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Preface
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The two leading killers worldwide at the start of the twenty-first century are heart attacks and strokes. That is evidence of humanity’s greatest triumph: until recent decades, most people didn’t live long enough to die of heart failure. Rather, they were felled by a range of infectious diseases that picked off the young or swept through whole populations in pandemic catastrophe.

Covid-19 is a terrible reminder that our victory against infection is far from complete—and in all likelihood never will be complete. The cycle of population growth, pandemic, and recovery isn’t nearly as violent as it has been in the past, but it’s still with us. Many more infectious diseases have emerged over the past century than have been eradicated. And the coronavirus has demonstrated the immense costs we bear when people are forced to rely on one of the very earliest responses to infection: running from it.

But although 2020 marked a tragic global reversal, recent progress against infection has been remarkable. In 2015, as I started to think about writing this book, I crowded into a small basement room of the Seattle Westin Hotel with hundreds of doctors, public health workers, and researchers for an event called “Lessons Learned on the Path to Eradication.” The humbleness of the setting aside, the people who were onstage should be world famous for the contributions they’ve made: Jeffrey Mariner, of Tufts University, created a stable vaccine against the cattle disease rinderpest. Pedro Alonso directed the Global Malaria Program at the World Health Organization. Frank Richards, from the Carter Center, battled diseases caused by parasitic worms. Chris Elias, at the Gates Foundation, led his organization’s polio eradication effort. And Bill Foege developed the global smallpox eradication strategy rolled out by the World Health Organization in the 1970s.

Of the infectious killers these five speakers worked to stamp out, two have already been driven to extinction, two are on the verge of eradication, and as for the remaining scourge, wiping it out is a real possibility within our lifetimes. In 1980, the smallpox eradication campaign succeeded. Hundreds of millions died of smallpox in the first eight decades of the twentieth century. But since then only one person, a lab technician, has died of the disease—infected from an accidental release of a scientific sample. Rinderpest was wiped out globally in 2011, ending a disease that killed millions of cattle owned by some of the planet’s very poorest households. Rinderpest was also the likely source of the human mass murderer measles. Unchecked, it could have mutated into a species-hopping version once again. The number of cases of guinea worm (a parasite that causes excruciating blisters, vomiting, and dizziness) has fallen by more than 99.9 percent worldwide over the past two decades. As of April 2020, the wild polio virus (which can cripple and kill) had been limited to two countries. And since 2000, thirty-four countries worldwide, including China, Argentina, and South Africa, have made massive strides toward eliminating malaria, cutting death rates by an average of 87 percent.1

These and earlier victories have been won through the combined efforts of billions of people. Among them are Lady Mary Wortley Montagu, who popularized variolation—the first effective protection against smallpox; Edward Jenner, who experimented with cowpox to create the first vaccine; Ali Maow Maalin, the last person to contract smallpox outside the laboratory, who spent the rest of his life fighting polio; and Salma Farooqi, who was tortured and killed by the Taliban for the crime of vaccinating children against that same disease.

I would argue that these people are heroes in a worldwide struggle for better health that has seen massive progress in recent decades, but “hero” and “progress” are both controversial words in a book that discusses history. The concern is perhaps best illustrated by a review of David Wootton’s 2006 book Bad Medicine: Doctors Doing Harm Since Hippocrates. Wootton is a historian at the University of York and his Bad Medicine argues that doctors before the twentieth century did little if anything to improve health outcomes of their patients. Wootton offers explanations as to why that was the case. The book’s reviewer, Harvard historian Steven Shapin, claimed Bad Medicine wasn’t history because it documented and celebrated progress, naming heroes. The job of the historian of science, Shapin argued, isn’t to judge but to interpret and understand the past in its own terms.

Wootton countered that since both he and Shapin agreed there’d been genuine and substantial medical progress, there was nothing wrong in writing a narrative of that progress.2 I agree with Wootton, even if that might alienate some historians.3

And there is something to appreciate in the fact that average life expectancy at birth worldwide has climbed from below thirty in the 1870s to above seventy today. Such innovations as sewer systems, sterilization, vaccination, and use of antibiotics are important reasons why.

In the months I was completing this book, a lot of my thinking and writing was about Covid-19 and possible ways to limit its devastating effect on our health and the economy. The pandemic has elevated a whole new set of heroes in the fight against infectious disease, from nurses and doctors to shelf stockers and delivery staff. Thanks to people like them, I know we’ll continue striking blows against premature death.




CHAPTER ONE Malthus’s Ultimate Weapon



Premature death must in some shape or other visit the human race.

—Malthus
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New York today has a population twice as large as the entire world in 10,000 BCE. That is only possible because of victories over infection. (Credit: NASA)






To understand the scale of the health revolution of the last 150 years, we must grasp the magnitude of the trap humanity escaped. It was a trap laid out elegantly (if somewhat inaccurately) by Thomas Robert Malthus in his book An Essay on the Principle of Population.

Robert was the seventh child in his family. He went to Cambridge University and excelled, becoming a fellow at Jesus College. He also joined the Church of England, and it was while he was a curate in Surrey that he wrote his Essay, first published in 1798 during the early stages of Britain’s Industrial Revolution.

The book presented a grim law of population: given humanity’s capacity to breed, unchecked populations would rapidly expand. As populations multiplied, more people would use the same land for hunting or farming, or begin to work lower-quality land. This would reduce overall output per person—and the amount that each could consume would decline in lockstep. The number of people would continue to increase until their consumption was reduced to a minimum.

If populations continued to rise beyond that, people wouldn’t have enough to eat. That in turn would increase mortality—from disease, famine, or violence. In the end, thanks to a rising death rate, populations would shrink, and output per person remaining would rise. That would bring consumption back to its subsistence level. Scientific progress wouldn’t help escape this vicious cycle: marginal improvements in efficiency and output thanks to technology advances like better tools for hunting, heavier plows, or new seeds would simply be eaten up by the hungry mouths of an expanded population. In short, humanity might rise or fall in absolute numbers, but the bulk of the populace would forever live brutish lives on the edge of subsistence.

Malthus’s theory couldn’t have been more pessimistic. Historically, he maintained, there were only three ways to check population growth: vice, misery, or restraint. For the eighteenth-century parson, vices included prostitution, venereal disease, homosexuality, and birth control.

Misery, the usual alternative to vice, included war, pestilence, and famine. Malthus waxed poetic on this subject:


The power of population is so superior to the power of the earth to produce subsistence for man, that premature death must in some shape or other visit the human race. The vices of mankind are active and able ministers of depopulation. They are the precursors in the great army of destruction, and often finish the dreadful work themselves. But should they fail in this war of extermination, sickly seasons, epidemics, pestilence, and plague advance in terrific array, and sweep off their thousands and tens of thousands. Should success be still incomplete, gigantic inevitable famine stalks in the rear, and with one mighty blow levels the population with the food of the world.1



To avoid vice and misery acting as grim checks to population, the only course was restraint: Malthus’s forlorn hope was that moral purity could help most of humanity raise itself above a life of bare subsistence. To keep populations low meant marrying virginal, late, and frigid. Minimal indulgence in sex would produce very few babies, which would help ensure higher living standards and longer lives for the children that were born. Malthus himself married at thirty-eight, and had only two children. But he had little confidence that the mass of people would follow his lead.

