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        Public health is the science and art of preventing disease, prolonging life, and promoting health through the organized efforts and informed choices of society, organizations, public and private communities, and individuals.

        —Charles-Edward A. Winslow, 1920
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        Prologue: Disease Detectives

      
      The black rotary phone rang in my dingy New York City Health Department office. It was 1991, and I had just become a disease detective—an Epidemic Intelligence Service Officer at the Centers for Disease Control and Prevention (CDC). A police detective can solve a murder; a disease detective can save thousands or even millions of lives by solving an epidemiologic mystery. I was on the lookout for a hot lead. Dr. Karen Brudney, an infectious disease specialist known for her no-nonsense approach, was calling to sound an alarm: She suspected drug-resistant tuberculosis was on the rise. If she was right, this was bad news.

      Tuberculosis—caused by bacteria that spread when someone with the disease coughs or sneezes—had increased over the previous decade, driven by homelessness, immigration, dismantling of the city’s tuberculosis control system, and, most importantly, the HIV epidemic.1 When bacteria become drug-resistant, medicines stop working and a controllable problem can become a crisis. Outbreaks could overwhelm hospitals; doctors, nurses, and other health care workers could get infected with untreatable strains. Hundreds or thousands of people could die, and caring for infected people could cost hundreds of millions of dollars. At the time, patients with multidrug-resistant tuberculosis needed expensive, toxic, complex treatment, but that treatment often failed.2 Dr. Brudney’s call had me worried, but also puzzled. Did she have an astute hunch, or was this a false alarm? Just as doctors fear the missed diagnosis, such as not finding a patient’s cancer before it becomes incurable, disease detectives fear missed early-warning signs, allowing a deadly outbreak to spiral out of control.

      To figure out if Dr. Brudney was right, we needed to test every patient’s tuberculosis strain in a standardized laboratory. But how? If we pleaded with labs to send specimens, many would undoubtedly ignore or refuse the request. Fortunately, the Health Department has a little-known but hard-won tool, the Health Code, approved by an independent Board of Health. The Code is part holdover from bygone days of widespread quarantine and part essential glue of modern society. It gives the Health Department the authority to prevent health hazards in everything from day-care programs, schools, and pools to restaurants, buildings, and hospitals. Since 1893, New York City’s Health Code has required doctors and laboratories to report tuberculosis cases to the Health Department, despite, at that time, howls of opposition and a medical society proposal to strip the department of its powers.3

      We called several hundred labs and found the seventy-two that worked with tuberculosis. Using the code, we ordered these labs to send all specimens that grew the bacteria in April 1991. Some labs didn’t believe they had to, some didn’t know how to, and others were too busy because they were inundated with specimens. As I rode the subway around the city to collect samples from the holdout labs, it became clear that some hospitals were dangerously disorganized. Wide-eyed and naïve, I described the chaos to my supervisor, Eleanor Bell, an incisive and dynamic nurse who combined diplomacy, tenacity, and pragmatic action to become the first New York City assistant commissioner for communicable disease. She had created a great team of nurse investigators and cared deeply about the patients they worked to protect. “Oh, yes,” she said matter-of-factly, “we call those places pus buckets.” It was a prescient comment.

      Eventually we had all 518 specimens, each in a long test tube filled with slanted green gel covered by mold-like colonies of bacteria. We packed the tubes into canisters that resembled tennis ball containers and shipped them to the CDC in Atlanta for standardized testing. The results were alarming: One in five patients was spreading multidrug-resistant tuberculosis, a rate that threatened to make tuberculosis untreatable and uncontrollable. Karen Brudney’s suspicion was confirmed, with frightening implications for what might happen next.4

      

      * * *

      Disease detectives can see the future. With epidemiology, it’s possible to predict how many deaths will occur, and from what causes. Until recent years, most impending health disasters were inevitable. Public health had been much like Cassandra, the priestess from Greek mythology who could see the future but was cursed: No one believed her warnings and therefore didn’t act to prevent the disasters she predicted. Advances in disease tracking, prediction, prevention, diagnosis, treatment, vaccination, and communication give us new power. This book shows how to break the Cassandra curse and avert foretold tragedies.

      Some tragedies don’t need to be predicted—they’re happening now. In the next twenty-four hours, preventable infections, cancers, heart attacks, and strokes will kill thousands of Americans and tens of thousands of people around the world. In the next hour, 15,000 babies will be born around the world; at least 5,000 of them will grow up with preventable, permanent physical or neurological disability.5 There’s a deadly gap between knowledge about how to live a healthier, longer life and what actually happens. This book shares a formula to close that gap by breaking the Cassandra curse—a formula that can save millions of lives, including yours.

      

      * * *

      While I was in college wondering what to do with my life, my father, a kind, gentle, consummate cardiologist and man of few words, gave me his simple answer: “You gotta help the people.” This perspective leads to a straightforward question: What will save the most lives? I’ve been deeply fortunate to have had work that addresses life-and-death challenges and to learn from wonderful mentors, starting with my father.

