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For Bob Lauder




On this earth there are plagues and there are victims, and it’s up to us, as much as possible, not to join forces with the plagues.


—Albert Camus, The Plague, 1947


I think any industry producing meat for almost the price of bread has got a big future.


—Henry Saglio, to the U.S. House of Representatives, 1957




PROLOGUE


EVERY YEAR I SPEND SOME TIME in a tiny apartment in Paris, seven stories above the mayor’s offices for the 11th arrondissement. The Place de la Bastille, the spot where the French revolution sparked political change that transformed the world, lies 10 minutes’ walk down a narrow street that threads between student nightclubs and Chinese fabric wholesalers, and twice a week, hundreds of Parisians crowd down it, heading to the marché de la Bastille, stretched out along the center island of the Boulevard Richard Lenoir.


You can hear the market blocks before you reach it, a low hum of argument and chatter punctuated by dollies thumping over the curbstones and vendors shouting deals. But before you hear it, you can smell it: the funk of bruised cabbage leaves underfoot, the sharp sweetness of fruit sliced open for samples, the iodine tang of seaweed propping up rafts of scallops in broad rose-colored shells. Threaded through them is one aroma that I wait for. Burnished and herbal, salty and slightly burnt, it has so much heft that it feels physical, like an arm slid around your shoulders to urge you to move a little faster. It leads you to a tented booth in the middle of the market, and to a line of customers that wraps around the tent poles and trails down the market alley, tangling with the crowd in front of the flower-seller.


In the middle of the booth, there is a closet-sized metal cabinet, propped up on iron wheels and bricks. Inside the cabinet, there are flattened chickens, speared on rotisserie bars that have been turning since before daylight. Every few minutes, one of the workers detaches a bar, slides off its dripping bronze contents, slips the chickens into flat foil-lined bags, and hands them to the customers who have endured to the top of the line. I can barely wait to get mine home.


The skin of a poulet crapaudine—named because its spatchcocked outline resembles a crapaud, a toad—shatters like mica; the flesh underneath, basted for hours by the birds dripping onto it from above, is pillowy but springy, imbued to the bone with pepper and thyme. The first time I ate it, I was stunned into happy silence, too intoxicated by the experience to process why it felt so new. The second time, I was once again delighted—but then, shortly afterward, sulky and sad.


I had eaten chicken all my life: in my grandmother’s kitchen in Brooklyn, at my boarding school in Surrey, in my parents’ kitchen in Houston after my father’s corporate moves brought them to the place they would live out their lives. I thought I roasted a chicken pretty well, myself. None of them had ever tasted like this, mineral and lush and direct. The chickens I’d grown up eating had tasted like whatever you added to them: canned soup in my grandmother’s fricassee, her party dish; carrots and cabbage at school dinner, while the nuns prowled to make sure we held our forks correctly; lemon juice, when my mother worried about my father’s blood pressure and banned salt from the house. This French chicken tasted like muscle and blood and exercise and the outdoors. It tasted like a thing that it was too easy to pretend it was not: like an animal, like a living thing.


We have made it easy not to think about what chickens were before we find them on our plates, or pluck them from supermarket cold cases. I live, most of the time, in Atlanta, the economic capital of the southern United States. Less than an hour’s drive away is Gainesville, Georgia, the self-described “Poultry Capital of the World,” where the modern chicken industry was born. Georgia raises 1.4 billion broilers a year; if it were an independent nation, it would rank in chicken production somewhere near China and Brazil. Yet you could drive around for hours without ever knowing you were in the heart of chicken country, unless you happened to get stuck on a farm road behind a truck carrying birds from the remote solid-walled barns they are raised in to the gated slaughter plants where they are turned into meat.


The ways that we have hidden chickens—from view, as we raise them, and from our perceptions when we eat them—mask the things that we did to them in order to turn them into what is soon to be the most-consumed animal protein in the world. The skittish, active bird of 100 years ago is overwhelmingly now a fast-growing, slow-moving, docile block of protein, as musclebound and top-heavy as a bodybuilder in a kid’s cartoon. Chicken’s transformation is due to many things: to breeding that prioritized tasty muscle over strong bones or robust immune systems, to precision nutrition that packs on the most weight for the least cost—but, more than anything, it is due to antibiotics. Chickens were the first meat animals to receive antibiotics routinely, out of a post-World War II effort to feed the world despite the destruction of farmland and infrastructure, and poultry’s success in adding the drugs to diets gave the rest of the meat industry a model to follow. At this moment, most meat animals, across most of the planet, are raised with the assistance of doses of antibiotics on most days of their lives: 63,151 tons of antibiotics per year, about 126 million pounds.


Antibiotics were added to feed first because they allowed animals to convert feed to flesh more efficiently; when that result made it irresistible to pack more livestock into barns, antibiotics protected animals against the likelihood of disease. Those discoveries, which began with chickens, created “what we choose to call industrialized agriculture,” as an American historian proudly wrote in 1971. Chicken became abundant, and then ubiquitous, and then dangerous: the meat most likely to transmit both foodborne illness and antibiotic resistance, the greatest slow-brewing health crisis of our time.


The industrialization of chicken is an American invention, but recognition of its hazards arose first from tragedies in England, and from the fierce insistence of a few British scientists that the dangers of farm antibiotic use could not be accepted as the cost of making protein cheap. The United Kingdom was the first place to impose controls on how farm antibiotics can be used and sold, setting a model for how European countries would regulate farm operations and value animal welfare. Now, that confrontation with the unintended costs of modern meat has come full circle, and American industry has heeded the warnings of decades. Under pressure from chefs and consumers, and out of a growing sense of its own neglected responsibility, industrial poultry production has begun relinquishing antibiotic use, and reshaping how it farms, and that new model in turn is propagating across the globe.


This is a story woven from two parallel narratives: how we entered into routine antibiotic use and then questioned it, and how we created Big Chicken and then reconsidered it—and what those histories reveal about what we elevate, and sacrifice, when we decide how to raise our food. To report it, I met with farmers in a dozen American states, and in Europe and Asia; and with chemists, lawyers, historians, microbiologists, bureaucrats, disease detectives, politicians, chefs, and stylish French poultry-sellers.


There was a time when any chicken was as safe, and as full of integrity and flavor, as my sidewalk Paris poulet. With enough attention—to the pressure of markets, the protein needs of the world, the risks of diseases, the welfare of animals, and to our authentic desire to eat something delicious—it can be again.




PART 1


How Chicken Became Essential
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CHAPTER 1


ILLNESS, AND A BAD YEAR


RICK SCHILLER HAD NEVER FELT SO SICK.


Schiller was 51, and a big man, 6′1″ and 230 pounds. He had a black belt in tae kwan do; he worked out; he had never been hospitalized in his life. But on the last morning in September in 2013, he was lying on a gurney in an emergency room in his hometown south of San Jose, California, broiling with fever, writhing in pain, and staring in disbelief at his right leg. It was swollen to three times its normal size, purple and hot, so puffed and hard with inflammation it felt like it would pop.


