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			As a surgeon Asklepios became so skilled in his profession that he not only saved lives but even revived the dead; for he had received from Athena the blood that had coursed through the Gorgon’s veins, the left-side portion of which he used to destroy people, but that on the right he used for their salvation.

			—THE LIBRARY OF APOLLODORUS

		

	
		
			INTRODUCTION

			IN 1931, humans could fly across oceans and communicate instantaneously around the world. They studied quantum physics and practiced psychoanalysis, suffered mass advertising, got stuck in traffic jams, talked on the phone, erected skyscrapers, and worried about their weight. In Western nations people were cynical and ironic, greedy and thrill-happy, in love with movies and jazz, and enamored of all things new; they were, in most senses, thoroughly modern. But in at least one important way, they had advanced little more than prehistoric humans: They were almost helpless in the face of bacterial infection.

			For thousands of years, humans had sought medicines with which they could defeat contagion, and they had slowly, painstakingly, won a few battles: some vaccines to ward off disease, a handful of antitoxins. A drug or two was available that could stop parasitic diseases once they hit, tropical maladies like malaria and sleeping sickness. But the great killers of Europe, North America, and most of Asia—pneumonia, plague, tuberculosis, diphtheria, cholera, meningitis—were caused not by parasites but by bacteria, much smaller, far different microorganisms. Nothing on earth could stop a bacterial infection once it started.

			It was not for lack of trying. Like the two snakes entwined on the staff of Hermes—the symbol of Western physicians—the history of medicine comprises two twined skeins of inquiry: understanding how the body works and using that understanding to prevent its destruction. Great strides had been made in the first area. By 1931, physicians had a sophisticated knowledge of how the organs of the body and the systems they created—digestive, hormonal, nervous, and so forth—cooperated to create health. They had made a good start on moving from the level of organs and tissues down into the intricacies of molecular biology (a term invented in the mid-1930s). They knew a great deal about what happened to those organs, tissues, and systems when they were hit by disease. But there the knowledge stopped. The great prize eluded them.

			That prize, sought since antiquity, was called panacea, a mythical substance that could cure the sick and raise the dead. (Panacea, literally “all-healing,” was also the name of the ancient Greek goddess of health, daughter of the physician-god Asklepios.) The Egyptians hoped that the art of mummification would lead them to it. The Greeks sang of it. Medieval monks believed that it could be reached through holy relics. Alchemists sought it as the Philosopher’s Stone, which would not only turn base metals into gold and transform the soul of the seeker but would cure all maladies. It appeared in legends and fairy tales as Achilles’ spear, Aladdin’s ring, Fierabras’s balsam, Medea’s kettle, and Prince Ahmed’s apple. Before the scientists took over, generations of magicians, mages, scholars, and snake-oil salesmen had pursued panacea. But no one had found it. Once a bacterial disease took hold in the body, humans in 1931 were as much the prey of the invisible killers as they had been since the beginning of history.

			All that was about to change.

			         

			I STUMBLED across this story—which I now consider one of the most important in modern history—quite by accident, a method appropriate for a discovery comprising equal parts skill, mistake, luck, and bullheaded idealism. A reformed scientist—I studied medical microbiology for years before deciding that I would rather write about the beautiful, painstaking rigor of bench science than actually do it—I was happily thumbing through my dog-eared, spine-sprung copy of Asimov’s Biographical Encyclopedia of Science and Technology: The Lives and Achievements of 1510 Great Scientists from Ancient Times to the Present Chronologically Arranged, a delightful candy store of a book for science buffs. I started doing what Isaac Asimov intended his readers to do, I think, when he wrote the book with an emphasis on generous cross-referencing: that is, I began linking the work of one scientist to another, tracing currents of thought across nations and through time. I found my way to the entry on Emil von Behring, the stiff-necked Prussian bacteriologist, which led me to Paul Ehrlich, the Man with the Blue Fingers, whose entry contained a reference to a scientist I had never heard of before, a German physician named Gerhard Domagk. Reading the brief entry on Domagk was the first step on a two-year journey that resulted in this book.

			I was intrigued not so much by the man—although Domagk grew into a more interesting character the more I learned—as by the ways in which his discovery was embedded in and affected so much of what we take for granted in modern medicine. Ours is an age of science; this is an archetypal story of our time.

			I am part of that great demographic bulge, the World War II “Baby Boom” generation, which was the first in history to benefit from birth from the discovery of antibiotics. The impact of this discovery is difficult to overstate. If my parents came down with an ear infection as babies, they were treated with bed rest, painkillers, and sympathy. If I came down with an ear infection as a baby, I got antibiotics. If a cold turned into bronchitis, my parents got more bed rest and anxious vigilance; I got antibiotics. People in my parents’ generation, as children, could and all too often did die from strep throats, infected cuts, scarlet fever, meningitis, pneumonia, or any number of infectious diseases. I and my classmates survived because of antibiotics. My parents as children, and their parents before them, lost friends and relatives, often at very early ages, to bacterial epidemics that swept through American cities every fall and winter, killing tens of thousands. The suddenness and inevitability of these epidemic deaths, facts of life before the 1930s, were for me historical curiosities, artifacts of another age. Antibiotics virtually eliminated them. In many cases, much-feared diseases of my grandparents’ day—erysipelas, childbed fever, cellulitis—had become so rare they were nearly extinct. I never heard the names.

			Nor did I understand the word “physician” in the same way. To my grandparents a physician was a poorly paid, selfless caregiver who made house calls, kept vigil over the sick, and comforted the families. To me a physician was a wealthy technician in a white coat who did a quick exam in the office and wrote a prescription. Prescriptions had changed, too. Before 1935, narcotics were practically the only drugs that required a prescription. Everything else was sold over the counter. Today virtually every powerful medicine requires a prescription. Before 1935, patent medicines were one of the biggest businesses in the United States. Today they no longer exist. What had happened?