      This isn’t a memoir; my experiences and those of many other people help reveal and illustrate a formula to save millions of lives. These pages will take you to an impoverished community in the Mississippi Delta area to solve a mystery, to meetings with angry presidents of the United States and Guinea, to a dark street outside a politician’s home in New Delhi, India. You’ll hear a life-changing conversation with an epidemiologist who survived a Nazi concentration camp and you’ll visit a horrific Ebola treatment unit. You’ll meet a doctor who became the first female professor at Harvard and learn about her successes protecting workers’ health and the steep costs of the failure to heed her warnings. You’ll get to know an incorruptible Indian public health leader, a brilliant and humble Irish doctor knighted for figuring out how to cure tuberculosis, and a cloth merchant who 360 years ago discovered a public health superpower. You’ll see laboratories that solved mysteries, others that uncovered dirty tricks of the tobacco industry, and others that killed people. You’ll learn about the deadliest mistake made during the COVID pandemic and how to stop today’s deadliest pandemic. Most importantly, you’ll see how to use the formula to protect yourself and our society.

      For more than a decade, I worked to stop tuberculosis, first in New York City, then for five stressful but exhilarating years, in India. Tuberculosis appears throughout this book because it reveals each aspect of the formula. Tuberculosis was once humanity’s leading killer. Control required improvements in nutrition and housing; public health interventions such as mandatory reporting and ethical confinement; better diagnosis, treatment, and monitoring; and effective management. Tuberculosis control shows how to see invisible trends, build confidence that progress is possible, and implement simple, effective programs that connect with patients, get political backing, and reach entire communities. In 2002, with the ashes of the World Trade Center still smoldering, I left India and returned to New York City to serve as health commissioner under Mayor Mike Bloomberg. Although we didn’t win all our battles, we reduced smoking, improved care of people living with HIV, reduced heart disease and stroke, prevented tens of thousands of premature deaths, and increased life expectancy by three years—a faster increase than the national average. Then, as director of the CDC under President Barack Obama, I dealt with epidemics of influenza, Zika, tobacco use, opiate addiction, and, for many stressful months that almost cost me my job, Ebola. In 2017, I founded Resolve to Save Lives, a nongovernmental global health organization that accelerates action to stop the world’s deadliest threats by combining rigorous science with practical solutions. Creating an organization forced me to better understand and explain what decades of experience have taught. Mentors, work, and my own progress and blunders on programs ranging from tuberculosis and Ebola to tobacco control have revealed the formula for how to save lives.

      

      * * *

      The formula sounds simple enough: Expose the invisible, shatter the illusion of inevitability, and act effectively. In a nutshell: See/Believe/Create. Success requires seeing disease trends, invisible poisons, and the path to progress; understanding the forces that create the Cassandra curse; and executing a meticulous, step-by-step approach to break it. The pages that follow detail how the formula can stop deadly diseases around the world and how to use the formula to protect your own health.

      Chapter 1 shows how to see the invisible, the first part of the formula: See. Sometimes what’s invisible is an unrecognized trend happening now—as Karen Brudney, an astute clinician, saw with drug-resistant tuberculosis. Sometimes the invisible sends a signal of a future disaster, or of a toxin hiding in our environment. The impact of public health measures can also be invisible; revealing progress or stagnation enables life-saving course corrections. This ability to see the invisible is public health’s superpower.

      Chapter 2 shows why we ignore warnings, and chapter 3 provides tools to decide which health challenges to take on and how to fight them—to see the pathway to progress. Technical rigor can distinguish simple, effective approaches from simplistic ones. This empowers us to protect and improve not only community-wide health but also our own. Hypertension is a theme in many chapters, both because it’s the world’s deadliest condition and because effective prevention and control demonstrate how to apply the formula. Similarly, several chapters show how the formula can improve primary health care; such care, which too few people have access to today, saves lives and prevents disability.

      Seeing the pathway to health progress isn’t enough. When we start something new—a fitness routine, diet, or health program—there’s an initial burst of energy. Then momentum can wane and thoughts of failure creep in. “I haven’t been able to stick with an exercise program (or diet or smoking cessation) before, so why will this time be different?” Chapter 4 describes how to overcome the presumption of failure—to shatter the illusion of inevitability. This is the second part of the formula: Believe. As I wrote this book, I realized, with horror, that public health’s curse is even worse than Cassandra’s: Not only are warnings of future catastrophes ignored but past disasters that public health averted also remain invisible. It would be nice if public health got credit, but lack of credit isn’t the problem. Progress is fragile. Unless we make past progress visible, old diseases may return with a vengeance. Three strategies help implement the Believe part of the formula: Recognize past accomplishments, make incremental progress, and cultivate optimism.

