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INTRODUCTION

Primordial Plagues


‘Where the telescope ends, the microscope begins.’

VICTOR HUGO



Through the looking-glass

According to Sigmund Freud, there have been three great revolutions in Western science and each of these dealt a blow to humans’ belief in their special status – or what he referred to as our ‘naive self-love’.1 The first, which began with Copernicus, was the revelation that the earth is not the centre of the universe but just one of several planets revolving around the sun. After this setback, we could still console ourselves with the Book of Genesis’ claim that God created humans in his own image and gave us dominion over the land, sea and animals – albeit in a location that was astronomically peripheral. Then Charles Darwin came along and pointed out that humans are just another species of animal and that we share a relatively recent common ancestor with apes. The third great scientific revolution, according to Freud, was his own discovery of the unconscious. The realization that we aren’t even in control of our thought processes was, he argued, the ‘most irritating insult’ to ‘the human mania of greatness’.

Freud’s suggestion that psychoanalysis is more significant than the Copernican or Darwinian revolutions seems a little, well, egotistic.2 But his general point – that the more humans learn about the world, the more insignificant we realize we are – is insightful. For example, advanced telescopes have revealed that earth is an infinitesimally small rock rotating around an unremarkable star in a galaxy of at least 100 billion stars, which itself is just one of many billions of galaxies in the universe. In addition to this, there have been other scientific revolutions that have further undermined our species’ high opinion of itself. To my mind, the most important of these is the discovery of a world as vast as outer space, and yet so tiny that it is invisible to the naked eye: the realm of bacteria, viruses and other microbes.3

In the early seventeenth century, Galileo realized that when he reversed the order of the lenses in his telescope, very small things became visible.4 For the first time in history, humans had the technical capacity to see microbes. But Galileo preferred to focus his efforts on observing the stars and planets in the sky, and it wasn’t until fifty years later that a haberdasher from Delft in the Netherlands began to explore the microscopic world. Antonie van Leeuwenhoek initially developed his lenses to inspect the quality of the textiles he bought and sold. But after a while he turned his gaze upon the natural world. His letters to the Royal Society in London describe how everything from a drop of water to the plaque on our teeth is alive with what he called ‘animalcules’. He was enraptured: ‘No more pleasant sight has ever come before my eyes.’5 In all of history, Leeuwenhoek’s discovery of the microscopic realm might well be the closest anyone has come to falling down the rabbit hole, climbing through the looking-glass, or stepping into a wardrobe and finding oneself in a world of fantastical creatures.

It wasn’t until the second half of the nineteenth century – a full 200 years later – that scientists finally began to comprehend the significance of the new world that Leeuwenhoek had stumbled into. Louis Pasteur, the French chemist, revolutionized our understanding of nature by demonstrating that animalcules were responsible for a variety of processes including the fermentation of grapes, souring of milk, and putrefaction of meat. He also proved that illnesses and infections were not caused by gods, black magic, imbalanced humours, bad smells or inauspicious planetary alignments. Rather, people become sick when minuscule, invisible pathogens in the environment enter our bodies. But it is now very clear that animalcules are not just agents of decay, death and disease. In the last couple of decades researchers have begun to appreciate how bacteria and viruses perform a wide range of roles that are vital to the functioning of our planet, bodies and even our minds. Human life – indeed, complex life in any form – is inconceivable without microbes.

The Tree of Life

In the summer of 1837, fresh from a five-year voyage around the world on HMS Beagle, Darwin made a sketch in his notebook under the words ‘I think’. The unassuming doodle of what looks like the branch of a tree neatly captures the main features of what would develop into his theory of evolution by natural selection: when populations from a single species find themselves living in different surroundings, random variation – combined with natural selection for traits that provide an advantage in each particular environment – eventually results in the emergence of a separate species. This process, repeated again and again over hundreds of millions of years, accounts for the kaleidoscopic variety of life forms on our planet. When the genealogy of all living things is mapped out on paper, it looks like a vast tree.

If we trace the Tree of Life to the base of its trunk, we find the Last Universal Common Ancestor (LUCA): a single-celled, bacterium-like organism that is the distant progenitor of all living things, humans included. This one shared antecedent is the reason why everything from blue whales to giant redwoods to bacteria have inherited common features, such as DNA to store genetic information and a molecule called ATP that is the universal source of energy. Moving up the tree, the trunk splits into three boughs that represent the great domains of life. Two of these consist of organisms invisible to the naked eye: bacteria and archaea – single-celled microbes that resemble bacteria.fn1 The third branch depicts eukaryotes, which are distinguished by storing their DNA in a nucleus and using specialized structures called mitochondria to produce energy. This category encompasses all complex life including animals, plants and fungi, but it makes up only a few small twigs in the vast Tree of Life. There are about 8.7 million species of animals, plants and fungi on earth,6 compared to an estimated 1 trillion – 1 million million – types of bacteria and archaea.7 Less than 0.001 per cent of all species on the planet are eukaryotes.

The American palaeontologist Stephen Jay Gould argues that ‘on any possible, reasonable, or fair criterion, bacteria are – and always have been – the dominant forms of life on earth’.8 One reason for this is the sheer length of time they have existed. Our planet was formed around 4.6 billion years ago. About a billion years later, the first evidence of bacterial life appears in fossils. Single-celled eukaryotes emerged some 1.8 billion years ago, but it took more than a billion years for the oldest multicellular animals to evolve and even then they were tiny, worm-like creatures. Humans are relative newcomers: we diverged from chimpanzees between 6 and 8 million years ago,9 and the earliest evidence of Homo sapiens dates back about 300,000 years.10 Such immense periods of time are hard for the human brain to conceptualize, but if we compressed 4.6 billion years into one calendar year then bacteria evolved in early spring. Humans don’t appear until about half an hour before midnight on 31 December.11

Bacteria are everywhere. They have been found in Antarctic glaciers and on the ocean floor where boiling hot water surges out of the centre of the earth. They live miles below ground and miles above it, where they influence the formation of clouds and possibly even lightning.12 They are so numerous that, despite their tiny size, the total mass of all bacteria on the planet is thirty-five times that of all the animals and 1,000 times the weight of all humans.13 But bacteria are not just ubiquitous: they have also had a profound impact on our planet.

About 2.5 billion years ago our world was almost completely submerged in water, with the exception of the odd volcanic peak piercing through the sea.14 Methane in the atmosphere created a greenhouse effect that kept the planet far hotter than it is today. There was little or no free oxygen in the water or air, as it was all locked up in other molecules. Life on earth consisted of anaerobic bacteria. Then the world began to change with the emergence of cyanobacteria – blue-green algae that use the sun’s rays to power photosynthesis. This process made cyanobacteria much more effective at generating energy and gave them a huge evolutionary advantage. Their numbers boomed. Over a period of several hundred million years, they pumped vast amounts of oxygen – a by-product of photosynthesis – into the oceans and atmosphere.

