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			For Shari and Samantha, always

		

	
		
			
			
				It all depends on whose baby has the measles.

				—Franklin Delano Roosevelt

			

		

	
		
			Introduction

			I am a pediatrician.

			When I was about fifteen years old, my brother Gabriel, a toddler, fell into the swimming pool in our backyard. I was in my bedroom—bored, annoyed—working through a review book for an upcoming standardized test in biology. My mother was unloading groceries. She had unbuckled Gabe from his car seat and thought that he was following her into the house. Instead, he wandered around the side, up a short set of stairs, and into the water. My room had a window that faced the back of the house, but I didn’t hear him fall in—no one did. I hadn’t even realized that they were home. This was a moment when some safeguards failed—a couple of minutes in the course of a lifetime. An unlatched gate, a distracted adult, an older brother who wasn’t listening. My sister, only a few years older than Gabe, found him floating on the water—pale skin, bloated diaper.

			For a lot of families, the story ends there. Attention lapses, a safety plan fails, and a child is lost. I am grateful to say that we were luckier than that. My mother, trained as both a pediatrician and an anesthesiologist, pulled him from the pool. Drawn by my sister’s cries, I arrived, wanting to help but shaking and confused. I had never shook before. Mom gave orders—I called the emergency number, explained the unimaginable, blurted our address. I have no memory of what I said, but I do remember doing chest compressions—one hand on a minuscule chest—as she breathed for him. It was my first time seeing—much less helping to do—CPR outside the border of a television screen.

			This is where a story of bad luck becomes a story of good luck. An ambulance arrived. Gabe went first to a local hospital and then, on a ventilator, to a children’s hospital in the city. He spent weeks in their pediatric intensive care unit, a mammoth crowded room packed with a strange juxtaposition of beeping technology and mismatched lengths of tubing strung together with pink latex tape. A team kept careful track of Gabe, and he held up his end of the bargain—slowly healing, needing less support from machines as he went along. I visited him there, held his hand, and watched his protectors.

			I’ve been a pediatrician for decades now. I have spent plenty of time in intensive care units and have certainly seen much worse endings. Still, I tear up replaying these scenes in my mind. This is not a medical school application essay. Gabe’s hospitalization was no moment of career epiphany for me. But there was a clear message in that experience, and it is one that I consider just about every day. The upshot is this: There is danger in the world, particularly for children—real, present, and meaningful danger. Sometimes we are lucky enough to have figured out ways to mitigate some of that risk. Think seat belts, childproof medication caps, vaccines, and yes, pool fencing. And sometimes when prevention fails, the outcome falls to luck.

			The prevention side of things failed for Gabe. Nothing stopped him on his journey to the backyard. He survived because his mother knew what to do, a well-stocked ambulance was near enough, and the magical machines and people of the ICU were available to him in the wealthy country of his birth. He was lucky. Our whole family was. I think about that a lot.

			I went to medical school and did my residency at the hospital where they took care of my brother. Working in that pediatric ICU was inspiring and, if I am being honest, mind-bendingly exhausting. I was never cut out to be a critical care doctor, but I’m a puzzle solver, and I found a subspecialty that lets me spend my days caring for children with complicated diseases and thinking about how to make kids a bit safer tomorrow than they are today. The field of pediatric infectious diseases (ID) is perfect for the way that I think. It’s a little slower than critical care. We spend a lot of time digging through patient charts for clues to a difficult diagnosis, consulting journal articles and textbooks, and often calling a colleague who might have the experience or the different approach that we need to turn a stream of contradictory data into a coherent story. As a result, my pediatric ID friends and I also accept a gentle ribbing from other specialists about the lengthy and sometimes absurdly detailed medical histories that we take.

			Diagnosis is at the heart of being an infectious diseases specialist, and it was what got me hooked on the field. In front of my medical student eyes, weeks of unexplained fever became a newly confirmed case of tuberculosis that responded quickly to medications. Questions, a physical examination, an X-ray, a lab test or two, and a cure. A different pace and a different kind of magic from what I had seen at Gabe’s bedside. During the first week of my infectious diseases fellowship, when I was a fully trained pediatrician but just starting my subspecialty education, I saw a child who had recently returned from visiting relatives in Côte d’Ivoire. He had been fine for the weeks in West Africa and even on the flight home but just a few days later had become extremely ill—high fevers, vomiting, and eventually convulsions. The doctors in the emergency department stopped his seizures with medications. Thanks to the ICU team, he was stabilized and carefully monitored.