      But seeing and believing aren’t enough. Knowing an impending tragedy is preventable is like knowing there’s gold somewhere in a mountain—worthless unless we reach it. Chapters 5 through 8 show how to succeed in the hardest part of the formula: Create. Chapter 5 shows how to organize effectively and how to strengthen institutions to make and sustain progress. Karen Brudney sounded the alarm for the largest outbreak of multidrug-resistant tuberculosis the United States has ever experienced. Leading tuberculosis experts predicted that it would be impossible to control the disease for at least a decade. I worked for months but made little progress. Then, in 1993, Dr. Karel Styblo, who had spent decades studying tuberculosis and its control, asked me a question—details in chapter 6—that changed my life and reshaped the way I think and work. Styblo’s insights showed how to translate scientific knowledge to a program that has saved millions of lives.

      Good communication is essential for progress, as chapter 7 illustrates through an analysis of the most deadly failure during the COVID pandemic. But even technically sound, well-managed, well-communicated programs fail without strong political support. Chapter 8 shows how to use strategic approaches to protect people despite resistance to change and the opposition of killer industries.

      Chapter 9 shows how to use the formula to prevent pandemics, disability, and premature death. We can see and overcome unacceptable health disparities. You, your children, and your children’s children can be safer and healthier. The formula can transform scientific breakthroughs into lifesaving programs. Chapter 10 applies the formula to personal health. The chapter uses the See/Believe/Create formula to show which foods, medicines, vitamins, and activities can lead to longer, healthier lives. The epilogue shows how the formula can help create a better health care system and healthier world.

      Public health has reduced suffering and disability and extended healthy life for billions of people.6 Two hundred years ago, no one could have predicted that typhoid, tetanus, trachoma, and other infections would be rare in much of the world and receding in the rest. When Karen Brudney called my office, no one could have predicted that the formula would cut resistant tuberculosis cases by 90 percent in just six years. I predict that the heart attacks and strokes responsible for one of every three deaths today will, if not within my lifetime, then certainly within my children’s, be as rare as forgotten killers are today.

      To make that prediction come true—to improve personal and public health—we must see the invisible, because what we don’t see is killing us.
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        The Invisible

      
      
        Public health is at its best when it sees, and helps others see, the faces and the lives behind the numbers.

        —Bill Foege

      

      Public health can reveal hidden threats, toxins, and trends. In 1991, Dr. Karen Brudney had sounded the alarm about the rise in drug-resistant tuberculosis in New York City. Lab tests confirmed that these deadly strains were widespread. But this didn’t answer a crucial question—the next mystery to solve: What had caused this rapid increase?

      
        A Tuberculosis Mystery

        Drug-resistant tuberculosis was killing New Yorkers. If we figured out how it was spreading, we could stop it. Was it the failing treatment system? New, deadlier strains of the ancient bacteria? Or was it circulating in large homeless shelters, such as the one where I provided medical care for mentally ill homeless people, with 800 men sleeping side-by-side on cots in the cavernous hall of a former armory? Tabloid headlines screamed that tuberculosis was spreading on the subway. Fear reduced tourism and prevented hospitals from filling their training programs—medical residents were afraid of infection with untreatable tuberculosis bacteria. New York City, already struggling with the country’s largest HIV epidemic, faced the prospect of years fighting deadly tuberculosis.

        The DNA of tuberculosis bacteria held the clue. Using genomic fingerprinting, scientists can see a world even more granular than what’s visible with a microscope. This amazing tool—taking a fingerprint of the bacteria—can show which patients have the same strain and reveal otherwise invisible chains of transmission.

        Genomic fingerprinting and other methods to track the spread of infectious diseases may seem like recent breakthroughs. In fact, these studies started in the late 1950s, with an ingenious experiment using a technique called phage typing, discussed in chapter 3.1 In 1991, when we were tackling the outbreak of multidrug-resistant tuberculosis in New York City, it had just become possible to use an enzyme as a molecular scalpel to slice the bacteria’s DNA into bits and reveal subtle differences. The technique wasn’t easy. Results came in the form of smudged lines on small thick plastic sheets that we had to compare manually, since computerized analysis hadn’t been developed. When the CDC completed the lab work on the specimens from April of 1991, I flew from New York City, where CDC had posted me to the Health Department for two years, to CDC headquarters in Atlanta. I spread hundreds of the plastic sheets with blurred lines onto large rutted wooden tables in the antiquated World War II–era hut that housed the tuberculosis laboratory. For three weeks, from early morning to late night, I examined 80,000 pairings and identified thirty-one distinct clusters—outbreaks within the outbreak. Our team then analyzed each cluster to figure out how the patients were connected. We tracked hundreds of patients’ movements over prior years and matched exact dates and locations of hospitalizations, jail time, and homeless shelter stays—classic disease detective work. Painstakingly, we identified overlaps—dates when infectious tuberculosis patients were in the same place at the same time as people who later developed tuberculosis with the same strain. Genomic tools don’t replace traditional epidemiology; they can make surveillance more accurate, faster, and definitive.