It was the leg that had forced Schiller to the emergency room. Pain like fire had woken him at 3 a.m., and when he pulled back the covers to see what was wrong, he yelled. His fiancée, Loan Tran, shrieked. They rushed out of the house, him hopping in his underwear and bracing his hands against the walls, her trying to fold down the seat in his sports car to make room for the rigid, log-like limb. At the hospital, a crowd of health care workers levered him out of the car, threw him onto a gurney, skidded him into a room, and plugged in fluids and morphine. It was before dawn on a Monday morning, normally a quiet time in an ER, and a physician arrived quickly, carrying a sterilized syringe in a tray.


The resident told Schiller that the swelling was so severe they were afraid his skin would split. “I have to tap your leg to relieve the pressure,” she said. Schiller nodded, gritting his teeth. She punctured the taut surface with the tip of the needle and slid it in, expecting a gush of blood or pus that would push the plunger back into her hand. Nothing came out. She frowned, asked a nurse for a syringe with a wider needle, and probed again, looking for a pool of blood trapped in a blood vessel, or a pocket of infection making his leg balloon. Still nothing. She asked for one more syringe—Schiller remembers the needle being the width of a pencil lead—swabbed and pierced his skin a third time, and then tugged the plunger back gently. He heard her gasp. He looked down. The barrel was filled with something red and heavy. He thought it looked like meat.


Hours later—packed in ice for the fever, muzzy headed from sedatives, with the leg as hard as ever—Schiller tried to piece together what had happened. He thought it had started 10 days earlier with a late-night fast-food snack: a sandwich, tacos, and a milkshake. It had tasted funny, and he hadn’t finished it, which was rare for him. He’d started throwing up after midnight and had been sick ever since, with vomiting and explosive diarrhea, so nauseated he could barely keep down water.


Between that night and this morning, he had gone to a local emergency room and had also sought help from his primary care doctor. His doctor took a stool sample, in case Schiller had picked up a gut bug, but said he ought to be better in a few days. He didn’t get better. He lay flat on the couch, staggering unsteadily between living room and bathroom and barely eating. Just a day earlier, though, he had turned a corner: His appetite perked up. He asked his fiancée to make him some soup and ate a few spoonfuls and a couple of crackers. Then he had conked out, exhausted again, until the throbbing in his leg woke him.


Tapping his leg with the needles hadn’t revealed what was wrong, and neither did a quickly ordered ultrasound, or sending him to radiology for an emergency MRI. There was no abscess that could be emptied, no blood clot to be dissolved, nothing to explain the roaring fever and swelling. Now the staff was waiting for the drugs they had given him to start working and for the test results to arrive, so that someone could make decisions about what they should try next.


Schiller shook with pain and exhaustion, huddled in a nest of blankets in an exam room while the ER woke up around him. He had kept his phone when they took his clothes away, and he slid it out and thumbed open the recording app. His voice was rough from vomiting and fear, but he tried to keep it steady. “Q,” he said, using his pet name for his fiancée, “this is my last will and testament. I think I’m going to die.”
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WHEN SCHILLER WOKE UP LATER that day in a hospital bed, his leg was still painful and hard. It was obvious that somewhere in his body, he was harboring an infection that had spilled over into his bloodstream. His immune system had recognized the invader and reacted to it; that response triggered the fever and the inflammation that disrupted his circulation and puffed up his leg. When they admitted him, the medical staff had plugged broad-spectrum antibiotics into his IV, drugs that can counter many types of disease-causing bacteria. Now it was a waiting game to see whether those drugs had any effect, and whether the hospital’s lab could culture any bacteria from his blood and determine a better treatment.


After another day, the swelling abated. Schiller was up, bracing himself against the bed and trying to put weight on the bad leg, when his cell phone rang. It was his primary care doctor, calling with the results of the test he had ordered when Schiller had arrived with vomiting and diarrhea, before the emergency dash to the ER.


His doctor said: “Do you realize you’ve got salmonella poisoning?”


Schiller answered: “Do you realize I’m in the hospital and I almost died?”


His doctor hung up and rang the hospital physician overseeing Schiller’s care. They would not have to wait any longer for test results now. Salmonella is a common cause of foodborne illness that every year sickens 1 million people in the United States and almost 100 million around the world. Most people recover after a week of misery; but each year in the United States, some unlucky thousands end up in the hospital, and almost 400 people die. Knowing for sure what was making him sick allowed the medical staff to tailor his treatment. A few days later, sore and shaky and depleted, but with the fever gone and the leg almost usable, Schiller went home.


All along, Schiller had blamed his illness on the fast-food meal he consumed the day his symptoms started. A few weeks later, a call from an investigator from the state health department shifted his understanding of how he got sick. Her name was Ada Yue, and she wanted to know more about his infection. He told her about the fast food, how he ate it one evening and started throwing up the same night, but over the phone, he could hear her shaking her head. “The timing doesn’t work out,” she told him. “It takes longer than that.”


Yue explained that salmonella takes days to develop in the body’s system once the person has swallowed whatever food is contaminated with it; it wasn’t possible to develop symptoms as serious as his in just a few hours. So she wanted to ask him a few questions about where he had shopped and eaten in the weeks before he got sick. It turned out to be a lot of questions. When he asked why so many, she said other people, in other towns in California, had gotten sick at about the same time, and it was possible that the same food had caused the illnesses in all of them. The Centers for Disease Control and Prevention, the U.S. federal agency that monitors the occurrence of illness around the country, was working with the state health department to try to narrow down the possibilities. They were zeroing in on a few foods that might be the culprits. She wanted to know if Schiller could recall any details about grocery shopping just before he fell ill. She especially wanted to know whether he had bought any chicken.
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UNTIL THAT PHONE CALL, Schiller had no way of knowing that he was not alone in his illness. He was part of a foodborne epidemic, one of the largest and longest on record. Before it was over, it would stretch across 29 states and Puerto Rico and sicken 634 known victims, along with possibly thousands more whose illnesses were never diagnosed.


The first sign of something going wrong arrived a few months before he got sick, in June 2013. A computer program operated by the CDC pinged an alert: Something was happening in salmonella in the western states. There were an unusually high number of cases of a particular strain, Salmonella Heidelberg, and a particular type within that strain that researchers knew as 258.


The CDC program that detected the anomaly, PulseNet, could not do much more than sound an alarm about a possible outbreak because it had no details on the cases. PulseNet does not interview patients or doctors. Instead it sifts through images of patterns made by the DNA of foodborne organisms, taken from patients when they are diagnosed. PulseNet is named for the lab technique that produces the patterns: pulsed-field gel electrophoresis (PFGE), which breaks apart an organism’s DNA and uses electrical current to tug the genetic material through a sheet of gel. The pattern PFGE produces looks like an inventory bar code, and like a bar code, it can accommodate many subtle differences, making it a good vehicle for differentiating the many strains and subtypes of foodborne organisms. Epidemiologists refer to the bar codes as fingerprints—and just like a perpetrator’s fingerprint left at a crime scene, PFGE patterns can help scientists recognize when an organism has caused an outbreak.


Once, it was easy to know when a food was responsible for illnesses, because cases naturally clustered near each other. If a hundred people who drank from the same well or ate at the same church supper got sick, someone in that community would notice and tell someone in authority. But across the latter half of the 20th century, food production became more complicated: first through better shipping, then through corporate consolidations, and finally through the kind of economic maneuvers that made it reasonable to raise and slaughter an animal on one coast and eat it on the other side of the country, or grow and harvest fruit in one hemisphere and ship it halfway around the world to be sold. If a food was contaminated at the place where it was killed or packed or processed, and then was distributed over hundreds or thousands of miles, the cases of illnesses it caused would appear random. PulseNet’s ability to compare DNA fingerprints drew links between them, even if they were far apart in distance or time.


