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			In train after train, consumptives filled the passenger cars, their hacks and coughs competing with steam whistles and screaming brakes as the engines came to a halt in Potsdamer Platz. They came to Berlin without any sense of where to go or what to do once they arrived. And they kept coming, for days, weeks, and months. It must have struck Berliners as a sort of zombie pilgrimage: Here were the walking dead of Europe, all suddenly flocking to their city in search of something—some fantastic substance that did not yet officially exist.

			They began arriving in August 1890, when rumors first began to circulate that a treatment, a remedy, for consumption, or tuberculosis, had been discovered by Europe’s greatest scientist, Robert Koch. Koch made no promises; he had only hinted at a substance that seemed to arrest the disease. But a hint was all it took. This was the deadliest disease in the world, and these were the most desperate souls. If there was hope to be had in Berlin, they would seek it out.

			Tuberculosis was a cunning disease, coming on slowly, almost casually. At first it seemed innocuous, beginning with a cough; a cold, perhaps, or a touch of bad air. But then that cough turned malevolent, becoming stronger and more painful and extracting blood with each spasm. Then the appetite would go, replaced by fatigue, a deep dullness that would pull the sufferers into lethargy. Eventually, bodies would begin to wither and dissipate from within. For most consumptives, this played out over months and years. Even when the end seemed imminent, it was as if the consumptives could not muster the energy to die—until, finally, they did, by the thousands and hundreds of thousands and millions. In the last half of the nineteenth century, at least one-quarter of all deaths were due to tuberculosis, a steady pall that loomed over every country in Europe, over the United States, and indeed worldwide.

			So the consumptives came to Berlin, and inevitably, death came with them. They died in the passenger cars on the way to the city, they died in the hotels, and they died in the clinics and hospitals where they waited for a dose of this extraordinary remedy. The city didn’t know what to do with them all. Hotels and hospitals filled up. Coffeehouses were converted into sanitariums.

			With concern rising that Berlin’s own population was at an increased risk of infection, the Berlin police department began instituting emergency measures to control the onslaught. Joseph Lister himself, one of the most famous physicians in Europe and a pioneer of the germ theory of disease, suggested that the horde created a “serious danger to the public health of this city likely to arise from the sudden invasion of patients suffering from every form of tuberculosis and coming from all the corners of the earth.”

			The tide grew still larger after November 13, when Koch finally offered some specifics for his remedy. A public demonstration of the substance was scheduled for November 17 in Berlin, and now scientists crowded among the consumptives on the trains. The finest medical men in Europe were all eager to see firsthand how Koch’s substance could destroy the worst disease humanity had ever known.

			On one of those trains was a young English physician, making the pilgrimage not for the cure, but to scrutinize the evidence behind it. This man, an unknown provincial doctor who yearned to become something greater, was en route to play detective and to assess what Dr. Koch had created. He idolized Koch, but his years in practice had hardened him to the promise of quick cures and easy fixes. He was headed to Berlin to discern whether this remedy might really work. And this trip would change his life: He would arrive as an observer of history but leave as a figure in it. He would arrive as a physician but leave as a writer.

			This doctor’s name was Arthur Conan Doyle.

			 • • • 
DEADLY AS IT WAS, HORRIBLE AS IT WAS, TUBERCULOSIS WAS ALSO entirely ordinary in the last decades of the nineteenth century. For that entire century, the numbers are staggering. In England, as many as a quarter of all deaths were due to consumption. In the United States, the disease was the leading cause of death; in German towns, tuberculosis was the second-largest killer, after gastrointestinal diseases—but when one includes deaths attributed to generic “lung” conditions, most of which are likely to have been TB, it accounts for a plurality of deaths by far.

			These figures are fuzzy and, if anything, probably underestimated the scope of the disease. Record keeping was poor at the time, and tuberculosis often traveled under aliases. Manifest in the lungs, it was known as consumption or phthisis; on the skin, it was called scrofula or lupus; it could also appear in other organs and be mistaken for cancer. It wreaked most of its toll in its pulmonary form, and it couldn’t have chosen a better hiding place. Deep inside the lungs, tuberculosis could take so long to make its creep that, for many, death seemed to come from some other cause—influenza or pneumonia or some fever—leaving the true underlying disease invisible, a shadow in the background.

			Not that anybody—even public officials, even family—was all that concerned about the precise cause of death in general in the mid- to late nineteenth century. After all, these were the hours just before the dawn of modern medicine, when neither diagnosis (such as it was) nor treatment (such as it was) could be of much use. When death could come from any direction for any reason at any time, questions about cause didn’t seem so important. Fathers, mothers, husbands, wives, children, siblings—whatever took them, they were gone, like so many others.

			Indeed, it is difficult to imagine, from the security of our twenty-first-century perspective, how familiar death was in the late nineteenth century. Suffering, injury, and disease were altogether routine, part of the ordinary experience of everyday life. People tend to use average life span to illustrate historic differences in health, but those figures—in 1870 the average life span in Europe and the United States was about thirty-six years, compared to about eighty years today—don’t nearly make the point strongly enough. Rather, to get a true sense of the pervasiveness of death, one must look at the annual death rate: how many of the living ended up dead every year.