			My job was to help figure out what caused his dramatic change, and as I entered his room, I silently ticked off possible causes of fever in a returning traveler—typhoid, malaria, pneumonia, and others—reminding myself of the important questions to ask. The boy’s mother held his hand, and both parents were patient with me as I had them go over the story of the trip, the return, their son’s illness. Where had they stayed? With his mother’s family—in a town, not a city. He had spent his days outside, running around with his cousins. No, he hadn’t had any undercooked foods. No unpasteurized milk. No contact with farm animals. Yes, there were mosquitoes around, but they didn’t recall him complaining of bites. No, he had never been sick like this before. This was his first time in a hospital since he was born. He was up to date on his vaccines. “In fact,” his mother said, “he has never had to take any kind of medication for anything, not even an ear infection.” A voice in my head: Ah! No prophylaxis for the trip. I asked, but no one had prescribed medicine to prevent malaria during his time in a place where the infection is prevalent—a too-common oversight, especially for children.

			A drop of this child’s blood on a glass slide revealed the diagnosis. A little while later, in the hospital’s laboratory, the senior parasitologist had to help me as I struggled to focus the microscope, but once he did, even my essentially untrained eye couldn’t miss the red blood cells teeming with blue-stained malaria parasites—each one a circle with a darker, thicker projection on one side, like a wedding ring. The fevers, the seizures, his parents’ fear—all of that was downstream of the drama that we saw playing out under the microscope. Our team prescribed medicines that I had never heard of before that week, drugs with names that sounded like spells to me—quinidine, mefloquine, atovaquone-proguanil. These and a multitude of other images and spells are the knowledge that I now get to teach to a whole new generation of students, residents, and fellows.

			Even before we had a global pandemic with which to contend, the past few decades have been an incredible time to be interested in infectious diseases. My training in urban hospitals in the United States focused on caring for individual patients. I strove to be the best doctor that I could for the patients in front of me. Diagnose, treat, repeat. Even with the steady workload, some of the broader trends we saw in the hospital and the clinics were impossible to miss. There were everyday diagnoses, like rotavirus, which could cause diarrhea so voluminous that children would come into the hospital with bone-dry lips and skin that “tented”—staying in place when gently pinched into a mound rather than snapping back into place. Or like respiratory syncytial virus (a hard-to-spell pathogen of young infants that generally goes by RSV). We learned to recognize the quick, shallow, noisy breaths of a child with RSV, to count the number of breaths in a minute, to listen carefully to their lungs to distinguish a kid with an impending pneumonia from one who was on the mend. These were the illnesses that got turned into shorthand. “There’s a new kid with rota in 810. On IV fluids, but still looks a little dry.” “Keep an eye on that baby with RSV tonight. She’s working hard to breathe.” We would even plan for these seasonal diseases in advance, knowing how crowded and chaotic the hospital floors would become once winter hit.

			There were other infections that we saw only occasionally but worried about daily. Infants and toddlers arriving in the emergency department with fever would often get a “rule-out sepsis” workup, with the goal of figuring out whether they had bacteria in their blood or, worse, their spinal fluid. Most of those evaluations were negative—false alarms triggered by one or another of the million minor infections of childhood—but the ones that were positive were mostly due to Streptococcus pneumoniae bacteria. Those rare “hits” made the workups worth doing, as a child sent home with a missed case of meningitis—when those bacteria travel to the fluid that encases the brain and spinal cord—may be dead by morning. Early diagnosis and treatment with the right antibiotics could head off a tragedy.

			The most striking thing that I’ve seen as a doctor isn’t a just-in-time diagnosis or a heroic save of a critically ill kid (even when that kid was my brother). The most striking thing is what happens when we turn the corner from diagnosing and treating a disease to preventing it. This shift makes it so that the saves don’t need to happen because the child never even gets sick. There is nothing that the pediatrician in me loves like disease prevention. Those scourges of my residency? Rotavirus is mostly gone in countries lucky enough (read: wealthy enough) to have reliable access to the vaccine—no more yearly surges of children hospitalized for diarrhea. Streptococcus pneumoniae? There’s a vaccine for that as well. It’s a tougher scientific problem (many different types of the bacteria, each needing its own component of a complicated and expensive vaccine), but enough slow progress has been made that we have been able to significantly decrease the number of kids who need blood cultures, spinal taps, hospitalization, and antibiotics. Today, some pediatric residents go through years of training without ever seeing a child with either of these infections—the same things that filled our nights and our hospital beds not that long ago.

			RSV has been a tougher nut to crack. In the early 1960s, a promising vaccine candidate not only failed to protect children against RSV but actually made the disease worse in some of the vaccinated kids. It took decades for scientists to figure out exactly why that initial attempt failed, and longer still before new strategies, including vaccination during pregnancy, have allowed pediatricians and parents to hope again that, as with rotavirus, RSV’s days may be numbered. It is incredible to imagine after uncountable sick children, scared parents, nights spent in ICU beds, and rare but world-splitting tragedies, that we could be right on the cusp of preventing this disease as well.