Pessimistic Malthus may have been, but in the years that preceded his analysis, his theory broadly lined up with the facts: populations rose or declined as circumstances changed, but the average person planet-wide consumed so little that they lived considerably below the poverty line of today’s poorest nations. And all three methods outlined by Malthus have played their role in limiting population. In some cases, humans have lowered birth rates—sometimes by methods the good reverend would consider virtuous, often by those he’d consider vice-ridden. In most cases, the misery of war, pestilence, and famine have played the larger part.

In prehistory, infectious disease was widespread enough to play a large role in human evolution. But it still played a comparatively minor role in death, particularly when humans began to migrate out of Africa, outrunning many of the infections of their birthplace.2 What caused infectious disease to begin regaining the upper hand was when farming became a substitute source of sustenance. As it turned out, large-scale infection was the poxed handmaiden of agriculture and civilization. As humanity packed together with animals in crowded cities and villages, for example, influenza jumped from pigs (or possibly ducks) to infect humans. And other microbes leveraged proximity to do their own spreading.

For most of the time civilization has existed, pestilence has wiped out far more lives than famine and violence combined—so much so that Malthus’s proposed final limit of land and resources as the check to human numbers has rarely been approached. Disease has usually kept populations below the levels that could have been supported given agricultural technologies at the time. In Malthus’s language, famine did indeed “stalk in the rear”—not least because infectious diseases become bigger killers as more people share the same space. They’re a self-regulating tool of population control. The expansion of civilization—and, in particular, of cities—was limited by the very diseases it had enabled.

The rise and spread of civilizations, and the growing trade between them, provided parasites with unprecedented reach. As empires rose in Europe and China, and were linked by trade across the Asian steppe, new populations were exposed to diseases. Plague twice brought low much of Eurasia. The first time that occurred, it helped doom the Roman Empire and enabled the rise of Islam in its southern territories. Plague struck again toward the second half of the fourteenth century, when the Black Death wiped out a significant percentage of humanity.

When Europeans discovered the New World, so did their pathogens. Great empires in the Americas were shattered thanks in considerable part to the onslaught of Old World diseases that arrived with Columbus or those who followed him. When Africans were brought in to replace native populations as slaves, they carried with them some of humanity’s oldest infections, including deadlier strains of malaria. The indigenous population of the New World fell to less than one-tenth of its level of 1491 as a result. More than three hundred years after Columbus, Malthus still wrote of the Americas as a place of small populations with an abundance of land. Meanwhile, by removing vast numbers through the violence of slavery and the introduction of new infections by expanding slave trade networks, Europeans also reduced Africa’s population.

But if globalization was a vehicle for the launch of pandemics, it’s also true that it was severely limited by the very same diseases: empire building constantly faltered thanks to plague and tropical fevers. Conquest, colonization, and trade were all severely curtailed by the death rates faced by imperial adventurers in alien disease environments.

By the time of the last great die-offs of populations previously unexposed to Eurasian disease, the world was on the verge of dramatic progress against infection. At the beginning of the nineteenth century, it was still fair to argue that living standards for England’s poorest were little higher than in any previous point in history, and their health possibly worse. The most effective and widespread response to infection remained avoidance—flight, quarantine, and access restrictions. But as the century progressed, Britain (followed by Europe and North America) saw rising population and living standards and, at the same time, falling mortality. Thanks to a revolution in sanitation, infection was on the retreat. And due to a combination of techniques, including some Malthus would have considered unconscionable, birth rates began to fall, too. It was an irony that the Malthusian model started to break down completely just as Malthus was writing his Essay.

In the twentieth century, with a medical revolution that included vaccination and antibiotics, progress against premature death spread worldwide. From the vicious Malthusian cycle of better health guaranteeing poverty, the medical revolution helped create a virtuous cycle of health and productivity reinforcing each other. Everywhere, the reverend’s miseries seemed to be in retreat. Famine, pestilence, and war all reduced their toll in the second half of the century, but the number of people saved by reduced infection was by far the largest.

Global efforts against infection over the past two centuries—from washing hands to constructing sewer systems to making use of penicillin, immunization, and bed nets—have saved billions from premature death and billions more from stunted growth, pain, paralysis, blindness, or a lifetime of recurring fever. Two hundred years ago, almost half of all people born died before their fifth birthday, mostly from infection. Today, that figure is below one in twenty-five.3 And we’ve passed a huge milestone in the last few years—more people worldwide are dying from noninfectious diseases than from infectious ones. For all the suffering and deaths they’ve caused, new pandemics, including Covid-19, haven’t reversed that trend.

The changes wrought by the decline of infectious death have been as seismic as its rise—affecting everything from global power to the nature of home life. Not least, lowered infection risk unleashed urbanization and globalization. Sanitation and the medical revolution have allowed these processes to explode so that ever more of the world’s population lives in globally connected cities.

But the effects of victories against infection have gone far beyond bringing people together. They’re a major factor in declining birth rates, because it turns out child survival is a great preventative when it comes to having further children. From a historical average of six children or more, the average woman worldwide now has between two and three.4 That has led to the global emergence of the nuclear family and the aging of populations. Lower infection and its impacts are also factors behind the explosion in global education (because parents who have fewer children can afford to invest more in those they do have), the emancipation of women (since they’re freed from endless child-rearing), and economic dynamism (because healthy and educated populations are more productive). The end result is a world with a far healthier population some seven times larger than in Reverend Malthus’s day, living on an average income four times greater than that of world-leading Britain in 1775.5

Millions still die every year of easily prevented or cured conditions, but the Malthusian trap has been sprung. The question remains as to whether it will stay open. How the fight against infection progresses will help shape the future of global civilization: how many people will live on the planet, how sustainably, and even how peacefully. If victories against infection have allowed us to get closer, to live with millions and travel worldwide, the coronavirus lockdowns and social distancing are a painful illustration of the psychological, social, and economic costs when we’re pushed apart again by a renewed threat of disease.

That’s the irony of our progress against death from infection over the past two centuries. It has helped create the perfect environment for the emergence of a new disease outbreak and the perfect environment for that outbreak to have catastrophic social and economic impact. The world’s population (human and livestock alike) has never been as large, nor commerce so global, nor peace so widespread. Covid-19 is only the latest in a succession of new infections that have emerged and spread in our closer and connected world. Before the current novel coronavirus were previous coronaviruses—as well as AIDS, Ebola, and bird flu.