			In England circa 1870, twenty-two people out of a thousand died every year. This means that more than 2 percent of the population was dying off every year, a constant deduction in humanity and accretion of misery. Today, the death rate is about five per one thousand, which is to say, four times as many people were dying then than are now.

			Today, we just can’t conceive of so much death, all the time, all around us. Death is so unfamiliar today that almost any expiration seems exceptional. We lament the passing of the generations as if each loss were a tragedy rather than biology. But in 1870, death was a constant presence, lurking around every corner, something that visited families and friends regularly (if not routinely). The dead came from all stages of life: the old, of course, but also those in the prime of life. Back then, every year, nearly 2 percent of those between ages thirty-five and forty-four died, and those between forty-five and fifty-four died at twice that rate. And then there were the very young. Infant mortality in England and the United States hovered around a stunning 20 percent of all live births—and in some areas, a rate of 30 to 40 percent wasn’t uncommon. (Today, the infant mortality rate is about four per one thousand live births, twenty times less than it was in 1870.) And though wealth offered some protection, this carnage largely knew no class boundaries, afflicting the rich and the poor alike.

			The causes were inadequately tabulated and even less understood, but the categories were as common to the nineteenth century as they are obscure to us today. There were the deadly fevers (scarlet fever, spotted fever, puerperal fever, typhoid fever) that made every spike in temperature fearful. Once or twice a year, pneumonia and influenza would sweep through a community, culling the weak, the old, the young. There were outbreaks of cholera; not the stomach flu of today, this was a horrid bout of diarrhea and vomiting that would slaughter whole families in a fortnight and then move on to take the neighbors as well. And if disease wasn’t bad enough, there were the many accidents and their consequences, the trauma of a broken bone or a deep cut often leading to infection, gangrene, and death. (Twice as many people died from accidents in 1870 as they do today.)

			And most of all, there was consumption. In nineteenth-century Europe and the United States, this was the most common of all ways to die. It was a languid, almost casual disease, the first chronic disease, in many respects. As a result, few doctors believed that there could be anything contagious about it whatsoever. Rather, it seemed largely hereditary, passed along in families with “weak constitutions.”

			As for treatments, there was no end of them: tonics and salves and cod-liver oil. These were hardly cures; at best, they seemed restorative. But, as one pamphlet warned, “To the drowning man, a stick, a straw, or any old piece of wood looks like a help to save himself from death. So, to the consumptive, any kind of flimsy statement or any brand of manufactured ‘patent’ medicine appears to offer a hope of cure and a chance for life.”

			In truth, there was no true remedy for tuberculosis, no drug that would dispatch the disease and restore the individual. Some doctors despaired that there would ever be a cure for it and felt that any offer of treatment was deceitful and unethical. They chose to treat it not as a disease but, rather, as a fact of life, counseling patients to learn to live with the condition as long as they might. Instead of scrounging for a cure, they should reconcile themselves to the fact that their fate had been determined. Whether brought on by God or family, consumption was their lot.

			In fact, tuberculosis is caused by a microbe particularly suited to humans (and, curiously, to cows). This bacteria, Mycobacterium tuberculosis, seems almost engineered to exploit the human tendency to mask fear with denial: It is perfectly content to spend years in the human body, making itself inconspicuous as the infection slowly spreads, until it at last reveals itself to its human host. But in 1870 it was not only invisible; it was inconceivable. There was no way to fathom that a disease such as consumption could be the work of a contagion, a germ. The very notion of germs was radical, an idea outside the bounds of traditional medicine. Perhaps diseases such as smallpox or measles—which came on quickly, appeared to spread from person to person, and produced symptoms visible to the naked eye—had some contagion behind them. But consumption bore none of those characteristics.

			Still, some scientists had started to investigate the idea that tiny “animalcules,” as they were described, invisible to the human eye, might be agents of disease. In France, Louis Pasteur had done the most to advance such notions, and since at least 1850 this idea, referred to as “the germ theory,” had been much discussed in Europe. Using microscopes (which, like the stethoscope, had only recently been widely adopted by medical science), some had begun to identify tiny particles in the blood, chains of cells that seemed to move and grow and even reproduce. To those who believed in the germ theory, the vision of these microbes opened the door to a new era of science and a new utility to medicine. Dr. John Tyndall, one of England’s most prominent scientists and essayists, was among these believers; in a lecture entitled “On Haze and Dust,” delivered before the Royal Institution of Great Britain in January 1870, he thrilled to the idea. “When he clearly eyes his quarry, the eagle’s strength is doubled, and his swoop is rendered sure,” he told his colleagues. “If the germ theory be proved true it will give a definiteness to our efforts to stamp out disease which they could not previously possess.”

			Tyndall’s argument was dynamic, enthusiastic—and tentative. As his hedging made clear, with its “if the germ theory be proved true” caveat, the theory was still largely conjecture. There was no certainty to it, no evidence that these curious organisms under the microscope had any real relation to disease. For a matter of science, this was a mortal deficiency. Lacking proof, the germ theory would drift outside the harbors of science, an alluring idea, but one unmoored to the day-to-day reality of medicine.

