked, how illness developed. And a rival school of thought gradually developed within the Hippocratic-Galenic tradition that valued experience and empiricism and challenged the purely theoretical.

			It is impossible to summarize all these theories in a few sentences, yet nearly all of them did share certain concepts: that health was a state of equilibrium and balance, and that illness resulted either from an internal imbalance within the body or from external environmental influences such as an atmospheric miasma, or from some combination of both.

			But in the early 1500s three men began to challenge at least the methods of medicine. Paracelsus declared he would investigate nature “not by following that which those of old taught, but by our own observation of nature, confirmed by . . . experiment and by reasoning thereon.”

			Vesalius dissected human corpses and concluded that Galen’s findings had come from animals and were deeply flawed. His De humani corporis fabrica, likely illustrated by a student of Titian, became a cornerstone of the Renaissance.

			Fracastorius, an astronomer, mathematician, botanist, and poet, meanwhile hypothesized that diseases had specific causes and that contagion “passes from one thing to another and is originally caused by infection of the imperceptible particle.” One medical historian called his body of work “a peak maybe unequalled by anyone between Hippocrates and Pasteur.”

			The contemporaries of these three men included Martin Luther and Copernicus, men who changed the world. In medicine the new ideas of Paracelsus, Vesalius, and Fracastorius did not change the world. In the actual practice of medicine they changed nothing at all.

			But the approach they called for did create ripples while the scholasticism of the Middle Ages that stultified nearly all fields of inquiry was beginning to decay. In 1605 Francis Bacon in Novum Organum attacked the purely deductive reasoning of logic, calling “Aristotle . . . a mere bondservant to his logic, thereby rendering it contentious and well nigh useless.” He also complained, “The logic now in use serves rather to fix and give stability to the errors which have their foundation in commonly received notions than to help the search after truth. So it does more harm than good.”

			In 1628 Harvey traced the circulation of the blood, arguably perhaps the single greatest achievement of medicine—and certainly the greatest achievement until the late 1800s. And Europe was in intellectual ferment. Half a century later Newton revolutionized physics and mathematics. Newton’s contemporary John Locke, trained as a physician, emphasized the pursuit of knowledge through experience. In 1753 James Lind conducted a pioneering controlled experiment among British sailors and demonstrated that scurvy could be prevented by eating limes—ever since, the British have been called “limeys.” David Hume, after this demonstration and following Locke, led a movement of “empiricism.” His contemporary John Hunter made a brilliant scientific study of surgery, elevating it from a barber’s craft. Hunter also performed model scientific experiments, including some on himself—as when he infected himself with pus from a gonorrheal case to prove a hypothesis.

			Then in 1798 Edward Jenner, a student of Hunter’s—Hunter had told him “Don’t think. Try.”—published his work. As a young medical student Jenner had heard a milkmaid say, “I cannot take the smallpox because I have had cowpox.” The cowpox virus resembles smallpox so closely that exposure to cowpox gives immunity to smallpox. But cowpox itself only rarely develops into a serious disease. (The virus that causes cowpox is called “vaccinia,” taking its name from vaccination.)

			Jenner’s work with cowpox was a landmark, but not because he was the first to immunize people against smallpox. In China, India, and Persia, different techniques had long since been developed to expose children to smallpox and make them immune, and in Europe at least as early as the 1500s laypeople—not physicians—took material from a pustule of those with a mild case of smallpox and scratched it into the skin of those who had not yet caught the disease. Most people infected this way developed mild cases and became immune. In 1721 in Massachusetts, Cotton Mather took the advice of an African slave, tried this technique, and staved off a lethal epidemic. But “variolation” could kill. Vaccinating with cowpox was far safer than variolation.

			From a scientific standpoint, however, Jenner’s most important contribution was his rigorous methodology. Of his finding, he said, “I placed it upon a rock where I knew it would be immoveable before I invited the public to take a look at it.”

			But ideas die hard. Even as Jenner was conducting his experiments, despite the vast increase in knowledge of the body derived from Harvey and Hunter, medical practice had barely changed. And many, if not most, physicians who thought deeply about medicine still saw it in terms of logic and observation alone.

			In Philadelphia, twenty-two hundred years after Hippocrates and sixteen hundred years after Galen, Benjamin Rush, a pioneer in his views on mental illness, a signer of the Declaration of Independence, and America’s most prominent physician, still applied logic and observation alone to build “a more simple and consistent system of medicine than the world had yet seen.”

			In 1796 he advanced a hypothesis as logical and elegant, he believed, as Newtonian physics. Observing that all fevers were associated with flushed skin, he concluded that this was caused by distended capillaries and reasoned that the proximate cause of fever must be abnormal “convulsive action” in these vessels. He took this a step further and concluded that all fevers resulted from disturbance of capillaries, and, since the capillaries were part of the circulatory system, he concluded that a hypertension of the entire circulatory system was involved. Rush proposed to reduce this convulsive action by “depletion,” i.e., venesection—bleeding. It made perfect sense.

			He was one of the most aggressive of the advocates of “heroic medicine.” The heroism, of course, was found in the patient. In the early 1800s praise for his theories was heard throughout Europe, and one London physician said Rush united “in an almost unprecedented degree, sagacity and judgment.”

			A reminder of the medical establishment’s acceptance of bleeding exists today in the name of the British journal The Lancet, one of the leading medical journals in the world. A lancet was the instrument physicians used to cut into a patient’s vein.

			But if the first failing of medicine, a failing that endured virtually unchallenged for two millennia and then only gradually eroded over the next three centuries, was that it did not probe nature through experiments, that it simply observed and reasoned from observation to a conclusion, that failing was—finally—about to be corrected.

			

			•   •   •

			What can I know? How can I know it?

			If reason alone could solve mathematical problems, if Newton could think his way through physics, then why could not man reason out the ways in which the body worked? Why did reason alone fail so utterly in medicine?

			One explanation is that Hippocratic and Galenic theory did offer a system of therapeutics that seemed to produce the desired effect. They seemed to work. So the Hippocratic-Galenic model lasted so long not only because of its logical consistency, but because its therapies seemed to have effect.

			Indeed, bleeding—today called “phlebotomy”—can actually help in some rare diseases, such as polycythemia, a rare genetic disorder that causes people to make too much blood, or hemachromatosis, when the blood carries too much iron. And in far more common cases of acute pulmonary edema, when the lungs fill with fluid, it could relieve immediate symptoms and is still sometimes tried. For example, in congestive heart failure excess fluid in the lungs can make victims extremely uncomfortable and, ultimately, kill them if the heart cannot pump the fluid out. When people suffering from these conditions were bled, they may well have been helped. This reinforced theory.

			Even when physicians observed that bleeding weakened the patient, that weakening could still seem positive. If a patient was flushed with a fever, it followed logically that if bleeding alleviated those symptoms—making the patient pale—it was a good thing. If it made the patient pale it worked.

			Finally, a euphoric feeling sometimes accompanies blood loss. This too reinforced theory. So bleeding both made logical sense in the Hippocratic and Galenic systems and sometimes gave physicians and patients positive reinforcement.

			Other therapies also did what they were designed to do—in a sense. As late as the nineteenth century—until well after the Civil War in the United States—most physicians and patients still saw the body only as an interdependent whole, still saw a specific symptom as a result of an imbalance or disequilibrium in the entire body, still saw illness chiefly as something within and generated by the body itself. As the historian Charles Rosenberg has pointed out, even smallpox, despite its known clinical course and the fact that vaccination prevented it, was still seen as a manifestation of a systemic ill. And medical traditions outside the Hippocratic-Galenic model—from the “subluxations” of chiropractic to the “yin and yang” of Chinese medicine—have also tended to see disease as a result of imbalance within the body.

			Physicians and patients wanted therapies to augment and accelerate, not block, the natural course of disease, the natural healing process. The state of the body could be altered by prescribing such toxic substances as mercury, arsenic, antimony, and iodine. Therapies designed to blister the body did so. Therapies designed to produce sweating or vomiting did so. One doctor, for example, when confronted with a case of pleurisy, gave camphor and recorded that the case was “suddenly relieved by profuse perspiration.” His intervention, he believed, had cured.

