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			Introduction

			We are at war with the mosquito.

			A swarming and consuming army of 110 trillion enemy mosquitoes patrols every inch of the globe save Antarctica, Iceland, and a handful of French Polynesian micro-islands. The biting female warriors of this droning insect population are armed with at least fifteen lethal and debilitating biological weapons against our 7.7 billion humans deploying suspect and often self-detrimental defensive capabilities. In fact, our defense budget for personal shields, sprays, and other deterrents to stymie her unrelenting raids has a rapidly rising annual revenue of $11 billion. And yet, her deadly offensive campaigns and crimes against humanity continue with reckless abandon. While our counterattacks are reducing the number of annual casualties she perpetrates, the mosquito remains the deadliest hunter of human beings on the planet. Last year she slaughtered only 830,000 people. We sensible and wise Homo sapiens occupied the runner-up #2 spot, slaying 580,000 of our own species.

			The Bill & Melinda Gates Foundation, which has contributed nearly $4 billion to mosquito research since its creation in 2000, releases an annual report that identifies the animals most lethal to humans. The contest is not even close. The heavyweight champion, and our apex predator in perpetuity, is the mosquito. Since 2000, the annual average number of human deaths caused by the mosquito has hovered around 2 million. We come in a distant second at 475,000, followed by snakes (50,000), dogs and sand flies (25,000 each), the tsetse fly, and the assassin or kissing bug (10,000 each). The fierce killers of lore and Hollywood celebrity appear much further down our list. The crocodile is ranked #10 with 1,000 annual deaths. Next on the list are hippos with 500, and elephants and lions with 100 fatalities each. The much-slandered shark and wolf share the #15 position, killing an average of ten people per annum.*

			The mosquito has killed more people than any other cause of death in human history. Statistical extrapolation situates mosquito-inflicted deaths approaching half of all humans that have ever lived. In plain numbers, the mosquito has dispatched an estimated 52 billion people from a total of 108 billion throughout our relatively brief 200,000-year existence.*

			Yet, the mosquito does not directly harm anyone. It is the toxic and highly evolved diseases she transmits that cause an endless barrage of desolation and death. Without her, however, these sinister pathogens could not be transferred or vectored to humans nor continue their cyclical contagion. In fact, without her, these diseases would not exist at all. You cannot have one without the other. The nefarious mosquito, roughly the size and weight of a grape seed, would be as innocuous as a generic ant or housefly and you would not be reading this book. After all, her dominion of death would be erased from the historical record and I would have no wild and remarkable tales to tell. Imagine for a moment a world without deadly mosquitoes or any mosquitoes for that matter? Our history and the world we know, or think we know, would be completely unrecognizable. We might as well live on a foreign planet in a galaxy far, far away.

			As the pinnacle purveyor of our extermination, the mosquito has consistently been at the front lines of history as the grim reaper, the harvester of human populations, and the ultimate agent of historical change. She has played a greater role in shaping our story than any other animal with which we share our global village. Within these bloody and disease-plagued pages, you will embark on a chronological mosquito-tormented journey through our tangled communal history. Karl Marx recognized in 1852 that “men make their own history, but they do not make it as they please.” It was the steadfast and insatiable mosquito that manipulated and determined our destiny. “It is perhaps a rude blow to the amour propre of our species,” writes acclaimed University of Georgetown history professor J. R. McNeill, “to think that lowly mosquitoes and mindless viruses can shape our international affairs. But they can.” We tend to forget that history is not the artifact of inevitability.

			A common theme throughout this story is the interplay between war, politics, travel, trade, and the changing patterns of human land use and natural climate. The mosquito does not exist in a vacuum, and her global ascendancy was created by corresponding historical events both naturally and socially induced. Our relatively short human journey from our first steps in and out of Africa to our global historical trails is the result of a coevolutionary marriage between society and nature. We as humans have played a large role in the transmission of mosquito-borne diseases through population migrations (involuntary or otherwise), densities, and pressures. Historically, our domestication of plants and animals (which are reservoirs of disease), advancements in agriculture, deforestation, climate change (natural and artificially encouraged), and global war, trade, and travel have all played a part in nurturing the ideal ecologies for the proliferation of mosquito-borne illnesses.

			Historians, journalists, and modern memories, however, find pestilence and disease rather dull, when compared to war, conquest, and national supermen, most often legendary military leaders. The literary record has been tainted by attributing the fates of empires and nations, the outcome of pivotal wars, and the bending of historical events to individual rulers, to specific generals, or to the larger concerns of human agencies such as politics, religion, and economics. The mosquito has been written off as a sidelined spectator, rather than an active agent within the ongoing processes of civilization. In doing so, she has been defamed by this slanderous exclusion of her enduring influence and impact in changing the course of history. Mosquitoes and her diseases that have accompanied traders, travelers, soldiers, and settlers around the world have been far more lethal than any man-made weapons or inventions. The mosquito has ambushed humankind with unmitigated fury since time immemorial and scratched her indelible mark on the modern world order.

			Mercenary mosquitoes mustered armies of pestilence and stalked battlefields across the globe, often deciding the outcome of game-changing wars. Time and time again, the mosquito laid waste to the greatest armies of her generations. To borrow from acclaimed author Jared Diamond, the endless shelves of military history books and Hollywood fanfare lionizing famed generals distort the ego-deflating truth: Mosquito-borne disease proved far deadlier than manpower, materials, or the minds of the most brilliant generals. It is worth remembering, as we navigate the trenches and tour historic theaters of war, that a sick soldier is more taxing to the military machine than a dead one. Not only do they need to be replaced but they also continue to consume valuable resources. During our warring existence, mosquito-borne diseases have been prolific battlefield burdens and killers.

			Our immune systems are finely tuned to our local environments. Our curiosity, greed, invention, arrogance, and blatant aggression thrust germs into the global whirlwind of historical events. Mosquitoes do not respect international borders—walls or no walls. Marching armies, inquisitive explorers, and land-hungry colonists (and their African slaves) brought new diseases to distant lands, but, on the other hand, were also brought to their knees by the microorganisms in the foreign lands they intended to conquer. As the mosquito transformed the landscapes of civilization, humans were unwittingly required to respond to her piercing universal projection of power. After all, the biting truth is that more than any other external participant, the mosquito, as our deadliest predator, drove the events of human history to create our present reality.

			I think I can safely say that most of you reading this book have one thing in common—a genuine hatred for mosquitoes. Bashing mosquitoes is a universal pastime and has been since the dawn of humanity. Across the ages, from our hominid ancestral evolution in Africa to the present day, we have been locked in an unsurpassed life-or-death struggle for survival with the not-so-simple mosquito. In this lopsided battle and unequal balance of power, historically, we did not stand a chance. Through evolutionary adaptation, our dogged and deadly archnemesis has repeatedly circumvented our efforts of extermination to continue her feverish uninterrupted feeding and her undefeated reign of terror. The mosquito remains the destroyer of worlds and the preeminent and globally distinguished killer of humankind.

			Our war with the mosquito is the war of our world.

		

	
		CHAPTER 1

		Toxic Twins: The Mosquito and Her Diseases

		It has been one of the most universally recognizable and aggravating sounds on earth for 190 million years—the humming buzz of a mosquito. After a long day of hiking while camping with your family or friends, you quickly shower, settle into your lawn chair, crack an ice-cold beer, and exhale a deep, contented sigh. Before you can enjoy your first satisfying swig, however, you hear that all-too-familiar sound signaling the ambitious approach of your soon-to-be tormentors.

		It is nearing dusk, her favorite time to feed. Although you heard her droning arrival, she gently lands on your ankle without detection, as she usually bites close to the ground. It’s always a female, by the way. She conducts a tender, probing, ten-second reconnaissance, looking for a prime blood vessel. With her backside in the air, she steadies her crosshairs and zeros in with six sophisticated needles. She inserts two serrated mandible cutting blades (much like an electric carving knife with two blades shifting back and forth), and saws into your skin, while two other retractors open a passage for the proboscis, a hypodermic syringe that emerges from its protective sheath. With this straw she starts to suck 3–5 milligrams of your blood, immediately excreting its water, while condensing its 20% protein content. All the while, a sixth needle is pumping in saliva that contains an anticoagulant preventing your blood from clotting at the puncture site.* This shortens her feeding time, lessening the likelihood that you feel her penetration and splat her across your ankle.* The anticoagulant causes an allergic reaction, leaving an itchy bump as her parting gift. The mosquito bite is an intricate and innovative feeding ritual required for reproduction. She needs your blood to grow and mature her eggs.*

		Please don’t feel singled out, special, or view yourself as a chosen one. She bites everyone. This is just the inherent nature of the beast. There is absolutely no truth to the persistent myths that mosquitoes fancy females over males, that they prefer blondes and redheads over those with darker hair, or that the darker or more leathery your skin, the safer you are from her bite. It is true, however, that she does play favorites and feasts on some more than others.

		Blood type O seems to be the vintage of choice over types A and B or their blend. People with blood type O get bitten twice as often as those with type A, with type B falling somewhere in between. Disney/Pixar must have done their homework when portraying a tipsy mosquito ordering a “Bloody Mary, O-Positive” in the 1998 movie A Bug’s Life. Those who have higher natural levels of certain chemicals in their skin, particularly lactic acid, also seem to be more attractive. From these elements she can analyze which blood type you are. These are the same chemicals that determine an individual’s level of skin bacteria and unique body odor. While you may offend others and perhaps yourself, in this case being pungently rancid is a good thing, for it increases bacterial levels on the skin, which makes you less alluring to mosquitoes. Cleanliness is not next to godliness, except for stinky feet, which emit a bacterium (the same one that ripens and rinds certain cheeses) that is a mosquito aphrodisiac. Mosquitoes are also enticed by deodorants, perfumes, soap, and other applied fragrances.

		While this may seem unfair to many of you, and the reason remains a mystery, she also has an affinity for beer drinkers. Wearing bright colors is also not a wise choice, since she hunts by both sight and smell—the latter depending chiefly on the amount of carbon dioxide exhaled by the potential target. So all your thrashing and huffing and puffing only magnetizes mosquitoes and puts you at greater risk. She can smell carbon dioxide from over 200 feet away. When you exercise, for example, you emit more carbon dioxide through both frequency of breath and output. You also sweat, releasing those appetizing chemicals, primarily lactic acid, that invite the mosquito’s attention. Lastly, your body temperature rises, which is an easily identifiable heat signature for your soon-to-be tormentor. On average, pregnant women suffer twice as many bites, as they respire 20% more carbon dioxide, and have a marginally elevated body temperature. As we will see, this is bad news for the mother and the fetus when it comes to infection from Zika and malaria.