			Sulfa happened. It started in the mid-1930s, with a series of findings made in Germany and France, discoveries that were at the time hailed as “the miracle of miracles” in modern medicine, advances that secured humans their first effective way to stop bacterial infections once they started. The work then spread to Great Britain and the United States, where tests of the still-experimental drug on humans, including the son of the president of the United States, confirmed its power. The story became stranger and more colorful the more I researched it, the characters and stories more intense, featuring Congo Red and methylene blue, the Holy Fire of Viennes, vats of Scottish tar, Roehl’s infected carbuncle and Duisberg’s Council of the Gods, Queen Victoria’s armpit and St. Anthony’s bones, impossibly small animals and impossibly huge business cartels.

			This is that story.

			         

			A NOTE ON USAGE: The family of medicines now generally called sulfa drugs includes thousands of related molecules that have been called many other, often more specific things in the scientific literature. I use “sulfa” throughout this book as a generic term for any medicine whose activity can be traced back to a relatively simple set of atoms called sulfanilamide (sulfa is a relatively common nickname for sulfanilamide and its related substances). I use “sulfa” and “sulfanilamide” interchangeably; the phrase “sulfa drugs” as I use it in this book encompasses the myriad sulfanilamide-containing substances created after the discovery of its therapeutic powers, including those substances that physicians and chemists call sulfonamide drugs. The term “antibiotic” is defined two different ways in the literature; the first, more strict, definition dictates that for a medicine to be called an antibiotic it must be produced by a living microorganism, as penicillin is produced by a mold. Thus some experts refuse to call purely synthetic chemicals like the sulfa drugs, made in laboratories rather than by nature, antibiotics. The more reasonable definition, to my way of thinking and that of a number of medical experts, instead ties the word “antibiotic” to what a substance does rather than where it comes from. Used in this way, an antibiotic is any substance that can selectively destroy a spectrum of bacteria within the body without significantly damaging the body itself. This is how I employ the word throughout the book. By this definition, sulfa was the world’s first antibiotic.

		

	
		
			PROLOGUE

			JOHN J. MOORHEAD, a lean and intense New York surgeon, was thrilled to be in Hawaii. One of the leading trauma surgeons in the United States and an expert in wound treatment, Moorhead had been invited by the Honolulu County Medical Society to speak to doctors and nurses in December 1941. He gratefully accepted. It provided him a welcome chance to trade the winter winds of Manhattan for the tropical breezes of Oahu. He arrived on schedule and spoke to two large groups on the subject of trauma surgery. His second talk, “Treatment of Wounds, Civil and Military,” proved especially timely. America was not at war yet, but rumors were flying. Everyone was talking about the possibility of a Japanese attack on the Hawaiian Islands.

			On his way to deliver a third lecture on the morning of December 7, Moorhead and his driver heard an announcer on the car radio say the U.S. naval base at Pearl Harbor had been attacked. “You hear all kinds of things out here,” his driver said, and they continued to the lecture hall. There Moorhead found only about fifty doctors and nurses in their seats instead of the three hundred he had expected. Moorhead went ahead anyway; he had just started to speak when a man burst into the hall and asked all physicians in the audience to come immediately to Tripler General Hospital, Hawaii’s largest military medical facility. The attack had been real. The hall emptied. Moorhead, too, reported to Tripler.

			He and his driver arrived to find stretchers covering the lawn in front of Tripler’s main building. A stream of ambulances, trucks, and private cars had been making the four- or five-mile trip back and forth from Pearl Harbor, dropping off the wounded wherever they could find space under the flowering trees. Aides were running from man to man, improvising tourniquets from belts, gas-mask cords, pistol holsters, and strips of sheets. Moorhead went inside, was informed that he was now a colonel in the Army Medical Corps, and scrubbed up. Eight surgical teams were quickly formed from arriving physicians and nurses, most of them civilians. They shared three operating rooms and worked without pause for the next eleven hours, passing medical instruments from room to room, performing hundreds of operations, filling garbage barrels with amputated limbs. One surgical saw was used and sterilized so many times it remained hot to the touch all day.

			The worst of the early cases came from Hickham Air Field, where a Japanese bomb had hit the mess hall at breakfast time. Thirty-five young airmen had been killed outright. Dozens more arrived at Tripler with “wounds too terrible to describe,” a nurse said. The bomb had blown out the mess hall’s walls and windows; the men’s wounds were contaminated with shrapnel, shards of glass, bits of mortar and brick, and partially digested food.

			Six years earlier this would have been a recipe for disaster. It was a military fact of life then that regardless of the care of the physician and the success of the initial operation, wounds often got infected, and many times infected wounds killed the patient. The dirtier the wound, the greater the risk. Once a wound infection started, almost nothing could be done. There were no antibiotics. In America’s last war, World War I, infected wounds had killed hundreds of thousands of men—more soldiers, by one estimate, than died by enemy bullets. In World War II, however, the numbers would be so low that wound infections no longer presented a major medical problem.

			The difference was a new family of drugs—sulfa drugs—made public in the United States just five years before the attack on Pearl Harbor. They were the most effective, most important medicines ever discovered. They had already saved the life of President Roosevelt’s son and those of tens of thousands of other patients around the world. They were revolutionizing medicine. At Pearl Harbor they received their toughest test yet.

			Luckily, Tripler Hospital was well stocked with sulfa. Every wounded man who could swallow was given sulfa tablets. The rest got shots or had it sprinkled into their wounds. If someone’s abdomen had been opened, the physicians cleaned it out as well as they could, stopped the bleeding, and packed the cavity with sulfa. When the burn patients began arriving from the harbor, sailors who had been in water covered with blazing oil—“roasted men,” as one observer put it—their burns were cleaned, the dead tissue stripped away, and the injured area frosted with sulfa.