This Great Oxidation Event transformed the planet.15 Some of the oxygen produced by cyanobacteria combined with methane in the air to form carbon dioxide, a much less effective greenhouse gas. As the planet cooled, ice sheets crept as far as the tropics. The sea level fell and land emerged from the water. Eukaryotic organisms appear in the fossil record shortly after oxygen became abundant in the atmosphere. This is not a coincidence. All plants and animals produce energy through aerobic respiration, which is twenty times more efficient than anaerobic respiration – and therefore much better suited to supporting large, multicellular organisms.16

Microbes continue to play a crucial role in maintaining an atmosphere that can support complex life. Cyanobacteria in the oceans still contribute to the oxygen in the atmosphere. In total, phytoplankton – photosynthesizing microorganisms in the sea – account for at least half of the oxygen produced by living organisms.17 And bacteria perform a variety of other vitally important functions. They convert carbon, nitrogen, sulphur and phosphorus into nutrients that can be used by animals, plants and fungi. When these organisms die, they return these compounds to the ecosystem through decomposition. It’s no exaggeration to say that bacteria have made the planet habitable for complex life, including humans. It’s a bacterial world, and we’re just squatting here.

The struggle for existence

Darwin didn’t come up with his theory of evolution by natural selection in a vacuum. We know from one of his notebooks that in September 1838, just over a year after sketching the Tree of Life, he read Thomas Malthus’s An Essay on the Principle of Population (1798). Darwin was struck by the argument that the population, when left unchecked, increases at a much faster rate than humans’ capacity to produce food, resulting in a ‘struggle for existence’. In a Darwinian understanding of the natural world, pervasive conflict for scarce resources is the engine of evolutionary change, as individuals and species that survive and reproduce will replace those that do not. Darwin also studied Adam Smith’s The Wealth of Nations (1776) at around the same time, and his model of evolution ‘is, in essence, Adam Smith’s economics transferred to nature’: it invokes the invisible hand of natural selection.18

However, some modern biologists question the fundamental Darwinist assumption that nature is, in the words of Alfred, Lord Tennyson, ‘red in tooth and claw’. As a young academic based at Boston University in the 1960s, Lynn Margulis tackled what was then an unsolved mystery in microbiology: the origin of eukaryotic cells, the basic building blocks of complex life. These are bigger than single-celled bacteria and archaea, and different because they contain a number of specialized structures – including the nucleus that holds most of the cell’s DNA, mitochondria that produce energy through aerobic respiration and, in plants and algae, chloroplasts for photosynthesis.

Margulis hypothesized that mitochondria originated as free-living bacteria capable of making energy from oxygen.19 Eukaryotic cells came into being, she argued, when one of these aerobic bacteria was engulfed by another larger single-celled organism, most probably an archaeon. The two organisms then began coexisting within one membrane, with the aerobic bacterium producing energy in exchange for fuel. Over hundreds of millions of years they evolved into eukaryotic cells. It was because these cells contained mitochondria that specialized in producing energy that they were able to grow bigger and evolve into more complex organisms.

Margulis’s theory fundamentally challenged the dominant Darwinian understanding of evolution. If evolution by natural selection was Smith’s notion of capitalism applied to flora and fauna, then what came to be known as the theory of endosymbiosis had more than a hint of Marx’s vision of utopian communism: ‘From each microbe according to their ability, to each according to their need.’ Margulis inverted the idea of the survival of the fittest, instead arguing that organisms thrived when they cooperated with one another. Initially, fellow scientists responded with a combination of indifference and scepticism. She submitted the original article proposing her theory to fifteen scientific journals before finding one willing to publish her work. But by the 1980s, new techniques demonstrated that mitochondrial DNA was significantly different to that of the cell’s nucleus, vindicating Margulis’s hypothesis. It also became clear that chloroplasts came into being through a similar process, having started out as free-living cyanobacteria.20

Margulis’s discovery did not disprove the theory of evolution by natural selection. It demonstrated that both competition and collaboration are important aspects of evolution. This profoundly changed the way that scientists understand the history of complex life. The first and most important evolutionary step was not a consequence of competition within species but of intimate cooperation between different domains of life. All complex organisms that have ever existed – animals, plants and fungi – are the progeny of the symbiotic union between an archaeon and at least one bacterium. Cooperation can and does drive change in the natural world.

In recent years, it has become clear that interactions between viruses and complex life have also played a central role in human evolution. In fact, some of our most important bodily functions were acquired as a result of viral infections hundreds of millions of years ago.

Going viral

Viruses tend not to be included in the Tree of Life because they occupy an ambivalent state between the worlds of the living and the lifeless. Unlike bacteria, archaea and eukaryotes, they are not made up of cells, the basic building blocks of life that are capable of generating energy and reproducing. Instead, viruses consist of genetic material – in the form of DNA or its sister molecule RNA – coated in protein. On their own they are an inert arrangement of matter. But when they manage to enter – or infect – the cell of a living thing, they take over its machinery to reproduce copies of themselves, bursting into life. This process is often deadly to the host.

Viruses are tiny, even by the standards of microbes. They can be hundreds of times smaller than the average bacterium. Viruses are so minuscule that they haven’t left a mark on the fossil record. Their origins remain unclear. They may have emerged prior to, soon after, or even from early single-celled life. In any event, for most if not all of the 3.5 billion years that life has been around, viruses have been capable of infecting it. They are found anywhere that living things are and far outnumber all forms of life on earth – even bacteria. A litre of seawater contains over 100 billion virus particles, and one kilogram of dried soil somewhere in the region of a trillion.21 The total number on the planet is estimated at about 1031 – that is, one followed by thirty-one zeros.22 But only about 220 types of virus are known to be capable of infecting humans.23 Most are so-called bacteriophages or phages – from the Greek ‘to devour’. Phages kill between 20 per cent and 40 per cent of all bacteria every day, which maintains balance in a variety of ecosystems, from the oceans to our own bodies, by ensuring that no one strain of bacteria can become too numerous.24

A retrovirus is a specific type of virus that reproduces by inserting a copy of its DNA into the genome of the host cell. But when a retrovirus infects a sperm or egg cell, something remarkable happens: viral DNA is then passed on to every cell in every subsequent generation. An astonishing 8 per cent of the human genome is made up of such genes.25 Many of these DNA sequences don’t seem to do anything in the human body, but retrovirus infections allowed our distant ancestors to acquire the capacity to perform functions that are fundamental to human existence. One remarkable example is a gene inherited from a retrovirus infection about 400 million years ago that plays a crucial role in memory formation. The gene does this by coding for tiny protein bubbles that help to move information between neurons, in a manner that is similar to the way viruses spread their genetic information from one cell to another.26 In the laboratory, mice that have this gene removed are unable to form memories.