At the same time, we’re abusing our most effective tools against disease—misusing antibiotics by feeding them to farm animals in bulk; leaving our children unvaccinated; funding research on new bioweapons while underfunding new vaccines, treatments, and cures; and letting weak medical systems fester in the world’s poorest countries. And our reaction to disease too often echoes that of our distant forebears; at a time when global human interaction is central to our wealth and welfare, we call for flight bans and trade restrictions. Globally, we respond to new infectious threats too late. We don’t prepare and we don’t coordinate.

We have to do better for next time, because there will be a next time. Phenomena ranging from evolution to climate to demographics mean that many infectious diseases tend to follow cycles: flu seasons move back and forth between hemispheres in a regular yearly pattern. Epidemics of diseases like measles and smallpox would strike every few years or decades as the number of new potential victims in a community climbed. The plague of the Black Death spread mass mortality in the sixth, the fourteenth, and the late nineteenth century at times of instability combined with closer global connections. And some epidemiologists argue that we’re in the midst of a new stage of an even longer cycle. After a first transition toward greater disease threats sparked by the rise of farming, followed by a second transition toward reduced threat thanks to interventions including sanitation, vaccines, and antibiotics, we’re now in a third epidemiological transition back toward greater infectious risk as a result of emerging new diseases spread worldwide by globalization.

This last idea likely underestimates humanity’s ability to respond to disease threats. We are flattening the plague cycle. But through sufficient neglect or miscalculation, we could allow communicable diseases to fight back and reclaim their place as death’s most popular weapon. History suggests such a reversal would shape the coming century more than almost any other conceivable event—more than climate change, far closer to limited thermonuclear war. And even if that full threat doesn’t materialize, we could allow poor response to new diseases like Covid-19 to stifle global progress.

But at least recent history suggests humanity’s response to the new threat can be rapid and effective if we so choose. And that reassures us that humanity in the twenty-first century is in a considerably better position in the fight against infection than earlier generations. Because for most of humanity’s time on the planet, effective responses never came.




CHAPTER TWO Civilization and the Rise of Infection



Being subject therefore to so few causes of sickness, man, in the state of nature, can have no need of remedies.

—Rousseau
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Hippocrates, the “father of medicine” who’d treated victims in the plague of Athens, refuses gifts from the Persian king Artaxerxes, who is seeking the same help in dealing with a plague in his country. (Source: Hippocrates Refusing the Gifts of Artaxerxes. A. L. Girodet-Trioson, 1792. Wikimedia Commons)






“Mitochondrial Eve,” as she was called, was a creation of scientific theory based on genetic analysis of her offspring—namely, us. In 1987, a team of population geneticists analyzed mitochondrial DNA from 147 people around the world. This segment of genetic code at the heart of every one of our cells is passed down from mothers—and only mothers—to sons and daughters. Using estimates of how long it takes DNA to mutate, the researchers calculated the time needed for all of the existing mitochondrial material around in humans today to have evolved from a single ancestral source. That single source they labeled Mitochondrial Eve. In theory, everyone on the planet today is her direct descendant, and she’s the most recent human of which that can be said.

According to the DNA evidence, our common ancestor was alive more than one hundred thousand years ago.1 Mitochondrial Eve would have lived with a small tribe of people. Hunting and gathering takes a lot of land per person for food, so large communities simply aren’t practical.2 She lived far before the dawn of civilization and the rise of agriculture and cities. And she lived before the time when many of the world’s greatest infectious killers had evolved and spread—diseases including smallpox, measles, and the flu.

Even so, there were many prehistoric parasites afflicting mankind. One example may have been the guinea worm, now near the edge of eradication. Larvae of the worm float in pools of water until a lucky few are swallowed by the cyclops—a small water flea. Once inside they grow, feast on the flea’s ovaries or testes, and wait for their host to get swallowed in turn—by a human drinking the water. This isn’t pleasant for the flea—or for us. As the cyclops dissolves in human digestive juices, the more robust guinea worm larva burrows through the human’s intestine and settles briefly in the abdominal wall. If the female larva finds a male to impregnate her, she eventually makes her way to the leg, where she hooks on, feeds, and grows over the course of a year—up to a yard in length. Most of that distance is made up by a hugely distended uterus packed with half a million embryos.

The human host suffers from an irritating blister at the end of the worm. When it bursts, the wound reveals the uterus. To relieve the burning and itching, the victim often stumbles to the nearest water hole to douse the blister. As he or she does, the worm ejects embryos, releasing the next generation of guinea worms back into the pool.3 Clinical parasitologist Rosemary Drisdelle argues that the worm might be the origin of the fiery serpent that wraps around the rod of Asclepius as the symbol of medicine—because the traditional way of removing the guinea worm is to wrap its end around a stick and slowly, over the course of a month, wind the body around it until the whole worm is pulled out.

Confronting, hunting, and eating wild animals could also have exposed early woman and her mate to tularemia (related to bubonic plague), toxoplasmosis, hemorrhagic fevers, and anthrax, alongside gangrene, botulism, and tetanus. And that’s to say nothing of the ticks and fleas growing on those animals (potentially carrying plague or sleeping sickness), or the mosquitoes that fed off primates ill with yellow fever, before snacking on human blood.4

But while infectious diseases had a dramatic impact on human biology and instincts, and undoubtedly played a role in keeping the original human population in Africa in check, they may not have been the dominant factor. Many diseases were geographically concentrated. And the contagious diseases that were specific to humans couldn’t kill too effectively—there were too few humans, too spread out, to allow most deadly conditions to thrive without a reservoir of animal victims to fall back on.5 Again, hunting and gathering takes a lot more land per person than farming, and early humans would have been constantly on the move. That would have taken them away from areas with parasite-laden feces or mosquitoes gorged on the blood of fellow humans—in turn, reducing the risk of subsequent infection. Any condition that was too deadly would wipe out its hosts before meeting new victims to infect.6 That suggests it may have been a time of comparatively long natural life expectancy.7

Something kept the number of humans planet-wide low. One factor may have been low birth rates among hunter-gatherers. Women who are part of San tribes (the bushmen of Southern Africa) historically gave birth between four and five times, a rate that is similar to Australian aboriginal women.8 Evidence from other hunter-gatherer communities in Africa—the Kung and the Efe—suggest a woman who lived through her reproductive years would give birth between 2.6 and 4.7 times.9 That compares to a total fertility rate for Sub-Saharan Africa as a whole that was closer to 7 as recently as 1980. The lower numbers for the Stone Age groups probably reflect a combination of factors that includes a late age of sexual maturity, extended breastfeeding, and considerable movement.10

Violence also had a large role in keeping populations in check—perhaps even larger than it did in later ages. In his history of violence, The Better Angels of Our Nature, Steven Pinker argues that average pre-civilization rates of violence were higher than anything we’ve seen since except in modern hunter-gatherer societies. Scientists examining prehistoric hunter-gatherer remains in Southern California found that one in five male skeletons showed signs of injury from a projectile like a spear or arrow. At one extreme, Azar Gat of Tel Aviv University concludes his review of hunter-gatherer warfare by suggesting violence accounted for as much as 15 percent of all deaths.11 Others argue for lower rates of violent deaths overall, and estimates vary considerably across different periods and locations.12 But the combined result of low birth rates, violence, and the prehistoric infections that did exist was that global populations could be counted in the millions—a tiny fraction of their size today.



