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Introduction


An underground conspiracy has been quietly targeting the scions of some of America’s most wealthy, accomplished, and educated families. The headline of the December 1, 2016 edition of a key mouthpiece of the elite, The Harvard Crimson, captures one example: MUMPS OUTBREAK GROWS TO 5, CASES SUSPECTED AT YALE.1 The article decried the growth of a disease that had already claimed dozens of victims at the vaunted Cambridge campus over the previous year. Otherwise healthy coeds were reporting to the health clinic in record numbers, complaining of a sore and swollen neck, malaise, fever, and difficulty swallowing. These were the textbook (though rarely encountered in the real world) symptoms of a disease known widely as the mumps (whose etymology reflects its Dutch ancestry for a word meaning ‘grimace’ or ‘whine’). As the infection progresses, some patients require intubation, and about one in ten cases progresses to a swelling of the covering of the brain, a sometimes fatal condition known as meningitis.2 As the number of cases at Harvard increased, reports speculated about the cancellation of the 2016 winter graduation ceremony and possible spread of the infectious disease to their rivals’ campus in New Haven. This broadening of the outbreak was a consequence of the Elis’ hosting of “The Game” (and an unintentional payback for the 21–14 loss handed to Harvard by their rivals just weeks before). The annual football matchup between Harvard and Yale recalls memories of raccoon coats and small bullhorns from a Jazz Age long since passed, but it might in the future be remembered as a turning point that foreshadowed the dramatic rise of a larger malady, which threatens to unleash not just one but a looming constellation of future pandemics.


Unlike most public health crises of the modern world, the affliction at the heart of this book is less likely to affect the blighted poor or dispossessed and more likely to plague the more genteel elements of society, which include individuals with the highest incomes, most prominent pedigrees, and advanced academic credentials. Nor are the symptoms being felt very far outside of the United States. While its roots are British in origin, the problem is manifestly American. The abilities to diagnose its symptoms were honed more than a century ago, but despite, and perhaps because of, the advent of the extraordinary scientific and public health breakthroughs of the late 19th and early 20th centuries, the newly minted physicians of the 21st century are less prepared to deal with the fundamental causes of this disease than their counterparts from the Jazz Age. These symptoms are indications long since written off and include measles, mumps, rubella, chicken pox, polio, bacterial encephalitis, diphtheria, and whooping cough. The disease itself is not these individual maladies, each of which is horrific in its own way, but manifests as a growing forgetfulness of the agonizing and terrifying ailments that have threatened man since time immemorial and are now returning en masse, often infecting an unwitting population that assumes they have already been protected.


The risk is not indeed any of these pathogens but instead reflects a knowing and intentional decision to avoid or delay vaccination against childhood and adult diseases. Many of the nation’s most elite, wealthy, and progressive minds suffer from a false sense of believing they have special insight into truth. They have knowingly jeopardized themselves, their children, communities, and their country by exposing them to life-changing injury and death. Worse still, we now know individual decisions not to vaccinate unintentionally triggered a backlash that collectively threatens all children and young adults, regardless of whether their parents chose to have them vaccinated. The decision to oppose vaccines blurs political lines, as evidenced by a Republican president of the United States calling upon a senior member of the Kennedy family to lead a forthcoming campaign against vaccines.3, 4


The rise of activism against vaccines is not a story of intended malevolence. Quite the opposite; the motives for avoiding vaccination are based on agonizing fears of a different spectrum of diseases, those associated with autism. Consequently, fears of a poorly understood disease rendered future generations susceptible to well-known and easily preventable disorders. This vulnerability has been greatly increased through the intentional fraud of one man, Andrew Wakefield, who has a dubious track record full of inaccurate research methodologies and error-prone data analysis. Although stripped of his credentials and discredited widely and repeatedly by the medical community, both for scientific and ethical lapses, Andrew Wakefield is but the latest symptom of a disease that has been manifest since a time even before the first vaccine was tested.


While the media has largely focused on a small subset of highly visible anti-vaccinators, the campaign against vaccination has rendered the entire American population, both those who have been vaccinated and those who have not, susceptible to a recurrence of common childhood diseases. Worse still, some preventable diseases that are merely annoying in young children can instead manifest themselves as life-disrupting and deadly diseases in older children and adults.


This book conveys a story of vaccine-preventable infectious diseases and the national and global implications of poor decision making, often by a relatively small number of highly educated and powerful elites. The title reflects a recurring theme in the book, which contrasts waves of discoveries of life-saving vaccines against a seemingly inevitable and irrational rejection by fringe elements in the public.


By blending an understanding of the scientific discovery with an evolving view of disease through the years, this book conveys the challenges posed by infectious disease and relates a story of unparalleled successes in vaccines that have raised both the quality and quantity of life for all people. The improvements have been so remarkable that many Americans have long forgotten or never experienced the dread that accompanied each seasonal cycle as different pandemic diseases accompanied changes in weather and interpersonal contact. For example, spring was associated with waves of chicken pox, summer with polio and whooping cough, autumn with mumps, and winter with measles and influenza, to name but a few. These diseases triggered not minor worries by parents about the need to take time off from work to care for a sick child but unspeakable horrors that could shorten or end their children’s lives. Paralytic fear of polio frequently emptied the swimming pools and summer camps of Depression-era America, condemning children to remain indoors and away from friends all summer for fear of contracting a disease that might otherwise sentence a child to a lifetime (albeit a short one) in the dreaded “iron lung.” Such anxiety persisted until the miracles of the 1950s, which witnessed the introduction of waves of seemingly miraculous vaccines.


To properly understand the impact of vaccines, it is necessary to recall the devastation wrought by infectious diseases before the invention of the vaccine. Going back as far as ancient Egypt, we rediscover the history of various infectious diseases, starting with smallpox. This disease shared the nefarious property of being both highly infectious and comparably deadly and likely killed more humans throughout history than any other cause. The early chapters convey the symptoms and transmission of smallpox as well as the personalities that both defined the disease and laid the groundwork for its eradication. The little-known events leading up to the discovery of the smallpox vaccine represent some of the more fascinating discoveries in the post-Renaissance era, sweeping away long-held superstitions. The characters involved in these discoveries are as interesting for their intrepidness, curiosity, and motivation to protect those they love as for their fundamental contributions to science or health. The 18th-century discovery of the vaccine laid the groundwork for a Herculean task two centuries later to utterly eradicate the disease from the planet, an achievement that arguably surpasses all other human achievements.


The early example of a smallpox vaccine provides a backbone to a larger story of a never-ending war against infectious diseases, a conflict as old as life itself. We evaluate the nature of our allies and enemies and the struggles against these opponents in a never-ending war. Our most important partner is a remarkably complex and adaptable immune system, a virtual organ comprised of trillions of individual proteins and cells that patrol the body in a manner nearly identical to the most sophisticated modern military organization, including the use of guided missiles and deadly forms of chemical warfare. This natural army within each of us evolved over the epochs of time to attack potential pathogens.


Counted as both friend and foe are massive numbers of microorganisms, including bacteria and viruses. As our understanding of these tiny pathogens has increased, so has our appreciation for the complexity of what it means to be human, as each of us is composed of more microbial cells and DNA than human cells and DNA. Most of the bacteria and even viruses we are in constant cohabitation with are benign and provide essential services. We are presently in the midst of an exciting renaissance, begun only within the past few years, of understanding ourselves afresh within the context of these interactions with our microbes. Accumulating knowledge reveals the essential roles microbes play in defining an ever-increasing array of “human” functions, from the most elementary roles in assisting the digestion of foods to regulating emotions and even personality. When these relationships go awry, as with any other relationship with an intimate cohabitant, a breakup or quick hookup with a new and different partner can spell disaster. Our knowledge of diseases caused by a misfiring microbiome is increasing, almost by the day, and includes obesity, heart disease, breast cancer, and susceptibility to various infectious diseases, the last of which remains historically the largest mass killer in human history.