			In retrospect, I suppose that this kind of change shouldn’t have been quite so disorienting for me. The generations of pediatricians immediately preceding mine saw different childhood infections go from front of mind to back of mind to essentially gone from mind. At the close of my residency, my mother marveled at my never having seen a child with Hib infection (a childhood scourge that has nearly disappeared in the United States since a vaccine against it was licensed in the late 1980s). I have never taken care of a child with polio or diphtheria, either. Thanks, vaccines! Never having seen these diseases is not the same as never having thought about them, though. I’ve read textbooks, journal articles, and, with increasing frequency as I get older, letters and other personal writings of my predecessors from decades or centuries ago. Connecting back in that way has been valuable. Because of my direct experience, I can easily conjure the bark and whoop of a child with pertussis or the bent posture and primal distress cry of a baby with meningitis. I have a visceral feel for what an uncontrolled chickenpox infection can do to an immunocompromised child. I have seen these things many more times than anyone could possibly want to. The diseases that we don’t see anymore are tougher to visualize, and I rely on descriptions from those who came before me to help me understand.

			This exercise is important, because nearly all these diseases are not gone from the world—just gone from the privileged place where I happen to work. Gone for now. Despite our best efforts, polio continues to elude eradication and has even returned to the United States and other countries that had eliminated it decades ago. Diphtheria, congenital rubella—both deadly and eminently vaccine-preventable—are still with us. We teach about these infections, remember them, and continue to vaccinate children against them because they remain threats, even if we rarely—or never—see them in the wealthy countries of the world.

			The best example of this phenomenon, the vaccine-preventable disease that still keeps me up at night, is measles. Just a generation or two ago, essentially every child got the measles. It was a rite of passage in childhood, involving a few days off from school, an inconvenience for families. Measles was the butt of jokes in popular culture. In 1969, the popular television show The Brady Bunch made light of measles, describing one affected child as having symptoms of “a slight temperature, a lot of dots and a great big smile.” In that episode, Maureen McCormick, playing oldest sister Marcia Brady, said, “If you have to get sick, sure can’t beat the measles,” as the spotted children played a board game together. In Gone with the Wind, Scarlett O’Hara’s first husband’s demise from measles, rather than in combat, is depicted as shameful, unmanly. Even the word measly, derived from measles, has been used since the mid-1800s to represent something inconsequential or insufficient.

			Measles used to be one of those diagnoses that a pediatrician (or an experienced grandmother) might make from across a room, just from a child’s appearance and demeanor. The first symptoms—a fever, red eyes, a runny nose, and a cough—could go along with any of a multitude of childhood maladies. That uncertainty fades after a few days, when the measles rash blossoms—first on the face and neck, then spreading to the trunk and limbs. Raised and flat areas of pink coalesce into large splotches. The rash associated with measles is distinctive enough that the medical adjective that describes it, morbilliform, translates to “looks like measles.”

			The measles vaccine, first available in the United States in the early 1960s, changed this state of affairs. There were fits and starts to its acceptance and widespread use, but within a few decades, measles was rare, and by 2000, it was gone from the United States except for sporadic cases in international travelers. As a result, a generation of parents and pediatricians grew up with measles out of sight and, consequently, out of mind.

			In the autumn of 2018, a mother and father brought their young son to one of the hospitals where I work. He’d had a fever, a runny nose, and red eyes for a couple of days, as well as a rash that started that morning. As the rash progressed, his parents headed to the pediatric emergency room, worried that he might be having an allergic reaction to eye drops. He had never needed drops before, but his eyes seemed so red that they assumed that they must be bothering him. Both mother and father were aghast at the pediatrician’s suggestion that their son might have measles. “This was nothing. Just a little cold. He reacted to the drops!” Neither parent had ever seen a child with measles, maybe had never even heard of one outside of stories from their own parents. Nor had the pediatrician who first suspected the diagnosis. The knowledge that he relied on came from others’ experiences, and his quick realization helped make sure both that the child got the right care and that others in the hospital did not get exposed to a highly contagious disease. When my team arrived to help confirm the diagnosis, his parents were still looking for someone to say that this was all a mistake, that the tired, sad-looking child with the weepy eyes, the runny nose, and the rash creeping across his face and onto his trunk really did just have a reaction to his eye drops. We couldn’t do that, of course. Instead, we sent the testing that would eventually confirm the diagnosis of measles, talked to his parents about what to expect and what to watch out for, and prescribed vitamin A, which can decrease the risk of complications of measles. That child turned out to be an early case in what would become the largest measles outbreak that New York City had seen in a long time. There were hundreds of measles cases over several months, many of whom required hospital admission, as well as millions of dollars in cost for control measures (vaccine drives, school closures, an emergency declaration) and widespread anger in the involved communities.