        The results were eye-opening. Most patients with multidrug-resistant tuberculosis were part of identifiable clusters, and more than half had been infected in hospitals.2 The pattern became clear: Vulnerable people, especially those living with HIV, were infected during hospitalizations for other conditions. DNA fingerprinting revealed what had been invisible: Extensive spread within hospitals was the driving force behind New York City’s outbreak of multidrug-resistant tuberculosis. Eleanor Bell’s insight about “pus bucket” hospitals had been spot-on.

        The administrator of St. Clare’s Hospital in the Hell’s Kitchen neighborhood of New York City managed his hospital with an iron fist. Unsmiling and prickly, he viewed me, the health department, and the CDC as enemies. He had tried to block our investigation, refusing access to medical records, the hospital laboratory, and staff. But, with the authority of the Health Code, medical record by medical record, staff interview by staff interview, specimen by specimen, we put the pieces of the puzzle together. We then met with the administrator and his staff and showed them irrefutable proof—to force him to see what we had suspected and he had denied for months: St. Clare’s was a virtual factory for multidrug-resistant tuberculosis. Dozens of patients were infected there with a highly resistant, virulent strain of the bacteria, and nearly all had died. A doctor at the hospital told me that the administrator, who finally saw the fiasco his hospital had caused, drove home that night, put his clothes in a sealed plastic bag, and took a hot shower for an hour, trying to scrub away the contagion.3

        A few hospitals like St. Clare’s (since shuttered) accounted for a large proportion of multidrug-resistant cases. These hospitals had been doing almost everything wrong. They missed the diagnosis of tuberculosis and therefore didn’t isolate infectious patients. They ordered the wrong lab tests, ignored results, and treated patients with the wrong medications or the wrong dosages of the right medications. They placed people who had HIV infection without tuberculosis in the same room as patients with untreated, infectious multidrug-resistant tuberculosis. The greatest mystery might have been why there weren’t even more cases.

        Karen Brudney saw the increase in drug-resistant tuberculosis. Genomic analysis, combined with detailed epidemiologic investigations, solved the mystery of the source of the increase—seeing the invisible in order to control it. But sometimes surveillance can reveal a pattern that’s invisible because it is too large, not too small, to see.

      
      
        Ebola

        Ebola is a scary disease. The virus destroys vital organs, causes uncontrollable bleeding, and can kill half the people it infects. It had previously caused isolated clusters—devastating, but contained within weeks or a few months. Then, in 2014, Ebola hit the three West African countries of Guinea, Liberia, and Sierra Leone, which had never experienced the disease before. Ebola killed doctors, nurses, and other health care workers. Hospitals closed. People were afraid to go to health facilities and therefore died at home of malaria or in childbirth. It was the world’s first Ebola epidemic.

        Despite—or perhaps because of—their rich deposits of gold, diamonds, and other precious minerals, the three countries faced enormous challenges. Each was devastated by exploitation of natural resources, violence, and the legacy of slavery. Sierra Leone and Liberia had recently emerged from gruesome civil wars; Guinea had just elected a new government after a military coup. All three had weak health systems, and years of conflict left communities with deep distrust of government.

        Ebola was spreading fast, and, despite sending hundreds of CDC staff to join the fight and working almost every waking hour, we were falling further behind. It was five years into my time as CDC director, and I felt increasingly frantic. In meeting after meeting, I tried to convince other parts of the US government to do more, faster, but couldn’t convey the urgency needed. It felt like another Cassandra moment.

        A single graph broke the Cassandra curse. Martin Meltzer, a CDC economist, had developed models to understand influenza and other infectious diseases. Now he created a graph that revealed the potential future trajectory of the Ebola epidemic—to see an otherwise invisible future trend. On calls that lasted past midnight for many days in a row, I grilled Martin on his Ebola model until we were both certain of its accuracy. I shared his results with a dramatic “table drop”—handing out hard copies during a high-level meeting in the Situation Room of the White House. Martin’s Ebola model showed in one stunning image that without urgent action, the number of Ebola cases in West Africa could increase in the shape of a hockey stick and exceed one million (figure 1.1).4

        
          [image: Line graph of projected cumulative Ebola cases with and without intervention, March 2014 to January 2015. Without intervention there is a steep exponential rise to 1.4 million cases. With intervention case counts remain flat, near zero on the y axis.]

          
            Figure 1.1

            Projected cases of Ebola without and with urgent intervention, West Africa, 2014–2015. Martin Meltzer’s model showed that rapidly improving care and burial practices would make the difference between control (dashed line) and exponential growth of Ebola (solid line). The chart ends, in a true coincidence, at the time of the State of the Union address. Reproduced from Martin I. Meltzer et al., “Estimating the Future Number of Cases in the Ebola Epidemic—Liberia and Sierra Leone, 2014–2015,” Morbidity and Mortality Weekly Report, Supplement 63, no. 03 (September 26, 2014).