The original parasites that preferred Homo sapiens had no other option but to live in the tropics—their victim of choice has resided in Africa and nowhere else for most of its time on the planet. Until the rise of civilization sparked the creation of a whole new set of infections, the bacteria, viruses, worms, and other organisms that called humanity home were evolved to complete their life cycle in Africa.

Even today, pathogen diversity (the number of different kinds of microbes in an area that infect humans) remains far higher in the tropics than elsewhere.13 But because these microbes tend to maim and kill primarily in the developing world, where most people are poor and new drugs to treat the conditions won’t make money, they don’t attract much in the way of medical research. There’s a certain irony that some of humanity’s oldest parasitic foes are now grouped together under the moniker “neglected tropical diseases,” but that’s why.

The control of fire and the invention of clothing allowed for mankind to survive cold winters, and gave us access to the world’s temperate zones. By moving to Europe, Asia, and the Americas, we outran some of those parasites. While globalization eventually spread many of the original tropical diseases of Africa to tropical parts of those newly inhabited regions, the long evolution and concentration of human infections in tropical climates is one reason why humans living in temperate zones to the north or south of the tropics remain healthier to this day.14

Sometimes when an organism finds itself away from its usual predators and prey, the result is a population explosion, like the Japanese vine kudzu planted in the US, or rabbits in Australia. Humans outside the tropics benefited from this “ecological release.” The early years of new occupation in temperate zones like southern Europe and Asia north of the monsoon zone were a period of low infection and rich hunting.15 That may account for the global spread of humanity in a very brief period. Over about thirty thousand years starting in 40,000 BCE, humans reached every continent but Antarctica.16

The expanding human populations that resulted may have played some role in wiping out a number of different large-bodied game animals. South America was home to horses and camels prior to its original human settlement, but they were gone soon after.17 Even if not, more humans meant more human creativity, which would have been a factor behind the technological innovations that created agriculture.



While plagues don’t get a mention in the early chapters of the Bible, once that text reaches Egyptian civilization, it’s flooded with stories of pestilence—not only frogs, but boils, lice, flies, and other unknown horrors.18 That may reflect an underlying historical truth: agriculture and civilization set off a global firestorm of disease.

Even the most inefficient early agriculture was associated with populations per square mile that were ten or twenty times higher than among nomadic groups. And the landscaping and irrigation alongside granaries that accompanied larger-scale farming meant more people had to stay in place—early civilizations enslaved nearby herders to farm their fields.19 While less movement equals less exposure to new disease pools, the combination of population density and settlement was vital to the growth of infection.

At first, staying in one place for a long time would have been a boost to the traditional afflictions of pre-civilization humans—mosquitoes, for example, would find more people to feed on, and more irrigated and cleared land to live in. And the malaria that used mosquitoes as a vector would spread more rapidly when the chance of the same insect biting, in succession, an infected victim followed by an uninfected one increased by orders of magnitude.20 A 3000 BCE Egyptian papyrus on medicine contains a reference to “the pest of the year” that may have been malaria, and mummies from the period show evidence of malarial infection.21

Bolstering this same point that the more humans are loitering about, the greater the chance of illness: worms excreted onto a village path or into a field or nearby pond were far more likely to wriggle their way into another human than if they’d been defecated in the forest. Microbes that can only survive a small time outside their host, including the bacteria that cause leprosy, typically spread with greater ease in close-packed towns.22 Finally, the piles of garbage that are the hallmark of any permanent human habitation attract flies, wild dogs, and rats—each with their own disease-spreading potential.

Because civilization involves lots of people and domesticated animals living in close proximity, it also provided the perfect environment for species-hopping infectious killers to spread. Take pigs: they’ve long had an important role as refuse collectors, demonstrated in Egypt in 2009 when the government took the fateful decision to cull all three hundred thousand of the country’s pig population, ostensibly as a measure to prevent the spread of swine flu. Less than a year later, Egypt’s parliament was holding a stormy session decrying the policy, which had led to mounting garbage piles across the country. Hamdy el-Sayed, legislator and chairman of the Doctors’ Association, called it a “national scandal.”23 But precisely because they eat almost anything, pigs can be a major source of infection themselves. That’s likely why both the Jewish and Islamic faiths suggest you shouldn’t eat pork. Deuteronomy warns that “the pig, because it has a split hoof, but does not chew the cud; it is unclean for you. You shall neither eat of their flesh nor touch their carcass.”

Trichinosis is caused by the pork worm—three millimeters long at their tallest. Thousands of the parasites invade the body of humans unwise enough to eat an infected and undercooked sausage or pork chop. Besides triggering vomiting, diarrhea, and fever, the larvae, as they occupy muscle cells, weaken the victim’s heart and diaphragm. Respiratory, heart, or kidney failure related to the parasite can all prove fatal. Pigs themselves pick up the worms by eating garbage containing bits of raw meat or animal remains—or cannibalizing their former farm-mates, or eating a rat that happens to be attracted to the same garbage.24

And while sausage lovers may have heard enough already, pigs and humans also share the pork tapeworm. Infected humans can develop cysticercosis, where the worm’s larval cysts spread to the brain. The condition can cause seizures, stroke, or death. As many as fifty thousand people still die each year from cysticercosis.25 While humans were infected by tapeworms long before pig domestication, closer proximity may have increased infection rates.26

Over time, and largely within the last few thousand years, a more insidious effect of civilization and domestication emerged: the evolution of new infections. Some diseases of civilization may have evolved from livestock illnesses. Proximity to a dense population of inter-bred domesticated animals presented considerable opportunities for infections to develop and jump species: we’ve seen that influenza is similar to diseases in pigs and ducks, for example, while diphtheria and rotavirus may have spread from domesticated cattle and sheep (tuberculosis may have jumped the other way, from humans to cows).27

Human population density really matters for a number of the most harmful single-species diseases that emerged thanks to civilization. That’s because the minimum population required to sustain an infection depends on how rapidly a disease spreads, how deadly it is, and whether infection gives lifelong immunity to survivors.