Another mind-blowing example of a function that human ancestors acquired from retroviruses is the ability to give birth. When animals first evolved, they reproduced by laying eggs, and most creatures in the animal kingdom continue to give birth this way. Then, between 100 million and 200 million years ago, a shrew-like creature developed the capacity to gestate her young inside her own body – an extraordinary evolutionary advance because a foetus is much safer growing inside its mother’s body. It is only possible because of the placenta, a temporary organ that attaches to the uterus and allows nutrients and oxygen to pass from mother to baby, and carbon dioxide and waste to travel in the other direction, without provoking a devastating response from the mother’s immune system. There is nothing like this interface between the placenta and womb anywhere else in our bodies. When geneticists looked at the gene responsible for creating it, they realized that it was almost identical to those used by retroviruses to produce the proteins that attach to cells they are infecting without triggering an immune response.27 The scientists concluded that a crucial function of the placenta didn’t emerge gradually as a result of evolution by natural selection but was suddenly acquired when a retrovirus inserted its DNA into our ancestor’s genome. So if one of our distant ancestors hadn’t been infected by this tiny virus hundreds of millions of years ago, humans would reproduce by laying eggs.

Redrawing the Tree of Life

Humans evolved on a planet that was already inhabited by vast numbers of bacteria and viruses. They were only able to survive and thrive by developing the ability to defend themselves against potentially harmful microbes. In fact, infectious diseases have killed so many people throughout history that they are one of the strongest forces shaping human evolution. In parts of human cells that interact with viruses, it has been estimated that viruses account for 30 per cent of all genetic mutations since our species’ divergence from chimpanzees.28 The Black Death – caused by plague bacteria, Yersinia pestis – killed up to 60 per cent of the population and many of those who survived did so because they had specific genes that boosted their immune response.29 In sub-Saharan Africa malaria has killed so many people that it is the ‘strongest known force for evolutionary selection in the recent history of the human genome’.30 It is therefore not the strongest or most intelligent members of our species who were most likely to survive long enough to pass on their DNA to the next generation; rather, it was humans who had the most effective immune system to cope with the onslaught of infectious diseases, or those who had mutations that made their cells unusable to microbes. Lots of these mutations not only conferred resistance to pathogens but also had a negative impact on cell function. This suggests that humans’ struggle for existence was a fight against microbes rather than alpha males and apex predators.

Our bodies are absolutely teeming with microscopic life. Each of us hosts an estimated 40 trillion bacteria – meaning they slightly outnumber human cells.31 Viruses? At least ten times that figure. In total, the human microbiome – all the microbes living in our body – weighs around the same as our brain, between one and two kilos.32 The vast majority of these bacteria and viruses don’t make us ill. In fact, many have evolved with our ancestors for millions of years, forming close and interdependent relationships with one another. In other words, humans have outsourced some essential tasks to microbes. This is because bacteria can adapt more quickly to new situations than humans. While our cells carry between 20,000 and 25,000 genes, the microbiome contains around 500 times more than that.33 The enormous number of genes, together with the fact that bacteria reproduce far more quickly than more complex life and are able to transfer genes ‘horizontally’ from one species to another, allow bacteria to evolve much faster than humans. Cooperation between microbes and humans is most evident in the gut, where there is a plentiful supply of proteins, fats and carbohydrates for bacteria to feast on and, in return, they help out with essential processes such as the digestion of food and the production of vitamins and minerals. Viruses keep us healthy too, especially phages that kill harmful bacteria inside our bodies.

There is now growing evidence that the gut microbiome has an important impact on the human brain. We’ve long sensed this connection, of course. A variety of idioms in the English language seem to link our brains and bellies: you can have a gut feeling or gut instinct about something; butterflies, knots or a pit in your stomach; find a situation gut-wrenching; or ruminate on a problem. A recent editorial in Nature noted that ‘Just ten years ago, the idea that microorganisms in the human gut could influence the brain was often dismissed as wild … Not any more.’ The study that inspired the editors to write this piece analysed bacteria in the faeces of more than 2,000 Belgians.34 Of over 500 strains of bacteria they tested, more than 90 per cent were able to produce neurotransmitters like dopamine and serotonin that play a key role in regulating human moods. As this ability is unique to bacteria that live in the bodies of animals, it seems that these microbes have evolved over millions of years to create chemical messengers which allow them to communicate with and influence their hosts. The evolutionary reason why bacteria produce chemicals that improve our moods may be that it makes us more likely to be gregarious and therefore provide them with opportunities to colonize other hosts.

The researchers then compared the microbiomes of volunteers who had been diagnosed with depression with those who had not, finding two types of bacteria – Coprococcus and Dialister – that were common in the guts of healthy participants but absent in those who suffered depression. Both bacteria produce substances known to have antidepressive properties. This is not conclusive evidence of a link between the gut microbiome and the mind, but it is a pretty good start – especially when added to the large amount of research on the link between brain and gut bacteria in ‘germ-free’ mice and rats.35 It has raised hopes that faecal transplants from people with healthy microbiomes will one day provide a more effective treatment for depression than Prozac or therapy.

The implications of all this are stupefying. Not only did we evolve from bacteria and acquire vital segments of our genome from viruses. It is now clear that our bodies and even our brains are only able to function in the way they do because of the vital contributions of microbes that evolved alongside – and inside – our ancestors. The discovery that the microscopic bacteria in our guts are able to influence our feelings and behaviour in indiscernible but important ways suggests that humans are not even fully in control of their own minds. But if bacteria and viruses are such a fundamental part of who we are on an individual level, what role do they play on a collective level? Or, put another way, how have microbes impacted the evolution of human societies and politics? What impact have they had on history?

History from below, not from above

One advancement after another in the natural sciences has revealed how insignificant and impotent our species is in the grand scheme of things. And yet humans have been slow to respond to these developments. Most of us still retain an anthropocentric world view. We continue to fantasise that our species holds dominion over nature despite all the evidence to the contrary. Our planet is still understood as little more than a stage on which humans act out their parts. This is apparent in the way that most people understand history.