			Yet a patient’s improvement, of course, does not prove that a therapy works. For example, the 1889 edition of the Merck Manual of Medical Information recommended one hundred treatments for bronchitis, each one with its fervent believers, yet the current editor of the manual recognizes that “none of them worked.” The manual also recommended, among other things, champagne, strychnine, and nitroglycerin for seasickness.

			And when a therapy clearly did not work, the intricacies—and intimacies—of the doctor-patient relationship also came into play, injecting emotion into the equation. One truth has not changed from the time of Hippocrates until today: when faced with desperate patients, doctors often do not have the heart—or, more accurately, they have too much heart—to do nothing. And so a doctor, as desperate as the patient, may try anything, including things he or she knows will not work as long as they will not harm. At the least, the patient will get some solace.

			One cancer specialist concedes, “I do virtually the same thing myself. If I’m treating a teary, desperate patient, I will try low-dose alpha interferon, even though I do not believe it has ever cured a single person. It doesn’t have side effects, and it gives the patient hope.”

			Cancer provides other examples as well. No truly scientific evidence shows that echinacea has any effect on cancer, yet it is widely prescribed in Germany today for terminal cancer patients. Japanese physicians routinely prescribe placebos in treatment. Steven Rosenberg, a National Cancer Institute scientist who was the first person to stimulate the immune system to cure cancer and who led the team that performed the first human gene therapy experiments, points out that for years chemotherapy was recommended to virtually all victims of pancreatic cancer even though not a single chemotherapy regimen had ever been shown to prolong their lives for one day. (At this writing, investigators have just demonstrated that gemcitabine can extend median life expectancy by one to two months, but it is highly toxic.)

			

			•   •   •

			Another explanation for the failure of logic and observation alone to advance medicine is that unlike, say, physics, which uses a form of logic—mathematics—as its natural language, biology does not lend itself to logic. Leo Szilard, a prominent physicist, made this point when he complained that after switching from physics to biology he never had a peaceful bath again. As a physicist he would soak in the warmth of a bathtub and contemplate a problem, turn it in his mind, reason his way through it. But once he became a biologist, he constantly had to climb out of the bathtub to look up a fact.

			In fact, biology is chaos. Biological systems are the product not of logic but of evolution, an inelegant process. Life does not choose the logically best design to meet a new situation. It adapts what already exists. Much of the human genome includes genes which are “conserved”; i.e., which are essentially the same as those in much simpler species. Evolution has built upon what already exists.

			The result, unlike the clean straight lines of logic, is often irregular, messy. An analogy might be building an energy efficient farmhouse. If one starts from scratch, logic would impel the use of certain building materials, the design of windows and doors with kilowatt-hours in mind, perhaps the inclusion of solar panels on the roof, and so on. But if one wants to make an eighteenth-century farmhouse energy efficient, one adapts it as well as possible. One proceeds logically, doing things that make good sense given what one starts with, given the existing farmhouse. One seals and caulks and insulates and puts in a new furnace or heat pump. The old farmhouse will be—maybe—the best one could do given where one started, but it will be irregular; in window size, in ceiling height, in building materials, it will bear little resemblance to a new farmhouse designed from scratch for maximum energy efficiency.

			For logic to be of use in biology, one has to apply it from a given starting point, using the then-extant rules of the game. Hence Szilard had to climb out of the bathtub to look up a fact.

			Ultimately, then, logic and observation failed to penetrate the workings of the body not because of the power of the Hippocratic hypothesis, the Hippocratic paradigm. Logic and observation failed because neither one tested the hypothesis rigorously.

			Once investigators began to apply something akin to the modern scientific method, the old hypothesis collapsed.

			

			•   •   •

			By 1800 enormous advances had been made in other sciences, beginning centuries earlier with a revolution in the use of quantitative measurement. Bacon and Descartes, although opposites in their views of the usefulness of pure logic, had both provided a philosophical framework for new ways of seeing the natural world. Newton had in a way bridged their differences, advancing mathematics through logic while relying upon experiment and observation for confirmation. Joseph Priestley, Henry Cavendish, and Antoine-Laurent Lavoisier created modern chemistry and penetrated the natural world. Particularly important for biology was Lavoisier’s decoding of the chemistry of combustion and use of those insights to uncover the chemical processes of respiration, of breathing.

			Still, all these advances notwithstanding, in 1800 Hippocrates and Galen would have recognized and largely agreed with most medical practice. In 1800 medicine remained what one historian called “the withered arm of science.”

			In the nineteenth century that finally began to change—and with extraordinary rapidity. Perhaps the greatest break came with the French Revolution, when the new French government established what came to be called “the Paris clinical school.” One leader of the movement was Xavier Bichat, who dissected organs, found them composed of discrete types of material often found in layers, and called them “tissues”; another was René Laennec, inventor of the stethoscope.

			Meanwhile, medicine began to make use of other objective measurements and mathematics. This too was new. Hippocratic writings had stated that the physician’s senses mattered far more than any objective measurement, so despite medicine’s use of logic, physicians had always avoided applying mathematics to the study of the body or disease. In the 1820s, two hundred years after the discovery of thermometers, French clinicians began using them. Clinicians also began taking advantage of methods discovered in the 1700s to measure other bodily functions precisely.

			By then in Paris, Pierre Louis had taken an even more significant step. In the hospitals, where hundreds of charity cases awaited help, using the most basic mathematical analysis—nothing more than arithmetic—he correlated the different treatments patients received for the same disease with the results. For the first time in history, a physician was creating a reliable and systematic database. Physicians could have done this earlier. To do so required neither microscopes nor technological prowess; it required only taking careful notes.

			Yet the real point at which modern medicine diverged from the classic was in the studies of pathological anatomy by Louis and others. Louis not only correlated treatments with results to reach a conclusion about a treatment’s efficacy (he rejected bleeding patients as a useless therapy), he and others also used autopsies to correlate the condition of organs with symptoms. He and others dissected organs, compared diseased organs to healthy ones, learned their functions in intimate detail.

			What he found was astounding, and compelling, and helped lead to a new conception of disease as something with an identity of its own, an objective existence. In the 1600s Thomas Sydenham had begun classifying diseases, but Sydenham and most of his followers continued to see disease as a result of imbalances, consistent with Hippocrates and Galen. Now a new “nosology,” a new classification and listing of disease, began to evolve.

			Disease began to be seen as something that invaded solid parts of the body, as an independent entity, instead of being a derangement of the blood. This was a fundamental first step in what would become a revolution.

			Louis’s influence and that of what became known as “the numerical system” could not be overstated. These advances—the stethoscope, laryngoscope, ophthalmoscope, the measurements of temperature and blood pressure, the study of parts of the body—all created distance between the doctor and the patient, as well as between patient and disease; they objectified humanity. Even though no less a personage than Michel Foucault condemned this Parisian movement as the first to turn the human body into an object, these steps had to come to make progress in medicine.

			But the movement was condemned by contemporaries also. Complained one typical critic, “The practice of medicine according to this view is entirely empirical, is shorn of all rational induction, and takes a position among the lower grades of experimental observations and fragmentary facts.”

			Criticism notwithstanding, the numerical system began winning convert after convert. In England in the 1840s and 1850s, John Snow began applying mathematics in a new way: as an epidemiologist. He 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, where the healthy lived and how they lived. He tracked the disease down to a contaminated well in London. He concluded that contaminated water caused the disease. It was brilliant detective work, brilliant epidemiology. William Budd borrowed Snow’s methodology and promptly applied it to the study of typhoid.