		Please don’t go on a shower, deodorant, and exercise strike or shelve your beloved beer and bright T-shirts just yet. Unfortunately, 85% of what makes you attractive to mosquitoes is prewired in your genetic circuit board, whether that be blood type; natural chemical, bacteria, or CO2 levels; metabolism; or stink and stench. At the end of the day, she will find blood from any exposed target of opportunity.

		Unlike their female counterparts, male mosquitoes do not bite. Their world revolves around two things: nectar and sex. Like other flying insects, when ready to mate, male mosquitoes assemble over a prominent feature, ranging from chimneys to antennas to trees to people. Many of us grumble and flail in frustration as that dogged cloud of bugs droning over our heads shadows us when we walk and refuses to disperse. You are not paranoid, nor are you imagining this phenomenon. Take it as a compliment. Male mosquitoes have graced you with the honor of being a “swarm marker.” Mosquito swarms have been photographed extending 1,000 feet into the air, resembling a tornado funnel cloud. With the cocksure males stubbornly assembled over your head, females will fly into their horde to find a suitable mate. While males will mate frequently in a lifetime, one dose of sperm is all the female needs to produce numerous batches of offspring. She stores the sperm and dispenses them piecemeal for each separate birthing of eggs. Her short moment of passion has provided one of the two necessary components for procreation. The only ingredient missing is your blood.

		Returning to our camping scenario, you just finished your strenuous hike and proceed to the shower, where you richly lather up with soap and shampoo. After toweling off, you apply a healthy dose of body spray and deodorant before finally putting on your bright red-and-blue beachwear. It is nearing dusk, dinnertime for the Anopheles mosquito, and you sit down in your lawn chair to relax with that well-deserved cold beer. You have done everything in your power to lure a famished female Anopheles mosquito (and by the way, I just moved to the seat that is farthest from you). Having just mated in a swarming frenzy of eager male suitors, she willingly takes your bait and makes off with a few drops of your blood.

		She has taken a blood meal three times her own body weight, so she quickly finds the nearest vertical surface and, with the aid of gravity, continues to evacuate the water from your blood. Using this concentrated blood, she will develop her eggs over the next few days. She then deposits roughly 200 floating eggs on the surface of a small pool of water that has collected on a crushed beer can that was overlooked during cleanup as you and your party headed home. She always lays her eggs in water, although she does not need much. From a pond or stream to a minuscule collection in the bottom of an old container, used tire, or backyard toy, any will suffice. Certain types of mosquitoes desire specific types of water—fresh, salt, or brackish (a mixture)—while for others, any water will do the trick.

		Our mosquito will continue to bite and lay eggs during her short life span of an average one to three weeks to an infrequent maximum longevity of five months. While she can fly up to two miles, she, like most mosquitoes, rarely ranges farther than 400 meters from her birthplace. Although it takes a few days longer in cool weather, given the high temperatures, her eggs hatch into wiggling water-bound worms (children) within two to three days. Skimming the water for food, these quickly turn into upside-down, comma-shaped tumbling caterpillars (teenagers) who breathe through two “trumpets” protruding from their water-exposed buttocks. A few days later, a protective encasement splits and healthy adult mosquitoes take to flight, with a new generation of succubus females anxious to feed on you once more. This impressive maturation to adulthood takes roughly one week.

		The repetition of this life cycle has been uninterrupted on planet Earth since the first appearance of modern mosquitoes. Research suggests that mosquitoes, identical in appearance to those of today, surfaced as early as 190 million years ago. Amber, which is essentially petrified tree sap or resin, represents the crown jewels of fossilized insects, for it captures minute details such as webs, eggs, and the complete intact innards of its entombed. The two oldest fossilized mosquitoes on record are those preserved in amber from Canada and Myanmar dating from 105 to 80 million years ago. While the global environments these original bloodsuckers patrolled would be unrecognizable to us today, the mosquito remains the same.

		Our planet was vastly different from the one we currently inhabit, as were most of the animals that called it home. If we navigate the evolution of life on earth, the devious partnership between insects and disease becomes strikingly clear. Single-cell bacteria were the first life-form to appear not long after the creation of our planet roughly 4.5 billion years ago. Spawning from a cauldron of gases and primordial oceanic ooze, they quickly established themselves, forming a biomass twenty-five times larger than all other plants and animals combined, and the foundation of petroleum and other fossil fuels. In one day, a single bacterium can spawn a culture of over four sextillion (twenty-one zeros), more than all other life on the planet. They are the essential ingredient and building block for all other life on earth. As specification commenced, asexual, cell-dividing bacteria adapted and found safer and more favorable homes as permanent guests on or in other host creatures. The human body contains one hundred times as many bacterial cells as it does human cells. For the most part, these symbiotic relationships are generally beneficial to the host as well as to the bacterial boarders.

		It is the handful of negative pairings that cause problems. Currently, over one million microbes have been identified, yet only 1,400 have the potential to cause harm to humans.* Twelve ounces (a standard-size pop can) of the toxin produced by the bacterium that causes botulism food poisoning, for example, is enough to kill every human being on the planet. Viruses then arrived, quickly followed by parasites, both mirroring the housing arrangements of their bacterial parent, ushering in the potent combinations for disease and death. The sole parental responsibility of these microbes is to reproduce . . . and . . . to reproduce.* Bacteria, viruses, and parasites, along with worms and fungi, have triggered untold misery and have commanded the course of human history. Why have these pathogens evolved to exterminate their hosts?

		If we can set aside our bias for a moment, we can see that these microbes have journeyed through the natural selection voyage just as we have. This is why they still make us sick and are so difficult to eradicate. You may be puzzled: It seems self-defeating and detrimental to kill your host. The disease kills us, yes, but the symptoms of the disease are ways in which the microbe conscripts us to help it spread and reproduce. It is dazzlingly clever, when you stop to think about it. Generally, germs guarantee their contagion and replication prior to killing their hosts.

		Some, like the salmonella “food poisoning” bacteria and various worms, wait to be ingested; that is one animal eating another animal. There is a wide range of water-borne/diarrhea transmitters, including giardia, cholera, typhoid, dysentery, and hepatitis. Others, including the common cold, the twenty-four-hour flu, and true influenza, are passed on through coughing and sneezing. Some, like smallpox, are transferred directly or indirectly by lesions, open sores, contaminated objects, or coughing. My personal favorites, strictly from an evolutionary standpoint of course, are those that covertly ensure their reproduction while we intimately ensure our own! These include the full gamut of microbes that trigger sexually transmitted diseases. Many sinister pathogens are passed from mother to fetus in utero.

		Others that germinate typhus, bubonic plague, Chagas, trypanosomiasis (African sleeping sickness), and the catalogue of diseases that are the concern of this book, catch a free ride provided by a vector (an organism that transmits disease) such as fleas, mites, flies, ticks, and our darling mosquito. To maximize their chances of survival, many germs use a combination of more than one method. The diverse collection of symptoms, or modes of transference, assembled by microorganisms is expert evolutionary selection to effectively procreate and ensure the existence of their species. These germs fight for their survival just as much as we do and stay an evolutionary step ahead of us as they continue to morph and shape-shift to circumvent our best means of extermination.

		Dinosaurs, whose long progeny lasted from 230 to 65 million years ago, ruled the earth for an astounding 165 million years. But they were not alone on the planet. Insects and their illnesses were present before, during, and after the reign of dinosaurs. First appearing some 350 million years ago, insects quickly attracted a toxic army of diseases, creating an unprecedented lethal alliance. Jurassic mosquitoes and sand flies were soon armed with these biological weapons of mass destruction. As bacteria, viruses, and parasites continued to insidiously and expertly evolve, they expanded their living space and real estate portfolio to include a zoological Noah’s Ark of animal safe houses. In classic Darwinian selection, more hosts increase the probability of survival and procreation.

		Undaunted by these behemoth dinosaurs, belligerent hordes of mosquitoes sought them out as prey. “These insect-borne infections together with already long-established parasites became more than the dinosaurs’ immune systems could handle,” theorize paleobiologists George and Roberta Poinar in their book What Bugged the Dinosaurs?. “With their deadly weapons, biting insects were the top predators in the food chain and could now shape the destiny of the dinosaurs just as they shape our world today.” Millions of years ago, also just like today, insatiable mosquitoes found a way to secure their blood snack—this buzz-and-bite happy meal remains unchanged.

		Thin-skinned dinosaurs, equivalent to modern-day chameleons and Gila monsters (both of which carry numerous mosquito-borne diseases), were ripe quarry for tiny, inconspicuous mosquitoes. Even the heavily armored beasts would have been vulnerable, since the skin flanked by the thick keratin (like our fingernails) scales of plated dinosaurs was an easy target, as was the skin of feathered, downy dinosaurs. In short, they were all fair game, just as birds, mammals, reptiles, and amphibians all are today.

		Think about our mosquito seasons, or your personal, often protracted, skirmishes with these tenacious enemies. We cover up our skin, we soak ourselves in repellent, we light citronella candles and burn coils, huddle around a fire, we swat and flail, and we fortify our positions with nets, screens, and tents. Yet, no matter how hard we try, the mosquito will always find the chink in our armor and nip our Achilles heel. She will not be denied her self-evident, unalienable right to procreate by way of our blood. She will target that one exposed area, pierce our clothing, and outmaneuver our best efforts to stymie her unrelenting assault and celebratory meal. It was no different for the dinosaurs, only they had no defensive measures.*

		Given the tropical, wet conditions, during the age of dinosaurs, mosquitoes would have bred and been active all year round, increasing their numbers and potency. Experts liken it to swarms of mosquitoes in the Canadian Arctic. “There aren’t a lot of animals for them to eat in the Arctic, so when they finally find one, they are ferocious,” says Dr. Lauren Culler, an entomologist at Dartmouth’s Institute of Arctic Studies. “They are relentless. They do not stop. You can be completely covered in a matter of seconds.” The more time reindeer and caribou spend fleeing the onslaught of mosquitoes, the less time they spend eating, migrating, or socializing, causing a severe decline in populations. Ravenous mosquito swarms literally bleed young caribou to death at a bite rate of 9,000 per minute, or by way of comparison, they can drain half the blood from an adult human in just two hours!