			
			 • • • 
PICTURE, IF YOU WILL, THE PROVERBIAL DOCTOR’S BAG, A LEATHER satchel filled with the tools of the modern general practitioner: antibiotics; aspirin; a stethoscope, otoscope, and various other scopes; a blood pressure monitor; a prescription pad. Now open the bag and turn it upside down, shaking loose all those implements that didn’t exist in 1870. Though one or two tools might remain—the stethoscope or the speculum—the bag would be mostly empty. In fact, most of the resources that constitute modern medicine had not arrived by 1870, and those ideas and instruments that did exist were novel, regarded by many as avant-garde gadgets that threatened a doctor’s autonomy.

			This isn’t to say that the last quarter of the nineteenth century was the Dark Ages of medicine; rather, it was when the light started to break. After two millennia of misapprehension, medicine was finally shaking off its attachment to the “four humors” (blood, phlegm, and black and yellow bile) and turning to the more empirical disciplines of pathology and microscopy. In 1858 the first edition of Gray’s Anatomy appeared, giving clear, accurate illustrations of the human body. In the 1850s and ’60s, medical laboratories began to appear in Europe and the United States, separate from hospitals and doctors’ offices, designed as distinct quarters for scientific inquiry and discovery. Surgery was just emerging as a respectable trade, recently delivered from the era of hacksaws and slugs of whiskey by the discovery of reliable anesthetics. “Gentlemen, this is no humbug,” remarked one witness to a demonstration of ether at the Massachusetts General Hospital in 1846. Within a decade, surgery was a booming trade and, increasingly, a respectable one as well.

			But for those physicians tasked with caring for patients, their bags remained discouragingly bare. Practically speaking, not much really worked. For prevention, there was a smallpox vaccine (developed in 1796 by Edward Jenner but made compulsory in Britain only in the 1850s and ’60s), but little else. For treatment, there were salves and ointments and tonics, but almost nothing that we would today consider a real, functional medication. For every opiate or digitalis (an extract of the foxglove plant that was used to treat dropsy, or heart failure), there were cabinets of cod-liver oil and other elixirs, the best of which were harmless, the worst of which were outright poisons. In short, medicine had very little to offer in the way of effective treatments that would truly heal or cure.

			On the other hand, public health—which focuses on the populace’s well-being (in contrast to clinical medicine’s concern with individual cases)—had made more headway by 1870, with ideas such as hygiene and sanitation finding allies in municipal governments. After decades of increasingly virulent cholera outbreaks, the largest cities in Europe (London, Paris, Berlin, and Naples) began massive sewer projects in the 1850s and ’60s. These were constructed under the as- sumption that disease came from the smell emanating from the waste, not the germs the waste contained, but the result was the same: cleaner cities and improved health. Even so, these ideas were just emerging, and the most basic measures of public health—starting with the idea of just counting who died of what—were controversial, seen by medical doctors as challenging their authority and their duties to individual patients.

			Then, like so much else in these waning years of the 1800s, things began to change.

			
			 • • • 
THE LAST DECADES OF THE NINETEENTH CENTURY WERE REPLETE with new discoveries. A list of inventions from 1875 to 1900 serves as nothing less than an inventory of the toolbox for modern life: the telephone, the lightbulb, the phonograph, the fountain pen, the cash register, the dishwasher, the escalator, the vacuum cleaner, the modern bicycle, the internal combustion engine, the Kodak camera, the flashbulb, the X-ray machine, the radio, the tape recorder, the paper clip, the zipper, subways, electric power plants, and drinking straws. All these modern tools were invented in a burst of innovation unprecedented in human history.

			Significantly, these were improvements at the human scale. Each of these inventions (even drinking straws) came with the promise of making life’s daily toils a little less complicated and a little more comfortable. They offered an irresistible step into the future, when things wouldn’t be quite so much work. “If once tried,” promised an advertisement for one of the most marvelous of all the era’s discoveries, “this will always afterwards be used.” The great invention in this case was perforated toilet paper, but the description could apply equally to most of the tools and products that transformed the lives of everyday people.

			Though it was hardly apparent (or even relevant) to the average consumer, all these discoveries were the consequence of the scientific and engineering breakthroughs from earlier in the century. The X-ray machine was the result of Wilhelm Roentgen’s work on electromagnetic radiation; the gasoline-powered engine required a new understanding of chemistry; the electrical inventions were the fruit of Michael Faraday’s work on electromagnetism and electrochemistry in the 1820s and ’30s; even the classic Gem paper clip would have been impossible before discoveries in both chemistry and electricity allowed steel to be galvanized. All these inventions were born of science that had happened just a few years earlier.

			Medical science, though, lagged behind. The breakthroughs that would inform modern medicine had yet to appear by 1870. But over the next quarter century, those insights would come, and medicine would begin to scratch at the big mysteries of life and death and illness. Vaccines and antitoxins and medications began to suggest a way not just to understand these mysteries, but also perhaps to solve them, to remedy them.

			 • • • 
AND SO HERE IS OUR STORY: IN AUGUST 1891 TWO MEN OF SCIENCE crossed paths in Berlin in what would be an episode of historic magnitude. Their encounter would change the trajectory of each of their lives and begin to transform the course of science itself.