			Snow and Budd needed no scientific knowledge, no laboratory findings, to reach their conclusions. And they did so in the 1850s, before the development of the germ theory of disease. Like Louis’s study that proved that bleeding was worse than useless in nearly all circumstances, their work could have been conducted a century earlier or ten centuries earlier. But their 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.*

			

			•   •   •

			At the same time, medicine was advancing by borrowing from other sciences. Insights from physics allowed investigators to trace electrical impulses through nerve fibers. Chemists were breaking down the cell into its components. And when investigators began using a magnificent new tool—the microscope equipped with new achromatic lenses, which came into use in the 1830s—an even wider universe began to open.

			In this universe Germans took the lead, partly because fewer French than Germans chose to use microscopes and partly because French physicians in the middle of the nineteenth century were generally less aggressive in experimenting, in creating controlled conditions to probe and even manipulate nature. (It was no coincidence that the French giants Pasteur and Claude Bernard, who did conduct experiments, were not on the faculty of any medical school. Echoing Hunter’s advice to Jenner, Bernard, a physiologist, told one American student, “Why think? Exhaustively experiment, then think.”)

			In Germany, meanwhile, Rudolf Virchow—both he and Bernard received their medical degrees in 1843—was creating the field of cellular pathology, the idea that disease began at the cellular level. And in Germany great laboratories were being established around brilliant scientists who, more than elsewhere, did actively probe nature with experiments. Jacob Henle, the first scientist to formulate the modern germ theory, echoed Francis Bacon when he said, “Nature answers only when she is questioned.”

			And in France, Pasteur was writing, “I am on the edge of mysteries and the veil is getting thinner and thinner.”

			Never had there been a time so exciting in medicine. A universe was opening.

			Still, with the exception of the findings on cholera and typhoid—and even these won only slow acceptance—little of this new scientific knowledge could be translated into curing or preventing disease. And much that was being discovered was not understood. In 1868, for example, a Swiss investigator isolated deoxyribonucleic acid, DNA, from a cell’s nucleus, but he had no idea of its function. Not until three-quarters of a century later, at the conclusion of some research directly related to the 1918 influenza pandemic, did anyone even speculate, much less demonstrate, that DNA carried genetic information.

			So the advances of science actually, and ironically, led to “therapeutic nihilism.” Physicians became disenchanted with traditional treatments, but they had nothing with which to replace them. In response to the findings of Louis and others, in 1835 Harvard’s Jacob Bigelow had argued in a major address that in “the unbiased opinion of most medical men of sound judgment and long experience . . . the amount of death and disaster in the world would be less, if all disease were left to itself.”

			His address had impact. It also expressed the chaos into which medicine was being thrown and the frustration of its practitioners. Physicians were abandoning the approaches of just a few years earlier and, less certain of the usefulness of a therapy, were becoming far less interventionist. In Philadelphia in the early 1800s Rush had called for wholesale bloodletting and was widely applauded. In 1862 in Philadelphia a study found that, out of 9,502 cases, physicians had cut a vein “in one instance only.”

			Laymen as well were losing faith in and becoming reluctant to submit to the tortures of heroic medicine. And since the new knowledge developing in traditional medicine had not yet developed new therapies, rival ideas of disease and treatment began to emerge. Some of these theories were pseudoscience, and some owed as little to science as did a religious sect.

			This chaos was by no means limited to America. Typical was Samuel Hahnemann, who developed homeopathy in Germany, publishing his ideas in 1810, just before German science began to emerge as the dominant force on the Continent. But nowhere did individuals feel freer to question authority than in America. And nowhere was the chaos greater.

			Samuel Thomson, founder of a movement bearing his name that spread widely before the Civil War, argued that medicine was simple enough to be comprehended by everyone, so anyone could act as a physician. “May the time soon come when men and women will become their own priests, physicians, and lawyers—when self-government, equal rights and moral philosophy will take the place of all popular crafts of every description,” argued his movement’s publication. His system used “botanic” therapeutics, and he charged, “False theory and hypothesis constitute nearly the whole art of physic.”

			Thomsonism was the most popular layman’s medical movement but hardly the only one. Dozens of what can only be called sects arose across the countryside. A Thomsonian rhyme summed up the attitude: “The nest of college-birds are three, / Law, Physic and Divinity; / And while these three remain combined, / They keep the world oppressed and blind / . . . Now is the time to be set free, / From priests’ and Doctors’ slavery.”

			As these ideas spread, as traditional physicians failed to demonstrate the ability to cure anyone, as democratic emotions and anti-elitism swept the nation with Andrew Jackson, American medicine became as wild and democratic as the frontier. In the 1700s Britain had relaxed licensing standards for physicians. Now several state legislatures did away with the licensing of physicians entirely. Why should there be any licensing requirements? Did physicians know anything? Could they heal anyone? Wrote one commentator in 1846, “There is not a greater aristocratic monopoly in existence, than this of regular medicine—neither is there a greater humbug.” In England the title “Professor” was reserved for those who held university chairs, and, even after John Hunter brought science to surgery, surgeons often went by “Mister.” In America the titles “Professor” and “Doctor” went to anyone who claimed them. As late as 1900, forty-one states licensed pharmacists, thirty-five licensed dentists, and only thirty-four licensed physicians. A typical medical journal article in 1858 asked, “To What Cause Are We to Attribute the Diminished Respectability of the Medical Profession in the Esteem of the American Public?”

			By the Civil War, American medicine had begun to inch forward, but only inch. The brightest lights involved surgery. The development of anesthesia, first demonstrated in 1846 at Massachusetts General Hospital, helped dramatically, and, just as Galen’s experience with gladiators taught him much anatomy, American surgeons learned enough from the war to put them a step ahead of Europeans.

			In the case of infectious and other disease, however, physicians continued to attack the body with mustard plasters that blistered the body, along with arsenic, mercury, and other poisons. Too many physicians continued their adherence to grand philosophical systems, and the Civil War showed how little the French influence had yet penetrated American medicine. European medical schools taught the use of thermometers, stethoscopes, and ophthalmoscopes, but Americans rarely used them and the largest Union army had only half a dozen thermometers. Americans still relieved pain by applying opiate powders on a wound, instead of injecting opium with syringes. And when Union Surgeon General William Hammond banned some of the violent purgatives, he was both court-martialed and condemned by the American Medical Association.

			After the Civil War, America continued to churn out prophets of new, simple, complete, and self-contained systems of healing, two of which, chiropractic and Christian Science, survive today. (Evidence does suggest that spinal manipulation can relieve musculoskeletal conditions, but no evidence supports chiropractic claims that disease is caused by misalignment of vertebrae.)

			Medicine had discovered drugs—such as quinine, digitalis, and opium—that provided benefits, but, as one historian has shown, they were routinely prescribed indiscriminately, for their overall effect on the body, not for a specific purpose; even quinine was prescribed generally, not to treat malaria. Hence Oliver Wendell Holmes, the physician father of the Supreme Court justice, was not much overstating when he declared, “I firmly believe that if the whole materia medica, as now used, could be sunk to the bottom of the sea, it would be all the better for mankind—and all the worse for the fishes.”

			There was something else about America. It was such a practical place. If it was a nation bursting with energy, it had no patience for dalliance or daydreaming or the waste of time. In 1832, Louis had told one of his most promising protégés—an American—to spend several years in research before beginning a medical practice. The student’s father was also a physician, James Jackson, a founder of Massachusetts General Hospital, who scornfully rejected Louis’s suggestion and protested to Louis that “in this country his course would have been so singular, as in a measure to separate him from other men. We are a business doing people. . . . There is a vast deal to be done and he who will not be doing must be set down as a drone.”

			In America the very fact that science was undermining therapeutics made institutions uninterested in supporting it. Physics, chemistry, and the practical arts of engineering thrived. The number of engineers particularly was exploding—from 7,000 to 226,000 from the late nineteenth century to just after World War I—and they were accomplishing extraordinary things. Engineers transformed steel production from an art into a science, developed the telegraph, laid a cable connecting America to Europe, built railroads crossing the continent and skyscrapers that climbed upward, developed the telephone—with automobiles and airplanes not far behind. The world was being transformed. Whatever was being learned in the laboratory about biology was building basic knowledge, but with the exception of anesthesia, laboratory research had only proven actual medical practice all but useless while providing nothing with which to replace it.