		Amber-encased mosquito specimens contain the blood of dinosaurs infected with various mosquito-borne diseases, including malaria, a forerunner to yellow fever, and worms similar to those that now cause heartworm in dogs and elephantiasis in humans. After all, in Michael Crichton’s novel Jurassic Park, dinosaur blood/DNA was extracted from the guts of amber-encased mosquitoes. CRISPR-like technology genetically engineered new living dinosaurs, creating a lucrative prehistoric theme park version of African Lion Safari. There is one small but important detail amiss with this script—the mosquito depicted in Steven Spielberg’s 1993 blockbuster movie adaptation is one of the few species that does not require blood to reproduce!

		Many of the mosquito-borne illnesses that afflict humans and animals today were present during the age of the dinosaurs and ravaged populations with deadly precision. A blood vessel from a T. rex revealed the unmistakable signs of both malaria and other parasitic worms, as does coprolite (petrified dinosaur dung) from numerous species. Mosquitoes currently transmit twenty-nine different forms of malaria to reptiles, although symptoms are absent or tolerable, as reptiles have built up an acquired immunity to this ancient disease. Dinosaurs, however, would have been void of such a shield, because at that time, malaria was a new recruit, joining the team of mosquito-borne diseases roughly 130 million years ago. “When arthropod-borne malaria was a relatively new disease,” hypothesize the Poinars, “the effects on dinosaurs could have been devastating until some degree of immunity was acquired . . . malarial organisms had already evolved their complicated life cycle.” Recently, when a handful of these diseases were injected into chameleons, the entire batch of test subjects died. While many of these diseases are not generally lethal, they would have been debilitating, like they are today. Dinosaurs would have been left incapacitated, sick, or lethargic, and vulnerable to attack or easy prey for carnivores.

		History does not warehouse well in neatly labeled boxes, for events do not exist in quarantined isolation. They exist on a broad spectrum, and all influence and shape each other. Historical episodes are rarely built on the ground of a single foundation. Most are the product of a tangled web of influences and cascading cause-and-effect relationships within a broader historical narrative. The mosquito and her diseases are no different.

		Take, for example, our dinosaur collapse model. While the dinosaur-disease extinction theory has gained traction and credibility over the last decade, it does not supplant or supersede the common and long-held earth-shattering-meteor collapse model. There is ample evidence and data from a breadth of scientific fields to indicate that a deep impact, leaving a crater the size of the state of Vermont, did occur 65.5 million years ago just west of Cancun in Mexico’s now touristy Yucatan Peninsula.

		Dinosaurs, however, were already in drastic decline. It is theorized that up to 70% of regional species were already extinct or endangered. The asteroid strike, with the subsequent nuclear winter and cataclysmic climate change, was the knockout punch, accelerating their inevitable disappearance. Sea levels and temperatures plunged and the earth’s ability to sustain life was harshly destabilized. “Whether a catastrophist or gradualist, you cannot discount the probability that diseases,” conclude the Poinars, “especially those vectored by miniscule [sic] insects, played an important role in exterminating the dinosaurs.” Long before the emergence of modern Homo sapiens, the mosquito was wreaking havoc and substantially altering the course of life on earth. Aided by her role in eliminating these top-tier dinosaur predators, mammals, including our direct prehominid ancestors, evolved and flourished.

		The relatively sudden disappearance of the dinosaurs allowed the few dazed but determined survivors to rise from the ashes to eke out an existence in a dark, unforgiving wasteland of wildfires, earthquakes, volcanoes, and acid rain. Patrolling this apocalyptic landscape were legions of heat-seeking mosquitoes. After the asteroid impact, smaller animals, many equipped with night vision, prospered. They required less food, were not finicky eaters, had more options for shelter from the raging inferno, and no longer had to fear for their safety. Two of the most adaptable groups to survive, thrive, and ultimately spawn a variety of new species were mammals and insects. Another was beaked birds, the only animal living today that is thought to be a direct descendant of dinosaurs. Given this unbroken family tree, birds harbored and disseminated numerous mosquito-borne diseases to a vast array of other animal species. Birds are still a primary reservoir for numerous mosquito-induced viruses, including West Nile and an assortment of encephalitides. Within this maelstrom of rebirth, regeneration, and evolutionary expansion, the ongoing war between man and mosquito was made.

		While dinosaurs perished, the bugs that aided in their demise endured to inject death and disease into humanity throughout our history. They are the ultimate survivors. Insects remain the most prolific and diverse catalogue of creatures on our planet, accounting for 57% of all living organisms, and an astounding 76% of all animal life. When compared to mammals, which comprise a paltry 0.35% of species, these numbers heighten the overall impact of insects. They quickly became asylums and the optimal hosts for various bacteria, viruses, and parasites. The sheer volume and variety of insects offered these microorganisms a greater chance for continued existence.

		The natural transmission of diseases from animals to humans is termed zoonosis (“animal sickness” in Greek) or more commonly referred to as “spillover.” Currently, zoonosis accounts for 75% of all human diseases, and is on the rise. The group that has seen the sharpest increase over the last fifty years is the arboviruses. These are viruses that are transmitted by arthropod vectors like ticks, gnats, and mosquitoes. In 1930, only six such viruses were known to cause disease in humans, with mosquito-borne yellow fever being by far the most deadly. The current total now stands at 505. Many older viruses have been formally identified, and new ones, including West Nile and Zika, made the swing from animal to human hosts through an insect vector, in this case the mosquito.

		Given our genetic similarities and common origin, 20% of our diseases are shared by, and transferred from, our ape cousins through various vectors, including mosquitoes. She and her diseases have stalked us through our evolutionary tree with dexterous Darwinian precision. Fossil evidence suggests that a form of the malaria parasite, which made its first appearance in birds 130 million years ago, plagued our primary human ancestors as early as 6 to 8 million years ago. It was precisely at this time that early hominids and chimpanzees, our closest relative with 96% identical DNA, shared a final common ancestor, and the humanoid line diverged from that of the great apes.*

		Our primordial malaria parasite companion shadowed both evolutionary lines and is currently shared by humans and all great apes. In fact, it is theorized that our hominid line gradually shed our thick fur to keep cool on the African savannah while making it easier to find and combat body parasites and biting insects. “Malaria, the oldest and cumulatively the deadliest of the human infectious diseases, seeped into our very earliest human history,” emphasizes historian James Webb in Humanity’s Burden, offering a sweeping account of the disease. “Malaria is thus an ancient and a modern scourge. For much of its career it left little trace. It sickened us in early epochs, long before we were able to record our experiences. Even in recent millennia, it has frequently lain silent in the diverse records of our pasts, too common a disease to claim much notice. At other times, epidemic malaria has careened violently across the landscapes of world history, leaving death and suffering in its wake.” Dr. W. D. Tigertt, an early malariologist at Walter Reed Army Medical Center, bemoaned, “Malaria, like the weather, appears to have always been with the human race, and as Mark Twain said about the weather, it seems that very little has been done about it.” Compared to mosquitoes and malaria, Homo sapiens is a new kid on the Darwinian block. It is generally accepted that we began our rapid ascent as modern Homo sapiens (“wise man”) only roughly 200,000 years ago.* At any rate, we are a relatively new species.

		To understand the sprawling and stealthy influence of the mosquito on history and humanity, it is first necessary to appreciate the animal itself and the diseases it transmits. I am not an entomologist, a malariologist, or a physician of tropical medicine. Nor am I one of the countless unsung heroes fighting in the trenches of the ongoing medical and scientific war against mosquitoes. I am a historian. I leave the complex scientific explanations of the mosquito and her pathogens in the hands of these experts. Entomologist Dr. Andrew Spielman advises us, “To meet the health threats that are growing worse in many corners of the world, we must know the mosquito and see clearly her place in nature. More importantly, we should understand many aspects of our relationship to this tiny, ubiquitous insect, and appreciate our long, historical struggle to share this planet.” In order to best appreciate the rest of our story, however, we first must know what we are up against. To encapsulate Chinese general Sun Tzu’s timeless fifth-century BCE treatise, The Art of War: “Know your enemy.”

		According to an orthodox quotation erroneously attributed to Charles Darwin, “It is not the strongest of the species that survives, nor the most intelligent that survives. It is the one that is most adaptable to change.”* Regardless of its origin, the mosquito and its diseases, most notably malaria parasites, are the quintessential example of this passage. They are masters of evolutionary adaptation. Mosquitoes can evolve and adapt quickly to their changing environments within a few generations. During the Blitz of 1940–1941, for example, as German bombs rained down on London, isolated populations of Culex mosquitoes were confined to the air-raid tunnel shelters of the Underground Tube along with the city’s resilient citizens. These trapped mosquitoes quickly adapted to feed on mice, rats, and humans instead of birds and are now a species of mosquito distinct from their aboveground parental counterparts.* What should have taken thousands of years of evolution was accomplished by these mining sapper mosquitoes in less than one hundred years. “In another 100 years time,” jokes Richard Jones, former president of the British Entomological and Natural History Society, “there may be separate Circle Line, Metropolitan Line and Jubilee Line mosquito species in the tunnels below London.”

		While the mosquito is miraculously adaptable, it is also a purely narcissistic creature. Unlike other insects, it does not pollinate plants in any meaningful way or aerate the soil, nor does it ingest waste. Contrary to popular belief, the mosquito does not even serve as an indispensable food source for any other animal. She has no purpose other than to propagate her species and perhaps to kill humans. As the apex predator throughout our odyssey, it appears that her role in our relationship is to act as a countermeasure against uncontrolled human population growth.

		In 1798, English cleric and scholar Thomas Malthus published his groundbreaking An Essay on the Principle of Population, outlining his ideas on political economy and demography. He argued that once an animal population has outpaced its resources, natural catastrophes or checks such as drought, famine, war, and disease will force a return to sustainable population levels and restore a healthy equilibrium. Malthus bleakly reasons, “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.” Enter the mosquito as the main human Malthusian check in this grim apocalyptic vision. This unrivaled dealing in death is primarily inflicted by only two perpetrators with no harm to themselves—Anopheles and Aedes mosquitoes. The leading ladies of these two species circulate the entire catalogue of more than fifteen mosquito-borne diseases.