			“The casualties were numerous, varied, and severe,” Moorhead wrote in his official report. It was a grisly test of the new medicine’s power. It had been just thirty-six hours since he had delivered lectures on the best methods for wound treatment. Now his advice was being used, step by step, to handle the men at Tripler: Cleanse the wound with soap and water; carve away all dead and damaged flesh (an old World War I method called debridement) until tissue is reached that is normal color or, if muscle, capable of contraction; tie off everything bleeding; pack the wound with sulfa; leave it covered with gauze bandages, unsutured for three days or until it is certain that no infection has set in; then close if appropriate. During the entire recovery period, every patient was to be given a gram of sulfa every four hours. “No one then thought,” Moorhead wrote, “that these principles of treatment were so soon to be put to a large scale test in a proving ground only a short distance from the lecture platform.”

			For the next ten days, Moorhead and the other physicians tracked their patients’ progress. The most feared type of wound infection, gas gangrene, was a virtual death sentence for wounded soldiers. At Tripler the gas gangrene cases were isolated in their own ward, their wounds opened and cleaned a second time, then sulfa repacked into the wound. More sulfa was given by mouth. Every patient with gas gangrene recovered, without a single additional amputation. Of the wounded at Pearl Harbor who did not die directly from the trauma of the injury during the first week, not a single one was subsequently lost to infection. Nothing close to it had ever been seen in the annals of military medicine. The official U.S. history of World War II later credited the low mortality rate to “skilled surgery and the use of sulfa drugs.” John Moorhead returned to New York with a deep appreciation for sulfa. His feelings were shared by every physician who treated wounds during the war.

			Ironically, the medicine that helped the United States in World War II was discovered in a laboratory in Germany, in the year Hitler came to power, by a corporation whose executives would be put on trial for war crimes at Nuremberg. It would change the way new drugs are developed, approved, and sold. It would transform the way physicians deal with patients. It would usher in the era of antibiotics and lay the foundation for what we now consider modern medicine.

			All of this would result from a combination of corporate strategy, individual idealism, careful planning, lucky breaks, cynicism, heroism, greed, incredibly hard work, and one central, overarching, and mistaken idea.

			The story of sulfa’s reign as the world’s leading wonder drug is a short one. It burst onto the global stage in the mid-1930s, created enormous excitement, then all but disappeared just ten years later. Yet in that short time it changed everything.

		

	
		
			I

			THE HUNT

			
				The art of medicine consists of amusing the patient while nature cures the disease.

				VOLTAIRE

			

		

	
		
			CHAPTER ONE

			GERHARD DOMAGK looked at the blood soaking his tunic. It was 1914, a few days before Christmas. The German army had just finished an artillery barrage. Domagk’s unit had been sent in, the young men and their officers walking slowly through the yellowing grass toward a Polish farmhouse, their breath showing white, when shots came from somewhere to their left. Domagk saw the officer nearest him fall. Then he felt a blow to his head. His helmet flew off and landed somewhere in the grass. His chest felt hot. When he looked down, he saw the blood. He had attended a single term of medical school before joining the army and knew enough to give himself a quick exam. He found no wound on his body. Then he discovered the source. Blood was streaming from his head, down his neck, and onto his shirt. He explored his scalp gently with his fingers. Hard to say how bad the gash was, but it had probably opened when the bullet knocked his helmet off. He bandaged himself with a large handkerchief. Then he passed out. When he awoke, he was jolting through trees in a farmer’s cart toward what had been a church, now a German field hospital, where he was examined, his bleeding stopped, and his wound dressed. When the staff decided that it appeared likely he would survive, he was packed onto a train to Berlin, to recuperate in a central hospital. The wound did not look serious, but there was no way to know if there would be permanent brain damage. Time would tell.

			The blow to his head did not change Domagk’s mind about the war. He, like most of his fellow university students, had been infected and rendered mildly delirious during the epidemic of patriotic fever that swept Germany in the summer of 1914. The tall, thin boy volunteered for service with more than a dozen of his classmates and friends soon after war was declared. They were inducted as a group into the Leibgrenadier Regiment of Frankfort on the Oder, a unit specializing in the use of grenades. They were given a few weeks of cursory training. Then they were loaded onto a train for Flanders.

			They were young and full of energy, eager to join Germany’s march, giddy with visions of a short, glorious war. Domagk, the son of a village schoolmaster, was eighteen years old and ready for adventure. He was also a young gentleman who brought his lute to training camp and played folk tunes around the campfire. He wanted to take the instrument with him to the front. When his officers told him that regulations forbade it, he dismantled it, sent the body back to his parents, and kept the neck attached to his knapsack as a memento. Inside the knapsack he carried a photo of his village sweetheart dressed in her white Communion gown.

			Now, months later, he was beginning to miss his home, Lagow in the lake country of far eastern Germany. Picturesque and quiet, Lagow became the source of ever-sunnier memories the longer he spent in the army: cannonballing into the river below the mill; a swarm of children flying out of school at the end of the day; a group of friends concocting homemade gunpowder; sneaking his first cigar; the taste of a ripe pear in late summer. He spent his nineteenth birthday in the trenches of Flanders under fire from British ships, huddled in the dirt, “the heavens lit,” he wrote his parents, “from burning villages.” The glory of war began to fade. He and his comrades were soaked by freezing autumn rains, exhausted, starving, their uniforms caked with muck. Once while digging for drinking water, they broke open an abscess in the earth, a cache of rotting French soldiers, men killed and buried, he figured, by his own unit’s grenades.

			The Germans were dug in near the Belgian coastal town of Nieuport, where in late October the Leibgrenadier Regiment of Frankfort on the Oder was ordered to participate in a massive attack. Their officers told them that following a 4:00 A.M. German artillery barrage they would charge forward from their trenches and drive the enemy from their trenches. The young men synchronized their watches. They wrote last letters home and put them in their pockets, promising each other that the living would deliver them for the dead. They waited for what seemed a very long time in the dark, listening to shells screaming overhead, watching the flashes.

