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Introduction


	Humans have endeavored to understand the vast mysteries of life, both around us and within, since our first moments as a species. After all, our very lives depended on identifying what attacked us, and why. Once we largely tamed the world outside of us, we began relentlessly exploring the intricacies of our own bodies: How do our circulatory systems work? Why must we age? What makes disease appear in some but not others? As we’ve learned more about infectious diseases through the years, it’s no surprise that our goal has always been to understand them, to control them, and to kill them—before they kill us.


	In this regard, we’ve come a long way from Galen, the second-century Roman physician-philosopher who thought blood arose from food within the liver and gave off “sooty vapors” in the lungs, though we’re not entirely removed from wondering if the planets and stars affect our fecundity or if it’s healthy to bathe during a full moon. The history that preceded germ theory (see here) was rife with questionable rationale, such as celestial events, wrathful gods, or diseased “mists” blamed for plague pandemics. Nowadays, we look not to the stars when a new outbreak lands on our shores; we track down cases, investigate where diseases took advantage of time, space, the human immune system, and the complex intricacies of society to break in—and break out. 
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		Dissection engraving based on a drawing in Antonio Scarpa’s Tabulae neurologicae, published in 1794.


	


	The discovery of new pathogens began hundreds of years ago, with world-altering breakthroughs around the turn of the twentieth century by the likes of Robert Koch (see here), Louis Pasteur (see here), and countless others. Through the advent of petri dishes and use of laboratory animals, we learned to grow pathogens under controlled conditions. Microscopes made the unseen suddenly visible, revealing parasites that wriggled, tiny rounded cocci (round bacterium) in baby-pink stained hues, and curly bacilli, all showing us we were not nearly as alone in our skins as we once thought. Later the unseen viruses, slipping through filters that trapped other microbes, would be revealed with electron microscopes. 
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		Ebola virus particles in a colored image from a scanning electron microscope.


	


	As technology progressed, the secrets of our micro-invaders began to be revealed. We discovered nuclear genetic material, or the DNA and RNA that proved to be the blueprints by which these pathogens lived out their fate of latching on to our cells, invading them, and hijacking our base components to make more of themselves. If that weren’t enough, we figured out that our often invisible tormentors change the rules. Constantly. We tend to think of our species’s origin story as a unique miracle of evolution. But it turns out that bacteria and viruses have been evolving right along with us, often within us, and at a far faster clip than we do.


	Part of our investigations of pathogens involve not just the identification of diseases they spawn, many of which have been with us for millennia, but novel invaders we’ve never seen before. (Or, in the case of diseases like Legionnaires’, bacteria that were anonymously picking us off for years until we finally figured out what they were.) Like so many other diseases that came before, we learned the structure of new ones, how their surface proteins attach to ours to gain purchase into our bodies, and how they spread, down to the precise details. It used to take decades to identify a new disease; now it takes days. But a genetic sequence doesn’t hold all the answers, and a flurry of questions always remain, like: Is six feet apart enough to prevent a loud talker from spreading COVID-19? How many layers of cotton fabric will prevent passage from a cough? How often must healthcare providers use hand sanitizer during the doffing procedure of personal protective equipment in the hospital? 


	The pathogens still find a way to get us, of course, but we fight back by figuring out how critically ill patients can be saved and by quickly separating effective medicines from those that are pure quackery (see here). We develop and produce vaccines, sometimes at a dizzying pace, all while dealing with the fallout of information that can be wrong, correct, changeable, frightening, and on occasion, laughable. 


	But regardless of the social reactions, no epidemic or pandemic arrives without the inevitable questions: How did it start? Why did it spread? And how do we stop it?


	Even with the most mundane infection, we must know the nature of its origin. We may have caught something as simple as a cold and, as we hack up phlegm and call in sick to work, the question that nags is: Where did we catch it? Was it the coworker who refused to take a sick day, coughing and snorting in the cubicle next to us? Or when our doctor tells us we have hepatitis C and we later learn it was from a contaminated syringe full of pain medicine we got during an ER visit? Or even when a new disease like COVID-19 arises and upends the lives of billions of people, we still calmly need to know: Who is to blame? From where did it come? Is there a patient zero?


	In many cases, we can answer at least the first two components of the disease equation, as more than 60 percent of human pathogens are zoonotic diseases, or those that have jumped from animals to humans. And, tellingly, the vast majority of novel infectious diseases that have emerged in the last seventy years resulted from zoonoses. There is no shortage of theories and explanations for why: Our voracious human appetites have brought us closer to fowl, bushmeat, and wild animals from whence these microbes lurk; animals that remain after their habitats are disrupted by agriculture and urbanization also tend to be those that host zoonotic diseases; and climate change has expanded the range of vector-borne diseases, like the Zika virus and Lyme disease. In short, pathogens are constantly on the lookout for greener pastures, and sometimes those pastures are created by us, bringing us closer to bats or the catlike civet. Then the pathogens themselves change, adapt, and sometimes truly thrive in the new landscape of our blood and lungs, far better real estate in which to reproduce and, yes, survive. 


	Many of the chapters in this book are about the origins of diseases, as these stories are the ones that ultimately teach us how to survive a novel, or not so novel, pathogen. In some cases, there is a clear so-called patient zero to a fresh outbreak, perhaps the most well-known of whom is “Typhoid Mary” Mallon (see here), an Irish immigrant to the United States who spread disease in New York City to numerous families for whom she worked as a cook. And then there is patient zero’s namesake, a French Canadian flight attendant named Gaétan Dugas (see here) who was wrongly singled out as the originator of the HIV outbreak in the United States. 
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		A mosquito (Anophelese stephensi) captured in a colored image from a scanning electron microscope.


	


	But the truth is we don’t know the great majority of patient zeroes for a given disease, because the disease has been with us since time immemorial, or it erupted and spread too fast for us to pin down its origins, or other factors like politics or wars got in the way. Where possible, we present the person who can claim the dubious honor of being the first host to spread a disease, be it brand-new or very old but breaking out in a new population. In mining these beginnings, we reveal what investigators have always sought when researching disease: Why this person? How did they get it? How did that particular microbe evolve to cause such devastation? How can we stop it from happening again?


	There is no question that the concept of a patient zero can devolve into a blame-based narrative around who seeded a given epidemic or pandemic, reducing a complex infectious disease chain and ecological evolutionary process to a single person. But that is not remotely the point of this book. We subscribe to the idea of a patient zero in efforts to understand how a single person or people play their part in a complicated dance of host and victim that rarely, though devastatingly, can lead to hundreds of thousands, if not millions, of lives lost. For this book, the idea of a patient zero is not to point a definitive historical finger, but to present the stories of diseases and their origins as examples of the ways in which outbreaks and pandemics are infinitely more complex, unexpected, and often more unexplainable than we realize. 


	To fully understand a given infectious disease and prevent human suffering, examining its origins may reveal an entangled cause-and-effect story, as well as the human impact in its creation. The globalization of trade and travel, poverty, limited access to healthcare, misguided rules and laws by governments, racism, sexism, bigotry, cultural mores, poor education, and lack of basic public health measures are among the multiple fault lines from which devastation ensues. 


	♦♦♦


	For better or worse, plagues and pandemics are written into our existence as a species. Epidemics are the points where ecosystems, pathogen evolution, and human evolution collide. One might argue that there is no silver lining when it comes to disease, but without them we would not have made crucial discoveries that benefited humanity. Some were happy accidents, such as the discovery of penicillin in 1928 by Alexander Fleming (see here). In the case of ergot (see here), a fungal disease of rye grain that caused a hallucinatory outbreak in France in 1951, it led to the discovery of a more famous hallucinogen—LSD. Some of the origin stories found in the pages that follow take us back to the Bible’s Old Testament, where the plagues of Egypt are examined with modern eyes (see here), including how ecological factors might have caused many if not all of them that then led to subsequent plagues. Myths and legends can also be linked to pandemics, such as the nineteenth-century panic over “vampire slayings” that were more likely the methodical work of tuberculosis (see here). 