		
			[image: 2006 James Gathany  This 2006 photograph depicted a female <i>Aedes aegypti</i> mosquito as she was in the process of obtaining a "blood meal", which normally is from an unsuspecting host, but in this case, the CDC's biomedical photographer, James Gathany, had used his own arm in order to entice the insect to lite, and feed. Note that as this mosquito was feeding, its meal was collecting in its distended abdomen, evidenced by the red coloration visible through the stretching, translucent exoskeletal abdominal exterior.    As the primary vector responsible for the transmission of the <i>Flavivirus</i> Dengue (DF), and Dengue hemorrhagic fever (DHF), the day-biting <i>Aedes aegypti</i> mosquito prefers to feed on its human hosts. <i>Ae. aegypti</i> also plays a major role as a vector for another  <i>Flavivirus</i>, "Yellow fever". Frequently found in its tropical environs, the white banded markings on the tarsal segments of its jointed legs, though distinguishing it as <i>Ae. aegypti</i>, are similar to some other mosquito species. Also note the lyre-shaped, silvery-white markings on its thoracic region as well, which is also a determining morphologic identifying characteristic.]
			
				Our Aedes Enemy: A female Aedes mosquito in the process of acquiring a blood meal from her human host. Aedes mosquito species transmit a catalogue of mosquito-borne disease including the viruses that cause yellow fever, dengue, chikungunya, West Nile, Zika, and various encephalitides. (James Gathany/Public Health Image Library-CDC)

			
		
		
			[image: 2004 Dr. William Collins  Here, an <i>Anopheles stephensi</i> mosquito is obtaining a blood meal from a human host through its pointed proboscis.  Note the droplet of blood being expelled at the tip of this <i>A. stephensi</i> mosquito after having engorged itself on its host’s blood.  This mosquito is a known malarial vector with a distribution that ranges from Egypt all the way to China.]
			
				Our Anopheles Enemy: A female Anopheles mosquito obtaining a blood meal from a human host through her pointed proboscis. Note the secretion droplet being expelled to condense the protein content of the blood in her abdomen. Anopheles mosquito species are the sole vectors of the five human types of malaria plasmodium. (James Gathany/Public Health Image Library-CDC)

			
		
		Throughout our existence, the mosquito’s toxic twins of malaria and yellow fever have been the prevailing agents of death and historical change and will largely play the role of antagonists in the protracted chronological war between man and mosquito. “It is not always easy to remember to give yellow fever and malaria their due. Mosquitoes and pathogens left no memoirs or manifestos. Before 1900, prevalent understanding of disease and health did not recognize their roles, and no one grasped their full significance,” upholds J. R. McNeill. “Subsequently historians, living in the golden age of health, normally failed to see their significance either . . . But the mosquitoes and pathogens were there . . . and they had effects on human affairs that we can see reflected in archives and memoirs.”

		Yet malaria and yellow fever are only two of over fifteen diseases that the mosquito bestows upon humans. The others will provide the supporting ensemble cast in our story. Mosquito-borne pathogens can be separated into three groupings: viruses, worms, and protozoans (parasites).

		The most abundant are the viruses: yellow fever, dengue, chikungunya, Mayaro, West Nile, Zika, and various encephalitides, including St. Louis, Equine, and Japanese. While debilitating, these diseases, aside from yellow fever, are generally not prolific killers. West Nile, Mayaro, and Zika are relatively new entries to the index of mosquito-borne disease. There are currently no vaccines, save that for yellow fever, but for the most part, survivors are blessed with lifetime immunity. Since they are closely related, common symptoms include fever, headaches, vomiting, rashes, and muscle and joint pain. These symptoms usually begin three to ten days after contagion from a mosquito bite. The vast majority of those infected recover within a week. Although exceptionally rare, severe cases can result in death caused by viral hemorrhagic fevers and a swelling of the brain (encephalitis). The old and young, pregnant women, and those with escorting medical issues make up the disproportionate bulk of casualties from these viral infections, which are all spread predominantly by the Aedes mosquito. Although globally present, the highest infection rates occur in Africa.

		Occupying the top tier of the virus class is yellow fever, which often amplified and accompanied endemic malaria. It is an accomplished killer, first stalking humans in Africa about 3,000 years ago. Until recently, it was a global historical game-changer. This adversary targets healthy, young adults in the prime of life. Although a successful vaccine was discovered in 1937, between 30,000 and 50,000 people still die annually of yellow fever, with 95% of fatalities occurring in Africa. For about 75% of those infected with yellow fever, symptoms mirror those of its viral cousins mentioned above, and usually last three to four days. For the unlucky 25% or so, after a day of respite, they enter a second toxic phase of the disease complete with fever-induced delirium, jaundice due to liver damage, severe abdominal pain, diarrhea, and bleeding from the mouth, nose, and ears. The internal corrosion of the gastrointestinal tract and kidneys induces vomit of bile and blood, the consistency and color of coffee grounds—giving rise to the Spanish name for yellow fever, vómito negro (black vomit)—which is followed by coma and death. The latter, usually occurring two weeks after initial symptoms, might well have been the last pleading wish of many victims.

		While this portrayal paints a grisly picture, it also embodies the gnawing terror that yellow fever implanted in pacing and brooding populations across the world, especially in the European colonial outposts of the New World. The first definitive outbreak in the Americas occurred in 1647, disembarking with African slaves and fugitive mosquitoes.* It must have been agonizing to wonder when and where “Yellow Jack,” as the British christened it, would strike next. While fatality rates from yellow fever averaged around 25%, depending on the strain and conditions of an epidemic, it was not uncommon for death rates to reach 50%. A handful of outbreaks reached 85% in the Caribbean. The salty sea stories of ghost ships like the Flying Dutchman are based on true accounts; whole crews might succumb to yellow fever, months passing before the aimlessly drifting ships were corralled. Boarding parties were greeted with nothing but the stench of death and the rattle of skeletons with no revealing clues as to the cause. Luckily for survivors, who are left incapacitated for weeks, yellow fever is a one-shot deal. Lifetime immunity is imparted to those who defang the dogged virus. Although dengue, thought to have its 2,000-year-old ancestral origins in monkeys of Africa or Asia (or both), is far more benign than its close cousin, yellow fever, the two viruses can provide limited and partial cross-immunization.
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				Stigmata: This engraving from a 1614 British medical textbook depicts a woman showing the unmistakable symptoms of filariasis or “elephantiasis.” (Diomedia/Wellcome Library)

			
		
		Spread by the Aedes, Anopheles, and Culex mosquito breeds, the sole member of the worm category is filariasis, commonly referred to as elephantiasis. The worms invade and obstruct the lymphatic system, causing an accumulation of fluids resulting in extreme, if not spectacular, swelling of the lower extremities and genitals, while also frequently causing blindness. Engorged scrotums, easily surpassing the size of large beach balls, are not unusual. For women, the labia can become almost as grotesque. Although this stigmatizing disease is treatable with inexpensive modern medicine, unfortunately, 120 million people annually still suffer from filariasis, predominantly in the tropics of Africa and Southeast Asia.

		Malaria stands alone in the protozoan, or parasite, classification. In 1883, Scottish biologist Henry Drummond called parasites “a breach in the laws of Evolution and the greatest crime against humanity.” Malaria is the unsurpassed scourge of humankind. Currently, almost 300 million unlucky people annually contract malaria from the bite of an Anopheles mosquito, the very same one that bit you and stole your blood during your camping vacation. Without your having the slightest clue, the malaria parasite has entered your bloodstream and is making a mad dash for your liver, where it can rest and recuperate while it plans its procreative assault on your body. You, however, are back home from your camping trip, madly scratching your mosquito bites with the malaria parasite furtively hibernating in your liver. How sick you become, and your likelihood of death, is dependent upon which strain of malaria you have contracted.

		It is possible to be infected with more than one species at a time, although usually within this battle the deadliest strain outperforms the others. They are all perpetrated by 70 of the 480 species of your Anopheles offender. There are over 450 different types of malaria parasites vexing animals across the world, with five of them afflicting humans. Three types, knowlesi, ovale, and malariae, are not only extremely rare but have a comparatively low mortality rate. Knowlesi recently made the zoonotic jump from the macaque monkey in Southeast Asia, while the uncommon ovale and malariae now exist almost exclusively in West Africa. We can rule out that you have contracted any of these three, which leaves us with the two most dangerous and widespread contenders battling for hegemony of your health and life—vivax and falciparum.

		The malaria parasite roosting in your liver will traverse through an impressive seven-stage life cycle. It must have multiple hosts to survive and procreate—the mosquito and an army of secondary vectors: humans, apes, rats, bats, rabbits, porcupines, squirrels, a volery of birds, a congress of amphibians and reptiles, and a swarm of others. Unfortunately, you are that host.

		Following that fateful mosquito bite, this miscreant will mutate and reproduce inside your liver for one to two weeks, during which time you will show no symptoms. A toxic army of this new form of the parasite will then explode out of your liver and invade your bloodstream. The parasites attach to your red blood cells, quickly penetrate the outer defenses, and feast on the inner hemoglobin. Inside the blood cell, they undergo another metamorphosis and reproductive cycle. Engorged blood cells eventually burst, spewing both a duplicate form, which marches forward to attack fresh red blood cells, and also a new “asexual” form that relaxedly floats in your bloodstream, waiting for mosquito transportation. The parasite is a shape-shifter, and it is precisely this genetic flexibility that makes it so difficult to eradicate or suppress with drugs or vaccines.

		You are now gravely ill with an orderly, clockwork progression of chills followed by a mercury-driving fever touching 106 degrees. This full-blown cyclical malarial episode has you in its firm grip and you are at the mercy of the parasite. Lying prostrate and agonizingly helpless on sweat-soaked sheets, you twitch and fumble, curse and moan. You look down and notice that your spleen and liver are visibly enlarged, your skin has the yellowing patina of jaundice, and you vomit sporadically. Your mind-melting fever will relapse at precise intervals with each new burst and invasion of the parasite from your blood cells. The fever then subsides while the parasite eats and reproduces inside new blood cells.