By the time Schiller lurched into the San Jose emergency room, the CDC was pursuing a trail of clues. Its epidemiologists knew that 278 people had fallen ill since March. They were as young as infants and as old as 93, and they lived in 17 states—all over the country, as far south as Florida and as far east as Connecticut. No one had died, but almost half of the victims had been hospitalized, an unusually high percentage for salmonella. In bacterial samples taken from victims and grown in labs to be analyzed, the same fingerprints kept recurring. More than 100 of the sick had filled out lengthy questionnaires like the one Schiller had answered to narrow down possible culprits. The food that kept surfacing was chicken.


The Food and Drug Administration (FDA) had delved into its own records, analyses of foodborne-illness bacteria retrieved from meat purchased in supermarkets around the country, and had found the same genetic fingerprint in Salmonella from chicken. And the U.S. Department of Agriculture (USDA) was zeroing in on a slaughter plant that might be responsible—a plant that belonged to a company that packaged the brand of chicken that the sick people had eaten and that the FDA’s database had recorded.


There was an extra aspect to the outbreak that made the investigation feel urgent. The Salmonella bacteria responsible were not only causing more serious illness than was usual. They were also displaying antibiotic resistance to a wide range of common drugs: ampicillin, chloramphenicol, gentamicin, kanamycin, streptomycin, sulfa drugs, and tetracycline. The epidemic that had swept Schiller into its grip was a demonstration of how bacteria resistant to antibiotics, which the United Nations calls “the greatest and most urgent global risk,” are spreading by means of food.
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FOR MOST PEOPLE, antibiotic resistance is a hidden epidemic, unless they have the misfortune to contract an infection themselves or have a family member or friend unlucky enough to become infected. Drug-resistant infections have no celebrity spokespeople, negligible political support, and few patients’ organizations advocating for them. If we think of resistant infections, we imagine them as something rare, occurring to people unlike us, whoever we are: people who are in nursing homes at the end of their lives, or dealing with the drain of chronic illness, or in intensive-care units after terrible trauma. But resistant infections are a vast and common problem that occur in every part of daily life: to children in day care, athletes playing sports, teens going for piercings, people getting healthy in the gym. And though common, resistant bacteria are a grave threat and getting worse. They are responsible for at least 700,000 deaths around the world each year: 23,000 in the United States, 25,000 in Europe, more than 63,000 babies in India. Beyond those deaths, bacteria that are resistant to antibiotics cause millions of illnesses—two million annually just in the United States—and cost billions in health care spending, lost wages, and lost national productivity. It is predicted that by 2050, antibiotic resistance will cost the world $100 trillion and will cause a staggering 10 million deaths per year.


Disease organisms have been developing defenses against the antibiotics meant to kill them for as long as antibiotics have existed. Penicillin arrived in the 1940s, and resistance to it swept the world in the 1950s. Tetracycline arrived in 1948, and resistance was nibbling at its effectiveness before the 1950s ended. Erythromycin was discovered in 1952, and erythromycin resistance arrived in 1955. Methicillin, a lab-synthesized relative of penicillin, was developed in 1960 specifically to counter penicillin resistance, yet within a year, staph bacteria developed defenses against it as well, earning the bug the name MRSA, methicillin-resistant Staphylococcus aureus. After MRSA, there were the ESBLs, extended-spectrum beta-lactamases, which defeated not only penicillin and its relatives but also a large family of antibiotics called cephalosporins. And after cephalosporins were undermined, new antibiotics were achieved and lost in turn.


Each time pharmaceutical chemistry produced a new class of antibiotics, with a new molecular shape and a new mode of action, bacteria adapted. In fact, as the decades passed, they seemed to adapt faster than before. Their persistence threatened to inaugurate a post-antibiotic era, in which surgery could be too dangerous to attempt and ordinary health problems—scrapes, tooth extractions, broken limbs—could pose a deadly risk.


For a long time, it was assumed that the extraordinary unspooling of antibiotic resistance around the world was due only to misuse of the drugs in medicine: to parents begging for the drugs even though their children had viral illnesses that antibiotics could not help; physicians prescribing antibiotics without checking to see whether the drug they chose was a good match; people stopping their prescriptions halfway through the prescribed course because they felt better, or saving some pills for friends without health insurance, or buying antibiotics over the counter, in the many countries where they are available that way, and dosing themselves.


But from the earliest days of the antibiotic era, the drugs have had another, parallel use: in animals that are grown to become food. Eighty percent of the antibiotics sold in the United States and more than half of those sold around the world are used in animals, not in humans. Animals destined to be meat routinely receive antibiotics in their feed and water, and most of those drugs are not given to treat diseases, which is how we use them in people. Instead, antibiotics are given to make food animals put on weight more quickly than they would otherwise, or to protect food animals from illnesses that the crowded conditions of livestock production make them vulnerable to. And nearly two-thirds of the antibiotics that are used for those purposes are compounds that are also used against human illness—which means that when resistance against the farm use of those drugs arises, it undermines the drugs’ usefulness in human medicine as well.


Resistance is a defensive adaptation, an evolutionary strategy that allows bacteria to protect themselves against antibiotics’ power to kill them. It is created by subtle genetic changes that allow organisms to counter antibiotics’ attacks on them, altering their cell walls to keep drug molecules from attaching or penetrating, or forming tiny pumps that eject the drugs after they have entered the cell. What slows the emergence of resistance is using an antibiotic conservatively: at the right dose, for the right length of time, for an organism that will be vulnerable to the drug, and not for any other reason. Most antibiotic use in agriculture violates those rules. Resistant bacteria are the result.


Experimenters began trying the then new miracle drugs in animals almost as soon as antibiotics were achieved in the lab in the 1940s—and concern about that use dates just as far back. From the start, in protests that were downplayed for decades, a few perceptive researchers warned that resistant bacteria would arise in livestock, find a way off farms, and move silently through the wider world. The shortest route off farms is in the meat that animals eventually become: In the year Schiller got sick, 26 percent of the Salmonella found on supermarket chicken by government testing was resistant to at least three separate families of antibiotics. But resistant bacteria also leave farms in manure, in storm runoff, in groundwater, in dust, and via the skin and clothes and microbial hitchhikers of people who work on farms and live there. When those organisms escape, they disperse in a manner that is impossible to track, and they cause illness and alarm far from the farms where they originated.
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WHILE THE CDC’S SCIENTISTS were tracing the salmonella outbreak that had Schiller in its grip, a set of researchers on the other side of the world were pursuing another resistant pathogen. Scientists in China had been running a project in which they checked hogs raised on intensive farms—the kind of properties where animals are confined permanently in buildings and antibiotics are used routinely—to see whether they were carrying resistant bacteria. In July 2013, they found a pig outside Shanghai harboring a strain of the bacterium Escherichia coli in its manure. That was normal, because E. coli’s multitude of strains make their homes in the guts of most animals. But the content of this E. coli was unusual and alarming. It was hiding a gene no one had seen before, conferring resistance to a drug called colistin.