			When the barrage stopped, the young German soldiers struggled and slipped out of their holes. They slogged through a football field’s length of mud before they started falling, then heard the chattering of machine guns at short range, each one firing as many bullets as 250 rifle-equipped soldiers. Most of the boys Domagk had joined with were dead within a few seconds. The rest ran. Domagk later figured that only he and two or three others out of his group of fifteen student volunteers survived the battle alive and unwounded. They learned later that their charge was part of a huge failed offensive in which the Germans lost 135,000 soldiers, many of them recent university students, in the course of four weeks of fierce fighting. The British called it the First Battle of Ypres. The Germans called it Kindermord: “The Massacre of the Innocents.”

			Too ripped up to fight any longer in Flanders, Domagk and what remained of the Leibgrenadiers were transferred to the Eastern Front. A few weeks later, he lost his helmet near the Polish farmhouse. When he began to gather his senses about him in a Berlin hospital room, he discovered that his knapsack was gone, along with the neck of his lute and the photo of his sweetheart. All he now had of his childhood were memories. He remembered his father sitting at the window, waiting for the lamp man. The gas streetlights in Lagow were lit every evening by the lamp man, who came came by with his white horse. Then one day the man stopped coming. When Gerhard’s father explained to him that the lamp man had been delayed because his horse was sick, the young boy was stricken by the idea. “I said at the end of the evening prayer with my mother, ‘Good God, please make the lamp man come again,’” he remembered. “‘Make his horse better again.’”

			The German army hospital administration in Berlin, on reviewing their records, found that wounded Leibgrenadier Gerhard Domagk had attended a bit of medical school. It was decided that rather than send him back to the front lines, they would set him to the task of providing medical care for the wounded. Domagk was placed in a training program for medical assistants, one of hundreds of novices hastily pressed into service. After a few weeks of first-aid training, he was sent back to the Eastern Front, through Kraków to a field hospital in the Ukraine. He was fascinated by his trip through “the culture of the East,” as he called it, the lands of Germany’s destiny, the “beautiful but dirty streets,” the Jews with “caftans reaching over their long boots and their corkscrew-like curls hanging down from their temples.” He was especially impressed by the architecture he saw.

			Flanders had been bad, but the Eastern Front was in many ways worse, especially when it came to medical care. The German casualties were just as heavy, but the hospitals were cruder, doctors fewer, supplies scarcer. The field hospital to which Domagk was assigned was stark, a farm in the middle of the woods roughly converted into a care facility with tents for wards and a barn for an operating room. Every day a miscellany of ambulances, cars, trucks, and farm carts arrived, disgorged their loads of quiet, white-faced wounded, and left for more. There was a constant, deep rumble from big guns a few miles away.

			They were seeing wounds no one had ever seen before, thanks to the advance of military and industrial science. Newly deployed and unprecedentedly powerful weapons—artillery that could shoot shells 120 kilometers, high-explosive shells like the giant “Jack Johnsons” that geysered black earth a hundred feet in the air, airplanes and aerial bombs, tanks and poison gas—were slaughtering men at a rate and in ways unimaginable a few years earlier. In previous wars men had been shot or stabbed. Now they were blown to bits. The new weapons changed both the manner of fighting—more trenches, fewer cavalry charges—and what happened after. Because of the new weapons, the number of dead and wounded on both sides was staggering. During the entire Franco-Prussian War in the 1870s, a total of a quarter of a million men were killed and wounded on both sides over ten months of battle—roughly the same total number of killed and wounded at the First Battle of Ypres alone. Military leaders realized within a few months of the war’s start that they needed to quickly expand their medical services. Anyone with any medical ability was pressed into service in the rapidly growing network of hospitals. That was how Domagk ended up in the woods of the Ukraine.

			One of his jobs was to sort the new arrivals, separating the obvious infectious cases, cholera especially, and moving them out of camp as quickly as possible; setting aside those whose wounds were least severe, those with the best chance of recovery, and sending them immediately into the queue for surgery; then arranging for the remainder, the severely wounded, those with parts of their heads blown away, the cases with burst intestines, those no longer responsive. The worst were put under the straw. Comforted as much as possible, of course, given water, told their turn would come, to keep up their spirits, that the straw would keep them warm. They were generally in shock anyway, pulses thready, color graying, skin growing cold. They would last a night or two at most. Another of his jobs was to go out in the morning, pull the straw away, and make a final sorting. The living were reexamined. The dead went into that day’s mass grave.

			With the grisly morning chore out of the way, aides like Domagk were often given strip-and-clean duty. The wounded arrived filthy, their shredded uniforms crusted with dried blood and dirt. Some had been wounded for days, lying in water pooled in the bottom of bomb craters. Many were infested with lice. The young aides cut away the uniforms, peeled them off and burned them, then tried to wash the men as well as they could, working around the open wounds and broken bones. Most of the men were surprisingly silent and stoic, showing their strength. Others moaned or sometimes screamed.

			That done, Domagk was often called to help in the operating room. The surgeons worked in shifts twenty-four hours a day, the operating theaters in the barn, lit with hissing carbide lamps at night, or in tents. Everything was in short supply—morphine, anesthetic, sterilization equipment, surgical instruments. It was impossible to keep the area clean. Gowning and masking were rare; assistants like Domagk worked bare-handed in their uniforms. “We could hardly keep the flies away,” he remembered. All the medical staff were dizzy from exhaustion and from breathing the ether and chloroform they dripped onto pads and held over the mouths and noses of the wounded. The physicians and aides fled the operating areas whenever they could, napping outside even in the rain to get away from the insects and the fumes. Get what sleep you can; sort the new arrivals; strip and clean; pull the bodies from the straw; assist in surgery; fall into bed; get what sleep you can; sort the new arrivals . . . . This was Domagk’s life for two years.