The past decade has witnessed a dramatic uptick in the emergence of infectious diseases, not simply those caused by exotic pathogens such as the Zika or Ebola viruses but also those caused by familiar and preventable childhood pathogens. Rather than rising to meet this new challenge with existing and proven measures, the response, if any, has been lackluster. The airwaves are more likely to resonate with the concerns expressed by well-intended but misinformed big personalities, such as Jenny McCarthy or Donald Trump, both of whom embrace the “anti-vaccinator” movement. Likewise, a quick search of the local bookstore or web retailer is more likely to reveal long-debunked yet pervasive works glorifying disproven links between vaccines and autism or spectacular claims of conspiracy. The rising volume of vaccine denial, which tends to focus on the refuted link between vaccination and autism, has generated a self-propagating meme that has increased the tenor and virulence of conversation about the need for proper vaccination. The volume and advocacy of false facts by an obnoxious and loud minority has overwhelmed the fact-based attempts by credible sources to expound the extraordinary health benefits of vaccination.


Unfortunately, the scientific community has largely demurred from confronting these loud disagreements. Specifically, most scientists, physicians, and educators have been trained to objectively analyze data and reach principled and defensible conclusions and thus have correctly dismissed the call of anti-vaccinators as “crackpots.” A recent conversation with a key vaccine specialist about the vaccine denial subject elicited a typical response that this has been scientifically refuted and thus is no longer an issue. Despite the technical accuracy of such responses, the messages conveyed by the anti-vaccinators continue to resonate with the key demographic, including educated and affluent parents. The consequences of the failure to follow through with keeping current with childhood vaccination recently passed a tipping point that could threaten the health of our nation if not reversed. In fact, I was in part motivated to write this book upon learning of an outbreak of mumps at nearby University of Missouri. Similar outbreaks have been documented at Harvard, Yale, the University of Washington, and many other institutions over the past year.


I serve as an associate vice chancellor and professor at Washington University in St. Louis, one of the top five medical schools in the nation. As such I have been witness to and have been actively engaged in the science, public health, and policy implications of vaccine denial and the real-world outcomes of failing to vaccinate. Since earning a doctorate from Duke University as an immunologist, I have split my career between the biopharmaceutical industry and academia, most recently leading drug development at Yale University before joining Washington University in 2014. My responsibilities have included leadership of two of the world’s leading biomedical research centers, which share the responsibility of analyzing and supporting drug and vaccine research and development.


Prior to Yale, I lived in suburban Washington, D.C., working within its thriving biotechnology community. These experiences include leaving a tenured professorship at Purdue University to help guide a medium-sized biotechnology start-up by the name of MedImmune into a large biotechnology juggernaut of the industry. In 2006, I left MedImmune to take on the challenge of leading research and development for a start-up company focused on emerging infectious diseases. In this role my time was spent leading research and development of new medicines for diseases that were largely unknown to the public (at the time) but which we knew were percolating in the background, representing threats from nature and man (since a major focus of the company was bioterrorism, a subject addressed in this book). The primary focus of my work at the time was the Ebola virus, a pathogen that came to the public’s attention due to a natural outbreak in West Africa. My charge at this company also included the development of medical countermeasures for Marburg virus, Rift Valley fever virus, chikungunya virus, Lassa fever virus, dengue fever virus, and pandemic influenza viruses, all of which have been implicated both as bioterrorist weapons and as naturally occurring events. To paraphrase one of my former CEOs, a past head of the secretive Defense Advanced Research Projects Agency (DARPA), “Mother Nature is a most dangerous and inventive terrorist.”


During this same period, I was a witness to, and a reluctant participant in, a series of incidents that vaguely recall the situation with vaccines today. In the early autumn of 2002, while attending a company meeting, my administrative assistant quietly slipped me a note stating there had been multiple shootings in and around Silver Springs and Olney, two communities in northern Montgomery County, Maryland. These shootings were not far from my home outside Olney and the school where my daughter had just started kindergarten. Just after announcing the news to the team and dismissing the meeting, I found myself speeding towards my daughter’s school while radio news constantly updated the ongoing story of the shootings, which tracked ever farther northwards and nearer the elementary school. Tracking on a parallel course just to the west, I arrived at the elementary school, ran to its front door, and was confronted with the terrifying reality that the school appropriately was subject to a lockdown. Standing alone in such a prominent and exposed place created an exceptional vulnerability. After a frantic spate of door knocking, I was eventually recognized as a parent (and not a sniper) and let in to fetch my daughter.


Over the next three weeks, the D.C. sniper attacks riveted the nation. An early lead in the investigation surfaced from a witness in Silver Springs, who noted a late-model white box truck near the first shooting.5 Later witnesses of other shootings, both on that fateful first day and thereafter, confirmed the presence of a white box truck at the time of each shooting. Within hours, the entire Eastern Seaboard was actively seeking (or avoiding) white box trucks. Anyone living in Montgomery County during that time can recount stories of loading groceries or refilling gas tanks, when the appearance of a white box truck triggered a duck-and-cover instinct or the famous zig-zag walk, both of which became almost ritual practices meant to avoid being the next victim of “the sniper.”


With hindsight, we now know the conveyance for the snipers (you may recall there were two, not one) was not a white box truck but a dark blue 1990 Chevrolet Caprice sedan (about as different a vehicle from the suspected white box truck as one can imagine).6 As much angst as the sudden arrival of a white box truck had triggered in the Washington suburbs in that autumn of 2002, it must have been even more troubling for the many legitimate drivers of white box trucks, as the news and traffic reports of the day were replete with stories of countless vehicles pulled over (snarling the already atrocious traffic of the Beltway) and drivers interrogated by nervous officers at gunpoint.


From the first moments of the attack, the idea that a white box truck was responsible for the sniper attacks was burned into the minds of well-intended witnesses all throughout D.C., the Eastern Seaboard, and nationwide. The initial reports were corroborated by honest witnesses seeking to assist in the investigation. However, if anything, the “chatter” generated by such spurious leads only served to delay the identification of the correct vehicle. Indeed, the linkage of the snipers with the blue sedan provided the essential breakthrough that triggered the suspects’ arrest and abrupt conclusion of the crisis.


A similar phenomenon has occurred with the vaccine-autism link. In recalling the first time their child demonstrated overt symptoms of autism, many parents linked the disease with a recent vaccination, particularly when prompted to do so. However, pediatric vaccination schedules are about as ubiquitous as white box trucks in metropolitan Washington and about as relevant to the investigation of the causes of autism. Nonetheless, the belief in the vaccine connection is often staunchly defended and perhaps represents a tangible source for blame by frustrated and devastated parents. Such is the genesis of a challenge that has furthered the magnitude of the overall pain of autism by promoting an avoidance of vaccines in a misguided attempt to protect children. Instead, these choices have endangered not only their own children but also their friends, siblings, neighbors, and, if allowed to fester, quite possibly the entire nation’s health.


My feeling of vulnerability while standing in front of the elementary school and believing the snipers were nearby pales in comparison with the vulnerabilities being faced every day by innocent victims who have no realization of the health dangers they face. It may be shocking for many to learn that most of the collegiate victims of the recent and ongoing resurgence in measles, mumps, rubella, and other outbreaks were in fact immunized against these diseases as children. Like virtually all types of medicines or any other product one can envision, vaccines wear out. As we grow older and gain experience with an expanding number of foreign microbial intruders, the immune system can focus less and less on any individual pathogen (or vaccine), particularly those last boosted years or decades before. Eventually, it becomes a “use it or lose it” proposition, and absent using it, the immune system tends eventually to lose its ability to respond.


The slow decay in the ability of the immune system to recall recognition of pathogens is compounded by a phenomenon discussed among vaccinologists and referred to as “the herd effect” (or social immunity). Sparing the reader the agonizing details and mathematical modeling that distinguishes the field of epidemiology, the herd effect can be visualized as a protective shield that arises when a large fraction of a population is rendered insensitive to a particular infection. If enough of “the herd” (or any community of individuals) is adequately protected, then even the unprotected will find a safe harbor from that pathogen. However, when the herd is thinned, sometimes even by just a small number, the consequences for the entire population can be disastrous, instigating a dangerous domino effect. This explanation is demonstrated by the current situation with measles, mumps, rubella, and a cadre of additional infectious agents that threaten not just our children but all Americans and indeed the entire planet.