If colistin sounds unfamiliar, there is a reason. It is an old drug, discovered in 1949, and for decades medicine disdained it as a clumsy, toxic relic of a cruder era of chemistry. Physicians rarely used it, and no one prescribed it outside of hospitals. But because colistin sat for so long at the back of the shelf, disease organisms never encountered it either, and never developed defenses against it. In the mid-2000s, the advance of resistance undermined a critical, powerful class of drugs called carbapenems, which are used to cure multidrug-resistant organisms—Klebsiella, Pseudomonas, Acinetobacter—that cause dire infections in hospitals. Against these newly hardy bacteria, colistin was the only antibiotic that still worked reliably. Suddenly the clunky, unwanted compound from the past was crucial to preserve.


There was one catch, however: While medicine had been disdaining the drug, agriculture had adopted it. Because colistin was an old compound, it was cheap, so it made an inexpensive preventative for the kind of gut and lung infections that could happen to animals in crowded barns. Colistin is not used in animals in the United States, but European and Asian countries used millions of pounds each year. No one thought this was a problem, because medicine had not wanted the drug and because resistance seemed unlikely to develop, requiring a genetically tricky maneuver that no one had ever observed.


But what the Chinese researchers found in 2013 upended the serene assumption that colistin was secure. The new gene they found in the pig was on a plasmid, self-contained loops of DNA inside a cell that spread not just by inheritance when cells divide, but by jumping from one bacterium to another. This meant that colistin resistance could be disseminating through the bacterial world unnoticed—and in fact, it was. Within three years, epidemiologists in Asia, and in Africa, Europe, and South America, would identify the resistance-conferring gene in animals, the environment, and people in more than 30 countries.


That included the United States. The resistance-conferring gene, dubbed MCR, appeared first in a woman in Pennsylvania who was carrying it unknowingly, and then in men in New York and New Jersey who also did not know they were carriers, and then in a Connecticut toddler, and more. None of those people were ill with colistin-resistant infections; that was true for most of the people carrying the rogue gene. Rather, they were an epidemic waiting to ignite, held in abeyance because the use of colistin in medicine was still rare. The spread of colistin resistance across the world was a time bomb with a fuse of uncertain length, and it had been created and disseminated by antibiotic use on farms.
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ONE OTHER THING WAS HAPPENING in autumn 2013 while the CDC was grappling with drug-resistant salmonella and the Chinese microbiologists were pursuing colistin resistance. The U.S. government, for the first time in its history, was moving to put federal controls on agricultural antibiotics.


The United States was late to this. England recognized the danger in the 1960s, and most of Europe followed its lead beginning in the 1980s. Copying those countries, the FDA had made one attempt in 1977, but it was defeated by congressional interference and never tried again. Thirty-six years later, emboldened by the election of President Barack Obama, the agency proposed making one type of agricultural antibiotic use, the weight-conferring doses known as growth promoters, illegal in the United States.


The FDA would have a battle ahead of it. American farm animals were consuming 32.6 million pounds of antibiotics in 2013, four times what human patients were receiving. But the agency also had irrefutable evidence that curbs were needed. Not only was resistance rising; for the first time, no new drugs were entering the market to replace the ones being lost. Pharmaceutical companies were contending that antibiotics were no longer profitable to make, and they had good reasons. By widely accepted industry math, it takes 10 to 15 years, and about a billion dollars, to get a new drug to market—but resistance was using up antibiotics so quickly that companies could not recoup their investments or collect any profit before a drug lost effectiveness. And if a new drug was so effective that medicine elected not to deploy it but to hold it on the shelf against a future emergency, then the companies made back nothing at all.


The FDA locked in its new policy in December 2013. It gave agriculture three years to adapt to relinquishing growth promoters and bringing other antibiotic use under the control of veterinarians. Its reforms became final on January 1, 2017, but how effective they might be will not be proven for years.
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THE EVENTS OF AUTUMN 2013—the massive salmonella outbreak, the recognition of colistin resistance, and the U.S. government’s belated attempt to exert some control over farm antibiotic use—mark a turn in a story that has been unfolding for almost 70 years. Antibiotics were first added to animal feeds in the late 1940s, in the surge of soaring confidence in science that followed the end of World War II. They remained a crucial component of meat production for decades even though more and more voices warned against the practice: first lone scientists who were mocked for raising the alarm, then small report-writing committees, then large medical societies, and finally governments, attempting to defy one of the largest, most globalized industries in the world.


Antibiotics have been so difficult to root out of modern meat because, in a crucial way, they created it. The drugs made it irresistible to load more animals into barns and protected animals and their growers from the consequences of that crowding. The escalating spiral of production drove down prices, making meat a cheap commodity, but it also drove down profits, undermining independent farmers and fostering the growth of global corporations.


That history, beginning with the positive effects of antibiotics on agriculture and continuing with their much more abundant negative ones, is most evident in the parallel story of poultry. Chickens were the first animals to receive what came to be called growth promoters, and the first in which scientists demonstrated that daily antibiotic doses could protect birds from diseases of close confinement. They are the animals most transformed by the post–World War II mission to feed the world at any cost. Today, a meat chicken’s slaughter weight is twice what it was 70 years ago and is achieved in half the time. Across those decades, chickens went from a scarce and expensive Sunday treat to the meat that Americans eat more often than any other and that is growing fastest in consumption around the world. Until recently, the transformation of chicken was a point of pride. “Here is good news for both farmers and meat eaters. Antibiotics provide more meat with less feed,” Fortune magazine reported in 1952. The USDA boasted in 1975: “Broiler production is industrialized in much the same way as the production of cars.”


Yet after the events of 2013, chicken turned against its own history. Some of the largest production companies in the industry renounced antibiotic use. Some of the largest food service retailers in the United States committed to carrying only birds raised without routine drugs. Medical centers, college campuses, school systems, and restaurant chains joined the refusal, pushed by advocates and by parents who had awakened to the danger to their kids. At a point where the cattle and hog industries were digging in their heels to resist FDA policies, poultry rushed to the front of the line and called it a parade.


The intertwined histories of the advent of agricultural antibiotics, and the rise and transformation of chicken, are mostly a story of hubris: of the romance of innovation, the seduction of profit, and the failure to anticipate unintended consequences. But they also tell a story of how an industry can assess its own dark past and adjust its path, and they offer hope that food production in the rest of the world might be kept from sickening millions more victims like Rick Schiller, and from making the same mistakes that the United States and Europe made.


To understand both stories, it is necessary to go back to their beginnings: to the earliest days of the antibiotic era, and a moment when it was urgent to find a new way to feed the world.




CHAPTER 2


BETTER LIVING THROUGH CHEMISTRY


IN ALL THE ARGUMENTS that erupted afterward, everyone agreed on this: The chickens gained weight.


It was Christmas Day, 1948. The streets of Pearl River, New York, a small town 20 miles outside Manhattan on the New Jersey border, were very quiet, and the halls of Lederle Laboratories even more so. There was a skeleton crew at the 500-acre campus: the minimum necessary number of laboratory staff nipping in and out to monitor equipment and make sure that experimental animals were fed. Thomas Jukes did not plan to spend much time there himself. He had told his lab assistant to take the holiday off, arguing that the task that had to be performed on this day would take only a few minutes. All he needed was to slip into the animal colony, corner the 133 juvenile chickens that made up his experiment, and weigh them. He expected that it would not take long.