			Many of those children with measles and its complications were admitted to our hospital, and I saw more measles cases over those few months than I had in the prior two decades of my career. At the height of the outbreak, a medical student who had joined our team just a week or two earlier, having never seen a measles rash, started to present a case to the group by saying, “This is another measles kid who was admitted today…” I stopped her there, asked her to reflect on what she had just said. “Another measles kid.” Measles had gone from being a zebra (an unusual diagnosis, as in the classic admonishment to medical students, “When you hear hoofbeats, think horses, not zebras”) back to humdrum in an incomprehensibly short time. Our team went to see that child, who was in the intensive care unit for careful monitoring and respiratory support. She had developed pneumonia and was having significant trouble getting enough oxygen through the inflamed tissue of her lungs and into her blood.

			As we approached the room, I was ready for a difficult discussion with her parents. The measles cases in this outbreak were, unsurprisingly, concentrated among unvaccinated children, and I knew from our student’s presentation that this patient’s parents had refused vaccines for her, including one that protects against measles. Conversations with vaccine-hesitant parents could go in several different directions. With a hospitalized child, everyone’s top priority had to be the current situation—getting her well enough to breathe on her own, leave the ICU, and head toward home. Bringing up the vaccine decision required walking a fine line. How do you explain to a parent that the reason that their child is in the hospital is because of a choice that they made? Carefully. With empathy. But clearly.

			Carefully, because asking about this earlier, fateful decision could provoke feelings of defensiveness (“Why are we talking about this now? Shouldn’t you be working on getting her better?”), guilt (“Are you accusing me of doing this to her?”), or outright anger. I’ve certainly seen all three, sometimes from the same family in the same conversation. Over the course of the measles outbreak, I had also encountered parents who took a completely different tack. Not only did they defend their decision to delay vaccines or forgo them entirely for their kids, but they saw the child’s eventual recovery as vindication for that course of action, thinking that now there would be “natural” protection instead of the supposedly inferior, artificial, pharma-made kind. In this twisted logic, the outcome proved it. Despite the hospitalization, the blood draws, the fear—measles was no big deal. Doctors have different approaches to this kind of conversation, and some avoid it altogether. I usually lead with curiosity. “We’ve discussed that your daughter has measles. Can you tell me a little about what you’ve experienced or heard about measles or the measles vaccine?”

			With empathy, because after all, these are the parents of a hospitalized child. Regardless of the decisions, fear, or distrust that brought them to this point, they are in a situation that all parents fear. Innately and completely, we want to protect our children, scare away the monsters, make sure that they make it home safe. Ironically, that is exactly the response that leads some parents to refuse vaccines. Vaccine-hesitant parents aren’t people who want harm to come to their children. They love their children and want to protect them but have generally been influenced by at least two kinds of false messages: fear of vaccines and minimization of the real dangers of the diseases that those vaccines protect against. “Would you be willing to share some of what you heard that led you to the decision not to vaccinate?”

			Clearly, because the problem of vaccine hesitancy neither begins nor ends with this particular child in this particular hospital room. The way that this conversation goes can help guide this family’s future choices, alter their decision-making about their other kids (or even their decisions about future vaccines for the hospitalized child), and shape the story that they communicate to friends and family about this frightening experience. “We are on the same team here. You want your kids to grow up happy and healthy, and so do I. There are many illnesses we can’t prevent, but vaccines protect us against some really serious ones. You didn’t allow her to be vaccinated because you were given bad information. We can’t go back and fix that, but I want to make sure that we get all your questions answered about this vaccine and any others on the schedule so that we can help keep her healthy going forward.”

			These can be long and difficult conversations, sometimes playing out over several days—sometimes shut down immediately by families who refuse to even hear the messages that we try to communicate—and their effectiveness in the case of a particular family can be difficult or impossible to determine.

			Surprisingly, the conversation in this child’s room fell into none of these categories, because her parents were not there when we arrived. Her grandparents were, though, and they were not happy. When I asked about their experiences or knowledge about measles, the emotion that I encountered was anger. They were furious at their own child—the patient’s mother—for refusing measles vaccination for her daughter. “We remember measles. We remember polio! We vaccinated our kids. Why would anyone possibly do this?” Their own experiences had immunized them against the anti-vaccine messages. It wasn’t as if they hadn’t heard the rumors about vaccines. It’s that those messages seemed absurd in light of their experiences. They had seen children suffer and adults who carried the aftereffects of diseases like polio. Vaccines were something to be thankful for, not a dark conspiracy.

			What happened between those two generations, the vaccine-hesitant mother and her own parents, dumbstruck at the idea of someone opting out of the miracle of vaccination? How did we go from eliminating measles in the United States and talking seriously—realistically—about its worldwide eradication to a massive resurgence in 2019, presaged by smaller blips in the prior years? And should those blips have warned us about some of the problems that we would face with the COVID-19 pandemic—the vaccine hesitancy, the demands for unproven (and sometimes rigorously and scientifically disproven) medications, the distrust of doctors and public health professionals, the underestimation of that new virus’s effect on children?