Part of the concern with the rise of childhood diseases reflects the fact that while some pathogens, such as the virus that causes chicken pox (varicella zoster virus), cause a relatively minor rash that tends to resolve after a few days, the disease is far more aggressive in teens or adults.7 Not only is the severity of the skin rash increased but common responses include a potentially fatal swelling of the brain (known as encephalitis) and inflammation of the joints. Much worse is the situation with a mumps virus infection of teens and adults, which can trigger bouts of inflammation in or near the testes that render their victims sterile.


My goal for this book is to convey the stories of the remarkable history of science, technology, and disease that helped eradicate many of the deadliest plagues known to man. I also intend to convey the reality that the victory against vaccine-preventable diseases is not durable and they could reemerge like B-movie antagonists to kill or maim more victims. The ground covered will also highlight current and future challenges being confronted by the vaccine community, including old threats and new, including Ebola, Zika, antibiotic-resistant infections, and other deadly emerging and reemerging pathogens.


Not only do I seek to present the history of vaccines alongside the history of deadly pathogens and the role they’ve played in human history (toppling empires as well as causing intense heartbreak and loss on individual levels) but I also seek to shine a light upon the long history of vaccine hostility. Many readers might be surprised to learn that anti-vaxxers have always been around, even before the first vaccine was introduced in the 1790s. It might seem like a modern phenomenon, but in fact the history of vaccines is impossible to tell without discussing how each breakthrough has been hindered by a vocal pushback. The fears underlying this resistance have too often counterweighed the hope a new vaccine might bring. Such pushback was prominent even at times when diseases like smallpox or polio could devastate entire families or doom innocent children to short lives spent in a black lung. Too often, we dismiss the fringe elements of the anti-vaccine movement because they have not directly experienced the devastation wreaked by maladies such as polio or measles. However, the damage has clearly been done, as evidenced by the rising incidence of these deadly scourges. Although efforts have been expended to convey the benefits of vaccines, the hopes referred to in the title of this book have been trumped by a fear of an invisible menace perceived as worse than infectious microbes—namely, autism. These more negative sentiments have been winning the day and now present very real dangers to our societies and our families. So perhaps we need to look back at history—specifically to the history of vaccine naysayers and fear mongers—to help us as members of our community, in education, medicine, or in public health. In doing so, perhaps we can help develop a better approach to convey and appreciate the extraordinary benefits and hope that vaccines have imparted upon modern society.




1


Pox Romana


Most historians concur that the middle of the 2nd century of the current era (C.E.) was the apex for the most dominant realm the world had yet known (and would not witness again for millennia). The Roman Empire had emerged from the crisis of the Roman Republic and a period of intense civil wars which were finally concluded with the victory of Gaius Octavius (soon to be known as Augustus Caesar) over Marc Antony at the Battle of Actium in 31 B.C.E. Over the following century, the empire continued a campaign of merciless expansion, geographically, militarily, and in terms of what we today refer to as soft power, including cultural, architectural, and artistic contributions. A two-century period of relative calm demarked the Pax Romana (from the conclusion of the Battle of Actium through 250 C.E.). Unbeknownst to its citizenry, the end was nigh.


A strong central government (it was a dictator-run empire, after all) had committed substantial investments in vital infrastructure, including roads paved with innovative forms of a breakthrough composite material known as concrete (opus caementicum) that allowed for the building of large and durable buildings and roads, many of which remain fully functional two millennia later.1 Larger buildings increased the density of modern cities, and Rome itself is estimated to have housed as many as a million people in the 2nd century,2 a feat that would not be reproduced in Europe until the latter days of the Industrial Revolution. However, the combination of unprecedented mobility and population density would ultimately conspire against the empire.


The revolutionary new road system permitted Roman citizens to travel and emigrate peaceably from as far north as the city of Eboracum (the present-day city of York, England) to Hieraskaminos on the Upper Nile (near contemporary Aswan, Egypt). Throughout this four-thousand-mile trip, a Roman citizen could interact with merchants using a common tongue and utilize the same currency throughout her travels and remain confident of her personal safety under the protection of a Roman militia, whose garrisons or relay stations were interspersed at fixed points and protected the traveler from the privations of highway robbers. This system in turn facilitated trade, both within the empire’s provinces as well as with distant lands such as the Indian subcontinent (by land or sea) and China (via the Silk Road). This same transportation system also greatly hastened the speed by which these travelers could spread disease throughout the Western world.


A period of such remarkable unity brought forth by these technologies was thus fated to implode, largely under its own weight. While the greatest causes of the Roman Empire’s decline have been the subject of considerable erudition, from Edward Gibbon in 1776 onwards,3 the smallest causes were quite literally microscopic and tied to a part of the empire that rarely if ever entered the history books or thoughts of even the most erudite Roman statesmen.


The ancient city of Seleucia is located on the west bank of the Tigris River, deep within the heart of the ancient Fertile Crescent. Lest the modern reader mistakenly assume that local turmoil in this region is a feature unique to our own time, this region, twenty miles southeast of downtown Baghdad, has remained a hotbed of political and military instability for millennia.


Three centuries before the usurpation of the Roman Republic by the empire, Seleucia was a hinterland of an empire aggregated by Alexander the Great.4 Having secured his Hellenic possessions within a greater Macedonia, Alexander crossed the Hellespont in 334 B.C.E. with the goal of challenging the power of the Archaemenid Empire of Persia, which was ruled by Artashata, also known as Darius III. The Persian ruler and his vast holdings had been the target of Alexander’s father, Phillip II of Macedon, who used the Persian desecration of the Athenian temples a century earlier as an excuse for conquest. After Phillip’s assassination, an act for which Alexander is occasionally and probably unfairly implicated, Alexander began to realize the opportunities arising from a Persian conquest.


Leading a group of brilliant generals (later known collectively as the “Diadochi,” from the Greek word for ‘successors’), Alexander bested army after army, first at the Battle of the Granicus, near the site of ancient Troy, and a year later at the Battle of Issus in southern Anatolia.5 The Battle of Gaugamela in present-day Iraqi Kurdistan sent Darius into retreat, this time for good as the disgraced commander was murdered by his cousin, the Satrap Bessus. Rather than being relieved of a burden of his most dire enemy, Alexander was angered by Bessus’s rash actions, in part because greater prestige could have accompanied Darius’s becoming his prisoner and because the Macedonian leader had gained great respect for Darius. Consequently, Alexander had Bessus tortured and executed for his crime.6


After destroying the primary Archaemenid force and subjugating Bessus’s army, Alexander’s forces entrenched at a minor village on the western bank of the Tigris River in preparation for an invasion of the Indian subcontinent.7 During this period, Alexander’s expansionistic urges were slowed by the homesickness of his generals. The Diadochi were overcome not just with a longing for their homeland but by concerns that Alexander had embraced the habits of the civilizations he’d conquered perhaps a bit too much and, as a result, had “gone native.” As the armies prepared for one long, last push into India, the army was also fighting a malady altogether different from homesickness.


Alexander’s troops were encountering a disease endemic to the region. Specifically, the occupation of the Tigris River valley region was accompanied by a regional infection, characterized by a contemporary as “a scab that attacked the bodies of the soldiers and spread by contagion.”8 This is generally presumed to be an early written description of smallpox, a disease that slowly marched through Alexander’s army and would continue to play a prominent role throughout much of history.9 The much-anticipated Indian campaign itself would grind to a halt in 327 B.C.E. in large part because of the toll taken by smallpox upon Alexander’s troops. The commander himself may not have been exempt from the suffering (the records are insufficiently precise to verify such a diagnosis two and a half millennia later).