Traditionally, charismatic, brave, visionary individuals – almost all of them males – were seen as the driving force of history. As the Scottish historian-philosopher Thomas Carlyle wrote in the mid-nineteenth century, ‘the history of the world is but the biography of great men’.36 This theory was blamed for encouraging the rise of totalitarian dictators such as Hitler and Stalin, and has been out of fashion among professional historians since the mid-twentieth century. Despite this, many of Carlyle’s heroes continue to be worshipped: literally in the case of Jesus, Muhammad, and – kind of – Martin Luther; and figuratively with national heroes like Alexander ‘the Great’,fn2 Washington, Napoleon and Charlemagne, ‘the founder of Europe’. The twentieth century has provided a new cast of ‘Great Men’ or – more often – villains: Lenin, Stalin, Churchill, Roosevelt, Hitler, Mao, de Gaulle, and so on. Some of these modern heroes are even women, in the case of Eva Perón or Margaret Thatcher. The history section of your local library and the history documentaries showing on TV over the next few days are undoubtedly dominated by this cast of characters.37

The main alternative to the ‘Great Men’ theory of history is what Lucien Febvre, the French historian, referred to in the early 1930s as ‘histoire vue d’en bas et non d’en haut’, or ‘history from below and not from above’.38 This approach focuses on the masses of ordinary men and women, often fighting against exploitation and oppression. In this view, it is the cumulative impact of their struggles that propels progressive social, political and economic transformations. E. P. Thompson’s The Making of the English Working Class (1963) and Howard Zinn’s A People’s History of the United States (1980) are classic examples of this genre. The idea of history from below is much more inclusive than the worship of a few heroic individuals, but still it focuses on humans as the driving force of history.

This book sets out an alternative way of looking at the world that incorporates the scientific developments outlined in this chapter: not just Freud’s general point that humans have a far less significant place in the world than we used to think, but also the realization that microbes play a much more important role in human life than we would have believed just a few years ago. In medicine, pathogenesis refers to the origins and development (genesis or γένεσις) of a disease (pathos or πάθος), with a particular focus on the way that pathogens infect our cells and the effect this has on our bodies. In the pages that follow, we will explore how viruses, bacteria and other microbes impact aggregations of bodies – that is, the body politic, body economic and body social. This is history from deep below. Rather than thousands or millions of ‘little’ humans working together to change the world, we will explore the role that billions or trillions of microscopic viruses and bacteria have unwittingly played in history.

Almost five decades after it was first published, William McNeill’s Plagues and Peoples (1976) remains the most well-read and important book on the impact of epidemics on society, politics and economics. But so much has changed in the intervening years that it is now necessary to take a new look at the topic. In the 1970s, the main evidence was eyewitness accounts of people who had lived through pandemics. These provide an invaluable insight into the past but are sporadic at best, as well as heavily biased towards recent history and literate societies. McNeill conceded in the opening pages that ‘exact information is lacking wherewith to create a history of human infections’. In fact, there were so many gaps in the historical record that Plagues and Peoples relies as much on its author’s imagination as it does facts to piece together a coherent and convincing account of the narrative. As recently as 2017, the American political scientist and anthropologist James C. Scott lamented the dearth of evidence: ‘Epidemic disease is, I believe, the “loudest” silence in the Neolithic archaeological record.’39

Around the same time that Plagues and Peoples was written, archaeologists and anthropologists were trying to analyse ancient skeletons for signs of infectious disease. Unfortunately, they were only able to draw very limited conclusions because the vast majority of pathogens don’t leave any visible mark on our bones. In many cases, the only way to really understand anything about the health of an individual was to estimate their height. Back then it must have seemed like we knew everything we were ever going to know about the interaction between infectious diseases and history. But over the past few years, advances in DNA analysis have revolutionized our understanding of pathogens and the past. Ancient skeletons have started to reveal mind-blowing secrets – and lots of them. This book pulls together this ground-breaking research, much of which has been published in pay-walled scientific journals and is not widely read outside of academia. It places it in the context of research from other disciplines, including archaeology, history, anthropology, economics and sociology.

Outbreaks of infectious diseases have destroyed millions of lives and decimated whole civilizations, but the devastation has created opportunities for new societies and ideas to emerge and thrive. In this way, pathogens have been the protagonists in many of the most important social, political and economic transformations in history: the transition from a planet inhabited by multiple species of human to one in which Homo sapiens reigned supreme; the replacement of nomadic hunter-gatherer society with sedentary agriculture; the demise of the great empires of antiquity; the transformations of Christianity and Islam from small sects in Palestine and the Hijaz to world religions; the shift from feudalism to capitalism; the devastation wrought by European colonialism; the Agricultural and Industrial Revolutions; and the creation of the modern welfare state. By the time we have finished, I hope to have changed the way you think about history and our species’ role in it – to convince you that the modern world has been shaped by microbes as much as by women and men.
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Palaeolithic Plagues


‘History makes no sense without prehistory, and prehistory makes no sense without biology.’

E. O. WILSON



Rediscovering Middle-earth

The idea of a world inhabited by multiple human and humanoid species will be familiar to readers of fantasy literature. Take, for example, the Fellowship that accompanies Frodo Baggins on his journey to dispose of the One Ring in the fires of Mount Doom. Aragorn and Boromir are Men, a term used to denote both male and female humans. Frodo, Sam, Merry and Pippin are Hobbits, closely related to Men but roughly half as tall and with oversized, furry feet. Then there is Legolas, a slender and pointy-eared Elf with a superhuman sense of sight and hearing. And Gimli is a Dwarf, belonging to the short, thick-set warrior-like people who live in the mountains of Middle-earth.

J. R. R. Tolkien did not create this legendarium from scratch. His fantasy world was strongly influenced by the Germanic mythology that he studied in his day job, as a professor of Anglo-Saxon at Oxford University. This is why Tolkien claimed to have discovered rather than invented Middle-earth.1 Over the last two decades, researchers have uncovered an array of evidence that has transformed our knowledge of the world that early humans inhabited. New archaeological discoveries, combined with advances in the technology used to analyse the DNA retrieved from ancient skeletons, clearly demonstrate that although our ancestors didn’t live alongside Hobbits, Elves and Dwarves, they shared the earth with a rich cast of human species. For most of the time Homo sapiens has been around – from about 300,000 to 50,000 years ago – the planet resembled Tolkien’s Middle-earth or a Norse saga more than the world we occupy today.

Geneticists estimate that our last common ancestor with chimpanzees dates to between 6 and 8 million years ago.2 Just over 3 million years ago, proto-humans were habitually walking on two legs but the size of their brains and bodies had hardly changed – as demonstrated by ‘Lucy’, the female skeleton discovered in Ethiopia in 1974 by archaeologists as they listened to the Beatles’ song ‘Lucy In The Sky With Diamonds’. Homo erectus, or ‘upright man’, appears in the fossil record about 2 million years ago. With relatively long legs, short arms and a large head, Homo erectus is the earliest example of a species that looks recognizably human. They were the first species of human to migrate out of Africa, and within a relatively short period of time they managed to spread across much of the Old World. Their remains have been found near the southern tip of Africa, in the Caucuses, northern China and Java.