	Diseases can sometimes feel like the director in a show we’ve been marathon-watching (or doom scrolling) for a long time, with the rich and famous sometimes playing the stars. Syphilis has been with us for centuries (see here), afflicting the likes of Al Capone and Ivan the Terrible. Alexander Hamilton was involved in a political kerfuffle over the yellow fever outbreak in Philadelphia in 1793 before getting the disease himself. (It would not be the first or the last time an outbreak was politicized, or a prominent politician would fall ill in a pandemic.) And sometimes, reality feels more far-fetched than the movies, as when the last smallpox victim on the planet fell ill after the virus escaped from a lab (see here). Or when the influenza virus responsible for the 1918 flu pandemic was dug up from permafrost and re-created in a highly guarded lab just to understand exactly why it was so deadly (see here). 


	Just as we search for patient zeroes in new outbreaks, we cannot stop looking back at the beginnings of old ones. Feeding our fascination with plagues, some of those ancient diseases (like the actual plague, the bubonic one) have managed to stay with us. And the so-called “romantic disease,” tuberculosis, which probably evolved with us millions of years ago, has infected the likes of Tina Turner, Cat Stevens, and Ringo Starr, and currently infects one-fourth of the world’s population today.
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		The angel of death depicted during the Antonine Plague of Rome (165–180 CE).


	


	But while these stories can be incredibly satisfying, especially when all the pieces of a puzzle fit together seamlessly, in reality it’s not always the case. And part of what makes them interesting is our distance from them. When inside an actual pandemic, it’s not nearly so entertaining. But if there is one thing that living through a global outbreak teaches us, it’s that in science and history every story has missing elements, cracks, imperfect pieces. And if we’re honest with ourselves, we realize that we are one of those unstable factors in a pandemic. Does it matter, for example, that the pork we ate came from a huge industrial operation that uses antibiotics? What about how much we travel globally, or if we choose to vaccinate, or how often we take antibiotics for a sinus infection that probably doesn’t require it? 


	No matter how gruesome or entertaining it is, history can’t help but reveal to us that our choices as a species have direct consequences in how we get attacked by disease, in what ways, and how often. How we interact with each other and our environment comes back to us via mosquito bites, sex, flawed healthcare systems, or chance. And sometimes, the consequences appear in the form of a novel virus that upends everything in our lives, leaving masses of dead in its wake. 


	In the meantime, hold on to those masks and precious bottles of hand sanitizer. Over and over throughout history, we’ve largely survived pandemics, and we’ll survive this one too. But it surely won’t be our last. 
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		Colored scanning electron micrograph image of Ergot (Claviceps purpurea) growing on wheat.


	


	
Infection


	
Ergotism


	Patient ZERO: 


	Unknown


	Cause: Claviceps purpurea (fungus)


	Symptoms: Double vision, hallucinations, burning limb pains, convulsions, gangrene


	Where: Often in places where rye was farmed


	When: Primarily before the 1800s, but occasionally thereafter


	Transmission: Bread made with contaminated flour


	Little-Known Fact: Experimentation with the ergot fungus led to the creation of LSD.


	One of life’s simpler pleasures is perfectly baked French bread. The French long ago elevated bread baking to an art form. A crispy-chewy baguette from the local boulangerie could be the closest thing to bliss in a typical French repast. It is against this culinary backdrop that a small village named Pont-Saint-Esprit suffered a deadly nightmare from the innocent (and culturally ubiquitous) daily purchase of a freshly baked baguette.
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		A colored micrograph image of wheat infected with ergot fungus.


	


	On August 15, 1951, dozens of people in Pont-Saint-Esprit suddenly became violently sick, complaining of stomach pain, nausea, and insomnia. Over the next few days, hundreds more joined them. If that weren’t odd enough, the stricken reeked of a strange, disagreeable odor reminiscent of dead mice.


	Nighttime in the village was a strange event. Numerous insomniacs walked the streets, happily greeting each other in the midst of vivid, euphoric hallucinations. Some reported hearing heavenly choruses and seeing brilliant colors. 


	But things quickly took a turn for the horrific, as some hallucinations became nightmares. A terrified young girl believed she was being devoured by tigers. A garage owner became convinced he was a circus performer and began walking across the cable of a suspension bridge over the Rhône River.


	The stories kept coming, and they were increasingly outlandish. A woman grieved over her children, who she thought had been ground into sausages. A man couldn’t understand why he was suddenly shrinking. The head of the farmers cooperative was seized by the compulsion to fill page after page with poetry—if he stopped, he was sure he would have to jump out a window.


	Some of the locals actually did take the leap. A man, convinced that his brain was being devoured by red snakes, jumped to his death. Another man also threw himself from a window, breaking both legs in the fall but surviving, then trying in excruciating desperation to keep running from whatever vision plagued him. Another would-be suicide attempt involved someone about to leap into the Rhône River, screaming, “I am dead and my head is made of copper and I have snakes in my stomach and they are burning me!” Thankfully, his friends stopped him before he ended up in the river.


	Even the local animals were behaving erratically. A dog chewed on stones until it wore away all of its teeth. Local ducks started marching around the village in straight lines.


	To say it was a strange time was to do disservice to strange times. So what was happening? The world’s worst collective bad trip? In a sense, well, yes. The Kafkaesque scenes of hallucinations were the result of a visit to the local bakery gone horribly wrong. Remember that perfectly baked French baguette? It turns out, under specific circumstances, it can spawn mass psychosis.
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		Modern-day Pont-Saint-Esprit, France


	


	The summer of 1951 in southern France had been particularly wet—the wettest in recent memory. A very cold and damp winter was followed by a long, wet spring. In other words, it was the ideal environment for ergot, a parasitic fungus, to thrive. Capable of growing on grains such as wheat and barley, ergot is particularly prevalent on rye because the growth cycle of rye corresponds with the spread of Claviceps purpurea spores, and both do well when cold winters are followed by wet summers. Fortunately, ergot is now easy to recognize when you know what to look for—but this wasn’t the case for our medieval ancestors, who regularly suffered through epidemics of “St. Anthony’s Fire,” their name for the outbreaks of convulsions and hallucinations we know now was caused by ergotism. Unaware that those ergots growing in their grains were parasitic infestations with dire consequences if ingested, plenty of medieval millers unknowingly ground ergot-infected rye into flour. Worse, ergot thrived after harsh winters, which meant it did particularly well during times when a populace was already suffering from famine.


	Infected grains produce oversized violet or black grains—“ergots”—that stand out from the rest of the crop. The name “ergot” comes from the Old French word argot, meaning “cockspur,” as the shape of the sclerotium, or pod, of the fungus resembles the spurs on rooster legs. The fungus consumes the grain as it grows. In the winter, the infected grains form tiny mushroom-like structures to disperse their spores. Farmers typically recognize and dispose of ergot-infected grain. But that summer in 1951, a mistake was clearly made.
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		Claviceps purpurea growing on barley with the classic “cockspur” shape


	


	The village physician in Pont-Saint-Esprit, Dr. Hadar Gabbai, immediately suspected ergotism as the culprit of the mass hallucinations and identified a village bakery owned by M. Briand as the potential source of the outbreak, as everyone afflicted had eaten bread from there. The French government launched an investigation into the bakery’s chain of supply. As the bakery’s bread was made with only yeast, water, salt, and flour, it was easy to rule out everything but the flour as a potential disease vector. 


	The flour had originally come from a distribution center in Bagnols-sur-Cèze, which in turn acquired it from two regional mills, one in Châtillon-sur-Indre and one owned by Maurice Maillet in Saint-Martin-la-Rivière. Investigators learned that the flour from Maillet’s mill had already received numerous complaints. And sure enough, Maillet had accepted some dodgy end-of-season grain from a local baker, M. Bruere, who wanted to trade his grain for a lesser quantity of milled flour. Bruere’s bags of grain contained late-season rye, known to be at risk for ergot contamination, as well as dust, moths, and weevils. However, Maillet figured since the questionable grains would be such a small portion of all the grain that went into his mill that it wouldn’t decrease the overall quality of his flour. On that score, he was very, very wrong.


	The flour from Maillet’s mill then made it to the Roch Briand bakery in Pont-Saint-Esprit, where it was baked into hundreds of loaves of ergot-tainted bread, which were then purchased and eaten by hundreds of Pont-Saint-Esprit villagers (and, it turned out, their pets and local wildlife, too).


	The result was a terrifying outbreak of ergot poisoning, the likes of which hadn’t been seen in France for 140 years. Within two days, 230 people came down with ergotism. Some got off with comparatively mild symptoms reminiscent of food poisoning. But others experienced terrifying hallucinations. By the time those seriously afflicted finally processed the poison a few days later (without the help of medical interventions), almost 300 people had consumed the fungus. Four had died.