			He was smart, young, and strong, he followed orders and worked hard. He earned a reputation as a reliable, steady man. And he was unusually observant. Some people had a feeling for medicine, a caring personality, or—like the surgeons—a combination of hand-eye coordination and steady nerves. Domagk had the ability to see. He watched everything, noted slight variations, quietly filed it all away. He witnessed more operations in two years than many surgeons see in a lifetime; helped set compound fractures, the bones bristling through the skin; used magnets to search for pieces of shrapnel; watched the surgeons run their fingers down the insides of intestines, probing for holes; assisted with countless amputations; threw the severed arms and legs onto a growing pile in a side room. The physicians came to trust him as he spent more and more time in the operating room.

			Domagk for his part came to have a profound respect for what could be learned by cutting through the skin. He saw what lay beneath, saw what could be fixed with knives and thread and what could not. He saw that surgery could sometimes work miracles, and he learned about other things in medicine that did not work. Infectious disease was the bane of every military facility. Cholera was an especially severe problem in close-packed military camps. Around a campfire one evening, an old officer serving in Domagk’s hospital told the young assistants about an epidemic of cholera that had raced through Hamburg fifteen years earlier, killing thousands in the city; a terrible disease, he said, the man still unsettled by the scope and swiftness of the contagion he had witnessed. He then told the young aides a bit of folk wisdom: Alcohol, he said, generously imbibed, could ward off cholera. The only thing they had in camp, apart from the pure alcohol sequestered to clean wounds, was red wine, so all the young men started drinking as much as they could get. Then, a few evenings after he was told the story, Domagk remembered, the old officer started complaining of a pain in his calves. A few hours after that, the older man was dead—from cholera. Folk wisdom, Domagk learned, was little protection against disease.

			The most important thing that Domagk observed in the Ukraine was that even the most heroic and seemingly successful surgeries could go completely wrong a few days later. A soldier could wake one morning to find his carefully closed incisions, which had been fine the day before, now swollen, red, and painful. The edges, perhaps, had started to split open. Sometimes a foul-smelling, dark liquid oozed out. The skin around the wound began to take on a “a curious half-jellified, half-mummified look,” as one physician described it. These were signs of what military physicians feared most in their postoperative cases: Gasbrand, the Germans called it. Gas gangrene. The doctors knew what caused Gasbrand—an infection by bacteria—and they knew how it progressed, the microscopic invaders eating away and essentially rotting the muscle tissue, releasing as they went both toxins that poisoned the patient and a gas that ballooned his wounds. The condition could be confirmed by running a finger along the soldier’s skin: If the skin crackled from the tiny bubbles of gas under the surface, it was gas gangrene. There was nothing much that could be done. In severe cases the only thing left to physicians was to keep cutting. Second, third, even fourth amputations were attempted as surgeons tried to remove tissue well ahead of the advancing bacteria. The soldiers who survived the pain and shock of the repeated surgeries emerged horribly disfigured. But not many survived in the early days of the war, especially on the Eastern Front. Once gas gangrene was under way, the bacteria almost always won. Some patients fought it, railing and ranting for a day or two. Then they usually gave up, went silent and pale, temperature dropping, lips bluish. A day or two later, they quietly died of “green-black gangrene,” one historian wrote, “which emptied surgical wards into the graveyard.”

			Gas gangrene was furiously contagious. Once loose in a postoperative ward, it could kill half the wounded patients in a few weeks. So, once diagnosed, gangrene patients were immediately isolated in their own wards, silent places where the air seemed close and greenish, packed with doomed men. Going into a Gasbrand ward was like walking into a swamp. The first reaction of new visitors was to hold their breath. The smell of rot was overpowering; those nurses and attendants whose duty it was to work there found that after a few days they could no longer wash the smell out of their skin or clothes. Gas gangrene was the deadliest but not the only type of wound infection. Other bacteria could infect a wound, alone or in concert, causing variations on the progress of the disease, any or all of which could kill injured soldiers. Taken together, wound infections accounted for an army of German dead—between one hundred thousand and two hundred thousand soldier/victims—during World War I. “It was a wonder to me,” Domagk remembered of his days in the field hospital, “that it was possible at all to conduct any large operation under these circumstances successfully and sufficiently free of germs that the patient didn’t die from a wound infection.”

			Over the course of his two years in the Ukraine, Domagk grew numb to the exhausting, repetitive horror. He began to look forward to any little variation: a request to mail a letter in a nearby town, a cigarette butt, a ride on a bicycle, a walk in the woods. And he slowly changed. By the time the war ended, the enthusiastic student had become a pensive, reserved young man, manner controlled, lips thin, smiles rare, blond hair cut short above a high intellectual’s forehead, eyes blue and deep-set, with a look that after the war his friends and colleagues often described as sad or haunted.

			“The total seriousness of life and death gripped us,” he remembered. “It was only now that I knew why being a doctor was such a beautiful thing—and also what it could require of you.” The wounds themselves he accepted as the results of war. But the infections that followed—surely science could do something to stop those. He focused on the bacteria, his personal demons, “these terrible enemies of man that murder him maliciously and treacherously without giving him a chance.”

			“I swore before God and myself,” he later wrote, “to counter this destructive madness.”

		

	
		
			CHAPTER TWO

			A FEW hundred miles away in France, just before Domagk’s unit was decimated at Ypres, another, far more powerful man had also dedicated himself to beating wound infections.