          
        
        Martin’s model projected that cases would double every three weeks. He also found, surprisingly and usefully, that making care safer for at least 70 percent of the ill and burial safer for at least 70 percent of those dying from Ebola would cause cases to decrease just as abruptly.5 The graph galvanized US action and accelerated the global and community response that ultimately stopped the Ebola epidemic.6

        Martin’s prediction proved astonishingly accurate. Figure 1.2 shows how closely the shape of the prediction for what would happen if communities implemented effective control measures (solid line) matches what happened in the following months (dotted lines).7 Martin’s model revealed both the previously invisible impending explosion of cases and the pathway to avert it.

        Genomic sequencing solved the mystery of how drug-resistant tuberculosis spread in New York City, and Martin Meltzer’s projections helped end the deadly Ebola epidemic. But these are only specific examples of a broader concept—one with a surprising history.

        
          [image: Line graph comparing Ebola cases over 43 weeks in Liberia and Sierra Leone with model projection. The model very closely tracks the shape of actual cases, all peaking around week 25 then declining steeply.]

          
            Figure 1.2

            Actual cases of Ebola after implementation of control measures, Liberia and Sierra Leone, 2014–2015. The shape of the observed decrease in Ebola cases in Liberia (dashed line) and Sierra Leone (dotted line) closely tracked the Meltzer prediction (solid line). Reproduced from Thomas R. Frieden and Inger K. Damon, “Ebola in West Africa—CDC’s Role in Epidemic Detection, Control, and Prevention,” Emerging Infectious Diseases 21, no. 11 (November 1, 2015): 1897–1905.

          
        
      
      
        A Cloth Merchant’s Discovery

        Surveillance, the systematic collection and analysis of health data, gives public health the superpower to see the invisible. Its roots go back centuries. A London cloth merchant discovered this power in 1662, publishing Natural and Political Observations Made upon the Bills of Mortality.8 John Graunt described his booklet as “a new thing”—and it was.

        By examining records from more than fifty years of births, deaths, and disease outbreaks in London, Graunt uncovered hidden trends. In different years, plague accounted for between 1 percent and 82 percent of deaths. He revealed that an overall indicator of the health of a society is the proportion of deaths that occur among people over age seventy. (The proportion: 7 percent in his day; 70 percent in the US today; 80 percent in the world’s healthiest societies; ideally 100 percent.) He showed that stigma and sloppiness led to the underreporting of certain causes of death. He tracked emerging threats. Rickets was easy to recognize: fragile, deformed bones, profound weakness, then death. Caused by vitamin D deficiency, rickets increased steadily from 1633 to 1660. Childbirth was fatal in one of every 200 pregnancies—the same rate as in some low-income countries today—and one-third of children died before their sixth birthday. He saw how different diseases shaped the economy differently, noting that plague killed more people but epidemic fever made more people sick, leaving “scarce hands enough to take in” the harvest. And he hypothesized that air pollution from burning coal was deadly. Graunt was a member of the ruling council of London, and this first study of public health data recognized its political implications—something we too often forget, deny, or neglect.

        Surveillance sounds scary—like government snooping; monitoring might be a better term. But in public health, surveillance has a specific meaning: the ongoing, systematic collection, analysis, and interpretation of health information, with dissemination of that information to those who need to know. Every part of that definition is essential to see the invisible and save lives. A one-time or nonsystematic study can’t see trends. In the 1980s, after decades of systematic surveillance, having seen no warning signs and facing budget cuts, the CDC stopped nationwide monitoring of drug-resistant tuberculosis; continued surveillance would have detected the deadly increase years before Karen Brudney did. Data analysis and interpretation are complex skills and if done wrong lead to false conclusions. And without dissemination to those who can act—ranging from the public to presidents—surveillance is useless. Chapter 10 shows how to use this superpower to protect your own life.

        Surveillance poses ethical challenges. Dr. Hermann Biggs, who initiated public health surveillance in the United States in 1890, emphasized that reporting health data to authorities is different from making it public.9 Reporting tuberculosis and other communicable diseases enables support for patients, protective measures for people exposed, and understanding and control of outbreaks. Public health must maintain confidentiality, collect the minimum amount of data needed to protect health, use the information only for public health purposes, and interpret it correctly and responsibly.10 Surveillance is public health’s superpower, but its kryptonite is data breaches and loss of confidentiality, which, fortunately, have been rare.11