	While highly unusual in the modern era, mass outbreaks of ergot poisoning were disturbingly common in the Middle Ages. In ninth-century Germany, the commentator in the Annales Xantenses described an outbreak of gangrenous ergotism as: “a great plague of swollen blisters consumed the people by loathsome rot, so that their limbs were loosened and fell off before death.”


	For centuries, no one connected the outbreaks of mass hallucinations in medieval villages with the consumption of fungus-infected rye. (The connection wasn’t made until the seventeenth century.) Those strange oversized black rye grains were not terribly unusual, just the occasional outlier in a rye harvest—nothing that out of the ordinary. They must have looked strange to farmers—the infected rye would sometimes be three times as long as the regular grains—but in the thirteenth century, food wasn’t exactly plentiful. Slightly weird-looking grain was likely to be harvested and processed.


	The likely result a few days after baking the tainted rye into bread was a group of villagers showing symptoms of ergot poisoning: burning pains in their limbs, convulsions, even gangrene. 


	Then came the hallucinations.


	Ergot’s toxic impacts generally fall into two categories: gangrenous ergotism and convulsive ergotism; both are terrifyingly self-explanatory. Convulsive ergotism, with its trademark convulsions and hallucinations, is what struck Pont-Saint-Esprit, but there are plenty of historic accounts that describe equally horrific gangrenous ergotism where dry rot set into limbs so severely they eventually fell off.
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		Gangrenous ergotism can cause dry gangrene, where constricted arteries slow blood flow to such a degree that tissues begin to die from the lack of oxygen and limbs can even fall off.


	


	Geography seemed to play a role in whether gangrenous or convulsive ergotism was a more likely outcome from an outbreak of the disease. With the unusual exception of Pont-Saint-Esprit, most outbreaks in France and those anywhere west of the Rhine River tended to be gangrenous, whereas outbreaks to the east of the Rhine tended to be convulsive. Both Great Britain and the United States primarily had gangrenous ergotism outbreaks. Only six times in documented history have both the gangrenous and convulsive forms of ergotism occurred in the same outbreak.


	♦♦♦


	How the disease operates is a complex interplay between the microbiology of the ergot fungus and the human body. In gangrenous ergotism, once the ergot alkaloid is activated in the body, it creates a contraction of the smooth muscles that line the internal organs and arteries. The arteries then become constricted and blood flow slows considerably. If this carries on long enough (by continuing to eat infected rye grains), tissues begin to die from a lack of blood and oxygen, developing a “dry” form of gangrene that begins as a tingling in the extremities and can advance to the point where limbs literally start falling off.
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		A victim of advanced ergotism, from the painting Temptation of Saint Anthony, by Matthias Grunewald (ca. 1512–15)


	


	If, by virtue of geography and your biochemistry, your body activates the ergot alkaloid into the convulsive form of the disease, a different set of symptoms appears. These include muscular convulsions, double vision, and eventually the trademark hallucinations of ergotism. 


	Tragically, regardless of the type of outbreak, ergot poisoning also caused pregnant women to go into premature labor, as the fungus is a potent abortifacient, or abortion-inducer.


	In the Middle Ages, the disease was given a variety of names connected to fire, as the first symptom experienced by most people stricken with it was a burning sensation in their extremities. Ignis Sacer, or “holy fire,” was one name for it; another was St. Anthony’s Fire.


	The story of St. Anthony—a religious hermit in the fourth century who eschewed personal possessions to live a solitary, religious existence in the desert—inspired and comforted those suffering from ergot-induced hallucinations. Tormented by visions from the devil, who repeatedly tried to tempt him with pleasures of food and flesh, St. Anthony rejected all these enticements, inspiring sufferers of ergotism wrestling with disturbing visions. Over time, St. Anthony’s saintly name was attached to the infection as well.


	Outbreaks of the “fire” were common in the medieval era. Between 990 and 1130, an estimated 50,000 people are suspected to have died from the disease in southern France alone. It was so common that a brotherhood of monastic healers, the Antonites (who took their name from St. Anthony), sprung up all over Europe to help care for those stricken with ergotism. Founded in 1095, the brotherhood would eventually expand their efforts to an international network of 370 hospitals, a testament to the sheer scale and impact of ergot outbreaks in the Middle Ages. In so doing, the brotherhood became managers of a large, complex, and highly specialized medical and social welfare system.


	Research recently conducted by C. N. Nemes, a German medical historian, offered rare insight into how the disease was handled. Ergot patients would often arrive at one of these monastic Antonite hospitals where the brothers would interview and observe them. The brothers had to first decide if the patient was actually suffering from “holy fire” or some other disease against which they couldn’t help. Based on their own observations and by comparison with previously admitted patients, if the monks confirmed that the person was indeed suffering from ergotism, they were admitted to the hospital. If the victim had the gangrenous form of the disease, they were allowed to stay for life with guaranteed access to food and medical care, a substantial benefit to medieval sufferers of ergotism. If the afflicted had hallucinations but not gangrene, they were allowed to stay for nine days before they had to give up their bed for the next patient. (Nine days was sufficient for the body to process the poison and for symptoms to subside on their own.) While in residence at the hospital, patients were required to participate in daily religious life, including confessing their sins, taking vows of chastity, and keeping up with daily prayers. There were perks, however—one of which was drinking the renowned wine made by the monks.


	That Antonite wine was also the supposed cure developed by the monks for sufferers of St. Anthony’s Fire. The recipe, which would have been a carefully guarded secret at the time, has been lost to history. Scholars have surmised that the wine would have contained vasodilating and analgesic herbs. Ergot contains two potent alkaloid chemicals that cause tightening of the blood vessels (vasoconstriction). In the extreme form, this can cut off circulation to body parts, causing pain and, eventually, gangrene. Vasodilators in the wine would combat the vasoconstriction caused by ergot alkaloids. Meanwhile, any analgesics in the wine would help with the burning pain of St. Anthony’s Fire. 


	Another theory is that the wine contained crushed poppy seeds, which would have basically injected the wine with opium as well (the seeds themselves don’t contain much opium, but they have opiate-containing residues left over from the harvesting process). If that was the case, it’s no wonder the wine was so famous. With a lack of anything more effective at their disposal, easing someone into a deep and lasting sleep with opium was perhaps the best they could do in the medieval era.


	The real benefits to staying with the monks, however, were probably just the healing effects of passing time combined with a separation from your home village’s contaminated food supply. The monks would have had their own carefully tended gardens, and any patients would have been eating from the same gardens as the monks did. Also, and this is critical, the Antonite monasteries didn’t grow rye for their bread. Coincidence? Perhaps. While ergot can grow on several types of grain, it prefers rye as a host. Or did the monks actually figure out that those weirdly shaped rye grains were contributing to the disease? 


	♦♦♦


	Ergot has also been utilized for beneficial medical uses, and for . . . mental exploration. In 1582, Adam Lonicer, a German botanist, wrote about successfully using three ergots to stimulate uterine contractions of labor in pregnant women. He was writing about something that had already been discovered at that point by midwives, who had observed that pregnant sows, when fed grain infected with ergot, went into labor earlier than normal. In small doses, ergot actually works surprisingly well as a muscle and blood vessel constrictor. Midwives began using small doses of ergot to help speed along childbirth and also to stanch bleeding after delivery at some point in the Middle Ages, a practice copied by physicians assisting in childbirth after Lonicer published his findings in 1582. Strangely, a definitive connection wasn’t made between consuming ergot-infected grains and all its negative effects until 1695, when a Swiss anatomist named Johann Brunner wrote about an outbreak of convulsive ergotism in Leipzig, Germany, which he correctly attributed to infected rye. In 1600, German theologian and physician Caspar Schwenckfeld theorized that the “honeydew” of the rye was the cause of the outbreaks of the disease that would later be called ergotism. And of course, the Order of St. Anthony may have suspected as much centuries earlier. Brunner’s research, however, was the breakthrough needed to start curbing the practice of milling ergot-infected rye.
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	Even after the harmful effects of ergot consumption were identified, small doses were still used to help induce labor until the nineteenth century. Pharmacies even stocked ergot as “pulvis ad partum,” or “dust to create.” Regrettably, dosage was hard to accurately guess, and pulvis ad partum became closely associated with the potential for stillbirths by 1824, falling out of favor thereafter.
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		A psychedelic-themed tribute to Albert Hoffman, the researcher who discovered lysergic acid diethylamide, or LSD.