Our own species evolved from Homo erectus. The first known skeletal remains with the modern anatomical features typical of Homo sapiens are the fossilized bones of five people who died some 100 kilometres from Marrakesh about 315,000 years ago.3 For most of the time since then, they have lived more or less exclusively in Africa – although our ancestors’ remains have been found everywhere from Morocco to the Cape. Homo sapiens weren’t the only species of human living in the continent, however. There is both archaeological and genetic evidence that we coexisted in Africa with a variety of species of human, some of whom lived in Africa and others that inhabited different parts of the world.4

Neanderthals also evolved from Homo erectus. They diverged from our own species between three-quarters and half a million years ago, when a group of archaic humans migrated out of Africa and ended up in Europe. Homo neanderthalensis retained so-called ‘archaic features’ – that is, lower braincases, heavier brows and less prominent chins – all of which distinguish them from us anatomically modern humans. Neanderthals were also taller, heavier, stronger and had slightly bigger brains than Homo sapiens. Their fair skin helped them absorb sunlight – which is crucial for making vitamin D – and their large, frequently blue eyes enabled them to see in the dark European winter. Neanderthals eventually spread out over much of Western Eurasia; their remains have been found from Gibraltar in the west to the Altai Mountains in Siberia in the east.

Over the last two decades, scientists have discovered several more species of human that were alive at the same time as Homo sapiens. Denisovans split from Neanderthals not long after they’d ventured out of Africa and went on to occupy the eastern part of Eurasia. The only known physical traces of this species are a few bone fragments uncovered in caves in the Altai Mountains and on the Tibetan plateau. Anatomically, Denisovans would have looked similar to Neanderthals although they appear to have had much bigger teeth, and they carried a number of gene mutations, including one that affected red blood cells and allowed them to live comfortably at high altitudes.5 Homo floresiensis lived on the Indonesian island of Flores. They are colloquially referred to as Hobbits on account of their height – they stood just over a metre tall – and disproportionately long feet.6 One theory suggests that Homo floresiensis is descended from Homo erectus, who arrived there about a million years ago and then became isolated by deep waters.fn1 Homo luzonensis is another extinct, small-bodied human species that was discovered in 2019 on the island of Luzon, in the Philippines. Their curved fingers and toe bones suggest that they retained the climbing abilities of our pre-human ancestors.7

So for the first quarter of a million years, Homo sapiens lived in Africa alongside other species of human, and yet more species of human inhabited Europe and Asia. Then, between 50,000 and 40,000 years ago, something astonishing happened. Within a few thousand years, Homo sapiens burst out of Africa and quickly spread across the world – from western Europe all the way to Australia. At the same time, all other species of human vanished from the face of the earth.8 The most recent trace of Homo luzonensis and Homo floresiensis is from 50,000 years ago.9 The last evidence of Denisovans dates to between 49,000 and 43,000 years ago, although they may have held out in isolated parts of New Guinea for longer.10 Neanderthals appear to have survived until between 41,000 and 39,000 years ago.11 The expansion of Homo sapiens and disappearance of other species fundamentally transformed the planet and laid the foundations for the world we inhabit today. Why this happened is one of the biggest mysteries of human prehistory.

The explosive awakening of the modern human soul

[image: ]
1 Figure 1. Cave paintings from Chauvet (Centre National de Préhistoire).
In late December 1994, three spelunkers were searching for caves in the limestone cliffs above the River Ardèche in south-east France. In a small recess not far from a hiking trail, one of them felt a draught of cool air – a telltale sign of a cavity. After clearing away some debris and crawling along a narrow passage, the group arrived at a ledge looking down on to a vast, dark chamber. They descended down a chain ladder 10 metres to the cave floor down a chain ladder and began to explore. Then, when the light from their headlamps hit the cave wall, one of them shouted: ‘They were here!’

The three colleagues had just rediscovered one of the most remarkable examples of prehistoric art: beautiful depictions of mammoths, lionesses, aurochs, bison, ibex, horses and woolly rhinoceroses that use the irregularities of the limestone to conjure a sense of movement and three-dimensionality – see Figure 1. Judith Thurman, writing in the New Yorker after visiting Chauvet, described a ‘bestiary of such vitality and finesse that, by the flicker of torchlight, the animals seem to surge from the walls, and move across them like figures in a magic-lantern show’.12

The earliest Chauvet cave paintings were created between 37,000 and 33,500 years ago, just a few millennia after Homo sapiens first arrived in western Europe and Neanderthals disappeared.13 This period of prehistory appears to have been one of extraordinary creative flourishing.14 The cave paintings of animals and hands at Altamira in northern Spain date to the same period. The earliest examples of art carved from mammoth ivory were produced around the same time in what is now southern Germany. The Venus of Hohle Fels, a statuette with ballooning breasts and an elaborately carved vulva, is the first undisputed depiction of a human being.15 The Löwenmensch of Hohlenstein-Stadel is a 30-centimetre-high figurine with the head of a lion and an upright, partly human body. It is the oldest known representation of a creature that does not exist in the real world.16 In addition, several flutes carved from mammoth ivory and animal bone that date to around 40,000 years ago have been discovered in German caves, including Hohle Fels. This is the earliest evidence of humans playing music.17

In terms of scale and technical skill, the only comparable example of prehistoric art comparable to Chauvet is at Lascaux, about 350 kilometres to the west.18 But this Palaeolithic masterpiece is ‘just’ 17,000 years old – that is, as close in time to the present day as to Chauvet.19 Lascaux was inadvertently rediscovered by amateurs in 1940, when a group of school friends stumbled upon the paintings when they were looking for a legendary underground secret passage to the nearby château. When Picasso visited he is supposed to have remarked to his guide, ‘They’ve invented everything.’20 The anecdote underlines the sophistication of the humans who created these masterpieces and how similar their preoccupations and aesthetic tastes were to those of modern humans.

Prior to 40,000 years ago, evidence of human creativity amounts to a few hand stencils, some perforated, coloured shells that would have been used as jewellery, and iron-rich rocks that were probably processed to produce ochre pigment – most likely to paint walls, shells or bodies. But there was nothing to suggest that Homo sapiens had the imagination or technical ability to produce the Chauvet cave paintings, the Löwenmensch and the Venus of Hohle Fels. It is astonishing that they were all created within a few thousand years and a few hundred kilometres of one another. In Werner Herzog’s documentary film about Chauvet, Cave of Forgotten Dreams (2010), he says of the appearance of prehistoric art in what is now France and Germany: ‘It was not a primitive beginning or a slow evolution. It rather burst onto the scene like a sudden explosive event. It is as if the modern human soul had awakened here.’

The ingenuity that is evident in Palaeolithic European cave art plays a key role in the most popular explanation for the emergence of Homo sapiens as the dominant human species. Our species is said to have triumphed over all others because they were uniquely capable of what palaeoanthropologists – researchers concerned with the origins and development of early humans – call ‘symbolic behaviour’. In other words, Homo sapiens had the unique capacity to use language and art to express and exchange ideas. The ability to think and behave in complex ways allowed us to plan, cooperate and out-compete the bigger, stronger Neanderthals, as well as other humans who did not possess these skills.21 This theory is based on a particular view of nature, seeing Homo sapiens as engaged in a struggle for survival with other species from the same genus. According to this argument, we came out on top because we were more intelligent.