			Sir Almroth Wright took one sniff of the badly lit lower-level rooms he had been given in the Boulogne Casino, called for Sergeant William Clayden—Clayden, everything Sir Almroth was not, British army through and through, always regulation, spit-and-polish—and instructed him to pour cresol down the drains several times a day. Perhaps that would stop the intolerable reek. It came, Sir Almroth figured, from the decomposition of draining blood. It was the smell of rot, very similar to the horrible smell of gas gangrene. No one could work under these circumstances. Certainly not Sir Almroth Wright, veteran warrior of science and infamous curmudgeon. Already in his fifties when called back into military service, a bearlike man with a graying walrus mustache and waning respect for anything having to do with the military, Sir Almroth was not about to change his nature. He spoke his mind on every subject, from the absurdity of women’s suffrage to the insanity of wartime medicine. And he spoke it publicly, to his colleagues, to governmental agencies, and through letters to the Times, where he had already complained early in the war that “an army, on going out into active service, goes from the sanitary conditions of civilization straight back to those of barbarism.” That was what he was seeing now in British General Hospital No. 13 in Boulogne, France, showcase of his nation’s military hospital system in support of the British Expeditionary Force. The BEF was expected to win quick victories and come home. The medical support system was set up to heal the warriors and had been designed rationally for maximum effectiveness: field stations near the front lines to quickly patch the wounded and rush them back to behind-the-lines hospitals like Boulogne, where they would get the best care possible before being shipped home to England for final recuperation. Boulogne was intended to be a modern repair shop for shattered men. Instead Sir Almroth when he arrived found a throwback to the septic conditions of the Middle Ages. The place smelled like it anyway, no matter how much cresol Sergeant Clayden poured down the drains.

			The British had created the hospital by converting what had been the town’s casino, swathing the ornate chandeliers in white linen, replacing the gaming tables with phalanxes of beds, and transforming the private card rooms—the salles privés—into operating rooms. The bedding was boiled and bleached, the wards scrubbed spotless, the nurses were plentiful, the physicians included some of the empire’s best. And the patients were dying in droves.

			The problem here, as it was in the Ukraine, was the rampant infection of wounds. British soldiers—regardless that they received the best care in the world—were dying almost as fast as the German soldiers were in Domagk’s filthy field station. As the flood of wounded poured in, it soon became clear that more British soldiers were dying from wound infections than from enemy bullets. Something had to be done. So the army turned to Sir Almroth Wright, hoping that England’s greatest bacteriologist and expert in infectious disease could solve the problem.

			It was something of a gamble. The military administrators knew that there was no love lost between Sir Almroth and the army. The scientist had already resigned his commission once, a decade earlier, very publicly, creating what to the military administration had seemed like a totally unnecessary scandal in the press. The problem then had been hesitation. The British generals had balked at inoculating troops leaving for the Boer War with a vaccine Wright had created and which he swore would provide protection against typhoid fever. The generals were worried that Wright’s vaccine was unproven, that British soldiers would be used as guinea pigs, that side effects would put more soldiers out of action than the medicine would save. They were correct on the first two points at least. They sent the men off without vaccinations, and fifteen thousand of them died of typhoid in South Africa, where disease killed twice as many British soldiers as the Boers did. After that, Wright was allowed to test his vaccine on British soldiers in India, where it proved a success. It was a public embarrassment. Wright was not shy about pointing out that those thousands of soldier typhoid victims might have lived but for the bullheadedness of their commanders, and he resigned his commission in 1902. His successful vaccine, however, earned him a knighthood and his vindication: During the First World War, millions of doses of his antityphoid vaccine were given to British troops with spectacular results. Typhoid was negligible in Flanders compared to what they had seen in the Boer War.

			That success seemed to give Sir Almroth a maddening sense that he was always right about everything. After leaving the military, he had gone off and started a vaccine research laboratory in London, at St. Mary’s Hospital—the Inoculation Department, he called it—and did his best to forget about the army. Sir Almroth was not the military type in any case. He was a lover of poetry, a freethinking Irishman who took tea with George Bernard Shaw (Sir Almroth, it was said, was the model for the character of Sir Colenso Ridgeon in Shaw’s The Doctor’s Dilemma), a man who demanded that everything be proved to work scientifically and to his personal satisfaction before he would implement it. In other words, he was unlikely to take orders. There was no guarantee that even in a time of war he would return to service. But the potential renown associated with solving the wound-infection problem far outweighed the risks of putting Sir Almroth in a uniform. The approach was made by Sir Alfred Keogh himself, director-general of Army Medical Services, who used as bait the combination of a commission for Wright as a colonel, an appeal to his humanitarian impulses, and the promise of substantial research funding. As it turned out, he did not need to try very hard. Sir Almroth, among his many other characteristics, was a patriot. He readily agreed for the good of his nation to set up a laboratory for wound-infection research in Boulogne.

			True to form, however, once he got to Boulogne, the Old Man, as his research assistants affectionately called him, refused to shine his buttons or tuck in his shirt. He was negligent when it came to saluting. He was the despair of Sergeant Clayden. The low point came when Sir Almroth walked into the hospital one day with a large tear in the seat of his pants. Clayden, horrified, hid Sir Almroth in a side room while he made repairs. Wright was simply not regular army.

			But he was brilliant. It was likely that Sir Almroth knew more about the causes and cures of infections than anyone in Britain. Now he intended to use this opportunity—the chance to create the world’s first dedicated laboratory for military medicine—to quickly solve the problem of wound infections. He thought at first that it could be done relatively easily by using the same techniques he had used to solve the typhoid problem. All he had to do was find out which bacteria were causing wound infections, create a vaccine against them, and inoculate the soldiers. Problem solved.

			Once on the ground in Boulogne, he surveyed the small amount of space he had been given in the lower floors, sniffed the air, and started demanding changes. He refused to stay in the stink and talked himself into space on the top floor, in a former fencing school. This, too, was less than perfect. There was no electricity up there, or proper gas, or heat, or even running water, but it was large and airy, and there was good natural light. Here he and his crack team of researchers—young men he imported from his lab in London, saving them from becoming cannon fodder on the front lines—began putting together a research facility. The place they had come from, the Inoculation Department at St. Mary’s, had been so productive, so successful in advancing basic knowledge and making vaccines that they had nicknamed themselves “the House of Lords.” His assistants included some of the nation’s brightest young scientists, such as Alexander Fleming, who would later discover the medical properties of penicillin, and Leonard Colebrook, who would become one of England’s most renowned physicians.