He probably did not expect to change the world.


Jukes was British, slender and dark haired, with alert eyes behind oversized glasses: an energetic, self-made man who had left home at age 17, immigrated to Canada, and worked on a farm and in factories in Detroit to amass enough money for college. He had earned a degree at Ontario Agriculture College—sleeping, at one point, on a cot in the poultry building—and, after that, a Ph.D. in biochemistry at the University of Toronto’s medical school, studying the immune systems of chickens and ducks. In 1933, he migrated across the continent for a postdoctoral appointment at the University of California, Berkeley. But the collapse of government budgets in the depths of the Great Depression drained the grant he hoped would support his research; it was canceled after one year. He scrounged for a replacement job at the university’s College of Agriculture and for money from the U.S. Department of Agriculture to study poultry nutrition. Despite the career detour and the thin funding, he accomplished notable work, identifying which vitamins had to be added to chicken feed to allow birds to thrive on a manufactured diet.


In the 1930s, that was a crucial question. Until World War I, almost every farmer had kept a few hens to produce eggs and had eaten the hens when their egg-laying abilities were exhausted. Now, though, chicken meat and eggs were becoming a crop, a farm’s reason for existence rather than a farm by-product. Instead of a few at a time, chickens were being raised by the thousands, and instead of wandering around a barnyard, they were sequestered indoors, unable to reach the grains and grubs they would have scratched up from the ground. To survive, the birds needed synthetic nutrition, and the poultry industry growing up around them needed a parallel industry of experts to supply it.


Jukes became one of those experts, and Lederle, the company that recruited him away from California with the promise of a lab and staff, was becoming a leader in the business of bringing men with his expertise to the aid of poultry science. Lederle was not an agricultural company, strictly speaking. It was a pharmaceutical company, one of the first manufacturers of antibiotics.


Jukes joined Lederle in 1942. Fourteen years earlier, a Scottish researcher named Alexander Fleming had discovered that specks of mold growing on a dish of staph bacteria secreted a chemical that killed the organisms around them. Two years earlier, Fleming’s discovery had been turned into a drug by researchers Howard Florey and Ernst Chain. Their experiments on mice showed that the compound produced by the mold could kill bacteria that were infecting animals without harming the animals themselves, something that had never been seen before. One year previously, the new drug, dubbed penicillin in honor of the blue-green mold it came from, Penicillium notatum, had almost saved the life of a 43-year-old British police constable, Albert Alexander, who had scratched his face on a rosebush while gardening. Alexander was riddled with staph and strep, oozing pus from abscesses on his face and scalp; already, doctors had been forced to remove one of his eyes. In February 1941, he began receiving injections of the scarce new drug. Within a week, he was almost completely recovered, but then the tiny supply of penicillin available in England ran out. The infection recurred, and Alexander died—demonstrating both the deadly persistence of infections, and also that at last there might be something to hold them at bay.


Three months after Alexander’s death, Florey and Chain smuggled the mold that produced penicillin out of England, sneaking it out between Nazi attacks. They hoped that American industry, not yet drawn into World War II, might possess the money and capacity to manufacture enough of the drug to make a difference. In 1942, the same year Jukes moved to Pearl River, penicillin brought a New Haven nurse, Anne Sheafe Miller, back from the edge of death, where she had hovered for a month after contracting an infection following a miscarriage. Then it saved the lives of more than one hundred victims of the Cocoanut Grove nightclub disaster in Boston, one of the worst fires in U.S. history, by preventing infections from taking hold in severe burns. That was enough proof of the power of penicillin for the U.S. government to invest in its production and send millions of doses out onto the battlefields of World War II, saving untold thousands with a speed that seemed miraculous.


Penicillin’s success ignited a hunger for additional antibiotics, the name scientists gave to compounds manufactured by some organisms in order to kill other organisms. And it ignited another hunger as well: for the profit these new drugs could bring. Penicillin was never proprietary; Fleming and his collaborators shared the formula and method for making it with several firms at the same time so the maximum possible amount of drug could be made for the war effort. Fortunes waited for whoever found the next miracle drugs and patented them.


In 1943, Selman Waksman and his student Albert Schatz isolated streptomycin, the first antibiotic able to cure tuberculosis, from an organism found in “heavily manured” soil in New Jersey. In 1947, Paul Burkholder crystallized chloramphenicol, the first antibiotic that could vanquish typhoid, from a bacterium living in a Venezuelan compost heap. Other researchers and the companies they worked for were desperate to find their own sources of new drugs: Pfizer Inc. and Eli Lilly and Company sent sterile sample tubes around the world, begging missionaries and military personnel to spoon up and send home any mold or dirt that looked promising. Lederle’s chief pathologist, Benjamin Duggar, had once been employed at the University of Missouri, and he asked a former colleague to send him random scoops of dirt from the campus. One tube, dug from a field where the agricultural school grew varieties of forage grass, contained a bacterium that exuded a golden-yellow chemical. In tests, the compound killed a wide array of disease bacteria—more than penicillin could manage, and different ones from those that streptomycin could kill. American Cyanamid Company, Lederle’s parent corporation, jubilantly filed for a patent in February 1948. In a nod to the compound’s color—and maybe to the income he hoped would flow from it—Duggar dubbed the fungus Streptomyces aureofaciens, “gold-making.” He called the compound “Aureomycin.” Later, it would be known as chlortetracycline, the first of the entire family of tetracycline drugs.


Jukes was not part of Lederle’s antibiotic effort; he had been hired to work on nutrition. He and his colleagues figured out how to synthesize folic acid, a vitamin that prevents devastating birth defects, and while they were tinkering with it, they developed methotrexate, one of the first cancer chemotherapy drugs. But Jukes was still interested in what chickens needed to eat in order to thrive in confinement—and by an accident of history, that question was even more important than it had been 15 years earlier. World War II had spurred such demand for protein that production of chicken almost tripled, rising to more than one billion pounds of chicken meat per year. But when the war ended, the poultry market that it had guaranteed collapsed. Producers, forced to cope with more chickens than they had demand for, struggled to cut their costs. En masse, they switched their birds’ diet from vitamin-rich fishmeal—ground-up anchovies netted off the southern California coast—to much cheaper soybeans. Chickens did not do well on soybeans, though. They grew slowly, and the eggs that hens laid were thin-shelled and did not hatch. Even when vitamins were added into their feed, as Jukes had learned to do in his first job, the birds did not thrive. People talked about needing to add a nutritious boost, an “animal protein factor.”


Then Merck & Company, a Lederle rival, announced its researchers had found it. Merck was making streptomycin, Waksman’s drug, brewing it out of Streptomyces griseus, the bacterium he had harvested from the manured patch of soil near the Rutgers University campus. Merck researchers said that a by-product of the brewing process made chickens do better, even when they were fed the low amounts of protein now present in conventional feed. Earlier in the century, researchers had identified and learned how to synthesize vitamins: B2, B3, B5, B6. Merck’s scientists identified their new compound as the last in that series: vitamin B12.


Jukes wondered if Lederle’s own bacterium—Streptomyces aureofaciens, the source of Aureomycin and a distant relative of the species the Merck scientists used—could perform the same trick. That was what brought him to his office on Christmas morning, on a mild, dry day with just a dusting of snow. A few weeks earlier, he had set up an experiment to test whether Lederle possessed an animal protein factor of its own. Today he would find out.