			Still, by the 1870s, European medical schools required and gave rigorous scientific training and were generally subsidized by the state. In contrast, most American medical schools were owned by a faculty whose profits and salaries—even when they did not own the school—were paid by student fees, so the schools often had no admission standards other than the ability to pay tuition. No medical school in America allowed medical students to routinely either perform autopsies or see patients, 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. In 1870 even at Harvard a medical student could fail four of nine courses and still get an M.D.

			In the United States, a few isolated individuals did research—outstanding research—but it was unsupported by any institution. S. Weir Mitchell, America’s leading experimental physiologist, once wrote that he dreaded anything “removing from me the time or power to search for new truths that lie about me so thick.” Yet in the 1870s, after he had already developed an international reputation, after he had begun experiments with snake venom that would lead directly to a basic understanding of the immune system and the development of antitoxins, he was denied positions teaching physiology at both the University of Pennsylvania and Jefferson Medical College; neither had any interest in research, nor a laboratory for either teaching or research purposes. In 1871 Harvard did create the first laboratory of experimental medicine at any American university, but that laboratory was relegated to an attic and paid for by the professor’s father. Also in 1871 Harvard’s professor of pathologic anatomy confessed he did not know how to use a microscope.

			But Charles Eliot, a Brahmin with a birth defect that deformed one side of his face—he never allowed a photograph to show that side—had become Harvard president in 1869. In his first report as president, he declared, “The whole system of medical education in this country needs thorough reformation. The ignorance and general incompetency of the average graduate of the American medical Schools, at the time when he receives the degree which turns him loose upon the community, is something horrible to contemplate.”

			Soon after this declaration, a newly minted Harvard physician killed three successive patients because he did not know the lethal dose of morphine. Even with the leverage of this scandal, Eliot could push through only modest reforms over a resistant faculty. Professor of Surgery Henry Bigelow, the most powerful faculty member, protested to the Harvard Board of Overseers, “[Eliot] actually proposes to have written examinations for the degree of doctor of medicine. I had to tell him that he knew nothing about the quality of the Harvard medical students. More than half of them can barely write. Of course they can’t pass written examinations. . . . No medical school has thought it proper to risk large existing classes and large receipts by introducing more rigorous standards.”

			Many American physicians were in fact enthralled by the laboratory advances being made in Europe. But they had to go to Europe to learn them. Upon their return they could do little or nothing with their knowledge. Not a single institution in the United States supported any medical research whatsoever.

			As one American who had studied in Europe wrote, “I was often asked in Germany how it is that no scientific work in medicine is done in this country, how it is that many good men who do well in Germany and show evident talent there are never heard of and never do any good work when they come back here. The answer is that there is no opportunity for, no appreciation of, no demand for that kind of work here. . . . The condition of medical education here is simply horrible.”

			

			•   •   •

			In 1873, Johns Hopkins died, leaving behind a trust of $3.5 million to found a university and hospital. It was to that time the greatest gift ever to a university. Princeton’s library collection was then an embarrassment of only a few books—and the library was open only one hour a week. Columbia was little better: its library opened for two hours each afternoon, but freshmen could not enter without a special permission slip. Only 10 percent of Harvard’s professors had a Ph.D.

			The trustees of Hopkins’s estate were Quakers who moved deliberately but also decisively. Against the advice of Harvard president Charles Eliot, Yale president James Burrill Angell, and Cornell president Andrew D. White, they decided to model the Johns Hopkins University after the greatest German universities, places thick with men 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 precisely because they recognized the need after doing the equivalent of market research. 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.” The trustees decided that quality would sell. They intended to hire only eminent professors and provide opportunities for advanced study.

			Their plan was in many ways an entirely American ambition: to create a revolution from nothing. For it made little sense to locate the new institution in Baltimore, a squalid industrial and port city. Unlike Philadelphia, Boston, or New York, it had no tradition of philanthropy, no social elite ready to lead, and certainly no intellectual tradition. Even the architecture of Baltimore seemed exceptionally dreary, long lines of row houses, each with three steps, crowding against the street and yet virtually no street life—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, another American trait.

			The trustees hired as president Daniel Coit Gilman, who left the presidency of the newly organized University of California after disputes with state legislators. Earlier he had helped create and had led the Sheffield Scientific School at Yale, which was distinct from Yale itself. Indeed, it was created partly because of Yale’s reluctance to embrace science as part of its basic curriculum.

			At the Hopkins, Gilman immediately recruited an internationally respected—and connected—faculty, which gave it instant credibility. In Europe, people like Huxley saw the Hopkins as combining the explosive energy and openness of America with the grit of science; the potential could shake the world.

			To honor the Hopkins upon its beginnings, to honor this vision, to proselytize upon this new faith, Thomas Huxley came to America.

			The Johns Hopkins would have rigor. It would have such rigor as no school in America had ever known.

			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, American medical science had caught up to Europe and was about to surpass it.

			

			•   •   •

			Influenza is a viral disease. When it kills, it usually does so in one of two ways: either quickly and directly with a violent viral pneumonia so damaging that it has been compared to burning the lungs; or more slowly and indirectly by stripping the body of defenses, allowing bacteria to invade the lungs and cause a more common and slower-killing bacterial pneumonia.

			By World War I, those trained directly or indirectly by the Hopkins already did lead the world in investigating pneumonia, a disease referred to as “the captain of the men of death.” They could in some instances prevent it and cure it.

			And their story begins with one man.

		

	
		
			CHAPTER TWO

			NOTHING ABOUT the boyhood or youth of William Henry Welch suggested his future.

			So it is apt that the best biography of him begins not with his childhood but with an extraordinary eightieth-birthday celebration in 1930. Friends, colleagues, and admirers gathered for the event not only in Baltimore, where he lived, but in Boston, in New York, in Washington; in Chicago, Cincinnati, and Los Angeles; in Paris, London, Geneva, Tokyo, and Peking. Telegraph and radio linked the celebrations, and their starting times were staggered to allow as much overlap as time zones made possible. The many halls were thick with scientists in many fields, including Nobel laureates, and President Herbert Hoover’s tribute to Welch at the Washington event was broadcast live over American radio networks.

			The tribute was to a man who had become arguably the single most influential scientist in the world. He had served as president of the National Academy of Sciences, president of the American Association for the Advancement of Science, president of the American Medical Association, and president or dominant figure of literally dozens of other scientific groups. At a time when no government funds went to research, as both chairman of the Executive Committee of the Carnegie Institution of Washington and president—for thirty-two years—of the Board of Scientific Directors of the Rockefeller Institute for Medical Research (now Rockefeller University), he had also directed the flow of money from the two greatest philanthropic organizations in the country.

			And yet Welch had been no great pioneer even in his own field of medical research—no Louis Pasteur, no Robert Koch, no Paul Ehrlich, no Theobald Smith. He had generated no brilliant insights, made no magnificent discoveries, asked no deep and original questions, and left no significant legacy in the laboratory or in scientific papers. He did little work—a reasonable judge might say he did no work—so profound as to merit even membership in, much less the presidency of, the National Academy of Sciences.

			Nonetheless, these hundreds of the world’s leading scientists had measured him as coldly and objectively as they measured everything and found him worthy. They had gathered to celebrate his life, if not for his science, then for what he had done for science.

			In his lifetime the world had changed radically, from horse and buggy to radio, airplanes, even the first television. Coca-Cola had been invented and rapidly spread across the country before 1900, by the 1920s Woolworth’s had over fifteen hundred stores, and a technocratic makeover of America had accompanied the Progressive Age, culminating in 1930 in a White House conference on children that proclaimed the superiority of experts to parents in child raising, because “it is beyond the capacity of an individual parent to train her child to fit into the intricate, interwoven, and interdependent social and economic system we have developed.”