			The first is Robert Koch, a medical doctor turned bacteriologist. Though today Koch’s name is little known outside his native Germany or university microbiology departments, he was, in his day, the most celebrated scientist on earth. With a single-mindedness bordering on righteousness, he pursued the idea that many diseases are caused by germs and that those germs can be isolated and identified. Koch’s great nemesis would be tuberculosis; it was the province of his greatest discovery and his most tragic disgrace.

			Through a quirk of history, Koch’s undoing was put in motion by another physician: Arthur Conan Doyle. Conan Doyle is famous to us today as the creator of Sherlock Holmes, but his brush with Koch took place while he was still a practicing doctor in England; literature was then only a diversion. Like Koch, Conan Doyle saw the world through a scientific lens, one that informed his medical career and also, quite profoundly, his stories. It’s not too much to say that, without Robert Koch, and without this encounter, there may never have been a Sherlock Holmes as we know him.

			For years, Koch and Conan Doyle’s story has merited at most a curious footnote, a coincidental intersection of two dissimilar biographies. But in truth, theirs was a historic if unwitting collaboration. Koch and Conan Doyle shared more than a passing coincidence; they shared a trajectory from the nineteenth century of leeches and cod-liver oil to the twentieth century of microscopes and antibiotics. Though circumstances placed these men at odds, history might now consider them comrades, joined in a battle for science over superstition, for process over haste, for scrutiny over supposition, for data over dogma. What Koch accomplished in the laboratory, Conan Doyle appropriated in his literature. What Koch proved to science, Conan Doyle proved to society. And, ultimately, both their lives would be undone by tuberculosis.

			This book also tells a larger tale about how medicine became modern and where cures come from. And it helps us answer some larger questions: How does a scorned idea grow to acceptance and then revolution? And what does it mean to cure a disease, to ward off death so that many millions of people can live?

			If there’s one caution to this tale, it’s this: Avoid the temptation to read the story, and the science within it, as the inevitable march of progress, a predetermined direction for human history. Especially where scientific investigations are concerned, it’s a fallacy to treat history as an unstoppable trajectory away from ignorance and toward insight. Though we can, retrospectively, catalog science along a tidy arc from one discovery to another, the actual course of research is marked more by darkness than by light, more by failure than by triumph.

			There is no inevitable path for science; every fact won is hard fought and is self-evident only in retrospect. On the cold frontiers of science, there are no inevitabilities, no simple answers. And there are no easy remedies.
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			CHAPTER 1

			1871 • The Doctor in Wöllstein
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				Photo of Robert Koch, circa 1882

				
			
		
			On January 16, 1871, in the French city of Orléans, Robert Koch was exactly where he’d hoped to be: in a field hospital, up to his elbows in the blood and pus and piss of war. The hospital, such as it was, was a converted train station in the center of town. In the distance, from more than a hundred kilometers away, came the boom of cannons, the German artillery shelling French troops in the Siege of Paris.

			When the young doctor first applied to join the German effort against the French, the previous July, he was rejected on account of his nearsightedness. But a few months later, Koch tenaciously applied a second time. By now, the growing scope of the war had lowered the bar to entry, and he was accepted. Koch was assigned to the medical unit, given some rudimentary instructions on trauma surgery and care, and dispatched to a field hospital a mile or two behind the front lines. After a couple of movements, he was now in Orléans, with a battle raging a few kilometers outside of town. Litters of soldiers, their bodies torn to pieces, were being carried to the makeshift medi- cal facility.

			“The situation of the wounded or ill soldiers is mostly different from what the public thinks about it,” he wrote to his parents. “I was sadly eyewitness to scenes that prove that a human life is worth nothing, even though they might be saved with a little effort. Every romanticism that people project into the war who know the war from books is nothing against the uncountable bad experiences that you encounter as participant in a war.” At twenty-seven years old, Robert Koch was finally getting the dose of adventure he had craved—and it was more brutal than he could ever have imagined.

			At five and a half feet tall with a slight build, a soft chin, and a stern face, Koch was hardly imposing. He was socially tentative and had a thin, high voice. Heretofore, little in his life had been exceptional, and there was little reason to believe that would change once the war ended.

			But while it lasted, the war gave Koch a purpose. In the field hospital he worked on a dozen men at once; he would rush from one desperate case to another with scarcely time to wipe the muck off his hands. Some soldiers, their limbs barely attached, needed an immediate amputation. Others required some bandages and a few hours’ rest on a cot before being sent back into the battle. And some could only be covered with blankets stiff with the blood of their comrades so that they might die with at least a modicum of comfort.

			The son of an engineer, Koch was born in December 1843 in Clausthal, a small mining town in the Harz Mountains, in central Germany. One of thirteen children, eight of them sons, Koch grew up yearning for some sort of adventure in life, to break out of the middle. He began his studies hoping to be a naturalist, at the time the most glamorous of the sciences. The nineteenth century had begun with the explorations of Alexander von Humboldt, the Prussian naturalist who won worldwide fame studying the climate and geology of Latin America. In the 1830s, Charles Darwin embarked on his voyages on the HMS Beagle, publishing his observations on botany and biology to great renown. In 1859 he published his On the Origin of Species, making science seem at once revolutionary and relevant. These scientists lived lives of romance and adventure, and they inspired young Koch. The natural sciences promised opportunity. Every expedition seemed to yield great progress, tremendous leaps forward in human knowledge.