	


	More than a century later, the potential beneficial elements of ergot led a scientist to experiment with it in the 1950s—and unwittingly create LSD. In 1938, thirty-two-year-old Albert Hofmann was working as a researcher for Sandoz, a Swiss chemical company, attempting to synthesize a compound that would stimulate the respiratory and circulatory systems. Sandoz had been investigating ergot for several decades already, having determined the chemical structure of the biologically active compounds in ergot shared a common building block in something called lysergic acid. Sandoz had managed to isolate ergotamine and ergobasine from ergot, which were the properties of the fungus that allowed for blood-vessel constriction. (Ergotamine is still used today to treat migraines because of its effectiveness at blood-vessel constriction.)


	At Sandoz, Hofmann developed a synthetic process to build ergot compounds from their component chemicals. His goal was to create something that would replicate the healthy benefits of ergotamine and ergobasine without the potential for the debilitating mental side effects.


	In Hofmann’s efforts to synthesize ergot alkaloids, he created new chemical compounds that were similar to it and, in his estimation, may have had other potential medical uses. He created twenty-four of these lysergic acid compounds before hitting on something novel with his twenty-fifth creation, which he made by reacting lysergic acid with diethylamine, a derivative of ammonia. Its name? Hofmann recorded it as LSD-25.


	But the compound didn’t do much for stimulating circulation or respiration, so Hofmann moved on with his experiments. A “peculiar presentiment” persisted about LSD-25, however, and five years later Hoffman synthesized LSD-25 again for further testing. In the process, Hoffman accidentally dosed himself with the compound. He left work shortly thereafter, affected by a “remarkable restlessness, combined with a slight dizziness.” At home, Hoffman lay down and sank into the world’s first LSD trip, later writing, “I perceived an uninterrupted stream of fantastic pictures, extraordinary shapes with intense, kaleidoscopic play of colors.” The experience was not unlike the early euphoric hallucinations experienced by the residents of Pont-Saint-Esprit. Hoffman returned to work the next day and began careful experimentations with the new compound.


	And that is how one of the iconic hallucinogenic drugs of the twentieth century came into being—inspired by a fungus-infected grain of rye. 




	
Zoonoses


	Making the Leap


	Impact: In the last seventy years, the vast majority of new infectious diseases have been caused by a virus, parasite, bacterium, or prion that jumped from animal to human.


	When: Since forever


	What: Microbes that originate in nonhumans, including Ebola, COVID-19, SARS, rabies, bird flu, swine flu, anthrax, and pork tapeworm


	What Happened Next: Understanding how “spillover” events occur, and preparing for the next pandemic caused by a novel zoonotic infection
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		A computer-generated illustration of a Nipah virus particle.


	


	In September 1998, a handful of people in the Malaysian Peninsula came down with brain inflammation, or encephalitis. Unlike an infected toe we can point at and say, “Hey, that hurts there,” encephalitis can rob us of all objectivity. We become confused; we can’t keep our eyes open because of overwhelming drowsiness. An electrical storm can wreak havoc on our synapses, leading to convulsions. Fevers cook our bodies in an effort to battle any invading pathogen, making us even more delirious. More than 30 percent of those infected by this mysterious Malaysian infection died (for reference, a normal flu season typically kills 0.1 percent of those infected). 
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		A health ministry worker fogs a pig farm in Malaysia to combat the Nipah virus in 1998.


	


	The immediate and obvious connection among the cluster of cases was one thing: pigs.


	The sick were pig farmers, pig sellers, butchers, or people who delivered pigs. At first, it was thought to be Japanese encephalitis (JE), which is spread via mosquitoes and usually causes a benign infection in pigs and some water birds (these are the reservoirs, or natural animal hosts that maintain the microbe’s ongoing survival). But this was different. The pigs in Malaysia were getting really sick; with JE, they don’t get nearly as ill. More people were dying than in typical JE cases. There was also a clear relationship between pigs and infections, whereas mosquito-borne JE is capable of spreading anywhere (and to anyone), regardless of contact with pigs. And the pigs themselves appeared to be spreading the disease to each other via sneezes and coughs that announced that a pig farm was now infected. 


	Investigators were initially stumped. They took a sample from a man in the town of Sungai Nipah stricken with the infection and who later died. After growing the sample in a lab, it was taken to the Centers for Disease Control (CDC) in the United States for examination. Under an electron microscope, investigators saw a virus particle filled with spaghetti-like genetic material. It was unlike anything they’d ever seen. 


	

		Blame Not the Bats!


		Bats, never the most popular animal in the best of times, are having a particularly bad historical moment. This is on account of the growing revelation by the general public that many zoonoses are linked to bats, such as SARS and MERS. But some other truly awful diseases, including Hendra, Marburg, rabies, and Nipah, are also bat-related, leading to calls for bat cullings and roost burnings. 
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		Sadly, these measures deeply misunderstand the magnificence of bats.


		First, bats have been around for tens of millions of years, which speaks to their sheer ability to evolve and survive. They live on every continent (except Antarctica), they are the only mammal that flies, and they voraciously eat all sorts of insects we loathe, like mosquitoes. A single brown bat can eat twenty mosquitoes in a minute. Do you like mangoes, bananas, peaches, cashews, almonds, or dates? Thank bats for their help pollinating them (as well as their assist with seed dispersal). Vampire bats also adopt orphans, believe it or not, and most bat species groom themselves and each other, as meticulously as cats and primates might. Bats also appear to be cancer resistant and live long lives (decades, in some cases). Other mammals their size, like mice, live a fraction of their life span. 


		It might feel surprising that bats don’t seem any worse for wear carrying so many lethal human diseases, but part of their tolerance may be on account of their metabolism. Put simply, with all its flying around, a bat’s inner candle burns hotter than ours. That high metabolism results in more cellular DNA damage, but bats have somehow adapted to repair the damage. And that sophisticated repair mechanism may protect them against infections and the ravages of inflammation.


		We should think about bats as allies. As conservationist Kristin Lear at the University of Georgia recommends, “Don’t kill bats. They might actually be the key to learning how to fight these viruses in the future.” If bats can live with these viruses without succumbing to them, perhaps they can teach us how, too.


	


	Scientists named it Nipah virus.


	To stop the outbreak, Malaysia ordered the culling of more than a million pigs, no easy task and one with devastating economic consequences. Nearly 300 people were already infected, but the pig culling seemed to stop the spread—until it popped up in neighboring Bangladesh. Only there, with the country’s majority Muslim population, pig farming wasn’t a large industry. So where were those infections coming from?


	In Bangladesh, infected people shared certain risk factors, including the handling of dead animals, like chickens, as well as tree climbing and coming into contact with a person infected with the Nipah virus. There was one other risk factor that raised eyebrows among investigators: drinking raw date palm sap. 


	The custom of sap drinking was particularly confounding, as it’s not a typical concern related to the spread of infectious diseases. Also, what on Earth does date palm sap have to do with pigs?


	The answer, it turns out, is bats.


	Capable of harboring a cornucopia of viruses, bats are plentiful in both Bangladesh and Malaysia. In fact, a full quarter of Bangladesh’s 113 mammal species are bats; Malaysia is home to more than seventy species of them. Both countries host a species of so-called giant “flying foxes” (Pteropus species), which are some of the largest bats in the world. With a sooty-black wingspan of 5 feet (1.5 m) and a face that’s an amalgam of an opossum’s and a baby fox’s, it’s either amazing or the stuff of nightmares. 


	Scientific fieldwork in Malaysia revealed that these large fruit-eating bats had antibodies to the Nipah virus. The antibodies were found in their urine as well as fruit partially eaten by the bats. In Bangladesh, there is another Pteropus species of flying fox that also carries the virus. This bat in particular loves lapping up sugar-laden date palm sap as it drips into containers of trees that are tapped for their sap. That contaminated sap would often be fed to domesticated farm animals, which in turn spread the virus to humans. 