Microbes that tend to survive in small host populations are those that spread easily, can live outside hosts for a long time, and then live inside their hosts for a long time as well—meaning they kill infrequently and promote no immunity. These were the diseases unique to humans that could best survive the low population densities of pre-civilization. Consider the type of herpes virus that causes cold sores: it has been infecting humans since before they evolved from our ancestor Homo erectus. You’re quite likely to be living with the virus: about two-thirds of people do. But most of the time cold sores are all it ever causes, and it lives relatively peacefully in your nerve cells until you die.28

Compare the torpor of herpes to the relentless-as-Voldemort measles, one of history’s biggest murderers. At some point the virus jumped species from cattle to humans. Its first symptoms are a cough and sneezing, which is how it spreads. Only later does the characteristic rash develop. Hosts can die from complications related to a swollen brain caused by encephalitis, diarrhea and dehydration, or pneumonia.

The first time that a disease like measles or smallpox arrives, it rips through the entire population, infecting widely and killing off those particularly susceptible—because of factors like age, malnutrition, or genetic variation. But the survivors become immune, often for life. And if most of the population has been exposed, that creates “herd immunity”: the number of potential victims has shrunk, and so the chance that a coughed-out measles virus reaches a non-immune host drops. If that chance falls far enough so that the average person with measles infects less than one new victim, the epidemic eventually dies out.

Sadly, however, newborns don’t inherit measles immunity. As a new generation of potential hosts grows, herd immunity fails and measles returns to ravage the population of previously unexposed children. A measles victim is likely to pass on the infection to twelve or more people in an unexposed population, and that means for herd immunity to defeat a measles outbreak, more than 92 percent of the community needs to be individually immune. In turn, that suggests only a few years of new births is required before the proportion of immune people drops below the share necessary to preserve herd immunity and measles can strike again.

The estimate is that to survive and re-infect later generations, measles needs at least five hundred thousand people living in close proximity—otherwise it dies out. And only with an even larger connected population does a disease like measles change from an epidemic (appearing in waves as a new generation of victims grows large enough) to being endemic (always present, infecting the young and previously unexposed). Measles needs large civilizations if it is to survive and thrive.

Three thousand years elapsed between the first evidence of domestic plants and livestock and the beginnings of permanent towns, and about three thousand more counted down before the emergence of the first cities with tributary lands, like Ur and Kish.29 Even these cities began as homes to only ten to twenty thousand people—simply not large enough to sustain a disease like measles.30 But as civilizations grew, measles and smallpox both jumped species to make a permanent home in humans.31

And in larger populations, these new diseases became part of the mundane background of life. The history of smallpox in Japan provides an illustration. By the 1600s, the disease was endemic in Japan’s urban areas. Suffering and recovering from smallpox became a significant part of the ritual celebrating a child’s growth. But in outlying islands with small populations and limited connectivity, the disease remained a periodic, epidemic visitor. And behavior toward smallpox was notably different. Visitors from Japan’s central regions were surprised that islanders would flee from the infection and quarantine victims, often abandoning family members.

According to historian Akihito Suzuki “these behaviors caused emotions ranging from curious bewilderment to moral condemnation of… an unthinkable barbarity” among visitors from the city.32 But the different behavior has an utterly rational component. In endemic environments, smallpox exposure is going to happen—it’s only a matter of when. A level of fatalism is sensible under the circumstances. In communities where a disease only reappears every few years, it might be possible to avoid catching it.

Even if these different reactions may make sense, they probably give us a skewed sense of history. We tend to view irregular, concentrated mortality differently from daily, small-scale mortality (think of deaths from plane crashes versus car crashes—the first garner more attention, the second kill more people). And we’re dulled into inaction by frequent association: how else to explain the fact that most with access to the seasonal flu vaccine don’t get it despite the flu’s killing more than half a million people per year worldwide.33 On the other hand, people notice epidemics and pandemics, calling them plagues. Potential victims run from them. Chroniclers record them and poets bewail them. Sometimes they help end empires. Everyday endemic infection is hardly worth a stanza, let alone flight.

Nonetheless, over the millennia it was the regular, endemic infections (like malaria and—in larger communities—smallpox and measles) that killed greater numbers than dramatic plagues and pestilences. Day-to-day unfriendly local infections felled a third or more people before they reached adulthood. And, in the end, they had the larger role in shaping societies and economies.

We can see the massive health burden that is created when previously unexposed populations are presented with the full diversity of agro-urban disease. An analysis of 238 recently contacted Brazilian indigenous societies from the Amazon basin suggests their population numbers fell an average of 43 percent in the nine years after sustained contact with outsiders from the connected villages and cities of modern Brazil.34

Again, archaeologists have dug up skeletons from peoples who made the transition from hunting to agriculture, and the bones of the agricultural groups are in worse shape than those of their hunter forebears. The bones have lesions in them: signs of infection. Anemia—low oxygen-carrying capacity in the blood, often linked to infection—frequently leaves its mark in spongy bones. And the teeth have low levels of enamel, associated with an unhealthy childhood.

But the liabilities of the agricultural lifestyle don’t stop there. Archaeologists with the stomach to study preserved human feces (coprolites) find more intestinal parasites preserved within them as human groups move through the agricultural revolution.

Alongside more infection risk, people in early civilizations experienced worse nutrition. The field-tending masses became more reliant on a few staple crops and ate less protein. We know broadly what their diet must have looked like because of its likely similarity to the diet of today’s very poorest people. Take the Aboubakar family of Breidjing Refugee Camp in Eastern Chad, interviewed by Peter Menzel and Faith D’Aluisio a few years ago for their book Hungry Planet. The family benefited from the fact that relief agencies were supplying them with staple foods, but their meals were still immensely monotonous. The Aboubakars ate forty-four pounds of grain—mostly sorghum—each week. They ate five pounds of beans, two and a half pounds of vegetables, alongside a couple of quarts of cooking oil and some sugar. But the six family members split just nine ounces of goat and six ounces of fish for the week. The only fruit was five limes (less than one each). They ate no dairy at all.

At least this variety of calories was sufficient to stave off wasting—many poor people outside refugee camps do even worse. Take this description of daily life from a person living in poverty in Vietnam: “In the mornings, eat sweet potatoes, work. At lunch, go without. In the evenings, eat sweet potatoes, sleep.”35

In the earliest civilizations (again, as with the poorest people alive today), the meat that people did get to eat was more likely to be infested with the types of parasite which enjoy living in humans for part of their life cycle. And malnutrition and infection reinforce each other. If you don’t get enough vitamins and minerals, you’re more likely to get sick. For example, vitamin A deficiency increases the risk of diarrhea, malaria, and measles, while zinc deficiency reduces the overall effectiveness of the immune system.36 And parasites, in particular, drain nutrients from human hosts—many worms absorb them directly from inside the intestine.37 Over the millennia, people literally shrank under the combined influence of infection and malnutrition—women by as much as four centimeters on average from their prehistoric height.