        Disease surveillance, including during outbreak investigations, always starts with a case definition—defining, by person, place, and time, what counts as a case or suspected case. Getting the definition right can be crucial to stop an outbreak. An early error in the response to COVID in the United States limited the case definition to people who had traveled to an area with COVID. By not recognizing the risk of spread within the United States, the case definition delayed recognition and testing by doctors and public health programs and resulted in faster initial spread.12 Analyzing births and deaths—as Graunt did more than 360 years ago but something still not done in much of the world today—is a crucially important form of surveillance.13 In 1839, British epidemiologist William Farr wrote, “The death rate is a fact; anything beyond this is an inference.”14

        Surveillance can also reveal hidden differences in disease patterns. In 1991, tuberculosis was ten times more common in Harlem than in wealthy New York City neighborhoods, and the rate in Harlem had been elevated for a decade. Earlier action to stop spread in Harlem would have made the citywide outbreak less severe. Differences by neighborhood, race, ethnicity, sex, economic status, and other factors can identify groups hit hard by preventable disease. HIV among men who have sex with men, opiate overdoses in rural White communities, and hypertension-related deaths among Black Americans can only be addressed effectively by reaching these communities. Black Americans constitute about 14 percent of the US population, but because of higher rates of hypertension and less effective treatment, account for 28 percent of deaths from cardiovascular disease under age sixty-five.15

        Surveillance doesn’t just track tuberculosis, Ebola, other microbes, and trends in births and deaths. Public health’s superpower can also reveal invisible forces that harm and kill.

      
      
        Mystery Disease

        In 2010, early in my time as CDC director, I visited Nigeria to strengthen our collaboration on disease control. Doctors told me of a terrible outbreak. In villages of the Anka area of Zamfara, a state in northern Nigeria, dozens of children and adults died after developing severe abdominal pain, headache, and seizures. It was a tragedy; it was also a mystery.

        The most likely cause of an increase in childhood deaths in Africa is malaria, which kills more than 400,000 children a year and can cause seizures. But there was no report of the spiking fevers that characterize malaria. Lack of fever also made pneumonia, the most common cause of childhood death, less likely. The absence of diarrhea and dehydration ruled out cholera and other intestinal infections, the third most common cause of death. Seizures can be a symptom of meningitis, which at the time spread rapidly in the region, but, again, the lack of fever made this unlikely. Infection with the pork tapeworm doesn’t cause fever and can cause seizures. The parasite, Taenia solium, grows up to thirty feet long in human intestines. If people consume microscopic parasite eggs in contaminated food or water, these eggs hatch in the intestine and larvae can invade the brain, causing a disease known as cysticercosis. This is a common cause of seizures in much of the world. But the Anka region is largely Muslim, so pork exposure was less likely, and, serious as cysticercosis is, it doesn’t cause dozens of deaths in one area in a short time.

        Investigation found that none of the above caused the sudden increase in deaths. It took time and specialized laboratory testing to conclude something that would have been obvious to public health experts a hundred years ago: The combination of abdominal pain, headaches, seizures, and death is a classic presentation of lead poisoning.

        Lead stores energy in batteries, shields against radiation, gives glass crystal its brilliance, and makes paint more luminous and cars run more smoothly. Unfortunately, it’s toxic. Lead accumulates in our bones, brains, and other organs. It causes cognitive impairment, hyperactivity, and other behavioral problems in children and is associated with delinquency and violence, lower income, reduced fertility, and increased heart and kidney disease.16 More than 2,000 years ago, Vitruvius, a Roman architect and engineer, warned against using lead pipes to carry drinking water.17 Despite his warning, lead poisoning may have contributed to the downfall of the Roman Empire through the use of lead in wine, bowls, cups, and cosmetics.18 The harms of lead were largely forgotten or invisible until the twentieth century.

        In the Anka region, impoverished villagers had taken soil home from abandoned illegal mines to refine it for traces of gold ore. What they didn’t know was that the soil was full of lead. Médecins Sans Frontières (MSF) and local public health staff, who learned of the outbreak when tracking meningitis in the area, conducted a detailed investigation. They drew blood from hundreds of children; every child had lead poisoning and in 85 percent, levels were so high they exceeded the limit of their portable machine. Samples flown to the CDC in Atlanta demonstrated extraordinarily high levels—nearly every child urgently needed chelation to reduce the effects of lead poisoning. In the following years, MSF provided chelation to thousands of children and the government and community organizations undertook the complex job of environmental remediation, laying fresh soil over acres of contaminated land to prevent continued poisoning.19

        The Nigerian incident was one of a series of tragedies that result from the invisibility of lead poisoning. A century earlier, one doctor’s pioneering work used the superpower of seeing the invisible to track industry-related lead poisoning. Her studies revealed lead’s dangers and protected workers, but government and industry ignored her warnings, with almost unimaginably devastating results.