	Bats frequently roost under the fruit trees found on pig farms in Malaysia. Guess where the pigs like to hang out? In a shady pigpen beneath a fruit tree. From start to finish, here’s how the infection happens: Flying foxes eat fruit (messily), then pee, poop, and drop bits of masticated fruit laden with viruses that they carry without much harm to themselves. The half-eaten fruit and bat waste drops into the pigsty, where the pigs get infected and create a large amount of virus, a process called amplification. This particular virus happens to infect humans as well, resulting in infected and sickened pig handlers, pig farmers, butchers, and transporters. And boom. The human population suddenly finds itself with a new, deadly virus on its hands. 


	♦♦♦


	The story behind the Nipah virus is just one of many stories that illustrates how zoonoses work. In addition to Nipah, zoonoses is how Ebola, SARS, rabies, bird flu, and pork tapeworm are thought to have been transmitted from animals to humans. 


	Another disease that has wreaked much havoc on American soil for some time is Lyme disease. Now well-known as an infection caused by a bacterium of the Borrelia species, Lyme disease annually infects nearly 300,000 people in the US and 65,000 in Europe. The bacterium, a wavy spirochete, is transmitted via the bite of a tick from the Ixodes genus, and in America, Ixodes scapularis, or the deer tick. The nymphal ticks are the size of a poppy seed—easy to miss for a few days if you’ve been bitten. Which is good for the tick and the bacteria, because the bacteria need at least thirty-six hours to transmit from tick to human. When it does, most victims go on to get the classic “bulls-eye” rash that heralds Lyme disease. 
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		Classic erythema migrans “bulls-eye” rash in Lyme disease


	


	The rash is the least problematic of the symptoms. People infected with Lyme disease can have headaches, fevers, fatigue, joint and neck pain, and cardiac problems, among many other issues. Even after treatment with antibiotics, patients have reported ongoing symptoms for years. 


	Lyme disease as we know it is relatively new to the medical field. It was only just discovered as a full disease entity in 1976, when a cluster of cases in Lyme and Old Lyme, Connecticut, were initially blamed on juvenile rheumatoid arthritis. By 1981, Willy Burgdorfer discovered the spirochete responsible for those cases (hence the name of one of the Borrelia species, Burgdorferi).


	But Lyme has been around for a lot longer. Ötzi the Iceman, the 5,400-year-old mummy found frozen in the Alps in 1991, tested positive for Lyme disease. And researchers have mapped out its evolutionary tree, tracing the disease back to a staggering 60,000 years ago.
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		Ixodes ricinus, the castor bean tick, before and after a blood meal


	


	But things have changed in 60,000 years. Cases of Lyme disease have gone up since its discovery in 1976 and have tripled since 1990. Why? How did the disease make itself known in the 1970s, but not before? The answer lies in how we’ve changed our environment. After North America was colonized by Europeans and vast swaths of land were deforested for farming and homes, the deer population decreased drastically, and with it the deer tick’s range and ability to bite people. But in the last century, deer were reintroduced and thrived. Trees were replanted and many forests protected. The deer enjoyed nibbling our backyard hosta; in return, we planted more hosta and happily eliminated large predators like wolves from many areas. The ticks and Borrelia came with the deer. More humans meant more contact between us and the animals that deer ticks like to bite. 


	And the deer are doing a fantastic job of spreading Lyme disease. It’s estimated that the areas where we can be infected stretch another 18 miles (29 km) per year. Once only found in Connecticut, Lyme disease has been detected in all states except Hawai‘i.


	There are other factors at play as well. Borrelia likes to infect white-footed mice, chipmunks, shrews, and small birds. There are theories that habitat changes and a population decrease in wolves, coyotes, and foxes meant more small mammals to spread the infection. There’s also climate change to consider. A warmer spring means larval ticks emerge weeks earlier, increasing the time frame when people can get bitten. It can also mean that Lyme disease may spread ever northward each year. 


	Recent genomic mapping of Borrelia burgdorferi gathered from around the country shows that not only is the spirochete 60,000 years old, but also the most recent epidemic of Lyme spreading all over the country didn’t originate from a single source. The diversity of the genome points to the possibility that Lyme popped up again in the Midwest not from the outbreak that began in Connecticut, but because it was always there—just waiting for the right conditions to spread. Conditions that we, as humans, created.


	Many people are aware of the deer tick–Lyme connection, a zoonotic threat that is nearby, in some cases waiting for us in our actual backyards. And laypeople are getting much more adept at labeling infectious diseases as zoonoses thanks to the COVID-19 pandemic. Swine and bird flu (see 1918 Influenza) are fairly well-known diseases that originated in animals. There are others not as commonly known, including leprosy, now known as Hansen’s disease (see here), and HIV (see here). Some may recall the terror attacks in the US using anthrax (see here) in the early 2000s. Found in animals like livestock, anthrax is another zoonotic disease. Pregnant women are warned not to clean litter boxes because of a parasite called toxoplasmosis, which can cause miscarriage and is carried by our beloved, if aloof, felines. Other pets, such as those peach-faced lovebirds in your living room, could carry and transmit psittacosis, or Chlamydia psittaci. (Yes, chlamydia. Same genus, different species and disease.) Your adorable pet bunny is capable of giving you tularemia, or “rabbit fever.” A beloved dog licking your face can leave you with Capnocytophaga, which has resulted in some recent newsworthy amputations among dog owners. 
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		Psittacosis can be common in cockatiels, a type of parrot.


	


	It’s a stretch to say that everything furry and adorable can kill you, but the sheer variety of zoonoses lurking about can give us pause. Consider the vast numbers of animals that harbor pathogens capable of jumping to humans: ferrets, mice, racoons, wallabies, opossums, camels, sheep, pangolins, cats, dogs, birds, leopard geckos, sea lions, muskrats, monkeys, chimpanzees, gorillas, fruit bats, porcupines, hedgehogs, pigs, buffalo, beavers, donkeys, minks, poultry, parrots, civets, jackals, wolves, baboons, walruses, crocodiles. And the list could go on, and on. In fact, more than 60 percent of infectious diseases are zoonotic. Not just viruses and bacteria, but parasites of all manners and sizes. Many of these diseases are firmly established in the animal world but can occasionally pop into ours, rather inconveniently and sometimes to devastating global effect. 
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		Civets are nocturnal animals native to tropical Asia and Africa.


	


	So-called enzootic diseases include rabies. With enzootic transmission, people get infected by a bite or scratch from a rabid animal, but the infected person won’t transmit it to other people. Diseases that spread via enzootic transmission haven’t been eradicated because they just simmer here and there in the animal population, showing up with enough frequency that we’ve developed vaccines where possible to protect our pets and ourselves when we get infected. 


	Some zoonotic diseases that jump to people become highly infectious among humans, leading to large-scale outbreaks such as Ebola in West Africa from 2014 to 2016. And sometimes an outbreak explodes, spreading worldwide, at which point we call it a pandemic, like COVID-19. In these cases, we don’t need a rabid dog to bring an infection to us every time—we do just fine spreading it on our own after that first transmission, as was the case with HIV. 


	What’s both fascinating and frightening is how, in the last seventy years, the vast majority of new infectious diseases are zoonotic. Meaning these pathogens were living in other creatures and somehow found a new, happy home in us, wreaking havoc on our way of life along the way. Though it’s hardly done with malicious intent. After all, pathogens are programmed to find the very best way to survive. 


	As humans we tend to think that we’re at the top of the food chain, but that’s not entirely accurate; we are consumed—or things are attempting to consume us—constantly. Salmonella, hantavirus, huge parasitic worms called helminths, or Ascaris lumbricoides (warning: online searches of this will result in images you can’t unsee). The truth is, we are prey to many organisms. They may not fall into tidy predatory groups that include lions and sharks that are capable of consuming us from the outside. Rather we are under siege from things that seek to feed on us from the inside, in a microscopic way. These attackers can be just as devastating than the larger predators, if not more so, precisely because we can’t see them. 
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		Parasitic worms in a section of intestine removed from a young boy.