The process didn’t reverse until very recently: the depths of human stature probably weren’t reached until the hellhole cities of the Industrial Revolution.38 In 1841, Liverpool saw an average life expectancy of less than twenty-six years—that’s at or below the rate estimated for life expectancy in tropical Africa at the time.39 In 1842, the average age of death in Manchester was just seventeen years old for laborers. That compared to fifty-two for gentry in the countryside area of Rutland and thirty-eight for rural laborers. A mean age of death of seventeen is considerably lower than estimates for hunter-gatherers in prehistory.40

The effects of civilization were particularly grim for women.41 The mélange of infections produced by urbanization and agriculture demanded high birth rates to keep up with the high rates of childhood mortality.42 Accordingly, the average woman for most of recorded history spent a considerable proportion of her life from adolescence to menopause pregnant or breastfeeding.43

In turn, that often reduced women’s autonomy. Many Stone Age groups saw some level of equality between the sexes in terms of roles and decision-making. But the Code of Hammurabi, sixth king of Babylon, suggests how times changed with civilization. Hammurabi, who ruled Mesopotamia around 3,770 years ago, created one of the earliest known sets of laws. These precepts treated women only a little better than property: “If a man strike a free-born woman so that she lose her unborn child, he shall pay ten shekels for her loss.… If the woman die, his daughter shall be put to death.”44



The range of diseases that civilization enabled was effective in keeping human population below the carrying capacity of the land.

The Danish economist Ester Boserup challenged Malthus’s ideas about land limits and food supply in her 1965 book The Conditions of Agricultural Growth.45 She pointed out that a population increase may expand the land area used for agriculture, but more significantly, it leads to intensification—producing more food from the same land. One simple change was to redirect land being used for pasture toward growing crops.46 And she notes that techniques to increase the amount of food per acre, like crop rotation, were known long before they were widely introduced.47 Through most of history and in most places, Boserup suggested, neither technological barriers nor lack of land prevented greater output.

Earth scientist Jed Kaplan and colleagues suggest that less than one-half of the land currently used for food production was used in 1600 and less than one-third in 100 CE.48 It is true that making more of the land available takes more work—sometimes brutally hard work, and that risks malnutrition. Again, some land couldn’t be cultivated without innovations, including heavy plows and irrigation. Nonetheless, it seems clear that throughout most of history the number of humans on earth fluctuated far below the maximum possible.

Instead, we should probably thank (or blame) the regulatory mechanism of infection for limiting populations. As the number of people grew, population density drove up disease rates. This thinning mechanism was, in most places, probably the most powerful check on the number of people, particularly during the centuries that humans have been farmers.

Evidence of the relative role of different Malthusian checks is provided by what we know of the history of mass starvation. Cormac Ó Gráda in his Famine: A Short History provides data and descriptions of some of the world’s worst famines. Two points are worth making: first, most are associated with war or a run of bad weather (usually drought, less often rains and floods). It’s not that the usual productive capacity of the land comes close to subsistence, it’s that an extreme shock drives productivity far closer to or even below subsistence. Second, even the most deadly of famines he lists—Ireland in 1740–41 and 1846–52, China in 1877–79 and 1959–61, Cambodia in 1975–79—killed a maximum of “only” 15 to 25 million people, or 13 percent of the population. Pandemics like the Black Death managed far worse over far larger areas, and endemic diseases like smallpox take a far larger regular toll over the long term.49

Again, the degree to which population is driven up or down by infection—as opposed to malnutrition and starvation—is demonstrated by the recorded health history of the rich. Wealthy people can afford better diets. And yet Walter Scheidel’s study of Roman emperors who died natural deaths as well as senators and their families suggests life expectancies at birth for the elite were less than thirty years.50 This was a group famed for its dining habits. The Roman cookbook De Re Coquinaria lists recipes for pheasant, goose, peacock, chicken, flamingo, parrot, crane, duck, wood pigeon, squab, figpecker, partridge, turtle dove, woodcock, and ostrich, to mention some of the birds alone. Full stomachs didn’t seem to confer much longevity.

Throughout most of history, to keep population-dense cities like Rome occupied took a constant stream of rural migrants—because urban populations couldn’t produce enough children to keep up with death rates. Especially in early civilizations, that migration was rarely voluntary. James Scott argues in his Against the Grain that ancient states “replenished their population by wars of capture and by buying slaves on a large scale from barbarians who specialized in the trade.”51

The largest cities drew in new victims from hundreds of miles of hinterlands and boasted comparatively advanced sanitation, but still they couldn’t be sustained over the long term. If war or imperial collapse removed the power and ability to attract migrants, urban populations could rapidly collapse. According to Tertius Chandler, the population of Athens halved between 430 and 100 BCE as the city was eclipsed by Rome, and in turn the population of Rome fell by nearly 90 percent between 100 CE and 600 CE as the empire began to fall apart.52

To be absolutely clear, most of history has still seen Malthusian outcomes at a local level: as populations rise, average incomes and consumption fall. But it appears that only at times of crisis, sometimes linked to changing climate, has lack of food become the binding constraint to population numbers. Ester Boserup was right: it wasn’t shortage of land. What kept populations low and dispersed was a high death rate driven by infection. And when infectious death declined in the nineteenth and twentieth centuries, population, urbanization, intensification, land use, and prosperity all climbed to historically unprecedented levels worldwide.




CHAPTER THREE Trade Merges Disease Pools



… a pestilence, by which the whole human race came near to being annihilated.

—Procopius
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The plague of the Israelites—supposedly a heavenly punishment for running an improper census. (Credit: The Plague of the Israelites. Engraving by E. G. Petit, 172–, after P. Mignard. Wellcome Library, no. 6346i)






Agriculture and cities are sedentary—people largely stay where they are to manage fields, markets, and temples. And, historically, that created the need for trade: if you couldn’t move to where the goods were, the goods would have to move instead. James Scott has suggested that the early state centers in Mesopotamia traded for wood, leather, obsidian, copper, tin, gold, silver, and honey.1 But with the goods (and even more so, the slaves) that were transported by boat, horse, and porter came the diseases of foreign lands. Add the migration of troops in warfare and the first steps on the pathway to a global disease pool had begun.2

Ancient Greek city states paid a high price for this growing connectedness. They were particularly susceptible to foreign diseases because they were so reliant on trade. The country’s thin limestone soil received little rain, so its population clustered on the coasts, where the sea offered sustenance. To supplement their diet of fish, Athenians imported grain from the Crimea, Sicily, and Alexandria. In some years, as much as 3 million bushels—more than forty Olympic swimming pools’ worth—were imported through the Black Sea alone.3

The plague of Athens was one of the earliest reliably recorded pandemics. According to the chronicler Thucydides, who suffered from the plague himself, it spread through North Africa and then invaded Athens in 430 BCE. Despite Thucydides’s detailed description, argument rages over what the disease was—one strong candidate is typhoid; Ebola is also a contender.4 But we don’t recognize the collection of symptoms described by Thucydides as a single modern infection, perhaps because it has evolved since then.