			Welch had of course played no role in those changes. But he had played a large and direct role in an equivalent makeover of medicine and especially American medicine.

			He had served first as a kind of avatar, his own experience embodying and epitomizing that of many in his generation. Yet he was no simple symbol or representative. Like an Escher drawing, his life both represented that of others and simultaneously defined the lives of those who followed him, and those who followed them, and those who followed them, down to the present.

			For if he did no revolutionary science, he lived a revolutionary life. He was personality and theater; he was impresario, creator, builder. Like an actor on a live stage, his life was a performance given once, leaving its impact upon his audience, and only through them echoing in time and place. He led the movement that created the greatest scientific medical enterprise, and possibly the greatest enterprise in any of the sciences, in the world. His legacy was not objectively measurable, but it was nonetheless real. It lay in his ability to stir other men’s souls.

			

			•   •   •

			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 physicians. His father also served a term in Congress and in 1857 addressed the graduates of Yale Medical School. In that speech he demonstrated a significant grasp of the latest medical developments, including a technique that would not be mentioned at Harvard until 1868 and the striking new “cell theory with its results in physiology and pathology,” a reference to the work of Rudolf Virchow, who had then published only in German-language journals. He also declared, “All positive knowledge obtained . . . has resulted from the accurate observation of facts.”

			Yet if it seemed foreordained that Welch would become a physician, this was not the case. Years later he told the great surgeon Harvey Cushing, a protégé, that in his youth medicine had filled him with repugnance.

			Perhaps part of that repugnance came from his circumstances. 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. Throughout Welch’s life he would be closer to his sister than to any other living soul; over the years their correspondence revealed what intimacies he was willing to share.

			His childhood was marked by what would become a pattern throughout his life: loneliness masked by social activity. At first he sought to fit in. He was not isolated. Neighbors included an uncle and cousins his age with whom he played routinely, but he longed for greater intimacy and begged his cousins to call him “brother.” They refused. Elsewhere, too, he sought to fit in, to belong. At the age of fifteen, submitting to evangelical fervor, he formally committed himself to God.

			He attended Yale, where he found no conflict between his religious commitment and science. While the college had begun teaching such practical arts as engineering, it kept a measured distance from the scientific ferment of these years immediately following the Civil War, purposely setting itself up as a conservative, Congregationalist counterbalance to the Unitarian influence at Harvard. But if Welch’s intellectual interests developed only after college, his personality had already formed. Three attributes in particular stood out. Their combination would prove powerful indeed.

			His intelligence did shine through, and he graduated third in his class. But the impression left on others came not from his brilliance but from his personality. He had the unusual ability to simultaneously involve himself passionately in something yet retain perspective. One student described him as “the only one who kept cool” during heated discussions, and he would carry this trait through the rest of his life.

			There was something about him that made others want him to think well of them. Hazing of freshmen was brutal at the time, so brutal that a classmate was advised to keep a pistol in his room to prevent sophomores from abusing him. Yet Welch was left entirely alone. Skull and Bones, perhaps the single most secret society in the United States, which marks its members powerfully with the embrace of the establishment, inducted him, and he would remain deeply attached to Bones his entire life. Perhaps that satisfied his desire to belong. At any rate, his earlier desperation to fit in was replaced by a self-sufficiency. His roommate on parting left him an extraordinary note: “I ought to try to express my great indebtedness for the kindness which you always manifested toward me, the pure example you set me, . . . I feel now more deeply the truth of what I often said to others if not to you—that I was utterly unworthy of such a chum as yourself. I often pitied you, to think that you had to room with me, your inferior in ability, dignity and every noble and good quality.”

			It is the kind of note that a biographer might interpret as homoerotic. Perhaps it was. At least one other man would later devote himself to Welch with what could only be called ardor. Yet for the rest of Welch’s life he also seemed somehow, in some indefinable way, to generate similar if less intense sentiments in others. He did so without effort. He charmed without effort. He inspired without effort. And he did so without his reciprocating any personal connection, much less attachment. A later age would call this “charisma.”

			His class rank entitled him to give an oration at commencement. In an undergraduate essay entitled “The Decay of Faith,” Welch had decried mechanistic science, which viewed the world as a machine “unguided by a God of justice.” Now, in 1870, a decade after Darwin published Origin of Species, in his oration Welch attempted to reconcile science and religion.

			He found it a difficult task. Science is at all times potentially revolutionary; any new answer to a seemingly mundane question about “how” something occurs may uncover chains of causation that throw all preceding order into disarray and that threaten religious beliefs as well. Welch personally was experiencing the pains that many in the last half of the nineteenth century experienced for the first time as adults as science threatened to supplant the natural order, God’s order, with an order defined by mankind, an order that promised no one knew what, an order that, as Milton wrote in Paradise Lost, “Frighted the reign of Chaos and old night.”

			Taking a step backward from what his father had said a dozen years before, Welch rejected the personal God of Emerson and the Unitarians, reiterated the importance of revealed truth in Scripture, argued that revelation need not submit to reason, and spoke of that which “man could never discover by the light of his own mind.”

			Welch would ultimately devote his life to discovering all the world with his own mind, and to spurring others to do the same. But not yet.

			

			•   •   •

			He had studied classics and he had hoped to teach Greek at Yale. Yale did not, however, offer him a position, and he became a tutor at a new private school. That school closed, Yale still offered him nothing, and, with no immediate prospects for employment, with his family importuning him to become a physician, he returned to Norfolk and apprenticed to his father.

			It was an old-fashioned practice. Nothing his father did reflected his knowledge of the newest medical concepts. Like most American physicians, he 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. Routinely those preparing for medicine apprenticed for six months or a year, and then attended medical school. He had served his apprenticeship. But in the next step he took, he marked out a new course. Welch returned to school all right, but he did not attend medical school. He learned chemistry.

			Not only did no medical school in the United States require entering students to have either any scientific knowledge or a college degree, neither did any American medical school emphasize science. Far from it. In 1871, a senior professor at the Harvard Medical School argued, “In an age of science, like the present, there is more danger that the average medical student will be drawn from what is practical, useful, and even essential by the well-meant enthusiasm of the votaries of the applicable sciences, than that he will suffer from the want of knowledge of these. . . . [We] should not encourage the medical student to while away his time in the labyrinths of Chemistry and Physiology.”

			Welch had a different view. Chemistry seemed to him a window into the body. By then Carl Ludwig, later Welch’s mentor, and several other leading German scientists had met in Berlin and determined to “constitute physiology on a chemico-physical foundation and give it equal scientific rank with physics.”

			It was highly unlikely that Welch knew of that determination, but his instincts were the same. In 1872 he entered Yale’s Sheffield Scientific School to study chemistry. He considered the facilities there “excellent . . . certainly better than in any medical school, where chemistry as far as I can learn is very much slighted.”

			After half a year of grounding, he began medical school at the College of Physicians and Surgeons in New York City, which was not yet connected to Columbia University. (He disdained Yale’s medical school; fifty years later he was asked to give a speech on Yale’s early contributions to medicine and replied that there hadn’t been any.) It was a typical good American medical school, with no requirements for admission and no grades in any course. As elsewhere, faculty salaries came directly from student fees, so faculty wanted to maximize the number of students. Instruction came almost entirely through lectures; the school offered no laboratory work of any kind. This, too, was typical. In no American school did students use a microscope. In fact, Welch’s work in one course won him the great prize of a microscope; he cherished it but did not know how to use it, and no professor offered to instruct him. Instead he enviously watched them work, commenting, “I can only admire without understanding how to use its apparently complicated mechanism.”

			But unlike in many other schools, students at the College of Physicians and Surgeons could examine cadavers. Pathological anatomy—using autopsies to decipher what was happening within organs—enthralled Welch. New York City had three medical schools. He took the course in pathological anatomy at all three.

			Then he completed his school’s single requirement for an M.D. He passed a final examination. Welch called it “the easiest examination I ever entered since leaving boarding school.”