		The parasite uses sophisticated signaling to synchronize its sequencing, and this entire cycle adheres to a very strict schedule. This new smart hub asexual form transmits a chemical “bite me” signal in our blood, significantly boosting the chances of being picked up by a mosquito from an infected human to complete the reproductive cycle. Inside the stomach of the mosquito, these cells mutate once more, into both male and female varieties. They quickly mate, producing threadlike offspring versions of the parasite, which make their way out of the gut and into the salivary glands of the mosquito. Within the saliva glands, the malaria parasite shrewdly manipulates the mosquito to bite more frequently by suppressing the production of her anticoagulant to minimize her blood intake during a single feeding. This forces her to bite more frequently to get her required fill. In doing so, the malaria parasite ensures that it maximizes its rate and range of transfer, its procreation, and its survival. Malaria is a remarkable example of evolutionary adaptation.

		It was this salivary configuration of the parasite that was transferred to you by that damned mosquito on the camping trip you took over two weeks ago. But the question remains: What type of malaria has left you incapacitated with enervating recurrent symptoms? If it is the dreaded falciparum, you may recover, or you may enter a second phase of the disease called cerebral or severe malaria. Within a day or two, you will experience seizures, coma, and death. The fatality rate from falciparum is dependent upon strain, location, and numerous other factors, but nevertheless straddles 25% to 50% of those infected. Of those who survive cerebral malaria, roughly 25% will have permanent neurological damage, including blindness, loss of speech, severe learning disabilities, or paralysis of the limbs. Malaria takes a life every thirty seconds. Sadly, 75% of the deceased are children under five years of age. Falciparum is the vampiric serial killer, accounting for 90% of malarial deaths, and Africa currently houses 85% of all global malarial deaths. Unlike yellow fever, malaria hunts the young and immunologically weak. Pregnant women also suffer disproportionately.

		In this unfortunate scenario, if you are lucky enough to have contracted vivax, you probably will not die. Vivax is the most common form of malaria, especially outside of Africa, and is responsible for 80% of all malaria cases, but it is not generally a killer. Its mortality rate hovers around 5% in Africa, with an even lower 1–2% in the rest of the world.

		It is almost impossible to describe the scale of the devastation the malarial Anopheles mosquito can wreak. Even today, the horror of malaria is hard to comprehend. So it is near unfathomable to imagine malaria in the historical context when causes were unknown and treatments did not exist. J. A. Sinton, an early-twentieth-century malariologist, conceded that the disease “constitutes one of the most important causes of economic misfortune, engendering poverty, diminishing the quantity and quality of the food supply, lowering the physical and intellectual standard of the nation, and hampering increased prosperity and economic progression in every way.” Add to this description the physical, emotional, and psychological effects of such an enormous death toll. Currently, it is estimated that endemic malaria costs Africa roughly $30–$40 billion a year in lost commercial output. Economic growth in malarious countries is 1.3% to 2.5% lower than the adjusted global average. Cumulatively, spanning the modern era after the Second World War, this equates to a 35% lower gross domestic product (GDP) than it would have been in the absence of malaria. Malaria sickens and cripples economies.

		Thankfully for you, the odds were in your favor and you shook off your stint of vivax malaria within a month. I am sorry to tell you, however, that your suffering is likely not over. Neither falciparum nor knowlesi causes malarial relapse. A second communicable bite from a malarious mosquito is required for reinfection. Regiments of parasites from the other three types of malaria, including vivax, however, lie in ambush in the liver, and can generate repeated relapses for up to twenty years. A British veteran of the Second World War had a malarial encore forty-five years after his infection in 1942 during the Burma campaign. In your case, the time frame for vivax is generally one to three years. Nevertheless, you can always be reinjected by another mosquito bite.

		Temperature is an important element for both mosquito reproduction and the life cycle of malaria. Given their symbiotic relationship, they are also both climate-sensitive. In colder temperatures, it takes longer for mosquito eggs to mature and hatch. Mosquitoes are also cold-blooded and, unlike mammals, cannot regulate their own body temperatures. They simply cannot survive in mercury-dipping environments below 50 degrees. Mosquitoes are generally at their prime health and peak performance in temperatures above 75 degrees. A direct heat of 105 degrees will boil mosquitoes to death. For temperate, nontropical zones, this means that mosquitoes are seasonal creatures with breeding, hatching, and biting taking place from spring through fall. Although never seeing the outside world, malaria needs to contend with both the short life span of the mosquito and temperature conditions to ensure replication. The time frame of malaria reproduction is dependent upon the temperature of the cold-blooded mosquito, which itself is dependent upon the temperature outside. The colder the mosquito, the more sluggish malaria reproduction becomes, eventually hitting a threshold. Between 60 and 70 degrees (depending on the type of malaria), the reproductive cycle of the parasite can take up to a month, exceeding the average life span of the mosquito. By then, she is long dead and brings malaria down with her.

		In your case, you might have avoided this whole bloody malarial ordeal if you had decided on either a frigid or a blisteringly hot vacation destination, or elected not to brave the wilds during the mosquito’s peak campaigning season (in most temperate zones) of late spring to early fall. Alternatively, you could have opted out of your camping vacation altogether.

		In short, warmer climates can sustain year-round mosquito populations promoting endemic (chronic and ever-present) circulation of her diseases. Abnormally high temperatures from the effects of La Niña or El Niño can cause seasonal epidemics (a sudden outbreak of a disease that burns through populations before fading away) of mosquito-borne diseases in regions where they are generally absent or fleeting. Intervals of natural or artificially induced global warming also allow the mosquito and her diseases to broaden their topographical range. As temperatures rise, disease-carrying species, usually confined to southern regions and lower altitudes, creep north and into higher elevations.

		The dinosaurs could not survive the meteoric crashing climate change, and they could not evolve quickly enough to outrun the onslaught of mosquito-borne disease. The tiny mosquito helped pave the way for their destruction, escorting in the evolutionary age of mammals, our hominid ancestors, and, eventually, modern Homo sapiens. As a survivor, she also set the table for her historic flight to global ascendancy. Unlike the dinosaurs, however, humans evolved to fight back. Through hasty natural selection, suits of hereditary immunological armor against the mosquito have been passed down through our Homo sapien family tree. Our DNA displays these genetically encoded keepsakes as reminders of the deadly and protracted war for survival our early ancestors fought against a merciless mosquito enemy.

	
		CHAPTER 2

		Survival of the Fittest: Fever Demons, Footballs, and Sickle Cell Safeties

		Ryan Clark Jr. was the epitome of health and in the prime of his life. As a starting safety in the National Football League (NFL), the thirty-one-year-old Clark was a famous, finely tuned professional athlete, lean and muscular at five feet eleven and 205 pounds. He was married to his high school sweetheart and had three beautiful young children. He had recently signed a lucrative new contract with the Pittsburgh Steelers to open the 2007 season. Life was good.

		Midway through the season, he and the Steelers headed to Denver to play the Broncos and lost in a heartbreaker—brought down by a last-minute field goal. A disheartened Clark boarded the plane for the long flight home. Just before takeoff, he experienced an acute stabbing pain under his left ribs. He was accustomed to the routine wear and tear and bumps and bruises on his body following a tough, physical football game. This, however, was something different, a piercing and wrenching pang he had never experienced before. “I called my wife and told her I didn’t think I was going to make it,” he remembered. “I’d never been in that much pain.” His concerned teammates and the Steelers medical staff acted quickly. The flight was immediately halted on the tarmac and Clark was rushed to a Denver hospital. A few days later, after being stabilized, Clark flew back home to Pittsburgh and was placed on injured reserve, although his doctors had not yet identified the cause of his puzzling symptoms.

		Over the next month, he had nightly teeth-chattering chills melting into fevers reaching 104 degrees. Clark lost forty pounds, transforming into a sickly skeleton of his former strapping self. One night, his pain was so severe, he was certain he was going to die. Clark recalls uttering a silent prayer, “God, if it’s my time, let my wife find a good husband. Let him not be as good-looking as me, but let him be a good guy. Take care of my family. Please forgive me for my sins. I’m ready.” He survived that terrifying night and eventually after another month of inconclusive medical examinations, his doctors finally intercepted the cause of his distress and agony. Clark was diagnosed with splenetic infarction—that is, the tissue death of his spleen. He was rushed into surgery and his rotting spleen and gall bladder were removed. The underlying cause of organ failure in such a healthy, young adult still needed to be isolated and identified.

		As athletes have known for decades, playing in Denver can be strenuous and exacting. The city sits 5,280 feet above sea level, and unlike their home-field opponents, visiting players are not acclimatized to the thin air. They struggle to catch a full breath and to provide enough oxygen to their working muscles, compounded by the physical exertion of professional competition. While a slight shortness of breath is anticipated, no one expects to die from a road trip to Denver’s Mile High Stadium.

		Unbelievably, Clark returned to football and a year later won the 2009 Super Bowl with the Steelers. His celebration was unfortunately cut short. Two weeks later, his twenty-seven-year-old sister-in-law died of a congenital blood disease. After thirteen years of NFL football, Clark retired in 2014 on his own terms. To understand what happened to Ryan Clark in Denver we need to travel back thousands of years into prehistory.

		Hooded and cloaked in his DNA at the time of his health crisis, Clark’s hereditary sickle cell trait, commonly called sickle cell anemia, triggered his near-death experience. As a genetic mutation of the red blood cells, sickle cell impedes the transport and delivery of oxygen to muscles and organs. In Denver’s oxygen-reduced atmosphere, and with its amplified demand by an elite athlete, Clark’s body tissues were starved of oxygen. His spleen and gall bladder simply shut down, and necrosis set in.

		Advanced by natural selection, sickle cell is a hereditary genetic mutation passed on precisely because it was originally a net benefit to the people who carried it. Yes, you read that correctly. The evolutionary design that nearly killed Ryan Clark was initially a lifesaving human genetic adaptation. Clark’s sickle cell, which first appeared in Africa 7,300 years ago in a female known to anthropologists as “Sickle Cell Eve,” is the most recent and well-known genetic response to falciparum malaria.

		This first appearance of sickle cell was a direct result of expansive agriculture encroaching on formerly undisturbed mosquito habitats. Roughly 8,000 years ago, pioneering Bantu farmers began concentrated yam and plantain cultivation. This pastoral intensification in West Central Africa along the Niger River delta, slashing south to the Congo River, awoke the mosquito from her isolated slumber. The consequences could hardly have been more catastrophic: Vampiric falciparum malaria was unleashed on its new human host. Within only 700 years, our immediate evolutionary counteroffensive, which bewildered the parasite, was to promote a random mutation of the hemoglobin—the cell became sickle (or crescent) shaped. Normally, healthy red blood cells are cast from a donut or oval template. The malaria parasite cannot latch on to the strange-shaped sickle cell.