Though Alexander and his army survived the 327 B.C.E. smallpox epidemic, both were greatly weakened. The Indian campaign was abandoned, and Alexander focused his efforts closer to home (though not Macedonia, much to the chagrin of the Diadochi, but rather the region known as the Levant). Still not fully recovered from the strain imposed by smallpox four years earlier, the 32-year-old commander began complaining of fever and exhaustion in the early days of June 323 B.C.E. These symptoms progressed rapidly, and the young general was dead within a week. The premature passing has prompted all types of explanations, ranging from natural causes (malaria, typhoid fever, West Nile fever) to man-made (poisoning and alcoholic liver disease). While two and a half millennia precludes a definitive diagnosis, it seems likely the physical toll paid by the previous encounter with smallpox contributed to his later susceptibility and early demise.10


The sudden death of the world’s most charismatic and successful young dictator was unsurprisingly followed by a period of extended turmoil. Within days, the Diadochi turned upon one another in an attempt to sway the succession.11 Waves of intrigue, assassinations, and internecine fighting failed to resolve the vacuum left by Alexander’s absence, and the once-great empire fractured into a series of successor states that dotted the region throughout the remaining Hellenistic period. Despite periodic attempts, these never again coalesced into anything resembling a unified domain.


One Diadochi commander of the cavalry, Seleucus, was appointed Satrap of Babylon and quickly began to consolidate and strengthen his grip upon the central regions of the former Persian Empire. Seleucus renamed the site of Alexander’s former resting spot on the west bank of the Tigris after himself. Seleucus and a string of his successors progressively extended the domains of the Seleucid Empire for the next two and a half centuries. At its peak, the empire encompassed most of modern-day Iraq, Iran, Pakistan, Afghanistan, Israel, Lebanon, Syria, and Turkey, as well as parts of India. While impressive when viewed on a map, the political and military power of the Seleucid Empire was largely illusory and constantly overstretched.


The fragile grip of the Seleucids became apparent in the late 3rd century B.C.E. when delusions of grandeur drove its shortsighted leaders to emulate the deep power of Alexander’s realm and establish a partnership with a new generation of Macedonians. The now-minor Hellenistic kingdom of Macedon, led by a descendent of another of the Diadochi, struck an alliance not just with the Seleucids but also with the Carthaginian general, Hannibal.12 Hannibal, one of a handful of personages in history whose strategic and tactical prowess could accurately be compared with Alexander’s, was the bane of the Roman Republic. The Carthage-Macedon partnership came at a high-water point during the Second Punic War, as Carthaginian troops occupied much of the Italian peninsula. It seemed merely a matter of time until the upstart city-state of Rome would succumb to Hannibal’s offense.


Yet looks could be deceiving. Despite the appearance of a winning position, Hannibal was in the third year of an arduous attempt to engage the Roman consul Quintua Fabius Maximus Verrucosus in a decisive battle.13 The Fabian strategy avoided a pitched battle at all costs and instead sought to wear down Hannibal through attrition, a tactic that has been successfully replicated many times, including by the American generals George Washington and Robert E. Lee. The tactic remains quite effective in modern times as evidenced by experiences in Afghanistan. Nonetheless, the avoidance of a decisive battle was highly controversial, and the Roman Senate, hinting at cowardice, sacked Fabius in favor of another commander who would espouse a more direct approach to dealing with Hannibal. Such folly led to the appointment of the more aggressive Gaius Terentius Varro as consul. The sought-after battle was soon gained and resulted in a decisive defeat of Varro in 216 B.C.E. at the Battle of Cannae (a name synonymous with a resounding victory still to this day). Returning to a Fabian strategy, Rome survived Cannae and outlasted the Carthaginian invaders, whose troops were far from home with overextended supply lines and surrounded by hostile locals. By 201 B.C.E., the Romans had brought the war across the Mediterranean Sea to Carthage, to the defeat of Hannibal. These events allowed Rome to become the unchallenged superpower of the central and western Mediterranean.


All the while the Roman and Carthaginian forces were wrangling over the Iberian Peninsula and North Africa, the eastern Mediterranean remained a cauldron of geopolitical instability. In the months following the extirpation of Carthaginian power in the Second Punic War, Roman concern turned eastwards. The Romans had scores to settle with the old Carthaginian allies, the Macedonians. In the years the Romans were forced to focus their efforts upon containing Hannibal, the Macedonian threat had been countered through an alliance with the Aetolian League, a loose confederation of Greek city-states in central Greece and a longtime rival to the Macedonians (employing the approach of the enemy of my enemy is my friend). Victory against Hannibal meant that the Romans could now concentrate upon the Macedonians, and they were swiftly and soundly defeated in 197 B.C.E.


The Aetolians might have been rid of their long-standing Macedonian rivals, but they now had to contend with the powerful and ambitious Roman victors. The Aetolians had always viewed the Roman alliance as one of convenience based on a shared enemy, and the presence of Iberian soldiers on Greek shores soon dissolved whatever friendship had existed. As the alliance between the two realms rapidly deteriorated, the southern Balkan peninsula again dissolved into chaotic political and military clashes.


The resulting perception of a power vacuum in Greece might have repelled a pragmatic leader of a paper tiger such as Seleucia but instead triggered visions of grandeur by the Seleucid king, Antiochus III. The delusional leader clung to the belief that expansion into Europe in general, and Macedonia in particular, would create an opportunity to equal the glories of Alexander the Great. However, Antiochus’s views of his own greatness were soon ended by decisive defeats at the hands of the Romans at the Battle of Thermopylae in 191 B.C.E. (this battle is not to be confused with the more famous Spartan-Persian battle near the same site a few centuries before, nor the six other battles of the same name fought since then). In the Romano-Seleucid version of the Battle of Thermopylae, the domination of a small Roman army against a much larger Seleucid force foreshadowed the even more strategically important Battle of Magnesia a year later. The resulting peace treaties with the Roman Republic stripped the Seleucids of much of their conquered lands, including not only the loss of their European possessions but the loss of most holdings on the Anatolian peninsula as well.


The Seleucids were not only humbled by the Romans, but the revelation of their inherent impotence rendered them subject to intermittent cycles of discontent, civil war, and then insurrection. Repeatedly, new pretenders promised to restore the glory of earlier days, only to be later disabused of the notion by the superior arms of neighboring Roman forces.


Although not a direct vassal of Rome, the reduced Seleucid “empire” was well within the Roman sphere of influence, and Seleucid leaders remained constantly on tenterhooks in recognition that restiveness in the Levant could cause their larger neighbor to snuff out what remained of their fledgling yet marginally independent realm. Unfortunately for the Seleucids, the chaos that continues to characterize the Tigris and Euphrates river valleys even today has ancient roots, and the Seleucids were no better at quelling unrest than any other occupying power, before or since. By the beginning of the 1st century B.C.E., Seleucia had devolved into a failed state manipulated by larger neighbors to the south (the Ptolemaic Egyptians, a Hellenistic colony) and north (Pontus and Armenia), who sought ways to distract and bleed forces from their mutually shared Roman enemy.


Eventually, these distractions drove Pompey, the great military general and member of the ruling triumvirate (along with Julius Caesar and Marcus Licinius Crassus), to put an end to the Seleucid nuisance once and for all. The utter eradication of the Seleucids and the subsequent carving up of their remaining lands at last quieted some of the disorder as the Romans ceded the lands of Seleucia to other vassal states and minor regional powers.


The Parthians were one example of a minor client state that benefited from the fall of Seleucia. These people arose from a group of nomadic tribes in the north and eastern regions of Persia, and they had been a long-standing rival of the Seleucids. The weakening and eventual elimination of the Seleucids by the Romans provided an opportunity for the Parthians to expand their holdings. The lands encompassing Seleucia transferred into Parthian hands. As it was with the Seleucids, however, the term empire is an overstatement, as the Parthian holdings were arguably more a confederation of satraps and lacked a strong central power.


Consequently, the Romans were again faced with instability on their strategic southeastern flank, this time from the Parthians. This required intermittent reintroduction of forces to police the regions of the Fertile Crescent over the next two centuries. An otherwise humdrum round of local interdiction in the mid-2nd century C.E. would unexpectedly undermine the mighty Roman Empire and catalyze its downfall.