			Shortly before Welch took this test, Yale finally offered him the position he had so earnestly sought earlier—professor of Greek. He declined it.

			To his father he wrote, “I have chosen my profession, am becoming more and more interested in it, and do not feel at all inclined to relinquish it for anything else.”

			He was interested indeed.

			

			•   •   •

			He was also beginning to be recognized. Francis Delafield, one of his professors, had studied pathological anatomy in Paris with Pierre Louis and, like Louis, kept detailed records of hundreds of autopsies. Delafield’s was the best work in America, the most precise, the most scientific. Delafield now brought Welch into his fold and allowed him the extraordinary privilege of entering his own autopsy findings into Delafield’s sacred notes.

			Yet huge gaps in Welch’s knowledge remained. He still did not know how to use his microscope. Delafield, an expert in microscopic technique who had made his own microtome (a device for cutting exquisitely thin slices of tissue), would sit for hours with one eye glued to the lens, smoking a pipe, while Welch watched impotently. But Delafield did let Welch perform a huge number of autopsies for someone in his junior position. From each one he tried to learn.

			That knowledge did not satisfy him. His best professors had studied in Paris, Vienna, and Berlin. Although Welch still intended to practice clinical medicine—not a single physician in the United States then made a living doing research—he borrowed from family and friends and, having run through all that his American professors could teach him, on April 19, 1876, a few months before Huxley spoke at the inauguration of the Johns Hopkins University, Welch sailed for Europe to continue his scientific education. Simon Flexner, Welch’s protégé and a brilliant scientist in his own right, declared this trip “a voyage of exploration that was in its results perhaps the most important ever taken by an American doctor.”

			

			•   •   •

			He was hardly alone in seeking more knowledge in Germany, where the best science was then being done. 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.

			The overwhelming majority of these physicians were interested solely in treating patients. In Vienna professors established a virtual assembly line to teach short courses on specific aspects of clinical medicine to foreign doctors, especially Americans. These Americans took the courses partly out of desire to learn and partly to gain an edge over competitors at home.

			Welch himself 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.”

			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 as knowing far more than his colleagues. In Germany he was refused acceptance into two laboratories because he knew so little. This inspired rather than depressed him. Soon he 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.”

			Of Leipzig’s university, he said, “If you could visit the handsome and thoroughly equipped physiological, anatomical, pathological and chemical laboratories and see professors whose fame is already world-wide, with their corps of assistants and students hard at work, you would realize how by concentration of labor and devotion to study Germany has outstripped other countries in the science of medicine.”

			He focused on learning how to learn and stayed constantly alert to technique, to anything offering another window into the new world, anything that allowed him to see more clearly and deeply. “The chief value” of his work with one scientist was “in teaching me certain important methods of handling fresh tissues, especially in isolating particular elements.” Of another scientist whom he disliked, he said, “What is of greater importance, I have acquired a knowledge of methods of preparing and mounting specimens so that I can carry on investigations hereafter.”

			By now he was attracting attention from his mentors, who included some of the leading scientists in the world, but they left a more distinct impression upon him. One was Carl Ludwig, whom he called “my ideal of a scientific man, accepting nothing upon authority, but putting every scientific theory to the severest test. . . . I hope I have learned from Professor Ludwig’s precept and practice that most important lesson for every man of science, not to be satisfied with loose thinking and half-proofs, not to speculate and theorize but to observe closely and carefully.”

			Julius Cohnheim, another mentor, taught him a new kind of curiosity: “Cohnheim’s interest centers on the explanation of the fact. It is not enough for him to know that congestion of the kidney follows heart disease. . . . He is constantly inquiring why does it occur under these circumstances. . . . He is almost the founder and certainly the chief representative of the so-called experimental or physiological school of pathology.”

			Welch began to analyze everything, including his most deeply held beliefs. Five years earlier he had condemned the concept of a world ruled other than by a God of justice. Now he told his father that he embraced Darwin: “That there is anything irreligious about the doctrine of evolution I cannot see. . . . In the end our preconceived beliefs must change and adapt themselves. The facts of science never will change.”

			He also analyzed the means by which German science had achieved such stature. Its three most important elements, he decided, were the thorough preparation required of students by German medical schools, the schools’ independent financing, and the support of research by the government and universities.

			

			•   •   •

			In 1877, a year after the Johns Hopkins University opened, its president, Daniel Gilman, laid plans to assemble the greatest medical school faculty in America, one to rival any in Europe. The decision to launch a national—indeed international—search was itself revolutionary. With the exception of the University of Michigan, located in tiny Ann Arbor, every medical school in the United States filled its faculty exclusively from the ranks of local physicians. To perform the search Gilman chose the perfect man: Dr. John Shaw Billings.

			Billings lay behind America’s first great contribution to scientific medicine: a library. This library grew out of the detailed medical history of the Civil War ordered by the army surgeon general. The army also created a medical “museum,” which was actually a library of specimens.

			Both the museum and the history were remarkable. In 1998 scientists at the Armed Forces Institute of Pathology, a direct descendant of this museum, used specimens preserved in 1918 to determine the genetic makeup of the 1918 influenza virus. And the medical history was extraordinarily precise and useful. Even Virchow said he was “constantly astonished at the wealth of experience therein found. The greatest exactness in detail, careful statistics even in the smallest matters, and a scholarly statement embracing all sides of medical experience are here united.”

			Billings did not write that history, but it did inspire him to create a medical library of comparable quality. He built what one medical historian judged “probably the greatest and most useful medical library in the world.” By 1876 it already held eighty thousand volumes; ultimately it grew into today’s National Library of Medicine.

			But he did more than collect books and articles. Knowledge is useless unless accessible. To disseminate knowledge, Billings developed a cataloging system far superior to any in Europe, and he began publishing the Index Medicus, a monthly bibliography of new medical books and articles appearing in the Americas, Europe, Japan. No comparable bibliography existed anywhere else in the world.

			And no one else in the world had a better sense of what was going on in all the world’s laboratories than Billings.

			He traveled to Europe to meet possible candidates for the Hopkins faculty, including established scientists of international renown. But he also sought out young men, the next generation of leaders. He had heard of Welch, heard of his potential, heard that he had exposed himself not to one or two of the great scientists but to many, heard that he seemed to know everyone in Germany, including—even before they emerged as arguably the two greatest medical scientists of the nineteenth or early twentieth century—Robert Koch and Paul Ehrlich. (In fact, when Koch, then unknown, first made his dramatic demonstration of the life cycle of anthrax, Welch was in the same laboratory.)

			Billings met with Welch in an ancient Leipzig beer hall, a hall that itself belonged to myth. On the wall were murals depicting the sixteenth-century meeting of Faust and the Devil, for the meeting had supposedly occurred in that very room. Billings and Welch talked passionately of science deep into the night, while the murals endowed their words with conspiratorial irony. Billings spoke of the plans for the Hopkins: unheard-of admission standards for students, labs that filled great buildings, the most modern hospital in the world, and of course a brilliant faculty. They talked also about life, about each other’s goals. Welch knew perfectly well he was being interviewed. In response, he opened his soul.

			After the dinner Billings told Francis King, president of the yet-to-be-built Johns Hopkins Hospital, that Welch “should be one of the first men to be secured, when the time came.”

			

			•   •   •

			That time would not come for a while. The Hopkins had begun as a graduate school only, without even any undergraduate students, although it quickly expanded to include a college. Further expansion abruptly became problematic since its endowment was chiefly in Baltimore & Ohio Railroad stock. The country had been wallowing in depression for four years when the B&O and the Pennsylvania Railroad cut wages 10 percent, sparking violent strikes by railroad workers in Maryland that soon spread to Pittsburgh, Chicago, St. Louis, and farther west. B&O stock collapsed, and the plans to open the medical school had to be put off. There were no new faculty posts at the Hopkins to fill.

			So in 1877 Welch returned to New York desperate for “some opportunity” in science “and at the same time making a modest livelihood.” Failing to find one, he returned to Europe. In 1878 he was back in New York.