			In Boulogne they set to work turning the fencing school into a laboratory. They divided the central arena with rough wooden walls, installed oil heaters for the winter, created lab benches out of spare tables, scavenged chairs and glassware—Sergeant Clayden proving himself a talented scrounger—substituted spirit lamps for gas flames to heat their experiments, and installed a makeshift water system with a tank on the roof. Soon every surface was packed with microscopes and racks of test tubes. Sir Almroth was famous for inventing lab techniques on the fly (he perfected the art of sterilizing needles in hot olive oil, for instance, which he found worked admirably if it was brought just to the point where it browned bread crumbs). If they needed specialized equipment, they made it out of whatever was available—fashioning a glassblowing apparatus out of an old gas can and a foot bellows, for instance. Within a few weeks, in the late fall of 1914, they were doing first-rate science.

			The only problem was that none of the vaccines they tested were able to prevent or cure wound infections. Instead of a quick and brilliant victory, after a few months at Boulogne, Sir Almroth found himself in the equivalent of a trench war. “We have just got to begin at the beginning instead of trying short-cuts to cures,” Wright said. He took several steps back, refocusing his laboratory on a systematic study of exactly what happened during wound infections, hoping that if they could discover precisely where the infecting bacteria came from, how infections started and how they proceeded, and how the body fought back, a point could be found to attack and defeat the infection.

			Their first discovery was that the British had prepared for the wrong war. The empire’s approach to battlefield medicine was based on what had been learned during the Boer War in South Africa fifteen years earlier. There the British physicians had carefully treated wounds with the most modern and systematically applied antiseptics, washes and ointments, topical medicines that killed bacteria on contact, and sterile surgical techniques. It seemed to work. Wound infections had not presented a major military problem in the Boer War. The doctors thought they had solved the problem.

			They were wrong. Their techniques worked only because of the nature of the South African dirt and the types of wounds the men suffered. The Boer War took place mostly in the dry, rocky veld; British soldiers were generally injured by high-velocity Mauser bullets shot at a distance by Boer farmers. The wounds were relatively simple and clean. Treatment with a bit of antiseptic and the right dressing led to quick cures. Flash forward more than a decade to Flanders, to European farmland soaked with fall rains, and to wounded arriving shredded by shrapnel, and none of the African techniques worked. The explosive shells of World War I drove muddy, richly manured soil deep into ragged cavities in the flesh. Like the German soldiers in the Ukraine, the British wounded in Flanders often fell into stagnant water pooled in the bottoms of bomb craters, and there they would lie for hours, sometimes days, before evacuation. In Flanders there was no such thing as a clean wound. Wright’s group found that the dirt in the wounds was alive with fecal bacteria common to horses and cows. They found that it was impossible to clean the wounds effectively. They found most wounds heavily colonized within a day or two by a dozen kinds of barnyard bacteria, several of which were able to cause deadly infections, including the germs that caused tetanus and gas gangrene; various strains of Staphylococcus and Streptococcus; a miscellany of other fecal and skin bacteria. By the time a doctor saw the soldiers, it was already too late as far as infection went; the wounds were dangerously septic from the very start. This, Wright believed, was why his vaccines did not work: There were too many kinds of bacteria involved, there too many targets to attack even with a mixed vaccine, the bacteria were too well established by the time the vaccine could be administered.

			Then Wright’s group showed that gangrene infections were the result of a stepwise process. Through a series of what one historian calls “very elegant experiments” using a seemingly limitless number of wounded men as, in a sense, laboratory animals, they tracked the progress of infection, gathering daily samples of tissue and fluids, assaying the types and numbers of bacteria, measuring the body’s immune response by counting the numbers of white blood cells present at various sites in the wound, then matching their findings to the patients’ general health. They found tetanus bacteria growing in the wounds of a third of the patients, strep in half of them, and the organism that causes gas gangrene in 90 percent. They found that the infections often started with the men’s soiled clothing: The shells blasted muddy cloth into the wound, giving the bacteria in the dirt an excellent place to start growing. They drew blood and mixed it with feces, simulating the bacterial array found in the fields, then put the mixture in a special flask they made by heating the bottom of a test tube in a flame until it was soft, and drawing the glass out to a half dozen points, making hiding spots for bacteria, a simulacrum of a deep, ragged wound. When they added antiseptics to the flask, they found that even enormous doses failed to kill bacteria in those hiding spots. Dousing deep wounds with even the strongest antiseptics, in other words, was not going to stop wound infections in Flanders. They found that a few bacteria always escaped in deep crevices, and that the human body quickly washed the antiseptics away in any case, “quenching” their power to kill bacteria with blood serum and lymph. Because strong antiseptics killed human cells just as well as they killed bacteria, applying them to deep wounds was actually counterproductive, because the antiseptics killed many of the body’s key defenders, white blood cells called leucocytes, along with the bacteria. It was essential to keep those white blood cells alive and active. “The leucocyte is the best antiseptic,” Sir Almroth would tell any surgeon who would listen to him. His tests showed that the antiseptics they were pouring into wounds were not only missing a lot of bacteria but were making things worse by throwing off the proper immune response. In order to kill every dangerous germ in a deep wound, Sir Almroth figured, it would be necessary to pump in enough antiseptic to kill the patient.

			So his group focused on ways to keep the immune system as healthy as possible. They invented new techniques as they went, instruments for probing and sampling wounds (including the unfortunately named “lymph leech”) and for testing for and analyzing bacteria and white blood cells.

			Then they started trying to tell surgeons what to do. It was normal surgical procedure to close wounds tightly as soon as possible; Wright’s research showed they were better off keeping the wounds open to the air. It was normal procedure to dress the wounds tightly and change the dressings daily in an attempt to keep things dry; Wright’s research indicated that leucocytes thrived in moist wounds, which meant that the daily changing of bandages was not only exquisitely painful (the old bandages often adhered when they were pulled off) but increased the risk of infection. He recommended gauze soaked in salt water rather than dry bandages—bacteria hated salt, but leucocytes did fine if the concentration was right—plus, a damp salt dressing drew liquid from the wound, keeping fresh fluids flowing from the body, encouraging leucocytes and washing out bacteria. The old system of bandaging was all wrong; Wright’s group came up with new methods and invented a new kind of bandage made from perforated celluloid to cover the gauze, allowing the wound to breathe.