		Children inheriting sickle cell from one parent and the normal gene from the other, known as sickle cell trait, of which Ryan Clark is a carrier, are blessed with 90% immunity from falciparum malaria. The downside (prior to modern medicine) was that the average life span of those carrying sickle cell trait was a brief twenty-three years. This would have been a great trade-off, however, in what anthropologists call our “ancestral environment,” where life spans were relatively short—twenty-three years is certainly long enough to pass on the trait to 50% of any offspring. In the modern era, however, this genetic interceptor and safety against falciparum malaria turns out to be a severe health impediment for modern NFL players, or anyone else who is a carrier and would like to live to the ripe old age of, say, twenty-four. The other downside within this Punnett square hereditary matrix is that 25% of offspring would receive no sickle cell and therefore no immunity, with the other 25% receiving two sickle cell genes. Those born with sickle cell from both parents, or sickle cell disease (which killed Ryan Clark’s sister-in-law two weeks after he hoisted the NFL championship Lombardi Trophy), inherit a death sentence, with the vast majority dying in infancy.

		While it now seems inconceivable, in areas of Africa that were devastated by unremitting falciparum malaria, the death toll from sickle cell resulted from an advantage, or alternatively was an acceptable cost, for survival, compared to what must have been apocalyptic rates of malarial mortality. Despite the influx of sickle cell, the preadult death rate prior to 1500 was upwards of 55% in sub-Saharan Africa.

		Given that sickle cell both gives and takes away life, it was a hasty and imperfect evolutionary response to mosquito-borne malaria. What it reveals, though, is the sheer scale of the threat falciparum malaria posed to early humans and by extension our very existence: It was arguably the paramount evolutionary survival pressure on our species. It is almost as if the biological architect of our selective genetic sequencing implicitly understood, “There is no time for research and clinical trials. Hurry up and make a quick fix to ensure the survival of our species. We will worry about the rest later.” Desperate times called for desperate measures.

		The genetic distribution of sickle cell shadowed the spread of humans, mosquitoes, and malaria in and out of Africa. Today, there are about 50–60 million carriers of sickle cell worldwide, with 80% still living in its birthplace, sub-Saharan Africa. Regionally, there are pockets in Africa, the Middle East, and South Asia where upwards of 40% of the population harbor the sickle cell gene. The modern global diffusion of sickle cell is a hereditary reminder of our deadly and protracted war with the mosquito.

		One in twelve, or 4.2 million, African Americans currently possess the sickle cell trait, creating a safety issue for the National Football League, in which 70% of its players are potential carriers. With Clark’s terrifying and perilous experience, the league finally was provided the scare and the impetus to study sickle cell. It was quickly discovered that other players were also genetic receivers of this ancient guard against falciparum malaria. Each year a handful of competitors, like Ryan Clark, are unable to participate at the high-altitude stadium of the Denver Broncos because they possess the sickle cell trait. “The good thing is people are living longer and being a lot more productive,” Clark told reporters in 2015. “People are starting to understand sickle cell a little bit more. People have gained the knowledge to know how to take care of themselves.”

		He created the charity organization Ryan Clark’s Cure League in 2012 to raise awareness and research about sickle cell. The former All-Pro, Super Bowl champion now makes the rounds giving frequent lectures and making guest appearances to discuss the disease and educate his audiences about its deep-rooted, mosquito-reared human history. While Clark’s northern home of Pittsburgh is hardly a malarial mecca, one of his three children inherited the sickle cell trait, a living legacy of their African ancestors’ fierce fight for survival against the mosquito and of the long trajectory of her genetic impact across time. The mosquito and her pathogens, which are at least 165 million years old, have hitchhiked on board our wild evolutionary ride.

		In this primal lopsided battle, however, the mosquito and her malarial parasite have had the overwhelming advantage. She had millions of years’ head start on the journey of evolution and natural selection. The malaria parasite, for instance, began its life as a form of aquatic algae 600 to 800 million years ago, and still contains vestiges of photosynthesis machinery. As we evolved, these viruses and parasites, eager for new outlets, met our challenge and adapted to ensure their survival. Thankfully, for us, Lucy and her successive hominid offspring managed to outlast the onslaught of mosquito-borne diseases.* To safeguard our own species, we fought back through natural selection, giving rise to a series of genetically encoded antimalarial armors, including sickle cell. These immunological defenses are all human evolutionary survival responses to inescapable and menacing malaria exposure.

		In this never-ending cyclical war for survival linking man and mosquito we retaliated by way of genetic malaria-shielding mutations of our red blood cells. Approximately 10% of humans have inherited some degree of genetic protection against the two most common and deadly types of the five human malaria plasmodia: vivax and falciparum. There is a catch, however. These malarial screens, as revealed by Ryan Clark’s sickle cell, also carry serious, sometimes fatal, health-related penalties.

		First appearing in the African population roughly 97,000 years ago, red blood cell Duffy antigen negativity, or simply Duffy negativity, was the inaugural human genetic response to the scourge of vivax malaria. The vivax parasite uses the antigen receptor on the hemoglobin molecule as a gateway to invade our red blood cells (like a shuttle docking at a space station or a sperm entering an egg). The absence of this antigen, that is, Duffy negativity, closes the portal, denying the parasite entrance to the red blood cell. Currently, an astonishing 97% of West and Central Africans carry the mutation for Duffy negativity, making them impervious to vivax and knowlesi infection. Some communities, such as the Pygmy, are effectively 100% Duffy negative. While Duffy negativity was the first of the four genetic human malaria responses to arise, it was the last to be scientifically unmasked. Despite this shorter research life, a few negative health correlations have been detected. Current studies have revealed a higher predisposition to asthma, pneumonia, and various cancers in those with Duffy negativity. Even more alarming is that Duffy negativity also increases the susceptibility to HIV infection by 40%.

		As both man and malaria ventured out of Africa, isolated and pocketed populations developed their own genetic answers to the malaria question. Thalassemia, which is an abnormal production or mutation of the hemoglobin, reduces the risk of vivax malaria by 50%. Today, thalassemia occurs in roughly 3% of the global population and is particularly prevalent among peoples from southern Europe, the Middle East, and North Africa. Historically, malaria had a firm grip on this Mediterranean expanse, which led to another fascinating genetic mutation to combat the far more lethal falciparum strain.

		Identified in the early 1950s, and usually called G6PDD (an abbreviation for the tongue-twisting mouthful of Glucose-6-phosphate dehydrogenase deficiency), this modification robs red blood cells of an enzyme that protects the cell against oxygen-raiding substances known as oxidants. Antioxidants in trendy “superfoods” that include blueberries, broccoli, kale, spinach, and pomegranate, combat oxidants by promoting the healthy oxygen maintenance and transport capacity of our red blood cells. Similar to thalassemia, G6PDD offers partial immunity to malaria but not near-complete immunity as do Duffy negativity and sickle cell. Carriers do not show any negative symptoms unless their red blood cells are exposed to a trigger, prompting what has been called “Baghdad Fever” for centuries, which has a range of symptoms, from lethargy, fever, and nausea, to death on rare occasions.

		Unfortunately, the triggers include antimalarial drugs such as quinine, chloroquine, and primaquine. M*A*S*H aficionados may well remember the episode where Corporal Klinger develops a serious illness after being prescribed primaquine. Given Klinger’s Lebanese ancestry, this is cinematically accurate, for G6PDD primarily affects those of Mediterranean and North African origin. The most common trigger is fava beans, which is why the condition is commonly known as favism. As a precaution, it became customary across the Mediterranean world to cook fava beans with rosemary, cinnamon, nutmeg, garlic, onion, basil, or cloves, all of which dull the effects of favism and soften its symptomatic blow. In fact, the famed Greek philosopher and mathematician Pythagoras was warning his people of the dangers of eating fava beans in the sixth century BCE.

		The final resistance to malaria in our defensive arsenal, enlisted alongside Duffy negativity, thalassemia, G6PDD, and sickle cell, is repeated infection, commonly labeled “seasoning.” Those who suffer chronic malarial infections build up a marginal tolerance to the parasite, producing milder symptoms with each infection, while nullifying the risk of death. I hardly suggest that this is a positive or pleasant inoculation strategy, but in areas with rampant malaria rates, it might be argued that the more you suffer, the less you suffer. “Seasoning” will be an important ingredient in our story. Local seasoning to mosquito-borne disease was a critical factor during the wars of colonization and liberation in the Americas in the shadows of the Columbian Exchange. The origins of both malaria and our various evolutionary shields against it occurred in Africa. The longer association of Africans with mosquito-borne diseases and their corresponding full or partial acquired immunities bent by natural selection would have severe repercussions during the dark days of slavery.

		Natural selection, including our genetic buffers against malaria, is a process of trial and error. As Charles Darwin surmised, those genetic mutations that aid in the survival of a species are passed down the family tree. Those lacking these mutations, or inheriting other undesirable modifications, simply die off within the constant competitive clash for survival or what Darwin declared “the preservation of the favoured races in the struggle for life.” Individuals who possess these advantageous mutations, like sickle cell, persist or live just long enough to procreate and continue their genetic inheritance and, more important, the preservation of their species. Gradually, the adaptable survivors “breed out” those who do not possess these favorable traits—simple and uncomplicated survival of the fittest.*

		The healing properties of medicines, both natural and now synthesized, are also unearthed through an experimental trial-and-error form of natural selection. When our hungry hominid ancestor perished because of eating appetizing but poisonous berries, this forbidden fruit was quickly scratched from the grocery lists of their observant and insightful companions. Over time, our hominid and human hunter-gatherer grandparents catalogued a lengthy mental Rolodex of do and do-not eats and treats. In the process, they also realized the medicinal properties of certain plants. Theirs was an austere and unforgiving existence and they experimented with the natural world around them to assuage their afflicting maladies and ward off the hungry hordes of mosquitoes.