	


	With zoonotic diseases, we share the burden with animals. That’s what makes zoonoses particularly fascinating yet unpredictable. Sometimes diseases need a partner, called a vector, to find their end host. Vector-borne diseases include malaria and Lyme, which use mosquitos and ticks, respectively, to deliver either a microscopic parasite (in the case of malaria) or bacteria (in the case of Lyme) to an unsuspecting human. Which, of course, takes zoonoses to another level of complicated. This triangulation of an infectious organism traveling between animal, temporary host, and end host is, at its very simplest, a balance of multiple factors that drive how and why the disease becomes a problem in humans. This forces us to tackle other concerns. What makes that tick or mosquito thrive? In which climates? How does climate change factor in? Should we be worried about genetically modified mosquitoes? How do we stop deforestation, which allows mosquitoes to flourish? What other factors make us so delicious for the biting?


	♦♦♦


	The existence of zoonoses shouldn’t be surprising. We are part of a complex ecological system. As our existence has evolved from hunter-gatherers to modern-day hominids that number in the billions and live in structures, we have disturbed things. We farm meat and grain in massive quantities, mine deeply for mineral and petroleum resources, and raze natural habitats to build and farm. Specifically, we force animals and their pathogens into our realm—in beef and chicken slaughterhouses, on the edges of burning rain forests, from wild game being hunted, and on farms whose pigsties sit beneath tree branches full of guano-producing fruit bats. We also travel far and wide as a species. In less than twenty-four hours, we can travel from one side of the planet to the other—and pathogens are happy to hitch a ride. 


	

		Alpha-Gal


		The Meat-Lover’s Worst Nightmare


		Imagine you’re sitting down to a delicious, dry-aged, medium-rare prime rib at your favorite steakhouse. Being the omnivore you are, you relish every bite. Sometime around two o’clock in the morning, you awake from sleep. Your heart is racing, you feel like you’re about to have diarrhea, and your body is covered in itchy hives. If you’re extremely unlucky, you could get a life-threatening anaphylactic allergic reaction. You might consider a food allergy, but you’ve eaten steak countless times with no problems. Could you actually be allergic to the steak? 
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		Yes. And what do you have to blame for it? 


		A tick bite. 


		In certain parts of the United States, there is a tiny arthropod called the lone star tick (Amblyomma americanum), which lives in about one third of the country, from Maine to Florida and west from Nebraska down to Texas. Not only can this tick transmit two diseases, ehrlichiosis and tularemia, it can also cause an allergy to a sugar identified as galactose-alpha-1,3-galactose, known more simply as alpha-gal. This sugar is found only in mammalian non-primates, including cows, sheep, and goats. And certain tick species have it in their saliva. But humans don’t have it. So when we’re exposed to alpha-gal, we can suddenly get an allergic reaction to certain kinds of meat, even though we’ve been consuming it for years.


		The theory follows that when a lone star tick bites us, it’s likely already bitten a mouse, rabbit, or deer with alpha-gal, or its saliva has enough alpha-gal by itself. During its feeding, the tick regurgitates its spit into our skin with a little bit of alpha-gal. For some unlucky people, the immune system of our skin causes an allergy response, and voilà: a new and relatively rare allergy to meat.


		Luckily, chicken and fish are still on the menu.


	


	Add to this that mammals evolve slowly compared to pathogens. It takes animals anywhere from months to decades to reproduce, and longer still for those young to grow and become sexually mature. Whereas the life cycle of a pathogen can happen in a radically shorter period of time, providing them with the ability to quickly bend to selection pressure. Consider how the seasonal flu changes every year, to the point where we need a new vaccine annually. West Nile virus changed from genotype NY99 to WN02—three nucleotide changes on the RNA—allowing it to transmit more effectively via mosquitoes in the span of three years. Chikungunya virus, which causes fever and joint pain among other symptoms, also altered one nucleotide between 2005 and 2006, making it more infectious in one species of mosquitoes that had not previously been identified as a vector for this virus. Perhaps more chilling, this mutation happened independently on Réunion Island in the Indian Ocean, in West Africa, and in Italy. 


	Changes in weather, in hosts, in their microbiomes, and in landscape, all affect zoonotic ability to jump to humans. In the early and late 1990s, for example, the El Niño phenomenon resulted in larger rainfalls, which led to increased vegetation, a food source for rodents. More rodents led to increased contact with humans and thus to hantavirus outbreaks in the southwestern US. Temperate changes have also allowed the dengue virus to show up in Texas (jumping north and west from the Caribbean), and Lyme disease to spread to Canada. 


	In Africa, after the Italian invasion of Eritrea in 1889, a paramyxovirus (an RNA virus, whose family includes mumps and measles) infected livestock populations. The disease was called rinderpest, or “cattle plague.” Being naïve, or unexposed, to the virus, cattle herds were decimated across the continent, leading to a famine. Local flora repopulated grazing areas, along with wildlife, both of which favored the tsetse fly, a parasitic insect that feeds on the blood of vertebrates. The tsetse fly also carries a parasite that causes a deadly disease called sleeping sickness, or trypanosomiasis. Former cattle herders who waded into the brush to hunt became infected and, because the tsetse fly also flourishes near water, river villages were wiped out. In some areas, 20 percent of the population was infected at a time when there was no cure, and the disease was invariably fatal. 
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		A tsetse fly, known to feed on human blood and can pass parasites that can cause disease.


	


	♦♦♦


	With imagery like flying fox bats and tick-laden chipmunks, it can seem like pathogens are opportunistic invaders, waiting for us to disturb our world in small ways so they can find a way inside of us. Calling them invaders sounds highly predatory, and in many ways they are. But in other ways, they aren’t. For every zoonotic disease that jumps to humans, there are untold others (possibly many millions) that don’t because the fit just isn’t right on numerous levels. There are myriad complex factors involved before a new pathogen is passed from a vertebrate animal to a human, a process called “spillover,” which is rare. In truth, the barriers to spillover are significant. First, there has to be enough of the animals who are the natural host or reservoir, in the right population density, located in the right place. In the case of Nipah virus, that means lots of bats roosting together close to a pigsty. 


	Second, there have to be enough of the animals carrying the infections with a high enough pathogen load, and they must shed that pathogen in large enough quantities for it to jump to another species. With rabies, for example, where the virus accumulates in the salivary glands, bites are a great way to transmit an abundance of virus. If the host is a food product like beef, trying to control how much pathogenic E. coli lives in the rectum of the cattle at the time of slaughter is important. If there is a vector, say a flea, how frequently that flea bites both hosts, as well as the flea’s chances of survival and its patterns of movement, must be just right for pathogen release. 
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		Pathogenic E. coli can be naturally found in the intestines of cattle, sheep, and goats.


	


	Third, the pathogen has to be able to survive outside the animal host. Q fever can survive in the air for a long while, leading to outbreaks miles and miles away from the livestock hosts, whereas influenza A doesn’t survive long, making close contact necessary. Finally, there are variables involving the new human host. Did they get a high enough dose of the virus? Did the usual barriers to fighting infection—healthy skin, the many layers of protection in the respiratory tract, low stomach pH—somehow not work? Are their immune systems weakened by old age or chronic diseases?


	And the aforementioned factors don’t even comprise all the issues that must align perfectly before a new infection can establish itself in a human. Don’t forget that a pathogen also wants to replicate inside its host and spread to other people. So if it kills its host quickly, it won’t be able to effectively find another host. That balance—infecting and killing—is tantamount to survival. This explains why some zoonoses do better than others. For example, with Lyme disease, the bacteria live comfortably in deer and small rodents, which can then infect humans, but humans can’t spread it to each other. We are considered a “dead-end host.” It doesn’t absolve the disease of its awfulness, but it does mean it can’t sweep through an airport and infect an entire plane of passengers. 


	And it’s important to understand that pathogens can remain inside humans for a while, spread and mutate, go back to animal species, and mutate again. Then jump right back to humans. This is how influenza works sometimes. 


	When trying to put the idea of zoonosis in perspective for our complicated, highly populated, tech-powered age, it’s helpful to view it as more dynamic than simply predator versus prey. Humans are instrumental in allowing emerging infections to harm us. We have altered the ecology of many habitats and, by doing so, have brought animals right into our path. We are the evolutionary masters of our own suffering in a sense, creating the conditions that allow these pathogens to take advantage of new niches to live in, new bodies upon which to prey. 


	Pathogens are simply making their way in the world free of emotion, taking advantage of the rapidly changing ecology around them, from the tiny universe of gut microbiomes to hurricanes sinking coastline cities. Our world is theirs, too. They change when necessary, they jump, consume ravenously, kill what’s in their way, and adapt, all in order to multiply. It sounds a lot like another species on the verge of hitting an 8 billion population milestone. 