We might be apes, but at least we are exceptionally brainy apes. The most famous recent advocate of this theory is the Israeli historian Yuval Noah Harari in his bestselling book Sapiens (2014). Harari argues that ‘Homo sapiens conquered the world thanks above all to its unique language … that allows us to ingest, store and communicate a prodigious amount of information about the surrounding world.’ This explanation is by no means unique to Harari, however; it is widely accepted among scholars who study the topic. The assumption that we are uniquely clever is apparent in the name we have given our species – Homo sapiens, of course, literally means the wise man. Symbolic behaviour is seen as so vital to the essence of modern humans that several influential academics have referred to us as the ‘symbolic species’ or ‘Homo symbolicus’.22 It isn’t difficult to understand why many people find this explanation appealing. It allowed humanity to regain the privileged position that it lost when Darwin’s theory of evolution by natural selection made it clear that we were just another species of animal.

Archaeologists and anthropologists have identified a variety of characteristics that they say are evidence of complex symbolic behaviour, and therefore distinguish modern Homo sapiens from cognitively inferior human species.23 Some of these can be observed in the archaeological record, including burying one’s dead, wearing jewellery, using ochre for decoration and producing art. The clearest example of symbolic behaviour is the mind-blowingly impressive and well-preserved prehistoric art that appeared in western Europe between 40,000 and 30,000 years ago, which Harari and others see as conclusive evidence of Homo sapiens’ cognitive superiority.

There is, however, an obvious problem with the argument that Homo sapiens’ capacity for symbolic behaviour allowed them to break out of Africa and vanquish all other species of human: Homo sapiens have been around for at least 300,000 years as an anatomically distinct species, but their apparent cognitive superiority only kicked in between 40,000 and 50,000 years ago, when they surged out of Africa and vanquished all other human species. A quarter of a million years seems like a long time to wait for a breakthrough. The theory makes even less sense when we consider that, from a historical perspective, migrating out of Africa was not remarkable. Homo erectus managed it about 2 million years ago, and so did the Neanderthals’ ancestors about half a million years ago. Both species are supposed to be inferior to our own.

Proponents of the idea that Homo sapiens’ superior intelligence enabled their rise to world dominance try to overcome this problem with some logical gymnastics, arguing that they evolved their exceptional cognitive abilities a long time after they developed the anatomical characteristics which distinguish them from other species. Harari and many other scholars argue that modern humans underwent a ‘cognitive revolution’ between 70,000 and 30,000 years ago that transformed the way they thought and behaved. These newly acquired abilities gave Homo sapiens a competitive edge and explains their rise to dominance.

The idea of the cognitive revolution is conveniently Eurocentric. It locates modern-day France and Germany as the site of the metamorphosis of human behaviour and identifies the first Homo sapiens capable of symbolic thought as those who left Africa and then turned left when they reached the Levant. This isn’t surprising. The discoveries of Lascaux in 1940, Chauvet in 1994 and the Venus of Hohle Fels in 2008, as well as the reconstruction of the Löwenmensch in the 1980s, dazzled several generations of scholars who grew up believing that ‘white’ people originating in Europe were inherently superior to ‘non-white’ people from elsewhere. The notion of a cognitive revolution can be seen as the prehistoric version of British art historian Kenneth Clark’s thesis in Civilisation, the remarkably popular but dated 1969 BBC television series, which argues that civilization was the product of the artistic and cultural achievements of France, Italy and Germany from the Middle Ages to the twentieth century.

Rethinking the cognitive revolution

Stanley Kubrick’s 2001: A Space Odyssey (1968) begins not at the turn of the twenty-first century but with a scene entitled ‘The Dawn of Man’, set at an unspecified time prior to the emergence of Homo sapiens. As the sun rises over an immense and desolate Namibian Desert, a band of ape-like creatures wake to find an alien-made black monolith. Richard Strauss’s ‘Thus Spoke Zarathustra’ kicks in, then one of the animals picks up a bone and starts hitting things with it. He beats a tapir to death, then joins some club-wielding buddies to attack a rival band, killing the alpha male and chasing the rest away from a prized watering hole. Ecstatic, one of the apes throws their bone spinning into the air. The camera follows it upwards, setting the scene for the most famous match cut in film history, as the viewer is transported thousands – perhaps even millions – of years forwards in time to a shot of a space station orbiting the earth. The implication is that the black monolith miraculously kick-starts the process of technological development. The adoption of basic tools like a bone club allowed our ancestors to consume more meat, which aided brain development and set in train a process of invention and innovation that ultimately enabled humans to conquer the planet and even outer space.

The idea that a slab of black marble was responsible for human progress is obviously preposterous. It is almost as fanciful, however, to suggest that a cognitive revolution could have occurred sometime between 70,000 and 30,000 years ago. For a start, there is no satisfactory explanation as to how and why. Or as Harari puts it: ‘We’re not sure.’ He suggests that it may have been the result of a gene mutation that improved Homo sapiens’ ability to communicate. However, there isn’t clear evidence that the anatomy of our brains changed around this time.24

Another suggestion is that eating fish rich in omega-3 fatty acids encouraged brain tissue development and improved cognitive function. Until recently it was believed that only Homo sapiens ate seafood, but a study published in Science in 2020 showed that Neanderthals living 86,000 to 106,000 years ago near Lisbon harvested and ate mussels, crustaceans and fish; they would therefore have benefited from the same nutrients as Homo sapiens. It is likely that Neanderthals across coastal Europe had a diet rich in seafood, but the evidence has been destroyed by the rise in sea levels since the end of the last Ice Age.25

A further challenge to the notion of a cognitive revolution is recent evidence that Homo sapiens was capable of symbolic behaviour a long time before modern humans spread out of Africa. Most striking is a recent study based on excavations at a dried-up lake bed in Olorgesailie, Kenya.26 Archaeologists found lumps of rock that appear to have been processed to create pigments over 300,000 years ago: manganese ore, ground down to produce black or dark-brown colouring, and iron-rich minerals that were used to make ochre. The ochre rocks did not come from the nearest source, which suggests that they were transported from further afield because of their particularly bright hue. So, just as Homo sapiens were emerging as a distinct species, they were going to great efforts to get their hands on pigments in order to decorate themselves or paint things. The repercussions of this discovery are seismic: Homo sapiens didn’t go through a distinct cognitive revolution; rather, modern human behaviour arose at the same time as anatomically modern humans.