			But dreams were one thing, and the realities of the Koch family were another: Robert watched with envy as two older brothers emigrated to the United States. Then he enrolled at Göttingen University, where he would study that most prosaic and tenuous of sciences—medicine. Göttingen was surely chosen out of convenience: It was just fifty kilometers down the road from Clausthal. But it was more than just a provincial school. Unlike France, where Paris was the absolute center of science and academic research, Germany was a decentralized nation. The German state was not officially unified until 1871, when Otto von Bismarck consolidated the German peoples into one nation. Germany had thus developed a network of intellectual centers, in Berlin and Munich, but likewise in Heidelberg, Wittenberg, Halle, Göttingen, and other cities. In the 1860s, when Koch attended university, science was flourishing throughout the country, from Breslau in the east to Heidelberg in the west and Munich in the south. Göttingen University was a thriving center of physical sciences, a hub of new ideas in biology and medicine. There, Koch had the opportunity to study with Georg Meissner, a master scientist and an innovator in devising animal experiments, and Friedrich Henle, a pioneer in microscopy.

			In the late 1840s and early 1850s, Henle had published his Handbook of Rational Pathology, which made an early case that living agents—he called them contagions—could cause human disease. “The contagion is not itself the disease, but the inducer of the disease,” Henle wrote. “If it could be possible to prove that a contagion can be cultured outside the body . . . then such a contagion could only be a plant or an animal.” If it could be possible to prove—Henle wanted to pinpoint microbes as the cause of disease, but he could only gesture at the proof; he could not provide it.

			Henle was a good match for Koch, as both were chronically shy, more inclined to heads-down research than to socializing. From Henle, Koch learned the techniques of a master microscopist: a great attention to detail, thoroughness, and care of process. As it happened, Koch was at Göttingen while Henle was hard at work on his magnum opus, a three-volume assessment of human anatomy titled the Handbook of Systematic Human Anatomy. (The first volume was published in 1866, the year Koch graduated.) This was the first great work of anatomical description since Vesalius’s historic On the Structure of the Human Body three centuries earlier. Where Vesalius’s breakthrough was to make an unflinching assessment of human anatomy, teasing out the networks of organs and nerves and vessels in human flesh, Henle’s innovation was to turn the microscope to the next order of magnitude, noting the structures within organs, the sheaths of cells around nerve fibers and ligaments, parsing the rods and cones within the human eye.

			At twenty-two, in 1866, Koch passed the state medical examination and was tempted by his brothers’ calls to join them in America. He briefly considered becoming a ship’s doctor and seeing the world. Instead, he impetuously returned to Clausthal and married his home- town sweetheart, Emma Fraatz. Emma was the youngest daughter of an official of the local evangelical church, and Koch had kept company with her before leaving for Göttingen. She was a serious and practical young woman, and she quickly made clear that she would not be leaving Germany for some foreign adventure. Koch was in Germany to stay.

			Koch first found a position at a local facility for disabled children in Langenhagen, a small village near Hanover. On the side, he set up a practice attending to the needs of the local villagers. He and Emma lived in a few rooms in the house of a local farmer. Soon enough his practice was flourishing, and he had enough money to buy a small carriage (a useful status symbol for the young doctor) and enough time to ramble through local marshes collecting various plants and water samples, which he’d bring home and examine under a cheap microscope. One evening, when he returned home from the clinic, Emma told him she was pregnant. Life for Robert Koch seemed to be settling in comfortably, if modestly.

			But the calm was soon over. His institution had financial problems, and his position, he was informed, was being eliminated. Koch would have to make his way somewhere else. First he tried Braetz, but three months later he’d moved again to Niemegk, a village near Potsdam. The townspeople there seemed to prefer faith healers to physicians, though, and Koch struggled to find patients. Emma, now caring for their daughter, Gertrud, began to grow frustrated with Robert’s efforts. “It’s going awful here,” she wrote to her father from Niemegk in 1869. “We have to skimp and save every penny and I’m still not sure we’ll make it. I keep telling Robert we have to leave here, that he MUST find a better position, but Robert has given up all hope and now has the idea again to go overseas. He can’t make up his mind about anything.”

			At last they moved again, to Rackwitz, a town then in eastern Prussia, now in Poland. The family took an apartment over the post office, and Koch got a few patients. Emma seemed more hopeful than she’d been in months. Things improved considerably after a local gentleman, the Baron von Unruhe-Bomst, shot himself with a revolver. Koch successfully treated him for the wound, and soon more patients were coming his way. He began to turn his little yard into a naturalist’s laboratory, with pigeons, chickens, and a beehive. He even began going to the local beer hall with the town mayor. Once again, things seemed to be back on track for young Dr. Koch.

			 • • • 
THEN, IN JULY 1870, THE WAR BEGAN. KOCH WATCHED THREE OF HIS seven brothers join the French War, as the Franco-Prussian War was called in Germany. For Koch, it was the chance to do something, to turn his safe but anonymous life toward something greater. Out there, in France, heroes were dying on battlefields; men were making their mark; history was being written. If he couldn’t take his wife and new daughter to America, Koch decided to choose the path open to him. After scarcely consulting with Emma, he went to war.