He had chosen a small group of six-month-old hens and roosters from the birds the company raised to use in research. He fed them a specially mixed diet, low in nutrients so that the chicks they produced would be feeble; that way, it would be easier to distinguish the effect of any additives. When the hens laid eggs, he hatched the chicks in an incubator, divided them into groups of 12, and sequestered one dozen to keep as a control group. Those birds got the same deficient diet as their parents. The other groups got different doses of supplements, precisely measured: six different amounts of liver extract, a natural but expensive source of B12; six different amounts of synthetic vitamin B12; liver extract with additional sources of nutrition such as alfalfa or fish extracts or distillers’ grains, left over from producing alcohol; or tiny portions of the mash, or growth medium, that Aureomycin had been brewed in.


Christmas Day was the 25th day since the chicks had hatched, the point where Jukes had determined he would weigh them and assess the experiment. Almost all of the deprived control chicks had died, but he expected that. Almost all of the rest, though, had lived, proving that the supplements he was giving them had contributed to their diets something the chicks needed to thrive. One by one, he weighed them. The three survivors of the control group were small and sickly: They weighed just 110 grams, not quite 4 ounces. The birds that got the crystalline vitamin looked healthy, pink skin showing between the shafts of the red feathers sprouting on their heads and wings; they weighed from 179 to 203 grams. The ones that received the liver extract weighed, at the highest dose, 216 grams.


Then he moved to the pens containing the chicks that had been given the antibiotic discards. He had dosed them at four different levels, so much mash per kilo of feed. He weighed the four groups, averaged the weights within each of them, recorded the numbers, and looked. And then looked again. The birds that had gotten the highest dose of Aureomycin were the heaviest in the room. They weighed 277 grams, almost 10 ounces: two and a half times the control chicks’ weight, a third more than the chicks receiving Merck’s B12, and a quarter more than the chicks receiving the liver extract, an expensive ingredient that no farmer could afford.


The chicks had gotten to that weight with the help of 60 grams of the mash containing a trace amount of Aureomycin. Sixty grams is two ounces, and two ounces is nothing: a handful of pennies, two slices of bread, an egg. Yet that tiny weight would exert enough force to alter the entire structure of agriculture—and affect land use, labor relations, international trade, animal welfare, and the diet of most of the world.
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IT ISN’T CLEAR HOW QUICKLY Jukes and his research partner, E. L. Robert Stokstad, understood what caused the “growth-promoting” effect Jukes found. When he wrote a description of the experiment a few months later, he guessed “the ‘animal protein factor’ consisted of vitamin B12 plus some factor as yet unidentified.” Within a year, though, they were sure: What caused the chicks to put on weight was not the vitamin, but tiny doses of Lederle’s antibiotic, persisting in the discards of production.


To understand what they had done, it helps to know a little about how antibiotics were made—and are made, even today. It’s a lot like brewing beer. You start with an organism that makes the compound you want, add it to a solution of water and sugars (extracted from grains, if you are making beer), and let the mixture ferment. The organisms consume nutrients in the growth medium and excrete the by-products of their digestion: alcohol and carbon dioxide in the case of beer yeast and raw antibiotics in the case of Streptomyces. If you are making beer, you drain off the liquid by-product and flavor and bottle it. If you are aiming for a drug, there is an extra step: first pumping out the liquid and then chemically extracting the antibiotic compound. When all of that is done, what remains afterward is the liquid the antibiotic came out of, plus a sticky mash of leftover sugars and the exhausted remains of the microorganisms you started with.


Through the ages, brewers have dried their fermentation leftovers and sold them for livestock feed. Jukes and his colleagues saw an economic opportunity in their leftovers too: money for nothing, the basis of a whole new industry, extracted from what Lederle was throwing away.


In Jukes’s first experiment, he fed the chicks tiny portions of the leftover mash, dried and ground. But he apparently suspected there might be Aureomycin left over in the fermentation liquid too. Lederle used the solvent acetone to wash impurities out of the fermented liquid. He captured that solvent solution before it was dumped and dried it in a giant furnace, called a “tank house,” where the company burned the corpses of horses that had been infected with diseases in order to produce antibody serums from their blood. (He joked years later that he promised to assume responsibility if the highly flammable acetone blew up. It wasn’t much of a joke: He actually had burned down an outbuilding at the University of California, Davis while heat-treating experimental diets for chicks.) Once he rescued trace amounts of Aureomycin from the solvent, and dried and powdered it, he used it as a feed additive too—and achieved even better results than his first attempt, boosting his experimental chicks’ weight another 25 percent to 368 grams, or 13 ounces. With that confirmation of the “growth-promoting” effect he had perceived in the first round of his experiment, Jukes passed samples to scientists he knew at state agricultural colleges throughout the United States and asked them to conduct experiments of their own. His colleagues were astounded: They reported back that small doses of Aureomycin not only cured a bloody diarrhea that would have killed young pigs but also tripled their rate of growth and boosted the weight of turkey chicks, called poults.


Word got around. So many researchers asked for Aureomycin residue that Jukes ran through the Pearl River plant’s fermentation by-products faster than they were being made. He resorted to plundering the company dump for any discarded fermentation vessels, including reused glass Coke bottles, that might contain a few precious grams of drug. Scientists were not the only ones who wanted it; farmers began clamoring for it too. Lederle began drying the fermentation residue and selling it, and when that proved too slow to keep up with demand, the company began pumping the raw brine left over from fermentation into railroad tank cars and sold it by the carload. Demand was so intense that a senator from Nebraska sent an official complaint that the farmers in next-door Iowa were getting more of the product than his own constituents. The vice president, Alben Barkley, requested and received a load to feed to livestock on his family’s Kentucky farm. In Austin, Minnesota—home of the giant hog company Hormel Foods, maker of SPAM—a pharmacist somehow diverted a shipment of residue, which he packaged and resold. He made enough money on the deal to retire, quickly, to Florida.


As a pharmaceutical manufacturer, Lederle had to report any new drug and any new use of a drug to the FDA. It had done that when Aureomycin was first achieved, registering it appropriately as a human medication. But when it came to Aureomycin in animal feed, the company was cagey. Phrasing its statements carefully, Lederle said the fermentation products it was selling by the ton were intended as vitamin supplements. That might have been true; it was possible that fermentation for Aureomycin was producing B12, though Lederle never tested its new product to find out. But it was also disingenuous. The wording of a patent application the company filed in September 1949 for adding Aureomycin to animal feed—as a drug, not a vaguely described “source of vitamin B12”—proves they understood what was going on. Yet Jukes and Stokstad did not publicly acknowledge how their discovery worked until April 1950, at the annual meeting of the American Chemical Society. A New York Times reporter happened to be covering the conference. The following morning, his story trumpeted the news on the front page: “ ‘Wonder Drug’ Aureomycin Found to Spur Growth 50%”:






The golden-colored chemical aureomycin, life-saving drug of the group known as antibiotics, has been found to be one of the greatest growth-promoting substances so far to be discovered, producing effects beyond those obtainable with any known vitamin …


The discovery of the new role for aureomycin, described in the announcement as “spectacular,” is believed to “hold enormous long-range significance for the survival of the human race in a world of dwindling resources and expanding populations.”