But if Homo sapiens were already capable of symbolic behaviour – and therefore superior to all other species of human – 300,000 years ago, why did it take them a quarter of a million years to break out of Africa and spread across the world? The answer is simple. A plethora of recent discoveries point to the fact that Homo sapiens wasn’t, in fact, smarter than other species of human.

In 1856 Johann Carl Fuhlrott, a schoolteacher, discovered the bones of a hitherto unknown species of human in a cave in the Neander Valley, western Germany. Following the publication of On the Origin of Species just three years later, there was a fierce debate about where the new specimen fitted into the Tree of Life. Had Homo sapiens evolved from this strange humanoid or did it belong on an altogether separate branch? Conservative palaeontologists working in cahoots with the Catholic Church made a concerted effort to emphasize the differences between the two species. By portraying Neanderthals as only very distantly related to Homo sapiens, they hoped to retain our status as a separate and exceptional species. When the first complete skeleton of a Neanderthal was discovered by three Catholic priests in 1908 in La Chapelle-aux-Saints in southern France – about 300 kilometres west of Chauvet – the Church made sure it ended up in the hands of someone who shared their world view. Marcellin Boule, director of the Laboratory of Palaeontology at Muséum d’Histoire Naturelle in Paris, reconstructed the specimen so that it looked much more simian than human, with a forward-jutting head, slouching shoulders, hunched spine, bent knees and even opposable toes. Boule’s work was flawed, but it had a profound impact on scientific understanding of Neanderthals for the next half-century and it still informs the popular stereotype of the ape-like cave man.27

The supposed differences between Homo sapiens and Neanderthals extended to cognitive ability. Boule suggested that there was a link between Neanderthal’s physical and mental attributes, arguing that its ‘brutish’ and ‘clumsy’ posture indicated a lifestyle characterized by ‘functions of a purely vegetative or bestial kind’.28 William King, the geologist who insisted Neanderthals were a separate species and coined their name, was confident that they were incapable of ‘moral and theistic conceptions’.29 At the end of the nineteenth century Ernst Haeckel, a German zoologist, Social Darwinist, promoter of scientific racism, and strong influence on Nazi ideology, proposed calling Neanderthals ‘Homo stupidus’ to distinguish them from Homo sapiens.30 Although this name didn’t catch on, the public’s understanding has not really moved on and the received wisdom still holds that we are superior. One dictionary definition of Neanderthal is an ‘uncivilized, unintelligent, or uncouth man’, which neatly sums up the way in which the species name is used negatively in colloquial English.

Over the past couple of decades, however, it has become increasingly clear that Neanderthals were capable of all sorts of sophisticated behaviours that until recently were only associated with Homo sapiens. There is archaeological evidence that Neanderthals manufactured stone tools that required high levels of cognitive skill and dexterity,31 made fire on demand,32 sailed from mainland Europe to Crete and the Ionian Islands,33 produced glue from the bark of the birch tree.34 They even appear to have treated maladies with medicinal plants that had anaesthetic and antibiotic properties: traces of DNA from poplar trees, which contain salicylic acid – the naturally occurring inspiration for the synthetic aspirin, and Penicillium mould – the source of penicillin, have been found in the calcified plaque of Neanderthals.35 In 1989, archaeologists found a Neanderthal hyoid, the delicate U-shaped bone that anchors ligaments and muscles in the throat and is key to human speech. This indicates that they would have been able to talk, albeit in a very high-pitched tone.36 While we don’t know anything about Neanderthal language, the fact that there wasn’t a big behavioural gap between them and Homo sapiens is a strong indication that it would have had a similar level of complexity.37

It is clear that Neanderthals buried their dead. In the 1950s and 1960s, the American Ralph Solecki and his team uncovered the remains of ten Neanderthals in Shanidar Cave, northern Iraq. At least some of these bodies had been deliberately buried. One skeleton is referred to as the ‘flower burial’ because clumps of pollen found close by were believed to show that he was laid to rest on a bed of wildflowers, including yarrow, groundsels, grape hyacinths and St Barnaby’s thistles. The image of Neanderthals picking wildflowers to line the grave of a loved one really brings home how similar they were to us. Solecki claimed that his discovery revealed ‘that the universality of mankind and the love of beauty go beyond the boundary of our own species’.38 However, recent research suggests that burrowing rodents – the Persian jird – might have been responsible for introducing the wildflower pollen into the grave at a later date.39

Another Shanidar skeleton belonged to a male who may have been in his mid-forties when he died around 45,000 years ago. The man had suffered from severe disabilities for much of his life: he was blind in one eye as a result of a crushing blow to his head at a young age; his right arm was withered, and had possibly been amputated; he had fractured a metatarsal on his right foot, which had healed; and he was profoundly deaf.40 This find is astonishing because it suggests that the band of Neanderthals to which he belonged were willing and able to look after a very vulnerable member of their community. Such expressions of compassion are widely understood to be one of the key characteristics of a civilized society; indeed, for the anthropologist Margaret Mead, human civilization began when we started to care for the weak and sick.41

Over the past few years, archaeologists have discovered many artefacts that indicate Neanderthals’ symbolic behaviour, including ochre-stained seashells with holes that would have been used for jewellery 115,000 years ago.42 They predate by tens of thousands of years the earliest known examples of similar behaviour among Homo sapiens. Evidence from Maastricht in the Netherlands indicates that Neanderthals were using red ochre that had been produced from rocks located 40 kilometres away a quarter of a million years ago. This is only slightly more recently than the remarkable find in Olorgesailie, which revealed that Homo sapiens were doing the same 300,000 years ago.43 We also know that 176,000 years ago, 330 metres into Bruniquel Cave in south-west France, a group of Neanderthals broke off 400 stalagmites weighing a total of 2 tonnes to construct a stone circle, presumably used for a ceremonial purpose.44

Most incredible of all, recent research demonstrates that Neanderthals were the first human species to create cave paintings, the sine qua non of symbolic behaviour. In Spain there are a number of caves decorated with prehistoric art, including red and black geometric shapes, hand stencils and hand prints. In 2018, researchers used uranium-thorium dating to estimate the age of the thin crusts of minerals that have formed on top of the paintings.45 The paintings turned out to be at least 65,000 years old – making them the earliest known examples of cave art anywhere in the world. This was 10,000 years before the first indication that Homo sapiens lived in western Europe, meaning that these Palaeolithic doodles must have been made by Neanderthals.46 The results fundamentally challenged the notion that Homo sapiens was uniquely capable of sophisticated thought.

Recently, Chris Stringer, Head of Human Evolution at the Natural History Museum in London, and his collaborators concluded: ‘While there are certainly biological differences between Neanderthals and H. sapiens, the behavioural gap has narrowed to a point where there seems to be little difference between the two.’47 Bearing in mind the overwhelming evidence, you might be wondering why anyone still believes that there is a significant cognitive gap between Neanderthals and Homo sapiens. The answer seems to be blind prejudice. One recent academic article argues that it is the result of a ‘modern human superiority complex’, while an anonymous archaeologist quoted in the New York Times refers to ‘modern human supremacists’.48 It is true that Neanderthals did not produce anything comparable to the striking beauty and sophistication of the Chauvet cave paintings or the Löwenmensch figurine – but neither did Homo sapiens until after the Neanderthals disappeared.