Gaius Avidius Cassius was the scion of a powerful family with a strong and prestigious bloodline on both sides.14 His father was a Roman politician, whose maternal ancestors included Herod the Great, Gaius Cassius Longinus (the same Cassius as profiled by Shakespeare, whose intrigues culminated in the assassination of Julius Caesar), and Gaius Octavius (father of Caesar Augustus). Gaius Avidius Cassius embodied a genetic lineage that encompassed both the major protagonist and antagonist in the Roman transition from republic to empire. In a world not known for outbreeding, his maternal lineage included both Cassius and Octavius, as well as Marcus Vipsanius Agrippa, an architect of notable fame and the general who plotted the defeat of Mark in the Battle of Actium.


Given his high birth and marshal familial history, it is unsurprising that Gaius Avidius Cassius, who was born in Syria, rose quickly through the military ranks. In 161, he was commanded to lead Roman legions to quell an uprising by the Parthians and to sack their capital in Ctesiphon. During this campaign, he marched his troops down the Euphrates River valley and attacked the Parthians at the town of Seleucia (just across the river from Ctesiphon) in the year 165. A few days after a pivotal battle in which his troops decisively defeated the Parthians, a small number of soldiers began to fall ill with symptoms that included fever, diarrhea, and eruptions of the skin. Looking at the geography (the same location where Alexander’s army had encountered the same disease), symptoms, and rapid spread of the disease, modern epidemiologists have largely concluded that smallpox was again responsible for the outbreak.15, 16 Within weeks, this so-called Antonine Plague (later named because it began during the reign of Emperor Marcus Aurelius Antoninus) would begin to burn up and through the empire.


The plague spread quickly by exploiting the same innovations that facilitated the growth of the empire during the Pax Romana. A combination of improved transportation, urbanization, and emigration propagated the expansion of smallpox from a localized epidemic to an empire-wide pandemic. Evidence these improvements accelerated the disease is supported by the fact that within a year following the occupation of Seleucia, the Greco-Roman physician Galen described the symptoms of the disease (facilitating the attribution to smallpox by epidemiologists two thousand years later) as it struck the city of Rome in 166.17 Undoubtedly, the higher population density that had been facilitated by improved building technologies and urbanization unintentionally expedited transmission of the pathogen among the citizenry. The exact extent and impact of the Antonine Plague remains a subject of academic disagreement, but virtually all concur as to its devastation. Low estimates of the plague’s mortality rate cite 7–10 percent of those infected, which would translate into approximately three to five million people killed across the empire (though census figures are unreliable, given the large number and mobility of citizens, slaves, and emigrants within the expansive empire).18 At the other extreme, the 19th-century German historian Otto Seeck claims the Antonine Plague killed more than half the population of the Roman Empire within the fifteen-year period spanning 165–180.19 Putting this into perspective, a comparable plague in the modern United States would cause more than 150 million deaths, which would be equal to the deaths of every person in forty-three states (all save Ohio, Pennsylvania, Illinois, Florida, New York, Texas, and California).


Without question, the plague altered day-to-day life for virtually all living in the empire. A leading 19th-century historian of Roman law and economics concluded, “The ancient world never recovered from the blow inflicted on it by the plague which visited it in the reign of Marcus Aurelius.”20 Among other things, the living and dying were preyed upon by charlatans. Quack remedies for the plague proliferated and took advantage of a terrified populace. Such behavior is alluded to by the Emperor Marcus Aurelius, who, in his Meditations, conveyed that the disease was less deadly than the lies and malicious intent of those lacking understanding of the pestilence.21 Sadly, the emperor himself would ultimately be counted among the victims of the plague, succumbing to the disease in the year 180. His death brought an end to a period characterized as the rule of the Five Good Emperors: Nerva, Trajan, Hadrian, Antoninus Pius, and Marcus Aurelius.22 Thereafter, a suffering nation was governed by a series of selfish, imperious, and ineffectual leaders, dooming the Western world’s only superpower.


The Spotted History of Smallpox


As historically devastating as the Antonine Plague was, it was hardly the first time that humanity, or even the Mediterranean basin, had experienced the desolation caused by smallpox. Modern genetic-based modeling suggests the disease jumped from a rodent to humans between 16,000 and 48,000 years ago, somewhere in or near the Gold Coast of Africa.23 From there, the disease began a relentless northeastern progression through Egypt and the Middle East, into the Caucasus and China. Despite and perhaps because of the familiarity of our species with smallpox, which might have seemed commonplace to many, descriptions of the disease are largely undocumented by most of the oldest extant written sources, such as the Old Testament or Egyptian papyri. However, lesions consistent with smallpox have been detected on Egyptian mummies, including that of Ramses V, who died more than a millennium before the Antonine Plague.24 The high density of people in the Nile River valley likely facilitated the propagation of the disease, and trading with other civilizations perpetuated its spread throughout the ancient world. Another river valley, that of the Indus in modern-day India, also hosted endemic smallpox, and trade with the ancient Egyptians or Chinese might have introduced the pathogen to the subcontinent.25


Some modern historians speculate that the Plague of Athens might have arisen from a smallpox pandemic that had its beginnings in Egypt.26, 27 This particular plague stands out in history because it arose in the midst of, and influenced the outcome of, the Peloponnesian War. As an overly brief summary of that conflict, the two antagonists, Sparta and Athens, utilized very different strategies centered upon their individual strengths. Sparta was a land power, and their soldiery was feared throughout the region. In contrast, the Athenians were a seafaring power that flourished largely because of trade with the many other city-states and civilizations found throughout the Mediterranean world. The Athenian leadership recognized the mutual mismatch: Athens could not compete with Sparta on the land, and Sparta was no match for the Athenian fleet. In response, the celebrated Athenian leader Pericles adopted an approach of building great defensive embattlements around Athens and succoring the city with seaborne supplies. The surrounding farmlands were to be harvested and the farmers brought inside the massive fortress with the intention of waiting out the inevitable Spartan sieges. Pericles was confident in this approach, as Athens could be provisioned by trade with other coastal city-states, while the Spartans would be compelled to squander precious manpower and resources on maintaining the siege.


Pericles could not have realized that his innovative strategy would be undermined by unwanted microbial guests. As documented by the father of modern history, Thucydides, the plague was rumored to have started in Ethiopia before entering the Hellenized lands of Egypt, which was a major trading partner for Athens. Thus, a Periclean strategy based on trade with Egypt and other Greek city-states hastened and magnified the spread of disease. Compounding the issue, a high population, which was exacerbated by the refuge granted to the peoples outside the Athenian defensive walls, increased the efficiency of transmission once it gained a toehold within the Athenian redoubt. The spread of the disease was so rapid and pronounced that the besieging Spartans became disconcerted by the constant burning of funeral pyres within Athens and lifted the cordon. Their fears further caused them to temporarily suspend all military and nonmilitary interactions with the Athenians in an attempt to prevent the infection from spreading to their own camps.


Based on written reports and mass graves excavated in the area, the victims of the Plague of Athens might have included more than half the Athenian population. Prominent among these were the great leader Pericles himself, who was joined in death by his entire family. Despite the lifting of the siege, the disease combined with the sudden loss of Pericles’s leadership to undercut the influence of the Athenian resistance to Sparta thereafter. Indeed, Thucydides writes that the social fabric of Athens disintegrated during the epidemic as citizens stopped respecting authority and obeying the law and social conventions, such as caring for afflicted family and neighbors and following religious authority. The societal unrest effectively neutered the once-mighty Athenians for at least a generation. The Plague of Athens was unquestionably a disaster for the Western world. While smallpox seemed to have played a role, additional or alternative microbial pathogens, such as typhoid fever and typhus, likely also contributed to the epidemic.28 Indeed, the lowering of individual and public health by one disease, especially during times of war, often encourages the rapid expansion, and synergy with, other infectious diseases. Nonetheless, these results suggest smallpox might have played a role in destroying both of the great pillars of ancient Western civilization.


A New World


Through a combination of luck and circumstance, new microbial pathogens are constantly challenging hosts new and old. A virus that lives in one species, say a bird, might change (mutate) ever so slightly such that it can now infect a human. Alternatively, a virus-infected member of one species might introduce the disease to another, for example by serving as its prey. Many such examples have and will continue to occur, as evidenced by an ongoing avian influenza (H5N1) epidemic throughout much of Asia, as well as the recently established monkey-to-human transmission of HIV (most likely the result of a hunter being bitten by bush meat) in the early 20th century. We will return to this subject in greater detail in subsequent chapters, but the dynamism of infectious disease has been and will remain a constant feature afflicting human civilization.