The story contained a clue as to why Aureomycin had become so popular: It was cheap. “Five pounds of an unpurified product, selling at 30 to 40 cents a pound, when added to a whole ton of animal feed … ‘has increased the rate of growth of hogs by as much as 50 per cent,’ ” it said. And it ended by declaring, with a boldness that would turn out to be overconfident: “No undesirable side effects have been observed.”
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IN RETROSPECT, Lederle’s willingness to dump its new antibiotic into animals without even knowing the dose it was dispensing is startling. But in the context of the time, Jukes’s rush to deploy Aureomycin and the company’s eagerness to profit from it both make sense. Antibiotics were new, and the whole world was giddily in love with them.


There was a reason they were called miracle drugs. Before penicillin, even minor infections were a death sentence. The devastating illness that ravaged constable Albert Alexander after his encounter with the rosebush before he received penicillin—and again after the drug ran out—was appalling but utterly normal. In the pre-antibiotic era, what should have been minor cuts and scrapes burgeoned into infections so serious they required amputations. Three out of every 10 pneumonia patients died; so did nine women out of every thousand who gave birth. (That was in the cleanest hospitals; often the death toll was higher.) Untreated ear infections ravaged children’s hearing, and untreated strep throat led to rheumatic fever, paving the way for heart failure later in life. With no way of controlling it, bacterial meningitis killed children with convulsions or left them neurologically damaged. One out of every six soldiers wounded on the battlefield died there, and huge numbers—one out of three, in some military camps—contracted syphilis and gonorrhea that left them disabled, arthritic, or blind.


The relief of being freed from that burden sparked a joyous overreaction. Penicillin was not only dispensed to patients in hospitals; manufacturers tossed it into ointments, throat lozenges, gum, toothpaste, inhalable powders, even lipstick. Anyone could buy penicillin over the counter in a pharmacy, and huge numbers of people did; it was not restricted to being dispensed by prescription until 1951 (and even then only because overuse was provoking allergies). There was no understanding yet that antibiotics work only against bacterial diseases, since early research reports were full of optimism regarding their effect on viruses. It seemed only smart to take the new drugs for any ailment—foolish, in fact, not to. (Aureomycin’s discoverer Duggar recalled years later that his lab assistants—who of all people should have known better—liberated samples of the crude drug “to cure their colds,” which an antibiotic cannot do.)


Some researchers did wonder whether, if antibiotics worked such magic for people, they might benefit animals, too. In fact, two years before Jukes’s experiment in 1946, a team at the University of Wisconsin had dosed commercially hatched rooster chicks with some of the antibiotics that had been discovered so far: a sulfa drug, newly licensed streptomycin, and a third drug, less powerful, called streptothricin. They were trying to find a way to sterilize the contents of the chickens’ guts, which they thought would be useful once they took the birds into the lab to use them for studies. So they were surprised to find that both the sulfa drug and the streptomycin increased the birds’ weight; when the chickens were slaughtered at 28 days old, they weighed from 240 to 300 grams. Perplexingly—perhaps because Wisconsin was already a center for vitamin research—the group put the research aside, never following up on what they found. But after Lederle announced its Aureomycin results in 1950, researchers piled on; antibiotics in animal diets became an enormous research focus in drug companies and at almost every university with an agricultural college. When Jukes counted the published research in 1955 in order to write a summary of what had been discovered so far, he found that almost 400 scientific papers about feeding antibiotics to animals had been published in just five years. The market for antibiotic-laced feed had boomed too. U.S. farmers already were giving livestock 490,000 pounds of antibiotics per year.


Almost no one seems to have thought this was a bad idea.


That is odd. From the earliest moments of the antibiotic era, there had been rumblings of concern about how long the effectiveness of the wonder drugs would last. In December 1940, before any human had received penicillin, two of Fleming’s collaborators wrote to a medical journal that they had observed the common gut and lab bacterium Escherichia coli developing defenses against the new drug. In 1945, a few months before receiving the Nobel Prize in Medicine for discovering penicillin, Fleming warned an audience in New York about the consequences of deploying the drug carelessly. The New York Times quoted him:






The greatest possibility of evil in self-medication is the use of too-small doses, so that, instead of clearing up the infection, the microbes are educated to resist penicillin and a host of penicillin-fast organisms is bred out which can be passed on to other individuals and perhaps from there to others until they reach someone who gets a septicemia or a pneumonia which penicillin cannot save.


In such a case the thoughtless person playing with penicillin treatment is morally responsible for the death of the man who finally succumbs to infection with the penicillin-resistant organism. I hope this evil can be averted.








Fleming was prescient, and unheeded. By 1947, a hospital in London was experiencing an outbreak of staph infections that did not respond to penicillin. By 1953, the same resistant bug sparked an epidemic in Australia, and in 1955, it crossed to the United States, infecting more than 5,000 mothers who had given birth in hospitals near Seattle and their newborns too. Those illnesses marked the start of the lethal game of leapfrog that organisms and antibiotics have been engaged in ever since. Researchers direct a drug against them; they evolve a defense against it; other researchers produce a new drug; bacteria evolve a defense again.


Fleming had warned specifically against underdosing. In medicine, then and now, antibiotics are prescribed in amounts that account for variations in the defenses of the bacteria, minor spelling errors in their genetic code that occur randomly as they reproduce. Some of those changes lessen an organism’s chance of survival, but others improve its ability to protect itself from another bacterium or from a drug, and doses need to be large enough and long enough to make sure that even better-defended bacteria are killed. Fleming’s concern was that less-than-lethal doses of antibiotic would create a Darwinian battleground: killing the weaker bacteria but allowing the stronger ones, whose changes conferred some resistance to the drug’s attack, to survive—and to multiply into the living space that the death of the weak ones had cleared.


The antibiotics being administered to animals for growth promotion could not strictly be called underdosing—but only because the animals getting them were healthy. (There was no illness present that required a dose of any size.) But the amounts being given were minuscule, the equivalent of 10 grams of drug per ton of feed. Jukes was not concerned. Others at Lederle, however, were. Three decades later, Jukes revealed that staff veterinarians worried that the company’s new product would encourage antibiotic resistance. They “strongly opposed” selling Aureomycin as a growth promoter, Jukes wrote, but were overruled by Wilbur Malcolm, the general manager of Lederle’s corporate parent, American Cyanamid. “Competition was right on our heels,” Jukes said.


In hindsight, that decision is extraordinary. Evidence was already accumulating that administering Aureomycin, even in the tiny doses of growth promotion, caused bacteria in the guts of the animals that received the drug to become drug resistant. Jukes, in fact, assumed this was part of the process. If bacteria in his chickens’ intestines had not become resistant, he argued, they would all have died under the assault of the antibiotics—and then the birds would have died too because they needed the help of those bacteria to extract nourishment from their food. Instead, the gut bacteria thrived, and so did the chickens. Explaining it years later, Jukes called it “illogical.” “We were not prepared for … the fact that the changed and resistant flora were in some way beneficial,” he wrote. It did not worry him that continual dosing throughout an animal’s entire life would sustain resistance in those bacteria. He assumed the process of growth promotion contained a built-in safety valve: If resistant bacteria in an animal’s system burgeoned beyond some undefined point, the antibiotic doses would stop working, animals would stop gaining weight, and farmers would abandon the drugs. But as far as he could see, the opposite was happening. Animals not only gained weight after they were fed growth promoters; their weight gain continued even when the drugs were discontinued.