			Before this outbreak, I had seen only a handful of measles cases over the course of my career—an international traveler, a small cluster in northern Manhattan—but I knew that it was an important cause of childhood mortality. Even when we considered it “under control” in wealthy countries, measles remained a major killer in areas where we failed to deliver health care, especially vaccines, effectively.

			What I came to appreciate—what I hope to communicate here—is that measles isn’t just one more childhood disease. It is the quintessential human pathogen. Measles does more than cause fever and a rash. It teaches us about ourselves—our capacity to learn, remember, and forget. It moves through crowds with astonishing speed. It has shaped and continues to shape our history. We have a vaccine to prevent measles, one that is battle-proven to be able to eliminate the disease from whole countries, even continents. However, what we’ve accomplished with that vaccine isn’t just an example of a scientific triumph, as the persistence of measles also provides evidence for our ongoing failures to reckon with poverty, inequity, racism, and the myriad legacies of colonialism. Vaccination has decreased global childhood deaths due to measles by an incredible measure, but a disproportionate number of these deaths still occur in poor nations. This pattern of inequity stretches back for centuries, when colonial ships brought the synergistic combination of violence and new infections, including both smallpox and measles, to the Americas and Pacific Island nations, leading to widespread suffering and political turmoil. The more recent history of measles in the United States has still been one of division. U.S. redlining policies determined housing access and financial opportunities based on geography, race, and class. Similarly, measles “rashlining,” driven by limited access to vaccination and medical care, gave disadvantaged children worse odds of avoiding the most severe outcomes of the disease. These issues are illuminated by measles but not confined to it, and recent challenges—Ebola, COVID-19, mpox, and others—have repeatedly demonstrated the urgent, persistent, and widening inequities that both precipitate and follow pandemics.

			Despite the severity of her disease, that child in the intensive care unit had an outcome typical for children with measles who, by chance of birth, live in high-income countries like the United States—a steady recovery over the course of about a week. Even here, a handful of children out of a hundred with measles require hospitalization for pneumonia, as she did. Less common and more severe complications of measles—brain inflammation or death—happen once or twice per thousand cases. These numbers sound low, but prior to the development of a vaccine, there were millions of cases of childhood measles in the United States every year. That adds up to many thousands of these rare and devastating outcomes, each one a very real child. As we will discuss in subsequent chapters, the outlook for children with measles was significantly worse in the not-too-distant past, even in large cities in the United States and Europe. Even now, as with nearly all determinants of a healthy childhood, emerging unscathed from measles infection has more to do with the circumstances into which a child is born than with any other factors. A child in a refugee camp in the Democratic Republic of the Congo, which in recent years suffered explosive and overlapping outbreaks of Ebola and measles, is not accorded the same favorable odds as one in our ICU. Malnutrition, crowding, and stress—both physical and psychological—all place a finger on the wrong side of those scales.

			Those are some of the reasons that I am obsessed with measles. Despite medical advances, measles is still with us—very much so—and it is a bellwether for our weaknesses, particularly when it comes to public health infrastructure and trust in science. As I write this, the COVID-19 pandemic has waned, yet it persists. Issues of infectious disease epidemiology, vaccine development, rationing of care, and masks have filled news coverage for the past several years. Our global responses to this pandemic have included incredible successes (rapid vaccine development) and marked failures (poor communication about school closures, quarantine, and mask mandates). Trust in medicine and public health is at a nadir. False “experts” use their platforms to sow confusion and antiscientific sentiments. Some of them even run for president. Declining vaccine confidence leads those of us who spend our lives in those fields to brace for not only continued struggles with COVID-19 in the coming years, but also a global reemergence of other vaccine-preventable diseases. Specific biological properties of the measles virus make it an early warning sign of danger to come. Given its unmatched ability to spread from person to person, when it gains access to a susceptible population, measles is explosive.

			Every single child diagnosed with measles anywhere in the world represents a system failure—an inexcusable unforced error. The technology to prevent essentially 100 percent of measles cases has been in our hands since well before the moon landing. Every childhood death from measles since that time, and there have been many millions of them, has happened because we haven’t moved fast enough, haven’t all pulled in the same direction when we could have.