			He was first posted to a field hospital near Metz, the capital of the Lorraine region of France, where he slept in a hayloft. “The smell of dead bodies, many dead horses and thousands of bags, guns and helmets were near the rural road, at least this was what we could see in the darkness,” he wrote to his father. “We drink a cup of black coffee, of course, without sugar or milk and eat a piece of dry bread. At noon there is boiled beef and bread again or maybe even a thin soup. . . . One has no appetite for a second plate,” he wrote, though he did admit that the local wine was worth drinking.

			At Metz, the Prussian army had tied up 180,000 French troops and 70,000 citizens in a months-long siege. With food running short and dysentery and cholera spreading, the French tried repeatedly to battle their way out of the city. Each time, they were pushed back by the Germans, with enough casualties among the Prussian troops to keep Koch and his fellows in the medical corps busy. For a fledgling doctor such as Koch, used to treating injured farmers and their pregnant wives, the tumult of the siege was a dizzying mix of duty, disgust, and opportunity. It gave him his first glimpse of the true mechanism of death: not the wound, but the infection that came later. Eventually the French began to starve, and they surrendered the city on October 27.

			Koch was then transferred 120 kilometers to the south, to Neufchâteau, a French town already occupied by the Prussians. There he was stationed at a hospital for soldiers suffering from typhoid fever. Today we understand typhoid to be an infectious disease caused by the Salmonella bacterium and typically spread through exposure to feces or similar unsanitary conditions. But in 1870 it was little understood, perhaps contagious, perhaps spread through tainted water. Generally, it was simply considered one of the risks of war. At the hospital, Koch had his hands full; the Germans suffered more than 73,000 cases of typhoid during the war, with nearly 9,000 fatalities.

			Koch’s experience with typhoid was eye-opening. After the initial fever, the infection settles in the intestines, inflaming the organs and distending the abdomen. As it spreads to other organs—the pancreas, the liver—internal bleeding becomes likely, resulting in bloody stool. Delirium is common, especially if the infection makes its way to the brain. The death rate in Koch’s day was about 20 percent. Koch, who’d gotten a sense of the microbial world from Henle, must have suspected there was some agent at work, some unseen contagion spread-ing from soldier to soldier. But with no diagnostic tools or effective medicines, he could only watch, offering the comfort of a damp cloth or a blanket, as the sickness set in. It was depressing and hopeless work, and Koch despaired. He pined for simple things: a newspaper, a lamp, home-cooked food, his family. He must have been relieved when he was transferred once again, this time to the field hospital in Orléans.

			At this point, Koch had been at war for nearly five months. The adventure was far messier than he’d anticipated. There were the sights—the severed limbs and distended bellies; the almost dead and the dead. But even more horrifying was the stench, the foul and constant odor of soldiers mangled by war.

			Compared to the world wars that followed it, the Franco-Prussian War seems insignificant now, of interest only to archivists of nineteenth-century maps showing long-obsolete borders. Yet in fact it was a seminal conflict. Though it lasted less than a year, it was the prototype for the wars of the twentieth century in terms of the issues behind the conflict (the taut borders of Europe and the influence of overseas dominions and resources), the scale of its battles (these could involve hundreds of thousands of troops at once), and the conditions faced by soldiers on the front lines (for the first time, rifles and cannons were accurate and massively deadly). And like few wars before but all wars since, it served as a laboratory for medicine, creating a rich opportunity for physician-scientists to study the grotesque impact of new weaponry on the human body and the effectiveness, or lack thereof, of efforts to treat those injured so horribly.

			In their way, the weapons deployed for this conflict were beautifully designed specimens of breakthrough technology. The Germans deployed the newly patented Krupp cannon, which could be loaded from the breech rather than the front. The Krupp made it possible to fire six-pound shells far more quickly than France’s muzzle-loading cannon, meaning more missiles exploding in the air, raining a heavier barrage of zinc shrapnel down upon French troops. (The Germans also made history by deploying the first antiaircraft guns, firing at French balloons.) For their part, the French army debuted the mitrailleuse, an early mounted machine gun that could fire a hundred rounds per minute—a barrage the German troops called the “battle squirt.” As an 1873 report on the war described it, “The growling of this ‘wild beast of battle’ resembles nothing so much as the running of an anchor cable through a ship’s cathead, or the closing of heavy iron shutters.”

			But though the mitrailleuse made a terrifying noise, it inflicted fairly few of the casualties showing up at Koch’s hospital. The real agent of destruction was the French rifle, the chassepot, a rapid-fire, high-velocity rifle that could be accurate from a stunning 1,200 meters away (nearly three-quarters of a mile). It was, as one German officer described it, “a gorgeously worked murder weapon.” (The Germans were equipped with their patented needle gun, an older, less impressive piece of technology that could fire from only 700 meters, creating what was called the chassepot gap, where French troops could hit the Germans, but not vice versa.)