      
      
        Preventable Mass Poisoning

        Alice Hamilton, an exceptional and tenacious physician born in 1869, created the field of worker health in the United States. She grew up in a cultured family in Fort Wayne, Indiana; her sister Edith became a best-selling author on Greek and Roman thought. Dr. Hamilton joined the social justice advocate Jane Addams’s Hull House Settlement in Chicago. There she met a who’s who of reformers and intellectuals, including the suffragist Susan B. Anthony, the education reformer John Dewey, the activist Mother Jones, future Supreme Court Justice Felix Frankfurter, prominent socialist Eugene V. Debs, and Upton Sinclair, author of The Jungle—a book largely responsible for the first food safety measures in the United States.20 Support for workers was integral to Hull House, where, Hamilton wrote, “one got into the labor movement as a matter of course, without realizing how or when.”21

        Hamilton used the superpower of surveillance to see past obvious injuries and find invisible toxins. Mangled arms and lost fingers were dramatic but harmed far fewer workers than “the less spectacular hazard of sickness from some industrial poison.”22 She wrote: “Accidents in industry are striking, dramatic, and the cause is clear, while occupational disease comes on slowly and insidiously, and the responsibility [of the companies employing the workers] is more easily evaded.”23

        Hamilton was meticulous. She searched for every case and reviewed every step in industrial production processes to identify how exposures occurred and figure out how to stop them. Challenged by a factory owner who believed that none of his workers had developed lead poisoning, she scoured local hospitals, spoke with social workers, and visited pharmacists. She identified twenty-two workers who had left the factory due to disability from lead poisoning and therefore were invisible to the factory owner. Hamilton advocated for government regulation and organized worker action to reduce risks. When neither regulation nor worker demands were possible, she used astonishing tact to persuade factory owners and managers to implement safety procedures.24 Hamilton made factory owners see invisible cases and take action to prevent them; the US government would be much harder to convince.

        Hamilton investigated and controlled lead poisoning and other hazards in workplaces for decades. In 1919, she became the first woman appointed to the faculty of Harvard University. On October 26, 1924, severe illness struck workers at a Standard Oil Company lab in New Jersey. The lab had been developing processes to add lead to gasoline. Within a week, forty of forty-nine workers were either dead or severely ill. The deaths triggered intense media attention. Despite initial denials from the company, which blamed the illness on alcoholism or other worker behaviors, investigation revealed that the cause was lead poisoning.25 In the aftermath, hearings investigated the potential risks of adding lead to gasoline.

        Based on her meticulous studies of industrial uses of lead, Hamilton argued forcefully against the automobile and gasoline companies’ plan to add lead to fuel: “I am not one of those who believe that the use of this leaded gasoline can ever be made safe.”26 She saw that industrial pollutants such as lead weren’t just a problem for workers but would seep into the environment—and into people’s bodies: “You may control conditions within a factory, but how are you going to control the whole country?”27 Her colleague Yandell Henderson predicted, with uncanny accuracy, that “conditions would grow worse so gradually and the development of lead poisoning will come on so insidiously . . . that leaded gasoline will be in nearly universal use and large numbers of cars would have been sold . . . before the public and the government awaken to the situation.”28 Gradual worsening is another route to invisibility. Low-level exposures are less visible but can cause much more widespread harm than dramatic cases of lead poisoning.

        It’s almost impossible to convey the extent of this tragedy. Government ignored Hamilton’s warning, and for fifty years lead spewed from every car’s tailpipe, contaminating the air, soil, and bodies of generations. By the 1970s, the average American child had a blood lead level higher than what today triggers urgent investigation.29 Millions grew up less intelligent, more violent, poorer, and more likely to die from heart disease, stroke, and kidney failure.30 Imagine a country just like the United States in a parallel universe where government heeded Hamilton’s 1925 warning and banned lead in gasoline. In the lead-free America, children grow up with their minds and bodies not damaged by this poison. They score five points higher on intelligence tests, earn 5–10 percent more throughout their lives, and live in safer communities. Their health care system faces less chronic disease. The tragedy was self-inflicted. Hamilton showed the danger; government and industry chose profit over public health.

        Halting exposure to lead required not only scientific knowledge but also advocacy. France, Belgium, and Austria banned indoor lead paint by 1909.31 In 1922, the League of Nations called for bans on lead paint indoors, and more than twenty countries did so in the following decades.32 New York City banned lead in gasoline in 1923—but only for a few years.33 Because of industry opposition, the United States didn’t ban lead in paint until 1978 and in gasoline until the 1990s.34 Leaded gasoline has now been banned for on-road vehicles in every country in the world.

        In recent decades, the United States has made enormous progress reducing lead poisoning. By 2025, fewer than one in 1,000 children had a level of fifteen micrograms per deciliter or more—the average level of the 1970s.35 But there’s unfinished business. Now that we see how harmful this invisible toxin is, we must work to eliminate lead paint globally, control lead from batteries and cookware, prevent adulteration of spices and cosmetics with lead, and protect workers and communities.36

        Hamilton protected workers because she forced factory owners, managers, and governments to see previously invisible occupational exposures, but government couldn’t perceive—or was not willing to stop—the broader harm from leaded gasoline. Unfortunately, lead isn’t the only invisible and deadly toxin.