	Hint: us.




	
Ebola


	Patient ZERO


	Mabalo Lokela


	Cause: Ebola hemorrhagic fever (EHF)


	Symptoms: Fever, vomiting, diarrhea, bleeding from eyes, ears, mouth


	Where: Yambuku, Democratic Republic of Congo (DRC)


	When: August 1976


	Transmission: Blood and body fluids, including vomit, diarrhea, sweat, tears, and semen


	Little-Known Fact: Ten or fewer Ebola virus particles could cause infection.
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Illustration of Ebola virus particles






	In August 1976, Mabalo Lokela, the head schoolteacher in the remote village of Yambuku, Zaire (now the Democratic Republic of Congo), checked into the local mission clinic complaining of a fever. He had just returned from vacation, one of the few he had ever taken. During his time off, he’d gone hunting in the rain forest and visited some family and friends in nearby villages. After he returned he started to feel unwell, so he visited the village clinic to see if they had any antibiotics (often they had none in stock) that might help.


	Yambuku was far from the nearest town of any size. To get to a bigger town you had to travel over poorly maintained, sometimes dangerous dirt roads through the surrounding jungle. Yambuku’s clinic, a charity hospital run by Catholic nuns from Belgium, offered the best medical care nearby. But there was no doctor on staff and the nuns, while experienced with a variety of local ailments, had no formal medical training.


	The nuns examined Lokela but weren’t sure what was wrong with him. A diagnosis of malaria seemed a safe bet. They had seen plenty of malaria, and fevers were a common symptom. After scrounging through their scant medical supplies, they found some doses of quinine and gave Lokela an injection. The schoolteacher headed for home, feeling slightly better.
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Yambuku villagers, Zaire, 1976






	For a few days, the quinine seemed to work and Lokela enjoyed a brief reprieve from his symptoms. But they soon returned with a vengeance. Within a week Lokela was too weak to get out of bed, his body racked by repeated waves of vomiting and diarrhea. Desperate for help, Lokela’s wife went to the clinic and begged the nuns to visit their hut. When they arrived, they were horrified by what they saw.


	In the dark confines of the small hut, Lokela was lying on a bed just barely above the floor, covered in sweat, blood oozing from his eyes, ears, and mouth. Just as the nuns entered, Lokela vomited a mixture of blood and bile. 


	The nuns, shocked and repelled, had never before seen anything like this, but it definitely wasn’t malaria. They had no idea what to do or how to even begin helping Lokela. The nuns began to suspect that Lokela had contracted something new, some sort of devastating, rapacious fever. They tried to make Lokela as comfortable as they could but he died, in agony, just a few days later on September 7, 1976. 


	What the nuns didn’t know—and what Lokela’s family and friends who visited him during his final days couldn’t possibly know—was that his hut had become a hugely dangerous biohazard zone. Every bit of blood or vomit that exited poor Lokela’s body was a viral bomb. Those microorganisms contained a biosafety level 4 pathogen (see sidebar here) that, if acquired by another human, could cause massive internal and external bleeding, likely resulting in death.


	Mabalo Lokela had just become the world’s first victim of EHF, Ebola hemorrhagic fever, or Ebola for short. 


	♦♦♦


	After his gruesome death, Lokela’s body was prepared for burial in the usual way for Yambuku villagers. His blood-soaked corpse was bathed and handled by family and friends, who then sat with him for twenty-four hours before burying him at a public funeral in a grave near the family hut. 


	Afterward, the village breathed a brief sigh of relief. Whatever strange new illness had taken Lokela, it had passed now. But the relief was temporary. Not long after the burial, Lokela’s wife, mother, mother-in-law, sister, and daughter all visited the mission clinic with similar symptoms. Soon, twenty-one friends and family members who had attended the funeral were infected with the same disease. Eighteen of them died. 




	Fear quickly turned to panic when the nuns at the mission hospital also started getting sick. Young, old, healthy, frail—it didn’t matter—the disease found everyone. And catching it was essentially a death sentence. People in Yambuku began dying in droves, with whole families wiped out by the violent, terrifying disease.


	The mission hospital was closed by the end of September—no one was left to run it. Eleven of the original seventeen staff members were dead of Ebola. The Mother Superior, one of the few remaining survivors, sent radio signal after radio signal out into the world pleading for help. With the mission hospital closed, family members of the ill got desperate and began taking them to nearby villages seeking medical help, unwittingly contributing to the spread of the disease.
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	A Flemish nun visits the graves of her colleagues who died from Ebola during the 1976 Yambuku Ebola outbreak in Zaire.


	


	In the first week of October, help finally arrived, albeit briefly. Word of the frightening new epidemic finally made its way to the Zairean government, who promptly sent in the army to seal off the village from the outside world. By that time, more than one hundred people had died. Zairean doctors were flown in by helicopter, took blood samples of some infected patients, and quickly fled back to the capital of Kinshasa, outside the initial outbreak zone. Global health officials were notified of a lethal new disease that was beginning to spread.


	The blood samples collected by the Zairean doctors were quickly sent around the world, where, with a mixture of excitement and horror, international scientists realized they were looking at a brand-new virus. An international team of health workers were deployed by the World Health Organization (WHO) to the village. They quickly confirmed that the virus was indeed new, viral, and highly infectious. It was named Ebola hemorrhagic fever, after the nearby Ebola River. Those visiting doctors witnessed firsthand how shockingly devastating the disease was, and how monstrously lethal. Of those infected with Ebola, 50 to 90 percent died from it. As the 1976 outbreak spread from Yambuku to more than fifty villages in Zaire, as well as the capital city Kinshasa, 318 people came down with the disease. 


	A staggering 280 of them died, giving the new disease a terrifying 88 percent mortality rate. 


	♦♦♦


	Ebola virus disease (EVD), as it’s now called, is caused by an infection of any of the viruses within the Ebolavirus genus. Of the six Ebola viruses known today, four of them can infect people. Scientists still aren’t completely certain where the virus came from, but the general consensus is that the virus is animal-borne, infecting people in so-called “spillover” events when humans have contact with an infected animal. The most common culprits appear to be nonhuman primates and fruit bats.


	The virus spreads between humans through close and direct physical contact with a person infected with Ebola, or their body fluids. To enter the bloodstream of a new potential victim, the virus needs to find a way in through broken skin, or through mucous membranes of the eyes, nose, or mouth. The semen of a previously infected person who has recovered also remains a potential source of spread. Given those opportunities for transmission, and the fact that it takes very few virus particles to actually cause disease, it is not surprising that the virus is highly infectious between people. In mouse models, a single virus particle can cause disease. In many cases, Ebola has spread to families or healthcare workers taking care of Ebola victims, or to household members, who, according to custom, would touch the newly deceased with bare hands, as well as afterwards during funeral preparations. And that’s why you see images of healthcare workers at Ebola outbreak sites in head-to-toe PPE (personal protective equipment), the medical equivalent of a hazmat suit. It’s so dangerous that there are intensely detailed methods of “donning and doffing” the PPE in the presence of trained observers to ensure it’s done correctly.


	

	Biosafety Levels
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	Ebola is rated as a biosafety level 4. If that sounds scary, good, because it is. Level 4 is the highest biosafety level in the United States. Each level comes with its own specific controls for the containment of microbes and biological agents when studied in a laboratory. What determines each level of biosafety precautions? The transmissibility of the microbe and the severity of the disease caused by the microbe.


	According to CDC guidelines, here are the safety measures needed for a laboratory to be rated at biosafety level 4, able to study frequently fatal viruses, such as Ebola, with high risks of transmission:


	

		Airtight


		 Self-closing, double-door access


		 Controlled access


		 Sharp hazards warning policy


		 Handwashing sink


		 Sealed penetrations


		 Physical containment device


		 Positive pressure protective suit


		 Laboratory bench


		 Autoclave (a pressure chamber allowing precise control over pressure and temperature; used for sterilizing materials)


		 Chemical shower out


		 Personal shower out


		 Supply and exhaust HEPA filter


		 Effluent decontamination system (a system that uses heat and pressure to destroy any microbes in laboratory wastewater)


	


	


	Once a person contracts Ebola, the first symptoms are typically the sudden onset of fever and chills. Fatigue, headaches, vomiting, diarrhea, and loss of appetite, as well as a general malaise and weakness follow next. Within a week of infection, a rash may develop over the face, neck, chest, and arms. The vomiting and diarrhea, which are usually severe, continues, leading to fluid loss and related complications, such as dehydration and even shock. The steady outpouring of bodily fluids, loaded with infectious particles, also provides the virus ample opportunity for spreading to other people who are helping to care for the patient or are in the same household. 