A long-standing theory of infectious disease epidemiology is that the introduction of a new pathogen into a population or species conveys a more pathogenic or deadly form of disease. One tenet of this idea holds that if a particular microbe became too aggressive, in its frenzy to feed it would likely kill or incapacitate its host in a short enough time that its food would be exhausted before the pathogen could be propagated to its next victim (and so the first meal would be its last). Such a high-morbidity and -mortality virus would “burn itself out.” Such outbreaks would therefore remain local and easily maintained, much as we had seen with the Ebola virus until recent years.


Following this line of logic, a less lethal form of a microbe may ironically cause a more dangerous disease to the larger population. Viewed a different way, more danger can arise when a pathogen becomes slightly less obnoxious so that it does not kill the host until after it can spread to others. If the disease is easily spread and death or sterility (i.e., the failure of the host to reproduce) is the outcome, then the microbe could again destroy the entire host species, its food source, in a relatively short period of time. Thus, a well-mannered and long-term-minded pathogen will seek to farm its food and harvest only when needed.


As a consequence of these dynamics, a microbe is best served if its virulence or ability to infect the host is moderated (known as attenuation). Clearly, microbes are not sentient beings that make conscious decisions to slow their growth or diet. Under the assumption we are all at least vaguely aware of DNA and the ideas of mutation, then this process could offer an explanation. To readers familiar with the concept of genetic mutation, attenuation explains why. Worse still, a well-mannered microbe still faces competition for this same food source from its more obnoxious cousins, who may still be in a frenzied state of feeding. Thus, the microbe encounters a situation that is identical to the economic problem known as the tragedy of the commons, first described by William Forster Lloyd in early Victorian England and popularized by Garret Hardin in the 1960s.29


Fortunately, a parallel form of evolution in the host species can help resolve the microbial version of the tragedy of the commons. It is widely appreciated that genetic diversity is a good thing. Anyone who has visited a major zoo has likely heard the story of the cheetah, a species where a past population crisis (i.e., where many animals die off) about ten thousand years ago caused a genetic bottleneck—an event that limits genetic variation in a population. This fundamentally threatened the future viability of the entire species.30 Although the causes of the cheetah crisis are not clear, the bottleneck event might have consisted of a sudden environmental change and/or contact with an obnoxious new microbe. Regardless, the genetic diversity of the survivors quickly dropped by at least 75 percent. As a second example, we are well aware of the problems associated with consanguineous mating when siblings or close cousins produce an offspring. Indeed, most modern countries have laws limiting the ability of an individual to marry a close relative, since the progeny of such matings tend to display recessive traits that rarely improve the stock.


This raises the question of why genetic diversity is so important. Let’s consider an example inspired by mixing and matching a few theological viewpoints: If God created an individual (or two) specifically to live within a privileged environment (the Garden of Eden), then why bother to continue the process of DNA mutation and evolution? The best answer, to which any Buddhist can attest, is that the world is subject to constant change. The future will be peopled by those who can adapt. Another pretty good response to the question derives from the reminder that all individuals (even bacteria, as we will soon see) are constantly forced to fight off pathogens.


Though we will return to the subject of genetic bottlenecks many times throughout this book, it suffices to say that genetic diversity is one way to increase the likelihood that a species will not be wiped out by a new microbial pathogen. If a population of organisms (let’s say people) is sufficiently diverse from the standpoint of genetics, then the odds are (and it is all a statistical gamble) that some individuals will be more prone to survive an epidemic than others. When a large enough population has sufficient genetic diversity, then a Darwinian-like selection should allow the more robust population bearing a trait (also known as a phenotype) to survive, and perhaps even thrive, in the face of an obnoxious microbe. The survival of both the host and pathogen thus depends on the ability of the host to maintain enough genetic diversity to provide enough time for the microbe to learn how not to destroy its host.


A comparable form of parallel evolution of both the pathogen and the host has occurred with smallpox. As the virus continued to burn through the Middle East and Europe throughout the Middle Ages, the death toll slowly waned, and those people who were less prone to die (even slightly so) had more of an opportunity to pass along this decreased susceptibility to their progeny. These dynamics progressed towards an equilibrium in which the virus could be stably maintained in the human population without threatening the fundamental survival of the human species. Individuals might succumb to the disease, but mankind itself would survive. As such, the populations of Europe, Africa, and Asia experienced a rapid (known as punctuated) form of evolution over the past few millennia, in which the survivors were somewhat more adapted to survive smallpox than individuals who lived ten thousand years ago would have been. Something very different happened when smallpox was turned loose in a population in which the most susceptible individuals had not been subjected to multiple generations of selection. Such a disaster was experienced just over a half millennium ago all throughout the Western Hemisphere, with tragic consequences.


Coming to America


From its beginnings, America has always been a nation of immigrants. Even the “native Americans” and other indigenous peoples of the Western Hemisphere are relatively recent arrivals. Thus, while many Americans refer to the “Old World” in terms of European migration, the reality is that North America was subject to rounds of immigration from the “Old-Old World” in the form of migration from Asia. Until quite recently, it was believed that ancient humans began migrating to the New World no more than fourteen thousand years ago, largely as a consequence of the last great ice age.31 The widely held idea, conveyed by countless textbooks and documentaries, was based upon the hypothesis that the colder climate caused much of the planet’s northernmost oceans to become encased in ice, which served to both lower the ocean levels and create an ice bridge, known as the Bering land bridge or Beringia, between eastern Siberia and Alaska. As the ice bridge melted, but before it disconnected the two continents, a warmer climate provided just enough vegetation and animal life to nourish the travelers during their expeditions to the New World. This idea recalls depictions of a great migration by thousands of people trudging relentlessly over the ice sheets through gales of blowing snow, intent upon the great opportunities waiting for them in the Western Hemisphere. Until recently, there had been general agreement within the scientific community that some travelers embarked upon an odyssey that progressively led them south through North, Central, and finally South America. More recent findings cast doubt as to whether this image accurately conveys the primary mode of conveyance.


The Clovis peoples (named for an archaeological site near Clovis, New Mexico), used tools that readily identified them as immigrants to the New World. By analyzing the tools and other unique aspects of the Clovis culture, archaeologists and anthropologists could track their spread not just from north to south but also from east to west as they populated the large landmasses of the Western Hemisphere. Given the vast distances involved and the time (measured in scores of generations) needed to cross these on foot, it was largely assumed that the regions farthest from Alaska, namely the steppes of Patagonia, could not have been populated more recently than 12,500 years ago.


A convergence of information from many fields has identified inconsistencies in the popular theory associated with the Clovis peoples and their crossing of the great ice land bridge. First, carbon dating of archaeological evidence reveals bones, feces, and other detritus of humans in Patagonia more than 14,600 years ago (before the presumed opening of the Bering land bridge). From the results of recent meteorological studies, the timing of the Bering land bridge was inconsistent with the environmental conditions that the travelers would have required to access the necessary vegetation and animal sources needed to provide food, clothing, and shelter. Limitations in the availability of food, clothing and shelter would also have limited the number of people who could be provisioned to cover the considerable distance from habitable portions of Siberia to comparable climes in North America. Perhaps the most basic inconsistency is that artifacts linked with the Clovis culture have never been found in Alaska or the Canadian Yukon even though these have been found in Oregon, the American Southeast (as far as Florida), and in Patagonia.32


Although a frozen land bridge cannot be excluded and might indeed have contributed to the population of the Western Hemisphere by some early humans, many scientists now favor an idea that the Clovis population, or perhaps earlier settlers, might have entered the Americas along the coasts in boats in multiple waves of migration rather than within the limited timeframe needed for a land bridge crossing.33 Indeed, a 2017 bombshell study of an archaeological site in Southern California by scientists from the San Diego History Museum suggested that humans might have arrived in the New World 130,000 years ago, presumably by sea.34


Analyses of genetic ancestry reveal that many native peoples of North and Central America share genetic material with north Asians (especially the native people of modern-day Siberia and Taiwan). In contrast, some Amazonian tribes are more closely related to Australasians.35 A sea-based migration, at least by modern standards, would likely have involved small boats, which is consistent with the limited genetic diversity of the immigrants to the New World, whose founding numbers might have been measured in the hundreds or thousands.