			Unlike in previous wars, where the rifles created the soundtrack but the bayonet did most of the damage, in this war there were remarkably few wounds from knifepoint. Rather, the wounded soldiers that Koch and his colleagues tended to bore the unique scars of long-range rifle shots: diffuse, open wounds with splintered bone fragments and bits of clothing mixed in with the damaged flesh. Most of the soldiers who came in to the hospital bore limb wounds, as those with wounds to the abdomen usually died on the battlefield. Amputation was the routine treatment, and a miserable death from gangrene the routine result.

			Ether, thankfully, was now available to surgeons, having been invented twenty-five years before, but still, the typical procedure was brutal and fast. The surgeon would fix on the wound, pick the opportune place to separate the limb, and then hack through it with a saw. An amputation was over in less than a minute; a skilled hand could finish in twenty-five seconds. If the soldier was lucky, the surgeon took care to leave enough skin intact to fix a flap over the stump.

			Charles Alexander Gordon, an English doctor observing hospital conditions during the war, described a German facility this way:

			It was not an unfrequent sight to see the blood and discharges from wounds soaking into the bedding, where they speedily underwent decomposition, and thus became sources of various evils, producing at the same time a most offensive and sickening odour.

			Patients were left for many hours in the clothes in which they had been wounded, and such was the pressure of the times, that clothing, after being taken off patients, has been left lying in the wards for 36 and even 48 hours afterwards, giving out offensiveness.

			Still, despite such appalling conditions, the Germans were in far better shape than the French. For one thing, Germany had made better preparations at the outset. They recruited 5,548 physicians for the war effort, 3,000 nurses, and nearly 500 apothecaries. The French, on the other hand, had barely 1,000 available surgeons when the war began, and fewer nurses and other staff in turn. Germany, too, had taken some essential preventive measures, mandating smallpox vaccines for all new troops. The French had no such requirement, with devastating consequences. While fewer than 300 German soldiers died of smallpox, the inevitable outbreak on the French side eventually claimed the lives of 25,000 troops. (In a demonstration of the ancillary costs of war, the epidemic subsequently spread to civilian populations on both sides of the new border in France and Germany. This time Germany paid the higher price, with 177,000 civilian fatalities to France’s 90,000.)

			The Prussian advantage went beyond preparations. In treatment and recovery, too, German troops fared better—chiefly because their commanders had subscribed to the methods of the Scottish surgeon Joseph Lister, who a few years earlier had developed the principle of “antiseptic surgery” against the threat of germs. In the civilian world, the germ theory—the idea that some disease was caused by microscopic agents, or germs, that would release toxins and attack the body—was a radical notion. It contradicted the conventional wisdom that disease was a product of bad air, or miasma. But on the battlefield, such disputes were academic. Lister had demonstrated that his approach saved lives, so the Germans, keenly aware that disease had historically always been more deadly to military forces than actual battle, made Lister’s antiseptic procedure compulsory at all medical facilities.

			By today’s standards, Lister’s treatment was coarse, even brutal. It looked nothing like today’s sterile surgical environment, with its stainless-steel basins and bright lights, everyone swathed head to toe in pristine blue scrubs. Surgeons weren’t even required to wash their equipment or hands. Rather, Lister’s antisepsis took for granted that a doctor’s hands would be filthy with the last patient’s blood and guts and that instruments would be poorly cleaned. His new technique called for a doctor to douse a wound with a dilution of carbolic acid, otherwise known as phenol, an extract of coal tar. In German facilities, this took the form of what was called Lister’s cerate: one part crystallized carbolic acid, six parts linseed oil, nine parts chalk. Bandages, too, would be soaked in the stuff before wounds were dressed. It was a caustic, painful bath. (Today phenol is used in paint stripper, among other things.) Many surgeons disliked Lister’s cerate because its use made procedures take longer; an amputation was harder to dispatch in thirty seconds when there was so much dousing and swabbing to be done. But the results were real and demonstrable. Antisepsis did the job, killing many of the bacteria in and around the wound. As Dr. Gordon observed, “this preparation, spread upon tinfoil . . . proved to be both convenient and effective.” Though the German hospitals were far from clean, the measures the Germans did take would prove revolutionary. In fact, for the first time in any war, the Germans would be the first to lose more men directly to battle wounds than to subsequent infection.

			The French, meanwhile, followed the principles of François Broussais, a renowned French physician from earlier in the century. Alas, Broussais’s work was woefully out of date—he was a firm believer in bleeding by leeches—and had disastrous consequences for the French side. Whereas Lister’s cerate eliminated bacteria, Broussais’s technique was to apply salves to open wounds in the hope of soothing inflammation. In the French hospitals, open jars of greasy ointment lined the shelves behind an operating table, ready for the surgeon to scoop out a dollop with his unwashed hands, wiping the stuff into the patient’s wound. With the next patient, he’d go back to the same tub with the same dirty hand. One couldn’t have designed a better procedure for disseminating infectious disease, and the results bore this out: of 13,173 amputations performed in French military hospitals, 10,006 ended in death, a fatality rate of nearly 70 percent. (One wonders if the survival rate would have been better if they’d just left the mangled limbs attached.)