	The virus can sometimes lead to hemorrhage, which gives Ebola its other name: hemorrhagic fever virus. Patients may have mild bleeding (or none at all) during the course of the illness. Or they may start hemorrhaging, with blood showing up in their feces, as well as oozing from IV and needle puncture sites. Bruising can take place as well. The whites of patients’ eyes may become reddened from hemorrhage. Once the disease turns terminal, significant hemorrhaging can occur, including blood pouring out from the eyes, nose, ears, and rectum. Unless fully protected with proper PPE, it’s extremely difficult to avoid getting infected yourself if you’re in close proximity to an Ebola victim whose body is teeming with virus. Which is why the first outbreak in Zaire had such a staggeringly high death toll.
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	An Ebola “burial team” in Disco Hill, Liberia, 2015


	




	♦♦♦


	As reports of the 1976 epidemic in Zaire circulated, the World Health Organization noted a startlingly similar outbreak just a couple of months earlier in South Sudan. There, an outbreak of a mysterious new disease had led to the deaths of 151 people out of 284 cases. While the South Sudanese outbreak had not received the international attention focused on Zaire at the time, it was clear to WHO scientists who examined blood samples that they were looking at two outbreaks of the same disease. A major investigation was soon launched to examine the link between the two outbreaks and determine what preventative measures could be put in place.


	Ebola, meanwhile, became a global headline and cultural touchstone of the late 1970s and early 1980s. Images of scientists in hazmat-like suits descending onto disease-stricken African villages were all over newspapers and evening news broadcasts. The horrors of the disease itself hardly required any embellishment as people literally bled out while their internal organs disintegrated. 


	Many of the significant discoveries about Ebola came from those first two outbreaks in 1976. Scientists determined that the South Sudanese and Zairean epidemics of Ebola were actually unrelated—coincidental, but technically two different subtypes of the disease, Ebola-Zaire and Ebola-Sudan. The Zaire subtype was more lethal, with a 90 percent mortality rate. Ebola-Sudan killed only 50 percent of its victims, which is not as bad, but still horrific.


	Both 1976 African epidemics were tragically made worse by unsanitary conditions in local hospitals, as well as traditional funerary practices in the larger region. In the early days of the outbreak, for example, the village missionary clinic in Yambuku continued its practice of using the same five hypodermic needles repeatedly without sterilization each day. Between 300 and 600 patients cycled through the clinic each day after the outbreak began, so the reuse of these contaminated needles contributed significantly to the early spread of the virus. Local cultural funerary practices compounded the spread until global health officials were able to implement containment and quarantine measures.


	♦♦♦


	Ebola’s origins remain mysterious to this day. After the initial 1976 outbreaks, virus hunters collected and tested a veritable Noah’s ark of animals in an attempt to locate the source of the disease. These included bedbugs, mosquitoes, pigs, cows, bats, monkeys, squirrels, mice, and rats. But none of them showed any signs of the Ebola virus in either Zaire or South Sudan.


	Eventually, scientists were able to demonstrate that nonhuman primates—monkeys, chimpanzees, and gorillas—as well as antelopes and porcupines were susceptible to Ebola and seemed capable of transmitting it to humans. That discovery was underscored by the revelation that Mabalo Lokela, patient zero in the Zairean outbreak, had eaten “bushmeat” (the meat of wild animals, antelope in his case; see sidebar here) while on vacation right before he was ravaged by the disease. 


	In South Sudan, the first person to contract Ebola in 1976 worked in a cotton factory infested with bats. Although the factory bats ultimately tested negative for Ebola following the outbreak, scientists still suspect bats as potential carriers of the disease. Lab-based experiments have shown that bats infected with Ebola do not die or grow ill from the pathogen. This means they may play a role in harboring the virus in a dormant state, contributing to its occasional outbreaks in human populations (see Zoonoses). Four more strains of Ebola have been identified since the two 1976 outbreaks: Taï Forest, Bundibugyo, Bombali, and Ebola-Reston. Only Taï Forest and Bundibugyo, however, have yet been able to infect humans. The Taï Forest strain emerged in 1994, when a scientist contracted Ebola while conducting a necropsy on the carcass of a wild chimpanzee in Côte d’Ivoire. Luckily, the thirty-four-year-old Swiss scientist was quickly transported back to Switzerland, where containment measures prevented an outbreak and rigorous treatment saved her life. The Bundibugyo strain first appeared in 2007 in the Democratic Republic of Congo and Uganda, then again in the Democratic Republic of Congo in 2012.


	Ebola-Reston was the source of a brief but terrifying global scare in 1989. Crab-eating macaques were captured in the Philippines and shipped to Reston, Virginia, for medical testing. When the monkeys arrived, they were found to be harboring a new strain of Ebola. It killed nearly all of them.
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	Macaque monkeys shipped to Virginia in 1989 were the source of a new Ebolavirus variant, named Ebola-Reston.


	




	The residents of Reston, located near the nation’s capital in Washington, DC, were petrified. A biosafety level 4 virus had just arrived on American shores, and near to a major metropolitan area to boot. The world breathed a collective sigh of relief, however, when the strain was identified as unique to nonhuman primates. This means humans can’t get Ebola-Reston. We develop antibodies to it if we are exposed, but we don’t actually generate symptoms.


	If all this sounds a little familiar to you, here’s why: the Reston outbreak was dramatized for Richard Preston’s bestselling 1994 novel The Hot Zone and the 2019 miniseries of the same title from National Geographic.


	The worst outbreak of Ebola, however, was yet to come. In December 2013, a two-year-old child named Emile Ouamouno in a small village in Guinea suddenly came down with symptoms of a bad disease: high fever, vomiting, and diarrhea. The boy’s mother, pregnant at the time, took him along with his older sister to seek care at their grandmother’s house. 


	Before long, the disease crossed over the nearby borders into Sierra Leone and Liberia, though it wasn’t immediately recognized as Ebola. The area frequently experienced outbreaks of diseases with similar symptoms, and initial guesses centered on cholera. Local Guinean doctors told world health officials (who had been alerted to the burgeoning epidemic) they believed a cholera epidemic might be underway. But not all of the symptoms synced up with cholera. The nosebleeds that accompanied the fever, combined with the vomiting and diarrhea, hinted at the disease being something else. 


	Hiccups, of all things, finally gave it away.


	When the organization Doctors Without Borders began examining reports of the Guinean outbreak, they noticed hiccups listed as one of the reported symptoms. (A curious side effect of hemorrhagic fever is the hiccup.) Even then Ebola seemed unlikely, as there had never before been an Ebola outbreak in Guinea. Because Guinean health officials didn’t have materials available in their country to test for the disease, blood samples of infected patients were sent to laboratories in Senegal and France. The results came back decisive and sobering: It was Zaire ebolavirus.


	

	Bushmeat


	
[image: ]Bushmeat is thought to be how Ebola “jumps” to humans.






	Bushmeat is a term used to describe most meat from wild animals in Africa. In Africa, wild places such as forests and savannah are often referred to as “the bush,” which is where the name for bushmeat comes from. While undeniably important as a food source in impoverished regions, bushmeat is also considered highly problematic. Harvesting game contributes significantly to the population decline and even extinction of wild animals in Africa. Over 1 million tons of bushmeat are thought to be consumed in Africa each year. Impacted animals include gorillas and chimpanzees (as well as other primates), elephants, antelopes, crocodiles, fruit bats, porcupines, cane rats, snakes, and pangolin. And eating bushmeat is risky for humans as a potential source of zoonotic disease transfer. For that matter so is hunting bushmeat, where hunters come into direct contact with the bodily fluids of the killed animals. A thirty-five-year study in the Cameroon-Congo Basin concluded that the following zoonotic pathogens were transferred to humans through the hunting or consumption of bushmeat: arboviruses (dengue, yellow fever), monkeypox, HIV, anthrax, salmonella, simian foamy viruses, and Ebola.
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