			Measles is a bully. It has always picked on the weak, the undernourished, and the crowded. Well over a century ago, in How the Other Half Lives, the journalist Jacob Riis described how measles ravaged the children of New York City tenements:

			
				Under the most favorable circumstances, an epidemic, which the well-to-do can afford to make light of as a thing to be got over or avoided by reasonable care, is excessively fatal among the children of the poor, by reason of the practical impossibility of isolating the patient in a tenement. The measles, ordinarily a harmless disease, furnishes a familiar example. Tread it ever so lightly on the avenues, in the tenements it kills right and left. Such an epidemic ravaged three crowded blocks in Elizabeth Street on the heels of the grippe last winter, and, when it had spent its fury, the death-maps in the Bureau of Vital Statistics looked as if a black hand had been laid across those blocks, over-shadowing in part the contiguous tenements in Mott Street, and with the thumb covering a particularly packed settlement of half a dozen houses in Mulberry Street. The track of the epidemic through these teeming barracks was as clearly defined as the track of a tornado through a forest district. [emphasis mine]

			

			This description rings true today. Wherever in the world there is war, famine, or disaster, along with the refugee camps, you can find measles. In Riis’s New York, vaccination against measles was still far in the future. We no longer have that excuse. We have shown that when we are operating at our best, international cooperation can use vaccines to drive diseases from entire countries and, in at least two cases (one of which was measles’s closest relative), eliminate them from the planet. Measles thrives on our failing to use that know-how. When we forget to pay attention, it rises again. Even in wealthy nations, when anti-vaccine charlatans and pseudoscience peddlers thrive, when funding to vaccination programs is cut, when well-meaning parents do not learn how to tell reliable information from its opposite and thus fail to vaccinate their children, measles is often the first sign. It is also a sure indication that other problems are not far behind. These chapters explain why measles is that early alert, why it has reemerged at this point in history, and how we might have heeded the warning that the 2018–2019 measles surge gave us to better prepare ourselves for the approaching coronavirus pandemic and the additional challenges that would follow.

			The very weaknesses that COVID-19 has exploited were made clear by the resurgence of measles in both high- and low-income countries in the years leading up to the pandemic. Our history with measles should have taught us that developing a vaccine is necessary but certainly not sufficient for control of a rapidly spreading virus, that politics and public policy need trusted scientific voices representative of the communities they are addressing, and that effective messaging is both difficult and critical. Logistics—the way that infections, public health interventions, and vaccine information intersect with the day-to-day lives of people—is among the most important factors of all. Community members need to understand what those official voices are saying, sure, but their advice also has to fit with the rest of people’s lives. It has to be clear, actionable, and feasible—areas in which we have frequently fallen short.

			Measles is a biological agent that preys on human inequity, thriving under conditions of chaos, colonialism, and war. It is both a cause and a direct beneficiary of our propensity to ignore and even forget threats that no longer seem imminent. The virus that causes measles is a real, physical entity that interacts with our real, physical cells. Too small to see, it rides droplets through the air, sneaks in with our breath, and exploits uniquely human weaknesses—pushing our immunologic buttons in a way that only a longtime nemesis could. That interplay, between a virus and us, is where our story begins.

		

	
		
			1.

			Meet the Measles

			Is there anything more consequential than a child’s breath? In some ways, it is the most routine thing in the world. Tens of thousands in a day—over and over and over—but some breaths are more consequential than others. First breaths can be particularly fraught. My daughter was born when I was a pediatric resident, at the same hospital where I worked. Most mornings, I entered the building in an emotional state that lived somewhere on the spectrum between interest in what I might learn and dread at the mammoth list of tasks that I would have to complete before I could leave again. When my wife Shari and I walked in together, headed for the labor floor, I had a different kind of anticipation—a combination of excitement at the upcoming new chapter of our lives and abject terror at everything that could go wrong. I attended many deliveries as a resident, most of which were joyous, some of which were both tragic and, especially at that moment, easy to remember. Despite efforts both conscious and unconscious, you retain what you see as a physician, and as is true with a duckling imprinting on its parent, sometimes what you encounter earliest in training has greater clarity, more staying power. Uterine ruptures, stillbirths, amniotic fluid embolisms—I had seen enough go wrong in delivery rooms that I was more frightened than was reasonable or logical. Samantha was born with her umbilical cord looped once around her neck—just once, not tightly, not a dangerous situation. She was blue when she first emerged, and I remember waiting for her first breath, repeating quietly the phrase I used when I was the one bringing a newborn patient to the warmer for assessment—equal parts greeting and prayer, “good baby, good baby, good baby.” Sam’s breath came soon, and with it a pinking of her skin, a fidgeting of her limbs, and the beginning of a life. As any parent who has watched over a child knows, breaths can be filled with meaning.

			Our bodies take breathing pretty seriously, but the mechanics of the system are surprisingly straightforward. The oblong muscle of the diaphragm—a crosswise border at the bottom of the rib cage—contracts and descends, increasing the space available to the organs of the thorax (the heart, the lungs). More space in the lungs means a drop in pressure, which causes air to flow in through a system of tubes—starting at the nose and the mouth, branching repeatedly along the way, and ending deep within the lungs. The inner portion of those tubes—where the liquid would be if they were straws—is the lumen, a path containing the air that we have just inhaled. Prior to the breath, that air had been most definitively outside of us, but now it inhabits a liminal space, both outside and in. The diaphragm relaxes back up, and the pressure difference is reversed—the air leaving our lungs, back out the way it came. Over and over, every single day. Our bodies have to maintain this cycle if we are to survive. Our airways, branch by branch by branch, represent a deep and ever-present connection between our human selves and that which surrounds us but is separate from us.