The remarkable artistic accomplishments that seemingly emerged from nowhere between 40,000 and 30,000 years ago in western Europe may have occurred when Neanderthals and Homo sapiens began to mix and exchange ideas after being separated for several hundred thousand years.49 While the hypothesis that Neanderthals inspired Homo sapiens’ creative explosion is speculative, it is certainly plausible. The American geneticist David Reich cites evidence that Neanderthals borrowed tool-making technology from Homo sapiens. And there are other instances in history where the interaction of two distinct cultures resulted in an explosion of creativity. One obvious example is jazz, which originated among African American communities in New Orleans in the late nineteenth and early twentieth centuries and combines musical traditions that were brought by enslaved people from West Africa – such as syncopated rhythm and improvisation – with harmonies and instruments from European classical music.50

Clearly, the hypothesis that Neanderthals and Homo sapiens exchanged painting tips is impossible to verify or refute. But we know for sure that the two species met on multiple occasions, and over the last two decades we have begun to understand something about the substance of these interactions.

Poison and antidote

In fiction, there are various examples of humans reproducing with humanoids. Their offspring often inherit superpowers from the non-human parent. Hrólfr Kraki’s saga features Skuld, a princess with magic powers, who is born after the Danish King Helgi rapes an Elf woman. In Tolkien’s legendarium, Arwen is part-Elf, part-Man, which makes her immortal. Star Trek’s Spock is half-human, half-Vulcan. From the Vulcan side of his family, he retained the ability to merge his mind with another person’s just by touching his fingertips to their temples. Outside of fantasy novels, ancient mythology and sci-fi, the idea of humans procreating with other humanoid species seems preposterous – perverted even.fn2 But over the last ten years, it has become apparent that Homo sapiens reproduced with other species of human. These liaisons allowed their descendants to acquire a variety of traits that weren’t exactly superpowers but helped them adapt to new challenges as they migrated out of Africa.

About a decade ago, researchers managed to extract DNA from Neanderthal bones and sequence the genome.51 When they compared their findings to the Homo sapiens genome, they realized that anyone alive today whose ancestors are Europeans, Asians or Native Americans has inherited about 2 per cent of their genes from Neanderthals.52 While this might not sound like much, we don’t all have the same bits of Neanderthal DNA and when we pool all these gene variants they account for about 40 per cent of the Neanderthal genome53 – providing incontrovertible evidence that the two species not only met, but had sex and reproduced. Neanderthal males coupled up with Homo sapiens females and vice versa.54 Interbreeding happened over tens of thousands of years, but the most active period of mating was between about 50,000 and 60,000 years ago.55

Ancient DNA even provides some tantalizing clues about what these inter-species trysts would have been like. When scientists looked at the calcified plaque of a 48,000-year-old Neanderthal’s teeth, they found the DNA of a strain of archaea called Methanobrevibacter oralis that is present in the mouths of humans today and is associated with gum disease.56 After comparing the Neanderthal sample with a modern strain, it









Palaeolithic viruses and the ascent of modern humans








[image: ]
1. It wasn’t until the late nineteenth century that scientists began to understand how ‘animalcules’ cause disease. Over the past century, scientists have discovered that bacteria and viruses perform a wide range of roles that are vital to the functioning of our planet, our bodies and even our minds.
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2. Although Neanderthals were bigger and stronger than Homo sapiens, they weren’t ape-like cavemen. In fact, Neanderthals were surprisingly sophisticated. So why did they disappear about 40,000 years ago while our own species survived?
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3. 9,000-year-old ‘Cheddar Man’ was one of the first permanent inhabitants of the British Isles. These hunter-gatherers were almost completely wiped out about 6,000 years ago by farmers who migrated from the Eastern Mediterranean region. This population replacement was most probably aided by infectious diseases that jumped from domesticated animals to humans after the adoption of agriculture.
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4. The Romans forged trade links from sub-Saharan Africa to the Far East but this made the empire vulnerable to infectious diseases from beyond their borders. From the second century ce onwards a series of devastating pandemics transformed the Mediterranean, resulting in the disappearance of paganism and the emergence of Christianity and then Islam as the dominant religions.
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5. The Black Death killed over half of Europe’s population. It had a more limited impact on the nomadic Ottomans who, over the next century, expanded from their base in western Anatolia, conquering the Balkans and threatening to push further westwards. In 1498, when Albrecht Dürer created a print of the Four Horsemen of the Apocalypse, he styled War and Plague as Ottoman janissaries.
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6. Within a few decades of discovering the New World, the Spanish managed to conquer the vast, wealthy and technologically advanced Mexica and Inka Empires with just a few hundred soldiers. These seemingly miraculous victories would have been unthinkable without the helping hand of Old World pathogens.
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7. The fourteenth-century Catalan Atlas shows a River of Gold in Africa. Beneath it, Mansa Musa sits on a gold throne with a gold crown on his head, offering a gold disc to a Berber on a camel. For 500 years, Europeans coveted West Africa’s riches, but malaria made the region an unconquerable ‘white man’s grave’.
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8. In the late 1500s Spanish Jesuits observed that indigenous people in the Andean foothills treated fever with ground bark from the cinchona tree. When European explorers realized that quinine – the active ingredient – prevented malaria in the middle of the nineteenth century, their risk of death halved and the Scramble for Africa became possible.
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9. On New Year’s Day 1804 Haiti declared independence from Napoleon’s France, the greatest military power of the time. In a decade-long insurgency, the former slaves led by Toussaint Louverture perfected guerrilla tactics that took advantage of their immunity to yellow fever, a mosquito-borne virus that killed a large proportion of European troops.
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10. The Industrial Revolution brought unprecedented economic growth to the UK, but for the masses who worked in factories it was a disaster. In the first half of the nineteenth century, life expectancy was lower than at any time since the Black Death.
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11. In the middle of the nineteenth century London had no solution to deal with the tonnes of excrement its 3 million inhabitants produced each day. As Charles Dickens pointed out in Little Dorrit: ‘Through the heart of the town a deadly sewer ebbed and flowed, in the place of a fine fresh river.’
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12. In 1958, in an effort to tackle rampant infectious diseases, the Chinese Communist Party urged citizens to ‘exterminate the four pests’: rats, flies, mosquitoes and sparrows. The campaign was a disaster, contributing to a famine that killed tens of millions of people. Despite this setback, life expectancy more than doubled in the thirty years after the end of the Chinese Civil War.
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