			And that was a critical point. Getting air to the wound was vital. While some wound-infecting germs (like strep) lived in the air, gas gangrene germs, the worst of the invaders, were known to be a species of anaerobe, bacteria that reacted to oxygen as if it were poison. Gas gangrene germs needed airless places to grow, while the body’s tissues thrived on oxygen-rich air. If the goal was to prevent a gas gangrene infection, one of the worst things you could do was to cut off the air to a wound. It created an ideal growth environment for the bacteria.

			And here was perhaps the most important thing Sir Almroth’s group discovered: Wound infections proceeded in stages. First the new, open wound was colonized by aerobic bacteria, strep and staph, which grew quickly in a variety of tissues and loved oxygen. This first wave of infection would scavenge all the oxygen from a wound, clearing the way for anaerobes like gas gangrene germs, which then set up shop—especially in tightly closed wounds—and finished off the patient. Strep infections, his group discovered, were the underlying problem. They figured that 70 percent of the deaths from wound infections could be traced back to strep. If they could stop strep, they could stop wound infections. But they could not. For some unknown reason, no vaccine had ever worked against strep. And no drug existed that could stop a strep infection—or any bacterial infection—once it started in the body. Close the wound tightly and you risk gas gangrene. Leave it open and you invite in strep. The problem was more complex than anyone had thought.

			Now that he had found what he thought was the key to wound infections—and found that he could not come up with a way to directly switch the process off—Wright focused on what could be done around the edges. He tried to get the surgeons to change their operating techniques. The surgeons’ inclination was to leave tissue as intact as possible, then close as tightly as possible. But Wright’s research showed that germs thrived in damaged or dead tissue; therefore it was necessary for surgeons to get more aggressive, cut out anything questionable, carve out a wound until it was free of hidden dirt and recesses, down to tissue you knew was healthy, down to the bone if necessary. Then keep the wound open for a while. Only after a few days, once it had clearly been shown that there was no infection, should a wound be closed to prevent any chance of further infection. “Close to sterilize,” Wright wrote, “rather than sterilize to close.”

			He railed against the fast, wholesale evacuation of the wounded back to England. This, he felt, placed an undue strain on the patients during what might be the most important phase of recovery. The wounded needed to be kept in one place under proper treatment until the danger of infection passed, he argued; sending a patient with a tightly closed, dirty wound to England was often tantamount to sending him off to die.

			Wright was very sure of his results and had no qualms about setting the surgeons straight as forcefully and directly as possible. At first the surgeons simply refused to listen. They were already overworked, thrown into the war, one day running a private practice in London where they might do a half dozen surgeries in a full afternoon, the next day in France cleaning and closing thirty or forty a day. The surgeons were proud of their ability to close with exquisitely small glovemaker’s stitches; the best of them were proud of their ability to stitch below the top layer of skin to avoid scarring. The surgeons liked to leave the patient as intact as possible; as one surgeon said, “If I were to trim away all the badly damaged tissue in some cases, I should have to trim away half my patient.” The surgeons believed in dousing everything inside and out in antiseptic. The administration wanted to ship the wounded back to England as soon as possible to clear desperately needed room for more.

			It was all very depressing. With his research stalled, Sir Almroth wrote a friend, “I rather envy the people who are called to do something that is really worth doing, like dressing wounds or shooting Germans.” Instead he spent his time trying to persuade the surgeons that what they were doing was more or less completely wrong. Domagk might have paid attention, but the skilled British surgeons at Boulogne were disinclined to listen to a twirler of test tubes. Even if they did listen, Wright’s techniques would slow the necessary movement of patients through the hospital. The flood of wounded was too great to allow them to lie around for weeks with those salt-soaked gauze dressings. There simply were not enough beds in France. Everyone was being overwhelmed in a tidal wave of wounded.

			It was not long before the Boulogne hospital administration requested that Wright himself be shipped home. But even if the surgeons were not interested in his findings, the Royal Army Medical Corps was. He was not transferred from his post, and his laboratory was kept intact. Eventually, as the war raged on and the thousands of wounded swelled into millions, his ideas began to have an effect.

			The first change was the removal of more tissue in the operating room. Instead of saving every scrap of skin and tissue possible, surgeons switched to a new policy of cutting the skin back a quarter inch all the way around the wound, then exploring with the fingers—in Boulogne, at least, fingers that were often sheathed in sterile rubber gloves—cutting and scraping away all damaged tissue with a sharp, spoonlike curette, and finally scrubbing the wound thoroughly with gauze soaked in antiseptic. Wright believed that the first goal was to get as close as possible to “clean wound” in which bacterial levels were low enough to allow the body’s own leucocytes to finish off the remainder. Given the limitations of antiseptics, this was the only approach that promised a cure. Researchers in World War I looked at bacterial infections like wars, in which competing armies tried to eradicate each other. If the patient won, the infection was over. If the bacteria won, the patient died. Wright’s approach was to tip the scale toward the patient in as many ways as possible.

			Wright welcomed the changes but still believed that surgeons tended to overuse antiseptics. The ultimate expression of surgical care during World War I was the “Dakin-Carrel Treatment.” Parts of it took into account Sir Almroth’s findings, parts did not. It was a three-step procedure: First open the wound wide and clean out all foreign bodies, dirt, and dead tissue; then flush and irrigate the wound constantly with a solution of bleach and boric acid (a pink liquid similar to commercial cleaning and laundering solutions) delivered via yards of rubber tubing inserted into various depths of the wound; and finally probe and sample the wound daily to track bacterial growth. It was a nightmare to administer—and to be administered to. The incisions seeped and oozed, the antiseptic burned; dressings had to be changed daily, and every change required resetting the tubes. Abdominal wounds were flushed with syringefuls of antiseptic every
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