			This arrangement, with branching tubes inside of us containing the air that we inspire, implies that there are locations where inside and outside meet. There must be a luminal border, a place where the last point made of human cells abuts the first point of the outside world. That border prevents some things from crossing into the tissues beneath—the protected, sterile parts of our lungs—and allows other things through. We don’t move air in and out all day every day for no reason. In the lungs, oxygen crosses the border into our blood, destined to be bound by the hemoglobin packed in our red blood cells and delivered throughout the body; carbon dioxide travels the opposite path, across the border and back into the airways, ready to be exhaled. It is a system set up for constant, regulated exchange.

			We have cells maintaining that important boundary between inside and outside. The epithelial cells that form the border crowd together tightly, making it difficult for anything that is not supposed to get through to do so. And other cells act as defenders of that barrier as well. Macrophages reside in the air spaces, where they ingest and destroy debris or microbes, or alternatively process what they have found and present it to other immune cells, which gather in nearby lymph nodes. Dendritic cells live in the tissues below the border, but they extend tiny projections into the lumen—fingers in a grab bag—sampling its contents, evaluating potential threats. It’s a pretty impressive defense system, multilayered with built-in redundancy. Much of the non-air matter that we inhale is filtered out high up in the airways—trapped by mucus, ejected by the never-ending beating of whiplike cilia projecting from cells, pushing things up and out. What makes it into the lower airways is evaluated by these sentries—the macrophages, the dendritic cells—which can deal with threats or call in additional immune cells to help. It is striking, then, how effectively measles virus subverts this system.

			Like a first one, other breaths can be important events in the life of a child, even if their significance is easy to miss at the time. The first contact between a child and the measles virus isn’t usually dramatic or even noticeable. Measles virions (viral particles), suspended in airborne droplets of saliva, mucus, and cells, enter silently, riding a breath. Some of those droplets follow the path of the tubes deep into the lungs, where they encounter the epithelial barrier and its protectors. There, the measles virus commits its first act of deception against its human host, but certainly not its last.

			The outer surface of a virion is speckled with proteins and sugars that can fit snugly into receptors on a host cell—a key sliding into a lock. Once that connection is made, the cell itself may pull the virus inside, unaware of the coming havoc. These receptors often play a role in normal cellular functions like acquiring nutrients or gathering information about the cells’ surroundings. Diabolically, viruses repurpose the machinery of ordinary business to enter the inner part of the cell, an essential first step toward turning that cell into a mass producer of new virions. H protein, located on the surface of a measles virion, binds specifically to a human protein called SLAM. This interaction triggers a subtle rearrangement of other viral proteins, allowing the virion’s membrane to fuse seamlessly with that of the human cell. In a moment, virus and host become one.

			Microscopic interactions like this one mean everything for a virus and determine how it manifests in our macroscopic world. That lock-and-key requirement for specific receptors can determine viral host restriction (Does a particular virus infect animal, plant, or bacterial cells? What kind of animal? A primate? All primates or just humans?) and cell tropism (All human cells or just human lung cells?). Viruses can have strict host restriction, meaning that they infect only a single species or a small set of closely related species, or they can be more promiscuous. Influenza wouldn’t be the ever-changing worldwide threat that it is without its ability to infect multiple species—its receptor binding more foot in sock than key in lock. The life cycle of the influenza virus, which includes generation of genetic diversity during infection of birds and pigs, coupled with a prodigious ability to infect humans by targeting cells in both the nose and the lungs, make it a perennial and at times existential threat.

			Like influenza, the SARS-CoV-2 virus that causes COVID-19 can infect multiple host species. It most likely first emerged in bats but was able to jump (or “spill over”) to humans because our cells happen to have a protein similar to the receptor that the virus uses to get into bat cells. This factor is absolutely crucial. We have endured a multiyear global pandemic on the basis of these particular proteins fitting together. And it’s not just the fit—the location of receptors matters. Because that human receptor to which SARS-CoV-2 binds happens to be expressed in our airways, the virus can enter and cause damage there, allowing it to spread through our coughs and to infect a new host when they inhale. Likewise, human immunodeficiency virus (HIV), with a host range restricted to humans, targets specific cells of the immune system with the surface receptors that it needs for entry. The resulting immunodeficiency that accounts for HIV’s lethality is a by-product of its propensity to use receptors on immune cells. The disease is in the details.