			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 himself by either joining in that great march or teaching what had been learned.

			Welch proposed to a former mentor at the College of Physicians and Surgeons that he teach a laboratory course. The school had no laboratory and wanted none. No medical school in the United States used a laboratory for instruction. The school rejected his suggestion but did offer to let Welch lecture—without salary—in pathology.

			Welch turned to Bellevue, a medical school with a lesser reputation. It let him offer his course and provided three rooms for it, equipped only with empty kitchen tables. 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.”

			He was also worried. His entire compensation would come from student fees, and the three-month course was not required. 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. . . . I can teach microscopy and pathology, perhaps get some practice and make a living after a while, but that is all patchwork and the drudgery of life and what hundreds do.”

			He was wrong.

			In fact he would catalyze the creation of an entire generation of scientists who would transform American medicine, scientists who would confront influenza in 1918, scientists whose findings from that epidemic still echo today.

		

	
		
			CHAPTER THREE

			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. And Welch did not simply teach; he inspired. His comments always seemed so solid, well grounded, well reasoned. A colleague observed, “He would leak knowledge.” And the excitement! Each time a student fixed a specimen on a slide and looked through a microscope, an entire universe opened to him! To some, discovering that universe, entering into it, beginning to manipulate it, was akin to creating it; they must have felt almost godlike.

			The College of Physicians and Surgeons had to offer a laboratory course to compete. It beseeched Welch to teach it. He declined out of loyalty to Bellevue but recommended the hiring of T. Mitchell Prudden, an American he had known—and considered a rival for the Hopkins job—in Europe. It was the first of what would be uncounted job offers that he engineered. Meanwhile one of his students recalled “his serious, eager look, his smiling face, his interest in young men which bound them to him. He was always ready to drop any work in which he was engaged and answer even trivial questions on any subject—in fact he was never without an answer for his knowledge was encyclopedic. I felt instinctively that he was wasted at Bellevue, and was destined to have a larger circle of hearers.”

			But despite the throngs of motivated students taking the two courses, neither Prudden nor Welch prospered. Two years went by, then three, then four. To cobble together a living, Welch did autopsies at a state hospital, served as an assistant to a prominent physician, and tutored medical students before their final exams. As he passed his thirtieth birthday he was doing no real science. He was making a reputation and it was clear if he chose to concentrate on practice he could become wealthy. Little medical research was being done in America—although the little that was done was significant—but even that little he had no part of. In Europe science was marching from advance to advance, breakthrough to breakthrough. The most important of these was the germ theory of disease.

			

			•   •   •

			Proving and elaborating upon the germ theory would ultimately open the way to confronting all infectious disease. It would also create the conceptual framework and technical tools that Welch and others later used to fight influenza.

			Simply put, the germ theory said that minute living organisms invaded the body, multiplied, and caused disease, and that a specific germ caused a specific disease.

			There was need for a new theory of disease. As the nineteenth century progressed, as autopsy findings were correlated with symptoms reported during life, as organs from animals and cadavers were put under a microscope, as normal organs were compared to diseased ones, as diseases became more defined, localized, and specific, scientists finally discarded the ideas of systemic illness and the humours of Hippocrates and Galen and began looking for better explanations.

			Three theories stood as rivals to the germ theory.

			The first involved “miasma.” Several variations of this concept existed, but they basically argued that many diseases were caused by some kind of putrefaction in the atmosphere, or by some climactic influence, or by noxious fumes from decaying organic materials. (In China the wind was originally regarded as a demon that caused illness.) Miasmas seemed a particularly good explanation of epidemics, and the unhealthiness of swamp regions seemed to support the theory. In 1885, when Welch considered the germ theory as proven, the New York City Board of Health warned that “laying of all telegraph wires under ground in one season . . . would prove highly detrimental to the health of the city . . . through the exposure to the atmosphere of so much subsoil, saturated, as most of it is, with noxious gases. . . . Harlem Flats [had] a sufficient supply of rotting filth to generate fetid gases adequate to the poisoning of half the population.” As late as the 1930s one prominent and highly regarded British epidemiologist continued to advocate the miasma theory, and after the 1918 influenza pandemic, climatic conditions were scrutinized in a search for correlations.

			The “filth” theory of disease was almost a corollary of the miasma theory. It also suited Victorian mores perfectly. Fear of “swamp gas”—often a euphemism for the smells of fecal matter—and installation of indoor toilets were all part of the Victorian drive to improve sanitation and simultaneously to separate the human body from anything Victorians found distasteful. And filth often is associated with disease: lice carry typhus; contaminated water spreads typhoid and cholera; rats through their fleas spread plague.

			Both the miasma and filth theories had sophisticated adherents, including public health officials and some extremely gifted scientists, but the most scientific rival of the germ theory explained disease in terms purely of chemistry. It saw disease as a chemical process. This theory had much to recommend it.

			Not only had scientists used chemistry as a lens that brought much of biology into focus, but some chemical reactions seemed to mimic the actions of disease. For example, advocates of the chemical theory of disease argued that fire was a chemical process and a single match could set off a chain reaction that ignited an entire forest or city. They hypothesized that chemicals they called “zymes” acted like a match. A zyme started a series of chemical reactions in the body that could launch the equivalent of fermentation—infection. (The chemical theory of disease, without the name, has in fact largely been validated. Scientists have clearly demonstrated that chemicals, radiation, and environmental factors can cause disease, although usually only through long-term or massive exposure and not, as the zymote theory hypothesized, by suddenly igniting a cascade of reactions.)

			Ultimately this theory evolved to suggest that zymes could reproduce in the body; thus they acted as both catalysts and living organisms. In fact, this more sophisticated version of the zymote theory essentially describes what is today called a virus.

			Yet these theories left many scientists unsatisfied. Disease often seemed to germinate, grow, and spread. Did there not then have to be a point of origin, a seed? Jacob Henle in his 1840 essay “On Miasmata and Contagia” first formulated the modern germ theory; he also offered evidence for the theory and laid out criteria that, if met, would prove it.

			Then, in 1860, Pasteur proved that living organisms, not a chemical chain reaction, caused fermentation, winning converts to the germ theory. The most important early convert was Joseph Lister, who immediately applied these findings to surgery, instituting antiseptic conditions in the operating room and slashing the percentage of patients who died from infections after surgery.

			But the work of Robert Koch was most compelling. Koch himself was compelling. The son of an engineer, brilliant enough to teach himself to read at age five, he studied under Henle, was offered research posts, but became a clinician to support his family. He did not, however, stop investigating nature. Working alone, he conducted a series of experiments that met the most rigid tests and discovered the complete life cycle of the anthrax bacillus, showing that it formed spores that could lie dormant in the soil for years. In 1876 he walked into the laboratory of Ferdinand Cohn, one of Welch’s mentors, and presented his findings. They brought him instant fame.

			He subsequently laid down what came to be known as “Koch’s postulates,” although Henle had earlier proposed much the same thing. The postulates state that before a microorganism can be said to cause a given disease, first, investigators had to find the germ in every case of the disease; second, they had to isolate the germ in pure culture; third, they had to inoculate a susceptible animal with the germ and the animal then had to get the disease; and, fourth, the germ had to be isolated from the test animal. Koch’s postulates became a standard almost immediately. (Meeting the standard is not simple; finding a test animal that suffered the same symptoms as humans when infected with a human pathogen, for example, is not always possible.)

			In 1882 Koch’s discovery of the tubercle bacillus, the cause of tuberculosis, shook the scientific world and further confirmed the germ theory. Tuberculosis was a killer. Laymen called it “consumption,” and that name spoke to the awfulness of the disease. It consumed people. Like cancer, it attacked the young as well as the old, sucked the life out of them, turned them into cachectic shells, and then killed them.