			Hospital disease was the catch-all term for any infection that befell patients outside battle, and it was common in both German and French facilities. Some cases were classified as pyemia (a severe fever known today as sepsis, where the blood is poisoned by Staphylococcus infection), others were gangrene (where an infection starts to kill large amounts of tissue), and still others were typhoid or typhus (a fever that appeared symptomatically, like typhoid, though it was spread by lice harboring Rickettsia bacterium). Whatever the classification, when a merely wounded soldier developed a hospital disease, he was considered effectively lost. In German field hospitals such as Koch’s, these patients were moved into their own wards, since the illness did seem to spread from the sick to the not-yet-sick. Whether this quarantine was motivated by a belief in germs or simply in bad air, it was the reality of the battlefield. As Dr. Gordon observed, “In this war, as in all others, it has been shown that, wherever large accumulations of wounded took place, there pyaemia, in one form or other, appeared, and proved as fatal as it had ever done.”

			Though the infections meant misery and near-certain death for soldiers, they offered a morbid opportunity for enterprising physicians, none more than Edwin Klebs, a Prussian physician a decade older than Koch. Klebs was stationed in Karlsruhe, a German border city near Strasbourg, and, like Koch, attended to cases in the town’s railroad depot, which had been converted to a hospital. In addition to the requisite surgeries and amputations, Klebs also performed autopsies on fallen soldiers.

			One afternoon, out of curiosity, he slipped some tissue from a fatal gunshot wound under a microscope. What he saw through the lens amazed him. “I found rod-shaped bodies, so-called bacteria,” Klebs wrote in a subsequent report, noting that these organisms increased in number when present with pus and fever. Significantly, he observed that they weren’t all identical, but rather comprised some smaller sporelike shapes in clumps, some rods, and others somewhere in between. So far, Klebs’s observation was simply an association—he’d noticed that these bodies appeared along with infection; others before him had made similar observations. But then Klebs took a bold leap from association to causation, proposing an actual relationship between the bacteria and the infection: He asserted that the one created the other. “These parasitical organisms are the cause of severe manifestations,” he declared. His methodology here was sound if not airtight: First he noted that the bacteria appeared in every instance of open, inflamed wounds. Second, he also tried to reproduce the bacteria in cultures. This was only somewhat successful, since his samples were generally contaminated.

			Klebs was on the right path: The bacteria were the cause of the pus, the fever, and the infection at root. But his proposal was not convincing. He lacked a definitive chain of evidence that might convince his colleagues and overturn the orthodoxy that inflammation was caused by internal mechanisms of the cells, a theory advanced, most notably, by Rudolf Virchow, the leading pathologist of Europe (and former mentor to Klebs). Klebs might have made the jump from association to causation, but his profession would not follow—at least not yet. As a surgeon reviewing Klebs’s report remarked, “Does disease follow bacteria, or do bacteria follow disease? We still don’t know the answer.”

			 • • • 
AMONG THE PRUSSIAN MEDICAL STAFF, KLEBS WAS AN EXCEPTION, not only because he had the wherewithal to pull out his microscope, but also because, in his station hospital, with its stone walls, granite floors, and solid roof, he had the relative luxury to do so. Back in the field hospitals, physicians such as Koch were sunk too deep in the slop of war to think about science. But Koch wasn’t intimidated by the horrors he witnessed. In his few months, he enthusiastically wrote to his father, he had learned more than in all his prior surgical training. Finally his life had a purpose, a focus, an outcome. “I will never regret the decision to participate in this war. Apart from the scientific experiences that I had gained—worth more than 6 months in a clinic—I have gained much experience in life. This will serve me well in coming years.”

			Still, by mid-January, Koch had grown concerned that his practice in Rackwitz was in jeopardy, and he made an official request to be sent back. It was quickly granted. A few months later, the entire Franco-Prussian War was over, not a year after it had begun. That was long enough, still, to claim some 170,000 lives: 30,000 German and 140,000 French.

			Robert Koch returned to Emma and daughter, Gertrud, in Rackwitz and resumed his medical practice. It was as if the war had never happened. At twenty-seven, he again began to suspect that his life was settling into stasis. Then he received an invitation from the Baron von Unruhe-Bomst—whom he had treated for that gunshot wound a couple of years before—to take up a government position as the local health officer in Wöllstein, a town to the north. By April 1872, Koch and family were on the move again.

			Wöllstein, an agricultural town of three thousand in eastern Germany tucked between two lakes, had a history dating to 1458. (Today the town sits in western Poland and is known as Wolsztyn.) For centuries it had been a center for sheep farming and wool production. In the 1870s, wool was the world’s leading textile, and Germany the largest producer, with Wöllstein, which means “wool stones,” as a hub.

			Koch settled his family into 12 Strasse am weissen Berge (“Road to the White Mountain”), a large Gothic building almost dead center in the town that had previously functioned as a hospital for the poor. Upstairs were the living quarters: four rooms and a kitchen, with a large bay window over the street. Koch’s examination room was downstairs. Out back was a garden, filled with trees and flowers, where his daughter could run around.

			Koch thrived in Wöllstein. His neighbors trusted him and kept him busy with smallpox vaccinations, injuries and illnesses, and aches and pains. The days were long but full. Emma was happier, too, and proved to be a diligent doctor’s wife, handling patients and minding the family budget. After a few months, she proudly told her husband
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