		Like the malaria parasite itself, knowledge of naturopathic remedies survived the evolutionary jump from ape to human. Chimpanzees still chew the mululuza shrub, as did our ancestors, to provide relief from malaria. It is still a common ingredient in soups and stews among the peoples of equatorial Africa, the epicenter of malaria’s stretching domain. Interestingly, the mululuza shrub comes from the same family of plants as chrysanthemums, or pyrethrum—the first known commercial pesticide. The dried and pulverized flowers found their insecticidal use in China around 1000 BCE before spreading to the Middle East around 400 BCE and acquiring the nickname “Persian Powder.” When ground and mixed with water or oil and sprayed, or applied in powdered form, the active ingredients (called pyrethrins) attack the nervous system of insects, including mosquitoes.

		As a result, the symbolism associated with chrysanthemums in global cultures has been directly prejudiced by the mosquito. In countries with high historical rates of mosquito-borne disease, they are associated with death and grieving or are tendered only as funeral and gravestone offerings. Conversely, in locations largely void of mosquito-borne disease, the flower symbolizes love, joyfulness, and vitality. As evidenced in the United States, the flower has a positive connection in the North but a ghoulish connotation in the South, specifically in New Orleans, the nation’s epicenter of yellow fever and malaria epidemics until the early twentieth century. Its vast cemetery complexes are collectively known as the “Cities of the Dead” and the “Necropolis of the South” and are the primary setting for the modern vampire craze feeding on both fiction and film.

		While the insecticidal properties of chrysanthemums targeted the mosquito directly, humans have also experimented with a cornucopia of organic remedies to combat mosquito-borne illness. As a result, even our taste buds have been tainted and trained by the mosquito. Cloves, nutmeg, cinnamon, basil, and onions all soften malaria’s symptoms, which may explain why, for millennia, people have added these nutritionally hollow flavorings to their diets. In Africa, coffee was also whispered to assuage malarial fevers, while in ancient China, it was alleged that tea held these same magical malaria-assailing powers.

		In China, agriculture germinated both endemic malaria and also the rise of tea culture around 2700 BCE. According to tradition, Shen Nung, the second of China’s legendary emperors, is credited with the invention of the plow and industrial export agriculture as well as the discovery of numerous medicinal herbs, including the first cup of homeopathic tea to treat malaise and malarial fever. Prior to being steeped as a drink, however, boiled tea leaves fused with garlic, dried fish, salt, and animal fats were consumed as a medicinal gruel. The leaves were also chewed much like mululuza, or the stimulant amphetamine-laced coca leaves in South America and khat in the Horn of Africa. Masticated tea leaves were also applied to wounds as a dressing. Although tea is impotent against the malaria parasite, modern research has shown that the tannic acid found in tea can kill the bacteria that cause cholera, typhoid, and dysentery. Aided by Buddhist and Taoist monks who drank copious amounts of tea to enhance meditation, the drink went from an obscure medicinal beverage to the favored drink of China by the first century BCE.

		Tea’s popularity continued to rise and to be exported, along with its cultivation and malaria, to neighboring countries until the Mongol invasions in the thirteenth century. The Mongols banned tea in favor of koumiss (fermented mare’s milk churned into alcohol). Venetian traveler and trader Marco Polo, who spent years at the Mongol court during this time, makes no mention of tea but does contend that koumiss was “like white wine and a very good drink.” The spouted silver drinking fountain at the Mongol capital of Karakorum, intended to illustrate the extent and diversity of the vast Mongol Empire, dispensed four drinks (rice beer from China, grape wine from Persia, Slavic honey mead, and, of course, Mongolian koumiss), but no tea.

		While on the topic of tea, hidden inside a 2,200-year-old Chinese medical text blandly called “52 Prescriptions” is a brief description of the medical and fever-curing benefits of consuming bitter tea made from the small, unassuming Artemisia annua, or the sweet wormwood plant. Its chemical compound of artemisinin is truly a malaria assassin. Unfortunately, the killer antimalarial properties of this invasive weedlike shrub, which can grow just about anywhere, were forgotten by the world until it was rediscovered in 1972 by Mao Zedong’s top secret Chinese medical venture code-named Project 523. This covert think tank, detailed later in our story, was sanctioned to find a solution to the dire, manpower-draining malaria rates eating away at the North Vietnamese Army and their Vietcong allies in their drawn-out war against the Americans. As one of both the oldest and the newest in the arsenal of antimalarial drugs, artemisinin, as we will learn later, is for now the antimalarial drug of choice for wealthy Western backpackers and travelers who can afford its prohibitive cost.

		Not to be topped by its caffeinated companion, tea, coffee also has its roots firmly grounded in malaria. According to legend, during the eighth century, Kaldi, an Ethiopian goatherd, noticed that his sick or lackadaisical goats perked up after eating the bright caffeine-laced red berries of a specific bush. Inquisitive at their sudden vigor, and believing it could suppress his malarial fevers, Kaldi ate some himself. His euphoria prompted him to bring a handful of the berries to a nearby Islamic Sufi monastery. Thinking the shepherd foolish, the imam tossed the beans into the fire, filling the room with the billowing aroma so many of us now associate with the best part of waking up—coffee in your cup. Kaldi scooped the now roasted beans out of the fire, ground them up, and added boiling water. In the year 750, the first cup of coffee was born and brewed.

		While the story of Kaldi, his goats, and his coffee is often dismissed as apocryphal, there are usually embers of truth within the smoke screen shrouding most legends. The coffee shrub is from the Rubiaceae family of plants often referred to as the madder, coffee, or bedstraw family. Coffee plants are systematically avoided by insects, which seem to possess a fierce disdain for the caffeine-laden shrubbery. Like our berry-eating hominid ancestors, through their own processes of trial and error, insects developed an ardent aversion to coffee. Caffeine, like pyrethrins, acts as a natural insecticide by disrupting the nervous system of insects, including mosquitoes. The cinchona tree, the source of the first successful antimalarial drug, quinine, is also a member of the coffee plant’s Rubiaceae family. As we will discover, quinine was administered as a suppressant by Europeans since its discovery by Spanish Jesuits in Peru (through observing the indigenous Quechua peoples) in the mid-seventeenth century.

		The chronicle of Kaldi’s adventures in coffee, like his drink itself, has staying power. The Ethiopian goatherd and his animals are often featured in the names of coffee shops and roasting companies, represented by Kaldi’s Coffee Roasting Company, Kaldi Wholesale Gourmet Coffee Roasters, Wandering Goat Coffee Company, Dancing Goat Coffee Company, and Klatch Crazy Goat Coffee among others. Coffee is the world’s second most valuable (legal) commodity after petroleum, and the most widely used psychoactive drug, with Americans consuming 25% of the market share. It also provides employment for over 125 million people worldwide, with another 500 million people involved directly or indirectly with the coffee trade. In 2018, Starbucks hauled in a whopping annual revenue of $25 billion from roughly 29,000 locations in over seventy-five countries. The phenomenon that is Starbucks and the all-consuming global coffee culture has the mosquito to thank for its grip on caffeine addicts the world over. Given the properties and effects of caffeinated coffee, it certainly would have been considered a viable anti-malarial.

		Coffee is first mentioned in a tenth-century Arabian medical text written by the renowned Persian physician Rhazes. The “Wine of Arabia,” as it was once known, quickly spread to Egypt and Yemen and, in a short time, conquered Muslim lands. The prophet Muhammad, the founder of Islam, professed that with the stimulating inspiration and medicinal virtues of coffee, he could “unhorse forty men and possess forty women.” Soon after Kaldi’s revelations, coffee went viral across the Middle East and, upon its European discovery in the mid-sixteenth century as a result of the African slave trade, coffee sailed on the winds of the worldwide Columbian Exchange.

		The coffee-malaria-mosquito connection filters throughout our story. Coffee added a dash of revolutionary flavor to America and France. It became the favored drink of intellectual Europe during the Scientific Revolution. Coffeehouses, fittingly conceived in Oxford, England, in 1650 and in the colonies in Boston in 1689, became the hotbed of avant-garde conversation, and steeped an unprecedented period of academic advancement across Europe, and revolutionary philosophies in the American colonies. In short, coffeehouses provided the medium for the exchange and dialogue of information and ideas.

		The mosquito’s infusion of coffee, however, brewed a far more sinister and enduring bond. As the drink went global, and coffee plantation colonies percolated throughout the post-Columbian world, coffee became invariably connected to the African slave trade and to the spread of mosquito-borne diseases. As we will see, the transatlantic slave trade introduced Africans and deadly mosquitoes and their diseases to the Americas. These African slaves, fortified with their hereditary genetic immunities to malaria, including sickle cell, withstood the wrath of mosquitoes as compared to defenseless and vulnerable European laborers and indentured servants. Enslaved Africans became a valuable commodity on colonial outposts and plantations in the Americas. Africans survived mosquito-borne diseases to produce profit, thereby becoming profitable entities themselves.

		Ryan Clark’s personal struggle with sickle cell is a tiny aftershock of the mosquito’s seismic entry onto the global platform and our attempts through genetic design to persevere against her persistent bombardment of disease. His individual story is embedded within the larger historical events that occurred in and out of Africa. Prior to European imperial mercantilist expansion in the mid-fifteenth century, Africans had always lived in Africa. During the Columbian Exchange, African slaves and their genetic shields against malaria were carried to distant fields across the Americas. For those currently living and contending with sickle cell in the United States, like Ryan Clark, this is not history at all. For them, it is everyday routine and reality. The influence and impact of the mosquito is not confined to the pages of history, and straddles all stages and ages of humanity. The first appearance of sickle cell in Bantu yam farmers, for example, kick-started a chain of sweeping events in which Ryan Clark was caught up, with influential echoes that are still reverberating today.

		The advent of sickle cell had immediate impacts and enduring repercussions for Africa and its people. Mosquito populations boomed with the emergence of Bantu-speaking plantain and yam farmers in West Central Africa around 8000 BCE. Devastating year-round falciparum malaria quickly took root. Human natural selection countered by affording Bantu peoples protection through hereditary sickle cell. As malaria spread and began to raze nonimmune populations, the Bantu, armed with their immunological advantage and iron weapons, slashed south and east across Africa. The yams they cultivated also reinforced their genetic resistance to the malaria parasite. Yams release chemicals that inhibit the reproduction of falciparum malaria in the blood.