People in good health were all of a sudden attacked by violent heats in the head, and redness and inflammation in the eyes, the inward parts, such as the throat or tongue, becoming bloody and emitting an unnatural and fetid breath. These symptoms were followed by sneezing and hoarseness, after which the pain soon reached the chest, and produced a hard cough. When it fixed in the stomach, it upset it; and discharges of bile of every kind named by physicians ensued.… The patient could not bear to have on him clothing or linen even of the very lightest description; or indeed to be otherwise than stark naked.… They succumbed… in most cases, on the seventh or eighth day to the internal inflammation.… But if they passed this stage, and the disease descended further into the bowels, inducing a violent ulceration there accompanied by severe diarrhoea, this brought on a weakness which was generally fatal.5



In part thanks to the plague, Athens lost its war against neighboring Sparta. Not for the last time, disease was a force for considerable social and economic upheaval. The great academic Arnold Toynbee, author of the twelve-volume Study of History, was overwrought on the subject, but he saw the glories of democratic Athens giving way to an authoritarian utopianism bolstered by the intellectual backing of the philosophers Plato and Aristotle:


In Plato’s Utopias and Aristotle’s alike… the aim is not the happiness of the individual but the stability of the community. Plato… advocates a general censorship over “dangerous thought” that has its latter-day parallels in the regulations of Communist Russia, National-Socialist Germany, Fascist Italy and Shintoist Japan.6



We will see the type of authoritarian control and xenophobia of which Toynbee accused the Greek philosophers frequently accompany disease outbreaks up to and including border closing responses to the Ebola outbreaks of 2014 and the fast-moving Covid pandemic in 2020.

In the same century as Athens was weakened by plague, the Roman historian Livy reports his city was fighting the Aequi and Volscians when an outbreak struck:


The violence of the epidemic was aggravated by the crowding into the city of the country people and their cattle through fear of raids.… Their being brought into contact with each other in ordinary intercourse helped to spread the disease. The mortality in Rome through the epidemic was not less than that of the allies through the sword.… The Senate, deprived of all human aid, bade the people betake themselves to prayers.7



Infection did not stop the rise of the city state, perhaps in part because it assailed the young republic and its enemies alike, and involved local infections rather than new pandemic imports. But as Rome grew and conquered distant lands, this would change.

By the time Julius Caesar dismantled what was left of the Roman Republic, the city’s empire was one of the biggest the world had seen. More than 50 million people lived under Caesar’s rule, stretching from the Atlantic coast of Gaul to the headwaters of the Nile. Frederick Cartwright, a medical historian, describes “the makings of disaster”:


A vast hinterland hiding unknown secrets, among them the micro-organisms of foreign disease; troops who attacked into that hinterland and were attacked by the inhabitants; free transit by ship or along roads specially built for speedy travel; at the center a concentrated population living a highly civilized life yet lacking the most rudimentary means of combating infection.8



Roman merchants benefited from the Empire’s central highway, the Mediterranean Sea, which allowed for dramatically faster travel than even Rome’s roads. And common merchandise included slaves (more than 1 million from Caesar’s Gallic Wars alone) that were the perfect vessels for moving infection.9

The merchants traveled even farther than did Rome’s troops. They set up a trading station near modern Pondicherry in India in CE 14. Within a century, thousands of Romans may have been traveling to India each year. Pliny the Elder, adviser to Emperor Vespasian in the first century CE, noted extensive Roman imports from across the Indian Ocean. In an attack on trade deficits with Asia that might sound familiar today, he complained that “India drains more than 50 million sesterces a year from our Empire.”10 It was a sum greater than Caesar had demanded in tribute from Gaul after his conquest.

Caesar himself gave Cleopatra an outfit of Chinese silk reportedly so gauzy as to be see-through, setting a fashion trend that swept Rome.11 In 160 CE, Roman ambassadors traveled through Egypt and Ethiopia, across the Indian Ocean and north to Vietnam by sea, and then overland to Luoyang in Han China. Chinese chroniclers suggest they brought elephant tusks, rhinoceros horns, and turtle shells as gifts. The visit cemented the relationship of the world’s two greatest empires, between them home to half of the people on earth.12

There is a detailed description of the Roman Empire, known as Da Qin, from China. The Peoples of the West, published in the third century CE, reported:


The kingdom of Da Qin… has more than four hundred smaller cities and towns. It extends several thousand li in all directions. The king has his capital close to the mouth of a river. The outer walls of the city are made of stone.… [They have] a tradition of amazing conjuring. They can produce fire from their mouths, bind and then free themselves, and juggle twelve balls with extraordinary skill.…

The people cultivate the five grains, and they raise horses, mules, donkeys, camels and silkworms. This country produces fine linen. They make gold and silver coins. One gold coin is equal to ten silver coins. They have fine brocaded cloth that is said to be made from the down of “water-sheep.”… They regularly make a profit by obtaining Chinese silk, unraveling it, and making fine silk damasks.13



For all the titillation that the silk trade allowed Caesar, it also carried infection risk. Just as Roman merchants arrived in China in 166 CE, what might have been smallpox reached back to Europe, perhaps brought on its final leg by troops campaigning in Mesopotamia. Hammering the area just as the climate was cooling (reducing yields and, consequently, nutrition levels), that disease killed more than one in four people in parts of the empire.14

Contemporary accounts report that the Antonine plague (named after Emperor Marcus Aurelius Antoninus) spread from Persia to the Rhine, killing enough people that whole cities were abandoned and wars ceased for lack of healthy armies.

This was the first year that German tribes—the Marcomanni and the Quadi—broke through the Roman defensive positions on the border of the empire, a sign of things to come as Rome was struck again and again by epidemics.15 Around 250 CE, another in a series of plagues killed as many as half of the population of some cities as well as an emperor.16 Historian Kyle Harper reports that the Cyprian plague, as it has become known, involved violent vomiting and diarrhea, putrefaction of extremities, and victims becoming deaf and blind—which suggests it might have been a hemorrhagic fever in the same family as Ebola. He also notes that the plague coincided with German tribes breaking across the Rhine to devastate Gaul and penetrate both Spain and Northern Italy; Goths striking at Greece, Macedonia, and parts of the empire in Asia; and the Parthians conquering Roman territory in Mesopotamia and Syria.17

Adding to the burden of a cycle of plagues, the most serious strain of malaria, falciparum, spread slowly up the Italian peninsula over the thousand-year life of the republic and empire. It reached Rome around 400 BCE and Venice by 750 CE. As it spread to previously unaffected regions, it would kill off considerable numbers of the most vulnerable. One of the largest ancient Roman infant cemeteries discovered dates to about 450 CE. It’s in Lugnano in Teverina, seventy miles from Rome, and contains forty-seven babies, all buried in the same summer, nearly half of which were premature. Falciparum malaria frequently causes miscarriages in previously unexposed pregnant women. The oldest child found on the site was a girl aged two or three years old. Her hands and feet were weighed down under stones and tiles, perhaps to prevent the demon disease from escaping to cause further destruction. DNA tests confirm she had malaria.18