			It would be difficult to overstate the importance of Koch’s discovery to the believers in bacteriology. In New York, one of Welch’s friends came running into his bedroom with a newspaper account of the discovery. Welch jumped out of bed and together they rushed to tell another friend. Almost immediately afterward, Welch felt the excitement directly. He demonstrated Koch’s discovery to his class, copying Koch’s method, his class watching steam rise from the plate while he stained sputum from a consumption patient with carbol-fuchsin, the stain binding to the bacillus so that it became visible on a slide. Here was the newest and greatest of discoveries! Students looked at the slide through the microscope, saw what Koch had seen, and were electrified, many recalling the moment vividly years later. One of those students was Hermann Biggs, who became a giant in his own right; at that moment he decided to spend his life in bacteriology.

			But for Welch, reproducing Koch’s finding must have been bittersweet. He knew the Germans, knew nearly all of these men adventuring into the unknowns of science. Yet here he was only keeping track of their work, doing none himself.

			Then, in 1883, Koch achieved the first great triumph of science over disease. Earlier in the nineteenth century, two cholera epidemics had devastated Europe and the United States. As a new epidemic in Egypt threatened the borders of Europe, France dispatched investigators in this new field of bacteriology to track down the cause of the disease. Germany dispatched Koch.

			Before this, medicine’s great successes had come about almost serendipitously, beginning with an observation. With smallpox Jenner started out by taking seriously the experiences of country folk inoculating themselves. But not here. In this case the target had been fixed in advance. Both the French and Koch rationally designed an approach, then turned the general tools of the laboratory and bacteriology to a particular target.

			The French failed. Louis Thuillier, the youngest member of the expedition, died of cholera. Despite the bitter and nationalistic rivalry between Pasteur and Koch, Koch returned with the body to France and served as a pallbearer at Thuillier’s funeral, dropping into the grave a laurel wreath “such as are given to the brave.”

			Koch then returned to Egypt, isolated the cholera bacillus, and followed it to India to explore his findings in greater depth. John Snow’s earlier epidemiological study in London had proved only to some that contaminated water caused the disease. Now, in conjunction with Koch’s evidence, the germ theory seemed proven in cholera—and by implication the germ theory itself seemed proven.

			Most leading physicians around the world, including in the United States, agreed with a prominent American public health expert who declared in 1885: “What was theory has become fact.”

			But a minority, both in the United States and Europe, still resisted the germ theory, believing that Pasteur, Koch, and others had proven that germs existed but not that germs caused disease—or at least that they were the sole cause of disease.*

			The most notable critic was Max von Pettenkofer, who had made real and major scientific contributions. He insisted that Koch’s bacteria were only one of many factors in the causation of cholera. His dispute with Koch became increasingly bitter and passionate. With a touch of both Barnum and a tightrope walker about him, Pettenkofer, determined to prove himself right, prepared test tubes thick with lethal cholera bacteria. Then he and several of his students drank them down. Amazingly, although two students developed minor cases of cholera, all survived. Pettenkofer claimed victory, and vindication.

			It was a costly claim. In 1892 cholera contaminated the water supply of Hamburg and Altona, a smaller adjacent city. Altona filtered the water, and its citizens escaped the disease; Hamburg did not filter the water, and there 8,606 people died of cholera. Pettenkofer became not only a mocked but a reviled figure. He later committed suicide.

			There was still no cure for cholera, but now science had demonstrated—the dead in Hamburg were the final evidence—that protecting the water supply and testing for the bacteria would prevent the disease. After that only an isolated and discredited group of recalcitrants continued to reject the germ theory.

			By then Welch had arrived at the Hopkins. It had not been an easy journey to Baltimore.

			

			•   •   •

			When the offer finally came in 1884, Welch had become comfortable in New York, and wealth was his for the asking. Virtually every student who had ever passed through his course had the utmost respect for him, and by now many were physicians. He had already made a reputation; that and his charm entered him into society as much as he desired.

			His closest friend was his preparatory school roommate Frederick Dennis, wealthy son of a railroad magnate and also a physician who had studied in Germany. At every opportunity Dennis had advanced Welch’s career, extolling his talents to editors of scientific journals, using his society connections to help him in New York, occasionally even subsidizing him indirectly. Indeed, Dennis behaved more like a lover trying to win affection than a friend, even a close friend.

			But Dennis had always demanded a kind of fealty. Welch had heretofore been willing to give it. Now Dennis demanded that Welch stay in New York. When Welch did not immediately agree, Dennis orchestrated an elaborate campaign to keep him there. He convinced Welch’s father to advise him to stay, he convinced Andrew Carnegie to donate $50,000 for a laboratory at Bellevue, and he convinced Bellevue itself to pledge another $45,000; that would match any laboratory in Baltimore. And not only Dennis urged Welch to stay. A prominent attorney whose son had studied under Welch warned him that going to Baltimore would be “the mistake of your life. It is not in a century that a man of your age has acquired the reputation which you have gained.” Even the president of the United States Trust Company sent a message that “however bright the prospect is in Baltimore it is darkness compared with the career” before him in New York.

			The pressure was not without effect.

OEBPS/9781101200971_nav.xhtml

		
			Contents


			
						Cover


						Praise for THE GREAT INFLUENZA


						About the Author


						Title Page


						Copyright


						Dedication


						Contents


						PROLOGUE


						PART I: THE WARRIORS


						CHAPTER ONE


						CHAPTER TWO


						CHAPTER THREE


						CHAPTER FOUR


						CHAPTER FIVE


						PART II: THE SWARM


						CHAPTER SIX


						CHAPTER SEVEN


						CHAPTER EIGHT


						PART III: THE TINDERBOX


						CHAPTER NINE


						CHAPTER TEN


						CHAPTER ELEVEN


						CHAPTER TWELVE


						CHAPTER THIRTEEN


						PART IV: IT BEGINS


						CHAPTER FOURTEEN


						CHAPTER FIFTEEN


						CHAPTER SIXTEEN


						PART V: EXPLOSION


						CHAPTER SEVENTEEN


						CHAPTER EIGHTEEN


						CHAPTER NINETEEN


						PART VI: THE PESTILENCE


						CHAPTER TWENTY


						CHAPTER TWENTY-ONE


						PART VII: THE RACE


						CHAPTER TWENTY-TWO


						CHAPTER TWENTY-THREE


						CHAPTER TWENTY-FOUR


						CHAPTER TWENTY-FIVE


						PART VIII: THE TOLLING OF THE BELL


						CHAPTER TWENTY-SIX


						CHAPTER TWENTY-SEVEN


						CHAPTER TWENTY-EIGHT


						CHAPTER TWENTY-NINE


						CHAPTER THIRTY


						PART IX: LINGERER


						CHAPTER THIRTY-ONE


						CHAPTER THIRTY-TWO


						CHAPTER THIRTY-THREE


						PART X: ENDGAME


						CHAPTER THIRTY-FOUR


						CHAPTER THIRTY-FIVE


						CHAPTER THIRTY-SIX


						Afterword


						Photographs


						Acknowledgments


						Notes


						Selected Bibliography


						Index


						Photographic Credits


			


		
		
			Landmarks


			
						Cover


						Cover


						Title Page


						Table of Contents


						Start


						Copyright


			


		
		
			Print Page List


			
						i


						ii


						iii


						vi


						vii


						viii


						ix


						xi


						xii


						1


						2


						3


						4


						5


						6


						7


						8


						9


						10


						11


						12


						13


						14


						15


						16


						17


						18


						19


						20


						21


						22


						23


						24


						25


						26


						27


						28


						29


						30


						31


						32


						33


						34


						35


						36


						37


						38


						39


						40


						41


						42


						43


						44


						45


						46


						47


						48


						49


						50


						51


						52


						53


						54


				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			


		
	



OEBPS/images/9781101200971_cover.jpg
THE GREAT
INFLUENZA

JOHN M.
BARRY

PENGUIN BOOKS





OEBPS/images/9781101200971_title_page.jpg
THE GREAT
INFLUENZA

The Story of the Deadliest
Pandemic in History

JOHN M. BARRY

PENGUIN BOOKS