The mode of transportation is not a minor consideration for our story, because understanding the means of movement impacts our understanding of genetic diversity. Rather than swarms of people crossing a land bridge, much of the Western Hemisphere might have been peopled by handfuls of migrants arriving from north or south Asia on rickety boats. This is combined with the unfortunate reality that these Asians had split from their Eurasian relatives before the latter were infected with smallpox. Both were ingredients that put a disaster in place. In addition, while the number of immigrants able to make the journey was limited by the size of the boats, a further reduction of genetic diversity arose as some individuals did not survive the arduous journey before passing along their genes to a new generation. Make no mistake, these were a hearty people, who proved able to conquer two entirely new and hostile continents. Indeed, Charles C. Mann’s opus, 1491, makes a strong case that far from a racist European view of Amerindians as “noble savages,” these first peoples were capable of extraordinary technical and engineering feats.36 However, the selection pressures on the surviving population that first populated the Western Hemisphere had not included resistance to diseases like smallpox.


Within a relatively short time (in a geological and anthropological sense), the population of the Western Hemisphere grew rapidly as people spread from west to east and north to south (and south to north if some travelers arrived by boat and landed in South America). Estimates of the number of pre-Columbian native Americans vary widely. On the low end, the population of the New World might have peaked at a low level of 1,000,000.37 At the other extreme, the 1968 book The Population of Miexteca Alta, 1520–1960 states that more than 25,000,000 people lived in the Mexican plain alone (not including the rest of North America or South America).38


The new tenants of the New World were likely not the primitive noble savages romanticized by many European conquerors but a wide variety of sophisticated cultures. For example, early Amerindians shaped and cultivated the land extensively. Consistent with this idea, archaeological evidence reveals that the system of mounds located just across the river from St. Louis, known as Cahokia, was a sophisticated metropolitan and religious center for the Mississippian culture, which extended from the northernmost lands of modern Minnesota to the Gulf of Mexico and from the Atlantic Ocean to the Missouri River valley.39 The ruins at Cahokia reveal an advanced culture with sophisticated astronomical landmarks that aided agricultural planning (much as Stonehenge did for the Bronze Age Britons) and copper metalworking that supported the manufacture of intricate religious items.


Despite these achievements, the relatively low genetic diversity of these thriving civilizations (as compared with their Eurasian counterparts) made them susceptible to outside microbial challenge. The landing of Columbus and other Europeans triggered a comprehensive and rapid collapse in the population and infrastructure that had supported human life on the two continents of the Western Hemisphere.40 Much as we saw with the Romans, the existence of a more modern transportation and urbanization infrastructure provided a superhighway to facilitate the spread of diseases brought along by the newly arrived Europeans. Within the half century separating 1492 from the time in which Hernando de Soto became the first European to gaze upon the almost uninhabited regions of the lower Mississippi River, much of the population had already been decimated by waves of disease. These diseases were spread by the vital interactions among tribes that ranged up and down the Atlantic and Pacific coasts and into the heartlands. The considerable contacts among the different native peoples, much like the Roman highways, facilitated the spread of diseases, decimated entire civilizations, and rendered those remaining susceptible to subjugation. Chief among these pathogens was smallpox.


Smallpox was endemic throughout the classical world by the time of the ancient Egyptians, Greeks, and Romans. While bouts of disease continued to claim many lives, the population had been culled such that the threat to human civilization was problematic, to be certain, but no longer existential. From the cold, analytical standpoint of a population scientist, smallpox in the Old World had been rendered into something greater than a Eurasian annoyance, albeit a fatal one, but less than a society-ending apocalypse. For the natives of both Americas, who lacked prior exposure to the virus, and who were subject to a relative genetic bottleneck, the virus was to prove much more problematic.


Smallpox was introduced into the New World by a Spanish sailor most likely in or around 1507, though rather dubious accounts of the time tend to point the finger at African slaves as the culprits.41 By 1520, smallpox had been transported beyond the Caribbean islands and entered the continental Americas. Just over a quarter century after Columbus first set sail to the New World, a pandemic was raging throughout the Americas. As we have seen with the Romans, the organization and technologies that facilitated the transportation and urban sophistication of the natives rendered them particularly susceptible to the spread of disease. Evidence for this vulnerability can be seen by the fact that disease efficiently decimated virtually all native cultures on two continents, ranging from the extreme northeastern provinces of Canada to the tip of Patagonia, all within a few generations. By its conclusion, a lethal combination of smallpox and other Eurasian diseases likely claimed the lives of as many as 90–95 percent of all New World natives.42 The physiological collapse of individual smallpox victims mirrored governmental and societal collapses, much as was reported by Thucydides during the Plague of Athens. This rendered the few survivors susceptible to conquest by the likes of Hernando Cortes and Francisco Pizarro. Rapid depopulation might in part have explained the open spaces witnessed by de Soto and other early European explorers and settlers; they were unknowingly witnessing infrastructures that had been created and maintained for centuries but which had quickly fallen into disrepair after their stewards were killed by a stew of infectious microbes introduced in the early years of the 16th century.


The irony is that while the devastation of smallpox was wreaking havoc in “the New World,” the Old World was embarking on the first of a series of scientific revolutions that would eventually eradicate the disease altogether. Sadly, these achievements were not to be put into widespread practice until after the microbe-based genocide had taken its toll on the first peoples of the Americas.


Variolation


The first intentional and successful intervention in the long war against smallpox was recorded more than a thousand years ago. A scholar of East Asian history, Joseph Needham of Cambridge University, attributes the first attempt to prevent smallpox to a basic tenet of Taoist medical philosophy.43 According to Chinese tradition, the medical community had, since at least the year 1000 CE, adopted a practice of “nasal insufflation” to prevent smallpox. The idea behind this procedure was to isolate scabs from individuals who had suffered relatively mild cases of smallpox. This material was dried and refined into powder that was blown into the nose of healthy children. Over time, this practice became a ritual to mark a milestone of a child’s life (probably marking five years after birth). These children might display some or all of the symptoms of a mild form of the disease, but the ancient Chinese recognized they would be spared the severity of extreme scarring and death that might accompany an infection later in life.


The geographic proximity of the abutting Turkish civilization, assisted by the ease of transport afforded by the Silk Road, eventually allowed them to learn of the practice of nasal insufflation.44 It appears that the details of the procedure had been carefully safeguarded for as long as a half millennium by passing along the knowledge in an oral, but not written, form. In a tragic case of poor timing, nasal insufflation was first introduced into the Eastern parts of Europe at a time roughly coincident with the beginning of the Columbian voyages to the New World, which originated at the other end of the continent. Consequently, the practice arrived too late to prevent the tragedy conveyed by Spanish soldiers and sailors that would ravage the native population of the Western Hemisphere. Over the next two hundred years, the Ottomans increasingly experimented and refined the practice, preferring a subcutaneous introduction of the infectious material (jabbed just under the skin) rather than up the nose. This practice came to be known as variolation.


Despite the heavy toll smallpox continued to impart upon western and central Europe, leading minds were not particularly inclined to embrace what seemed to be a highly unhygienic practice. Indeed, the venerated Royal Society of London was inundated with reports from multiple sources of the Chinese and Ottoman practices by 1700 but chose not to act upon this information. Nonetheless, individual acts of bravery and foresight allowed a handful of quite remarkable personalities to convey the life-saving procedures that would save the lives of thousands.