But it was a pandemic that finished off the empire. Justinian, who ruled from 527 CE to 565 CE, was the last emperor to semi-successfully stitch back together many of the lands that had been ruled in Rome’s heyday, including Italy, much of Spain, and North Africa to the Atlantic. His contemporary biographer Procopius wrote glowing official accounts of these victories as well as a considerably less flattering secret history that described his boss as “an unnatural mixture of folly and wickedness… deceitful, devious, false, hypocritical, two-faced, cruel, skilled in dissembling his thought.”19 On the subject of violence, “sooner could one number, I fancy, the sands of the sea than the men this Emperor murdered,” declared the biographer. Incessant and barbaric war sparked by Justinian depopulated large areas, says Procopius: “The whole earth ran red with the blood of nearly all the Romans and the barbarians.”20

But alongside the human violence came death by infection. In his History of the Wars, Procopius describes the terror that affected the period, beginning in 542 CE: “a pestilence, by which the whole human race came near to being annihilated.” This was an outbreak of Yersinia pestis, the plague of the Black Death, paying its first significant visit to Mediterranean shores in recorded history. (It may have previously visited Europe to ravage substantial Neolithic settlements linked by the new technology of the wheel five thousand years before.)21

The disease we typically refer to as “the” plague usually spreads via infected rats and fleas. Fleas pass on the plague through a bite, and when their host dies they hop off to find sustenance elsewhere, taking the bacillus with them. The fever that heralds onset appeared to be nothing significant, suggested Procopius. But not many days later, a “swelling developed; and this took place not only… below the abdomen, but also inside the armpit, and in some cases also beside the ears, and at different points on the thighs.” The condition progresses through high fever, muscle cramps and seizures, sometimes with vomiting. Parts of the body develop gangrene as the host begins rotting from within. Unlucky victims—often the majority without modern medical treatment—go on to coma and death.

The deadly nature of the plague helps keep it local—unless humans move it. As William Bernstein observed in his history of global commerce, “plague is a disease of trade.” To transport the bacillus to the next stop on the caravan route or port, “the human, rodent and insect hosts must pass quickly across the seas and steppes.”22 Camels may have played a vital role in transporting the plague bacillus over distances—they can catch the disease and even infect humans directly if they’re slaughtered and eaten.23 But the plague still needs a concentrated population of rats and fleas to help it spread rapidly in new locales—and cities along ancient trade routes provided suitable conditions for that.

The outbreak of plague that spread across the empire originated in Asia. It was first recorded reaching Roman territory in Pelusium, which sat on the east side of the Nile delta.24 That was a scant 160 miles down the coast from Alexandria, to which plague quickly spread. Alexandria was the second largest city in the Mediterranean and a port that sent grain from the rich fields of the Nile floodplains across the Roman Empire. In turn, that meant the city teamed with cosmopolitan rats, which boarded ships bound for Constantinople, Rome, and beyond, well supplied with food. Without sea trade, the bacillus might not have made it much past Pelusium. But Alexandria’s rodents helped carry the plague to the ends of the empire.25

Procopius was in Constantinople at the time the plague reached the imperial capital and reports that the towers of the city walls were piled up with dead for lack of burial places. Again, the chronicler suggests survivors became wanton, “surpassing themselves in villainy and in lawlessness of every sort.”26 Nearly half of the city’s half-million strong population may have perished.27 (It should be noted Procopius remained privately of the opinion that the emperor was worse than the plague: “Some never were taken by the disease, and others recovered after it had smitten them. But this man, not one of all the Romans could escape… as if he were a second pestilence sent from heaven.”)28

In 1543, within a year of striking Constantinople, plague had reached Arles in Southern Gaul. And the disease reappeared again and again over the next thirty years. Out of 26 million of Justinian’s subjects, as many as 4 million died in the first two years and 5 million more within the sixty years that followed. Cities shrank to towns, towns to villages, and many villages disappeared altogether. Land under cultivation across the empire as much as halved.29

The plague helped unravel Justinian’s re-knitting of empire. The army that could be supported by a diminished economy was one-third the size of that before the plague struck. Justinian’s son, Justin II, saw the Lombards occupy Italy, the Slavs take land throughout the Balkans, and the Avars settle on the Danube. From a rebounding Mediterranean civilization in the pre-plague period and the attempts to reconstitute the glory that was Rome in its heyday, within decades of the first Plague of Justinian the empire was shrinking toward a rump around Constantinople.

The Mediterranean region soon became a battle zone between Christians in the northwest and a new religion from the southeast—Islam. In 545 and 546, plague ripped through Mesopotamia, returning again and again to weaken the Persian Empire. Then in 569, Abyssinians fell back from the walls of Mecca thanks to pestilence.30 The Abyssinians were there, so the story goes, because an Arab chief from Mecca had defecated in a new cathedral constructed in Abyssinia. But their forces, led by an elephant, were met by the prayers of Mecca’s inhabitants. The elephant kneeled before the city while Allah sent birds each carrying stones the size of lentils to drop on the invaders. All sixty thousand struck were killed. This was in the year—perhaps even on the day—of the birth of the prophet Muhammad.

Islam survived and subsequently prospered in a largely plague-free Saudi peninsula after both Persia and the Roman Empire were crippled by plague. By 630 CE, Muhammad’s armies controlled all of Arabia, shutting off the sea route to the Indian Ocean. Within generations, the land route of the silk road would be closed, too. Exchange in silk, spices, and (probably) microbes all shrank back.31

The “Muslim quarantine,” although far from a complete halt to trading and exchange, helped keep Europe safe from renewed infection from the south and east. Forests spread between populated areas within Europe, slowing travel and further reducing trade. The greatly diminished movement of people within the former Roman Empire insulated populations against new and old diseases alike. Older people who had experienced earlier waves of plague and other infections (and lived to tell the tale) were immune. And circumstances were against diseases of density: the number of people in Europe declined from 70 million at the height of the Roman Empire to 25 million by 700 CE. Urban populations (the most favorable hosts for infection) shrank from half a million in Rome to twenty-five times smaller in the largest cities of 800.32

The remaining population was likely to have been better nourished and so more resistant to disease, the result of retreating to the most productive land for crops and using some of the rest for livestock. Justinian tried to freeze prices and wages, complaining that people had abandoned themselves to avarice, but the labor shortage gave farmworkers new leverage. The practice of using slaves on farms in Spain and Italy died out, replaced by the feudal system of serfs who owed loyalty and labor to a lord in return for land.33 And the Black Death disappeared.
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“A completely fresh view on-world history—sweeping,
humane, and uncomfortably timely.” —TIM HARFORD,
author of The Undercover Economist
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