		During two large Bantu migrations between 5000 and 1000 BCE, they drove the malaria-ridden survivors of hunter-gatherer groups with limited or no immunities, such as the Khoisan, San, Pygmy, and Mande peoples, to the fringes and peripheries of the continent. This land did not suit Bantu agricultural requirements, nor was it suitable for grazing their itinerant wealth in the form of cattle. The ousted Khoisan survivors found refuge on the Cape of Good Hope at the tip of Africa. “The immunological fence that P. falciparum built around the Bantu repelled incursions by outsiders as effectively as a standing army,” decodes malaria researcher Sonia Shah. “The Bantu villagers didn’t have to be bigger or stronger to beat back the nomads: a couple bites from their mosquitoes did the trick.” The mosquito and the Bantu genetic adaptations to her malarial disease carved out mighty, southern African empires for the Xhosa, Shona, and Zulu. The ecological interference by human pastoral pursuits, embodied by the Bantu plotline, was the key to unlocking Pandora’s Box, letting loose deadly plagues of gleaning and reaping mosquitoes.

		The derivation of our escalating war with mosquitoes was the relatively recent human shift from small hunter-gatherer clan-based cultures to larger densely populated settled societies based upon the domestication of plants and animals during the Agricultural Revolution. “The past 200 years, during which ever increasing numbers of Sapiens have obtained their daily bread as urban labourers and office workers, and the preceding 10,000 years, during which most Sapiens lived as farmers and herders,” explains Yuval Noah Harari in his bestseller Sapiens: A Brief History of Humankind, “are a blink of an eye compared to the tens of thousands of years during which our ancestors hunted and gathered.” Husbandry and its human interference and manipulation of local environments brought early farmers face-to-face with deadly mosquitoes while inadvertently expanding their living space through deforestation and land clearance. The addition of irrigation and the deliberate diversion of waterways maximized the mosquito’s ability to procreate, generating the perfect storm for the proliferation of mosquito-borne disease. While agriculture led to a bounty of advancements across human sociocultural systems, including the written word, it also tampered with and unleashed nature’s biological weapon of mass destruction—the mosquito. Cultivation was shackled to a corpse.

		By 4000 BCE, intense agriculture was being practiced in the Middle East, China, India, Africa, and Egypt, giving rise to all the trappings of modern civilization. As author H. G. Wells put it, “civilization was the agricultural surplus.” This was the principal contributor to the commencement of the war of our world between man and mosquitoes. In fact, between 12,000 and 6,000 years ago, there were at least eleven independent sites of agricultural origin.

		This agricultural ripening, which led to the expansion of mosquito habitats and breeding sites, also required beasts of burden, quickly followed by other barnyard livestock, including sheep, goats, pigs, fowl, and cattle. These animals were teeming reservoirs of disease. As Alfred W. Crosby argues, “When humans domesticated animals and gathered them to the human bosom—sometimes literally, as human mothers wet-nursed motherless animals—they created maladies their hunter and gatherer ancestors had rarely or never known.” Domesticated animals that did not require intimate human management, such as donkeys, yaks, and water buffalo, did not make many, if any, zoonotic contributions. Those animals that were collected and nurtured within the human environment, however, delivered with dire consequences. To inventory just a few examples, horses conveyed the common cold virus; from chickens came “bird flu,” chickenpox, and shingles; pigs and ducks donated influenza; and from cattle arose measles, tuberculosis, and smallpox.

		While farming flourished in South and Central America as early as 10,000 years ago, as we will see, unlike the rest of the world, it was not accompanied by extensive domestication of livestock or by the unimpeded conquest of disease. In the Americas, the farming package, or pairing of agriculture and animals, did not occur. As a result, zoonosis was incompatible with their pastoral practices, and indigenous peoples of the Americas remained sheltered from the storm of all zoonotic diseases, including those rained down by the mosquito. While the Western Hemisphere was swarming and abuzz with the largest mosquito populations on the planet, these New World mosquito species followed a self-determining evolutionary path for 95 million years, one that liberated them from the burden of vectoring disease—for the time being. Throughout the rest of the pre-Columbian world, however, malaria was the only mosquito-borne disease to yet escape the clutches of Africa.

		Mirroring the Bantu in Africa, the evidence we have from antiquity authenticates this intersection between the rise of agriculture and the domestication of animals, and the proliferation of mosquito-borne diseases. Japan, for example, imported both rice agronomy and malaria from China around 400 BCE. “Both falciparum and vivax probably emerged as truly chronic infections with expanding cultural and economic consequences,” acknowledges historian James Webb, “only when human beings began to settle in the earliest subtropical and tropical river basins—along the banks of the Nile, the Tigris-Euphrates, the Indus, and the Yellow rivers—and founded the first great seed-based societies.” Human domestication of plants and animals accelerated the mosquito’s ascent to global domination and presented her diseases with beckoning untapped frontiers and unblemished horizons of opportunity.

		In the heart of the ancient world, centered on Mesopotamia, imperialism in some form has existed since the dawn of agronomy around 8500 BCE at the confluence of the Tigris and Euphrates Rivers near the ancient city of Qurnah (300 miles southeast of Baghdad and the purported site of the Garden of Eden). Agricultural pursuits fostered the emergence of the first Sumerian city-states around 4000 BCE, while also allowing a relatively isolated Egypt to flourish on the banks of the Nile. Throughout history, great empires expanded through imperialism, conquest, and political or economic leverage. Each was defeated in time and replaced by another, continuing a cyclical rise and fall of ancient kingdoms.

		The Agricultural Revolution led to the creation of modern city-states, drastically increasing populations, and more importantly for the spread of contagion, escalating population densities. By 2500 BCE, some cities in the Middle East topped 20,000 inhabitants. The advent of farming led to a surplus of crops and an accumulation of wealth. Greed is a powerful stimulus. This innate human lust for prosperity and power led to complex social stratification, local economic specialization, sophisticated and tiered spiritual, legal, and political structures, and most significantly, to trade. Statistically, throughout history, societies that were engaged in elevated trade also had a higher propensity for war. Political power and military might were wielded through the accumulation of wealth, which was chained to commerce and control of vital ports, trade routes, and transportation choke points. The reality of economics is quite simple: Why trade when you can invade? The success or failure of early empires in their drive for territorial expansion and wealth largely rested on the mosquito.

		Inside the ancient Mediterranean compass, just as the malaria-mosquito axis shaped our very DNA, the mosquito also assembled the historical chromosomes of civilization itself. With reckless abandon, “General Anopheles” razed armies and decided the outcome of countless course-altering wars. Just as the Russians had “General Winter” during the Napoleonic Wars and the Second World War, General Anopheles has been a fertile and rapacious guerrilla force throughout the history of warfare and in the creation of nations and empires. She plays the role of mercenary, alternating between friend and foe. As we will see, she does not pick sides but attacks indiscriminate targets of opportunity, with one side usually benefiting from the other’s suffering. With industrial farming penetrating global landscapes and giving rise to budding empires, the mosquito became the destroyer of worlds. Ancient scribes of these early agrarian societies in Mesopotamia, Egypt, China, and India documented—through symptomatic descriptions of disease—the mosquito’s projection of power across antiquity.

		Theirs was a world stalked by mysterious disease and death. Within the physical and psychological world our ancestors moved through, sicknesses and suffering were an uncanny, supernatural, terrifying specter. As English philosopher Thomas Hobbes announced in his 1651 treatise, Leviathan, humankind “is naturally punished with diseases; rashness, with mischances; injustice, with violence of enemies; pride, with ruin; cowardice, with oppression; and rebellion, with slaughter . . . and which is worst of all, continual fear, and danger of violent death; And the life of man, solitary, poor, nasty, brutish, and short.” Imagine for a moment: What if this dark, ominous, terrifying, and apocalyptic apparition morosely espoused by Hobbes was your everyday reality? Our predecessors were operating under, and interpreting from, a wholly foreign and superstitious concept of illness. They were adrift in uncharted waters within a worldview governed by mysticism, miracles, and the wrath of gods.

		The ancients looked to the elements of earth, water, air, and fire for answers, and beheld their vengeful deities as a cause of disease, suffering, and death. They prayed and sacrificed to these very same smiting spirits to end their sufferings, annul their tormenting symptoms, and forgive them their trespasses. It is difficult, perhaps impossible, for us to summon a world without scientific reason, deficient in concrete cause-and-effect relationships, and deprived of prevention and treatment for most diseases. “But for the moment,” invokes J. R. McNeill, “we must recognize how unusual the last century has been for human health, and for our human ability to bend the rest of the biosphere to our will—within limits and not without unintended consequences—and remember that it was not always so.”

		To be fair, our ancient ancestors did experiment with organic treatments, as we have seen, and, quite shrewdly, even scratched the surface of exposing the true cause of mosquito-borne diseases. The established medical consensus, known as the miasma theory, attributed most diseases to noxious fumes, particles, or simply “bad air” leaching and misting from stagnant water, marshes, and swamps. This reasoning was so tantalizingly close to unmasking the real culprit, the mosquito that dwelled and multiplied in these very same bodies of water at blame. But close only counts in horseshoes and hand grenades, or so the saying goes. To better understand their ailments and the workings of their biological world, our ancient ancestors did document the symptoms of numerous diseases, including those messengered by mosquitoes.

		Decrypting diseases in this deep historical record, however, is daunting. Ancient chronicles usually reference fevers, but given the embryonic state of medical knowledge before Louis Pasteur’s revolutionary germ theory in the 1850s, descriptions are vague, lacking in specifics and, unquestionably, in cause. Most illnesses are accompanied by a fever, including cholera and typhoid, both of which were relatively generic. Thankfully, the diseases themselves provide some help in decoding documented plagues and pestilence throughout our past.

		The symptoms of filariasis and yellow fever are unmistakable and are generally authenticated by our earliest scribes. Fever-producing malarias, however, are more problematic to isolate from other diseases, yet they, too, leave us with clues as to their historical whereabouts and implications. Of the five human malaria parasites, the deadly falciparum and the rare newcomer knowlesi start with a twenty-four-hour fever cycle of chills, high fever, and profuse sweating, meaning that the fever peaks once a day. Historically, this was referred to as quotidian fever. These two types of malaria then join the ovale and vivax strains by settling into a forty-eight-hour fever schedule dubbed tertian fever. Malariae adheres to a seventy-two-hour regimen referenced as quartan fever.* All malarial attacks also produce a visibly distended spleen.
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