Whatever resistant bacteria were developing within the animals, Jukes observed, they posed no risk to livestock. He did not ask whether they posed a risk to humans.


Viewed from the perspective of the ways that government agencies operate now, with adversarial administrative processes that seem to grind on for years, what happened next is stunning. When the first antibiotics, including Aureomycin, arrived between 1945 and 1948, the FDA had viewed them as benefiting the public and worked with pharma companies to quickly get them licensed. The agency took the same attitude regarding antibiotics in animal feed: It accepted the companies’ assertions that growth promoters were safe. In 1951, with no advance public notice and without holding a hearing, the FDA approved Aureomycin and five other antibiotics for use as growth promoters in animal feed. In the text of the order, the administrator of the Federal Security Administration, which oversaw the FDA at the time, said it “was drawn in collaboration with interested members of the affected industries and … it would be against public interest to delay.”


It would not take long—only about a decade—to determine whether the public interest really had been served.
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LOOKING BACK AT THE RESEARCH that was published as agriculture embraced growth promoters makes it clear that no one quite understood how the drugs worked. Some researchers hypothesized that the antibiotic doses encouraged animals to retain water, or affected the rate at which fat was stored, or cured subclinical infections, ones that were not causing visible symptoms but were a drain on animals’ metabolisms. Jukes himself believed the drugs were affecting the bacteria that reside permanently in animals’ intestines: their intestinal flora, or what we would now call their gut microbiome. The many functions those bacteria perform would not be understood for decades; in the 1950s, scientists did not possess the necessary molecular tools even to identify most of them. Jukes based his intuition on several observations. The growth-promoting effect did not work at all in “germ-free” chickens, ones that did not possess gut flora because they were hatched into a controlled sterile environment and fed a sterilized diet. Antibiotics did not work as well in normal chickens raised in very hygienic conditions, such as a recently cleaned barn, as they did in barns where litter or manure had been allowed to accumulate. And they did not work in runts. Growth promoters helped animals that had been deprived of nutrition to put on weight, but they could not turn a genetically undersized animal into a normal one.


As more scientists studied the problem, they recognized that using growth promoters did not change the overall count of bacteria in the intestines; that is, the drugs were not killing intestinal flora, and they were not encouraging greater amounts of bacteria to grow. But to the degree that researchers could extract and study the gut contents of slaughtered animals—a challenging task, because those bacteria do not all thrive in lab conditions—they perceived that the drugs did seem to change the balance of bacteria present, encouraging some species to reproduce and discouraging the growth of others. The antibiotics also seemed to change the physiology of the gut, thinning the lining through which nutrients are absorbed. Researchers suggested, but could not prove, that this helped animals extract more nutrients from their feed. They thought the normally thick gut walls found in chickens that did not receive growth promoters might let less nutrition through.


But none of these studies of the gut or its contents could pinpoint any downside to growth promoters, and thus researchers began to wonder whether humans could benefit from them too. Between 1950 and 1955, experimenters fed routine doses of antibiotics to small groups of premature babies, trying to get them up to healthier normal weights as fast as possible. Other researchers concocted other human trials of growth promoters, ones that are unnerving by modern ethical standards. Antibiotics were given, for a few weeks and up to several years, to people who had no capacity to consent, including developmentally disabled children held in a eugenics institution in Florida and undernourished poor children in Guatemala and Kenya. In the largest such test, 220 recruits at the Great Lakes Naval Training Center in Illinois—who, by virtue of their service oaths, could not really refuse—took daily doses of antibiotics for almost two months. Fortunately for the subjects, none of the trials reported adverse effects, and in all of them, the growth promoters worked. All of the recipients, adults and children, put on muscle, and the children grew taller as well.


Those results made researchers even more confident that antibiotics in animals had no negative effects, and that led in turn to the drugs’ most out-there use: keeping food from going bad. In several countries, led by the United States, experimenters added antibiotics to the cold-water tanks in which fish were held on fishing boats and to the ice on which fish were stored in processing plants. They washed spinach in a streptomycin solution after harvesting. They painted the drugs on the outside of cuts of meat and mixed them into ground beef. Researchers infused antibiotics into cow carcasses after the animals were slaughtered and injected the abdomens and blood vessels of cattle before they were killed. (They concluded that the volume of antibiotics needed to perfuse an entire cow was too expensive, and that it was too hard to hold the animal still long enough for the drugs to work.) They also investigated putting single large doses of antibiotics into chickens’ drinking water just before slaughtering them, as well as increasing the ratio of growth promoters in feed from Jukes’s original 10 grams per ton to 1,000 grams or more. That line of research had to be abandoned: There was so much antibiotic in the feed that it moved out of the gut into the birds’ muscles, leaving drug residues that exceeded federal food safety standards.


The experiments led to a kind of category creep for Aureomycin. The drug that first had been used only to make animals grow faster began to be used to protect them from diseases as well. This required a larger dose. Lederle salesmen began to tell farmers that they should give chickens not 10 grams of Aureomycin per ton of feed but up to 200 grams, a 20-fold increase. The FDA blessed the practice in April 1953, extending approval of Aureomycin from just growth promotion to prevention as well—once more without any advance notice and without a public hearing.


This was huge—and not just for Lederle, which instantly could count on bigger sales. It gave farmers permission to use much more Aureomycin than they had been, along with all the other antibiotics that had been approved for growth promotion two years earlier; the FDA endorsed all of them for preventive use too. But it also insulated unscrupulous or inexperienced or careless producers from the consequences of farming badly. They could squeeze animals in more tightly, clean their barns less frequently, scrimp on nutrition, turn a blind eye to pests—and know they were protected against the diseases that would otherwise have resulted, because the antibiotic doses protected their livestock from the start. The decision opened the door to industrial-scale production and the animal welfare abuses it would one day be accused of. And though it would take years before anyone put the pieces together, it would increase antibiotic resistance as well.


To the end of his long life—he died in 1999, at 93, after a third career in which he returned to the University of California, Berkeley as a molecular biologist—Jukes championed his invention and refused to acknowledge any downside. That may have been possessiveness, or arrogance, or just cussedness: He seems to have taken pleasure in defying received wisdom. Sometimes he was right. Jukes challenged chemist and double Nobel Prize winner Linus Pauling for championing megadoses of vitamin C to prevent colds and ameliorate cancers, a piece of medical advice that was hugely popular in the 1970s and now has been conclusively disproved. But he also derided regulation of dangerous food additives and called organic food a “myth.” He opposed federal action that prevented beef cattle from getting the estrogen compound DES, even though it was known to cause cancer in the daughters of women who were given it in pregnancy. He directed special rage at the ban on the pesticide DDT and the hugely influential 1962 book, Silent Spring, which provoked it. He railed that the federal government had caved to “that segment of society represented by the antivivisectionists, anti-fluoridationists and organic farmers.” In a parody published in the journal Chemical Week, he mocked its author, Rachel Carson, as a writer of “science fiction horror stories.”

OEBPS/images/part.jpg






OEBPS/images/9781408707913.jpg
MARYN MCKENNA







OEBPS/images/common.jpg