      
      
        Poisons That Remain Invisible

        Although we’ve made progress preventing lead poisoning, we don’t yet have adequate systems to see and control many continuing threats to our health. Other invisible toxins, including tiny soot particles (called PM 2.5) cause millions of heart attacks and cancers globally and 100,000 or more deaths each year in the US.37 Cancer, neurological diseases such as amyotrophic lateral sclerosis (ALS, Lou Gehrig’s disease), Parkinson’s disease—which killed my father—and many other health conditions arise mysteriously. More and more young people are dying from colon and stomach cancer; toxins in our environment are likely responsible. Maybe it’s chemicals that change the bacterial populations living inside of us. Maybe unrecognized toxins such as nanoparticles are the cause.

        Physicist Richard Feynman popularized the idea of manipulating matter at the nano scale (one billionth of a meter) in a 1959 talk, “There’s Plenty of Room at the Bottom.”38 Advances in nanotechnology in the 1980s and 1990s led to an explosion of products containing these tiny particles entering the market in the 2000s. Industrial uses, amounts produced, and the range of products made with nanoparticles increased exponentially. Today they’re everywhere, from plastics to cosmetics to food packaging to fertilizers and medical devices. They improve tennis racquets and golf balls, solar cells and car tires, water treatment and environmental cleanup. But like victims of the poison the villain uses in the James Bond movie No Time to Die, we can absorb some nanoparticles from a single touch or breath. They can then spread throughout our bodies, possibly changing us forever.39 Despite widespread use of nanoparticles, we know far too little about their long-term health consequences; they may increase the risk of heart attack, stroke, and death. Microplastics may also have harmful health effects.40

        Other widely used toxins known as endocrine disruptors interfere with the hormonal system, potentially causing cancer, obesity, reproductive problems, and more.41 These toxins include industrial solvents such as dioxins—dangerous chemicals created as by-products during manufacturing—as well as pesticides and some plastics. The increasing use of these toxins in recent decades may result in extensive health harms.42 Increasing evidence now indicates that so-called “forever chemicals” such as PFAS (per- and polyfluoroalkyl substances) that persist in our bodies and in the environment increase the risk of a wide range of illnesses.43 The CDC and other entities monitor some exposure levels, particularly through an extraordinarily important examination survey that for decades has used highly accurate tests to detect chemicals in blood and urine.44 But this doesn’t reduce exposures substantially because the surveillance isn’t analyzed in conjunction with long-term illness data, and findings are too rarely used to remove dangerous products from the market and environment.

        The 1920s debate about lead in gasoline highlighted a fundamental question: Must public health prove that a substance is harmful, or does industry need to prove it’s safe? Hamilton hoped “the day is not far off when we shall take the next step and investigate a new danger in industry before it is put into use.”45 A century later, that day has still not arrived: Companies routinely put chemicals into widespread use without information on safety.

        To reduce toxic exposures and balance economic and health priorities, we need data to help others see and act on harmful but invisible toxins. We must monitor not only illnesses but also exposures. We must require laboratory, animal, and epidemiologic research and insist that industries prove new chemicals are safe before selling them to the public.

        The final aspect of seeing the invisible exposes uncomfortable truths: Are programs designed to save lives succeeding?

      
      
        Seeing Progress and Failure

        On September 11, 2001, I was traveling in remote West Bengal villages; I had been living and working in India for five years, on loan from the CDC to help control tuberculosis. A small television in the lobby of my spartan hotel showed the second tower of the World Trade Center collapse. I was born in New York City, completed medical and public health training and internal medicine residency there, served as an Epidemic Intelligence Service Officer, and led the tuberculosis control program. Three months later, with the rubble of the World Trade Center still smoldering, Mayor-Elect Mike Bloomberg called to ask me to become health commissioner; it was time to go home.

        When I returned from India, I visited my father in his nursing home. During a hike in the Blue Ridge Mountains of Virginia decades earlier while I was in college, Dad had commented, “You seem to like both science and politics. Public health combines those two things. You might enjoy it.” I had never heard the term “public health” before. By the time I returned to New York City in 2002, my father’s Parkinson’s disease had progressed; he was immobile and spoke less and less. I spent hours at his bedside, holding his hand. Telling him of my new role, I said, “Dad, I want to be the best health commissioner.” His reply: “How would you know?” These were the last words he ever spoke to me.

        Being the best meant saving the most lives, but how could a health department save lives, and how could we know?

        In the early 1900s, tuberculosis killed more people than any other cause. By the year 2000, tobacco use had replaced tuberculosis as the leading cause of death. The answer to my father’s last question required figuring out how to decrease tobacco use and be certain we had done so.

        Trends in tobacco use in New York City were invisible. No surveillance system showed how many people smoked or whether the number was increasing, decreasing, or staying the
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