			Under normal conditions, SLAM—the measles virus receptor—helps immune system cells interact and exchange information. Macrophages and dendritic cells have lots of SLAM on their surface, but the epithelial border cells do not, so measles virions infect the airway sentries, a counterintuitive yet ultimately brilliant plan. Membranes fuse, and the infected cells ferry the virus past the border and into the nearby lymph nodes, where many more SLAM-expressing immune cells live—a feast for those viruses that just Trojan-horsed their way in. In the coming days, newly infected cells will emerge from the lymph nodes, allowing the virus access to the bloodstream—a flurry of invisible activity. From the outside, though, not even a sniffle.

			About ten days later, the prodromal phase, with its mild symptoms—a runny nose, a cough, fever, a little redness in the eyes—begins, worsening over the subsequent few days. These symptoms could easily be ascribed to any one of a million other things—a seasonal cold, the flu, even allergies if the fever isn’t too prominent. The child might still be well enough to be in school. One clue can reveal the diagnosis at this point, but it is often missed. Small red dots with a bluish-white hue at their center appear on the inside of the cheeks. These are Koplik spots, named for the New York City pediatrician who wrote about them in the late 1800s—the first to realize their specificity as a harbinger for measles.

			By the time the telltale rash emerges—first on the child’s head and neck, and then spreading to the trunk and finally to the arms and legs—a good two weeks have passed, long enough that the details may have grown fuzzy, making it challenging to trace back when the original exposure occurred. The measles virus has made billions of copies of itself and has spread to nearly every corner of the child’s body, including a return to the airway, this time entering the border cells from their underside using a different receptor called nectin-4. Some of the prodromal symptoms come from measles infecting and ultimately killing these border cells—the ones that it had previously bypassed. More important, virions and even clusters of whole infected cells enter the airway and escape with exhalation, carried away on aerosols and droplets with every breath, every cough. These droplets carry everything needed for the cycle to start again in a new host. All they need is a breath.

			These intricate microscopic interactions between measles virions and our cells affect how we experience measles as individuals and as populations. Because measles binds SLAM, it infects a specific set of cells, evades a border, and gains access to our bloodstream. The interaction between measles H protein and human SLAM is highly specific. The SLAM on the surface of dog cells or cat cells won’t work as a measles receptor, which accounts for the virus’s narrow host range. That one very specific match between H protein and human SLAM is the main reason that the measles virus can infect only humans—if the virus can’t get in, the infection can’t even get started. As a result, if you have measles, your pets are safe, but your roommates may not be. Because measles binds nectin-4 on the epithelial underbelly later in infection, when the blood is full of virus-infected cells, it reenters the airway in enormous numbers, ending up in droplets that are particularly well suited for efficient airborne spread.

			The spread of measles is extremely difficult to control in a population. The long lag from exposure to the onset of symptoms and a contagious period that begins days before the rash appears amplify that challenge. If a schoolteacher notices a measles rash on a student on a Friday, the virus has likely been spreading within the classroom since at least Tuesday. And spreading is what measles does best. Unless the kids in that class are protected by vaccination or have already had the measles, it is likely that more than 90 percent of them will be infected—twenty-seven or more out of a class of thirty children.

			There is a formerly obscure epidemiological concept, R₀, that became widely known during the COVID-19 pandemic. The effective reproduction number, or R, quantifies the average number of people infected by a contagious person with a particular disease. R₀ (“R-naught”), or the basic reproduction number, is that quantity at time zero, meaning the point at which everyone in the population is assumed to be susceptible. Influenza, a formidable infectious agent, generally has an R₀ of about 1 or 2, with variability depending on strain and season. During the 2014 outbreak in West Africa, the R₀ of the Ebola virus was estimated at approximately 2. The SARS-CoV-2 strain that caused the initial waves of infection in late 2019 and early 2020 had an R₀ value of about 2.5; estimates for later variants including delta, omicron, and others were considerably higher. Poliovirus is extraordinarily transmissible, with an R₀ of 5 to 7, about the same as smallpox, but measles is the king, with an R₀ somewhere in the range of 12 to 18. In other words, a child with measles can spread the disease to a dozen or more other children, and much of that spread can occur before the rash appears. When the omicron variant of SARS-CoV-2 emerged in 2021, journalists and public health officials grappling with its marked transmissibility called it “almost as contagious as measles.”

			R₀ represents a snapshot in time—the hypothetical, everyone-in-the-population-is-susceptible time zero. This is useful when thinking about the emergence of a new disease—think COVID-19 in late 2019, or the appearance of a brand-new strain of influenza. It’s less reliable when considering a population that may be partially immune from prior exposures or, if we’re lucky enough to have one available, from vaccination. The value of R changes over the course of an outbreak, as some of the afflicted recover and others die and still others are vaccinated or act to change their exposure risk.

			Measles’s high R₀ and its mastery of the air—entering our bodies when we breathe—means
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