Prominent among these early advocates was the remarkable Lady Mary Wortley Montagu, wife of the British ambassador to the Ottoman Empire and a talented figure, who excelled as a writer and poet.45 Lady Montagu had lost a brother to smallpox and herself had suffered severe scarring from an infection with the pox in 1715. During her travels throughout the Ottoman Empire, she learned of variolation, a technique preferred by the Ottomans in which smallpox material was introduced into a scratch in the skin. While variolation would cause an infection, the symptoms were generally less severe and conferred immunity thereafter. As a demonstration of her belief in the practice, Lady Montagu in 1718 volunteered her four-year-old son, Edward, for inoculation by an experienced and elderly Greek woman.46 Apparently, she strong-armed the embassy surgeon, Dr. Charles Maitland, to witness and document the procedure. The doctor reluctantly agreed and watched with considerable discomfort as the old woman introduced the dried scabs into the child’s arm with a rusty and dull needle. Dr. Maitland then utilized a more pristine lancet to do the same to Edward’s other arm. Over the following few days, Dr. Maitland remained discomforted, as he had been sworn to secrecy. As it happens, Lady Montagu had elected not to inform her husband, Ambassador Edward Wortley-Montagu, of the risky procedure that had been conducted upon his only male heir until at least a week had passed and the fear of danger to the child had expired.


Upon returning home, Lady Montagu broadly advocated for variolation and, as a person of considerable prominence, gained the attention of her friend Caroline of Anspach, the Princess of Wales and future queen to George II. Amidst a particularly obnoxious London epidemic in 1721, Lady Montagu demanded that Maitland inoculate her daughter, Mary, who was four years old at the time. Back home in Britain, Maitland initially resisted this request, since variolation was regarded to be an “eastern” or “Asian” practice, which could sully his reputation.47 Ever subservient to Lady Montagu, Maitland eventually agreed to do so but only if the procedure was witnessed by prominent members of the Royal College of Physicians. At least one of the witnesses, Dr. James Keith, was so impressed that he had Dr. Maitland variolate his only remaining son (all others had died from smallpox).48


Within weeks, the news of variolation spread through the London medical community and among the gentry. Soon thereafter, the Princess of Wales (who possessed an intellect for science and a strong propensity for advocacy every bit as strong as Lady Montagu’s) demanded that an experiment be conducted on prisoners held at London’s Newgate prison. Three men and three women prisoners were subjected to inoculation and observation. To verify the protective effect, one of the women, a nineteen-year-old by the name of Elizabeth Harrison, was compelled to care for patients in the town of Hertford, where a particularly aggressive outbreak of smallpox was burning through the region. Elizabeth was in close contact with at least two patients, including sleeping every night for six weeks in the bed of a ten-year-old infected boy. Elizabeth remained healthy, and she was later released from bondage for her service. The following weeks bustled with experimental activity, including a somewhat unsuccessful and widely publicized attempt at the Chinese practice of nasal insufflation. In the end, Maitland’s approach (actually, the elderly Greek woman’s approach) of subcutaneous delivery of smallpox residue became accepted practice.


The use of smallpox variolation was initially adopted by the wealthy and educated population of London, largely based on the advocacy and prominence of Lady Montagu and the Princess of Wales. As we will soon see, this outcome sits in stark and ironic contrast to a modern wrinkle in which wealthy and educated individuals tend to resist vaccination. As with any new medical procedure, there were many bumps along the road, as evidenced by high-profile deaths and improper technique. The conventional (for early-19th-century Europe) but inaccurate understanding of the immune system suggested that deep punctures would confer a more lasting immunity. However, this deeper form simply increased the degree of discomfort and lowered the efficacy of variolation, and the elderly Greek woman’s technique (credited to Dr. Maitland) ultimately regained favor.


Meanwhile, on the other side of the Atlantic, variolation was advocated by a personality and intellect comparable to that of Lady Montagu. Cotton Mather is best remembered today as a 17th-century paragon of intolerance. One of his earliest publications, the 1689 treatise Memorable Providences Relating to Witchcrafts and Possessions, detailed the possession by evil spirits of every child—save one—born to Bostonian mason John Goodwin.49 The literal evildoer was identified as the family’s neighbor and housekeeper, an Irish Roman Catholic indentured servant by the name of Ann Glover. The housekeeper was accused of possessing Mr. Goodwin’s eldest child after the child accused her of stealing the linens. The evidence included the unfortunate statement that the servant’s husband had claimed she was a witch just prior to his death. Mather continued that the accused old woman (described in Mathers’s writings thereafter as “the Hag”) responded to the child’s accusation of stealing her laundry with an outburst of vulgar language (though the record suggests Ann did not speak English and the child did not speak Irish). Nonetheless, the trauma triggered a series of convulsive episodes in the girl. More troublingly and in a seeming chain reaction caused by the supposed hex, some of Mr. Goodwin’s other children began to act out in the coming days. Despite the clergy’s attempts to exorcise the demons by reciting biblical passages, the possessions seemed a form of particularly dark witchcraft, as it caused the children not to hear the sermons or other parental requests. Upon questioning, Mrs. Glover apparently was tricked into admitting she was an atheist (i.e., a Roman Catholic) and that she prayed to a set of figurines (idols of Catholic saints). As pious Puritans, Mather and the prosecutors recognized the figurines as powerful conveyors of witchcraft and acted swiftly to contain the danger to the community. During her trial, one pious neighbor recounted that Mrs. Glover routinely came down their chimney and put a hex on his wife. Laying to rest the worries of the God-fearing families of early Boston, the witch was hanged on November 16, 1688, and her story was memorialized by Cotton Mather as a means to identify future witches. Ann’s story became the prototype for a series of events that would occur four years later and just down the road from Boston in what would become known as the Salem witch trials. Ultimately, history would recognize Ann as the first Catholic martyr in New England, and her memory is preserved by a plaque at the site of her Boston home.


What this story fails to convey is that Cotton Mather was actually one of the most progressive and iconoclastic thinkers of his time. Evidence for this arose from a conversation regarding variolation that Mather had with his slave, Onesimus, who was gifted to Mather by his congregation.50 The reality that Mather owned a slave doesn’t seem progressive to modern readers (in his diary, he records he did not seek out this gift but later refers to his good fortune to be given a slave as a “mighty Smile of Heaven”). Mather, despite being a slaveholder, at least had some regard for Onesimus, which distinguished him as relatively progressive for this time and place. As it happened with many of the unfortunate victims of slavery, it is difficult to trace the lineage of Onesimus, who was named so by Mathers based on a slave mentioned in the Bible.51 A common attribution cited by some academic sources suggests that the man was a “Guaramante,” which has been referenced by some to indicate a person from the Akan or Twi people of the Gold Coast (now Ghana) in West Africa.52 Such an origin for Onesimus would be consistent with the fact that most slaves sent to North America were native to a swath of coastal lands ranging from west Africa or west central Africa. However, the practice of variolation at the time was largely restricted to the extreme eastern and southern regions of the African continent, as well as the lands north of the Sahara that were occupied by the Ottoman Turks (who, as we have seen, were relatively early adopters of variolation).53 Other sources suggest that the Guaramante people represent a tribe in what is now southern Libya.54 This alternative origin would be geographically closer to Ottoman lands but raises the question of how Onesimus had had the misfortune to become enslaved and shipped from the Gold Coast.


Regardless of these geographical considerations, it is clear that Onesimus conveyed the advantages afforded by variolation. In 1714, Mather wrote a letter to the Philosophical Transactions of the Royal Society (of London), to which he was the first American colonist to be elected:


I had from a servant of my own an account of its being practised in Africa. Enquiring of my Negro man, Onesimus, who is a pretty intelligent fellow, whether he had ever had the smallpox, he answered, both yes and no; and then told me that he had undergone an operation, which had given him something of the smallpox and would forever preserve him from it; adding that it was often used among the Guramantese and whoever had the courage to use it was forever free of the fear of contagion. He described the operation to me, and showed me in his arm the scar which it had left upon him.55


Mather further maintained that Onesimus instructed him as to the best means of conducting the procedure, which again demonstrates the exceptional intellect of the slave. Mather sought out and spoke with other African slaves, who similarly advocated the advantages of inoculation. In the early spring of 1721, Mather inspired a period of experimentation with variolation that was triggered by an obnoxious outbreak of smallpox in Boston. Mather invited the town’s physicians to attempt the new technique, but, despite his renown in old and New England, Mather was soundly rebuffed. He continued advocating for variolation to Boston’s leading families and haranguing local physicians as a group and individually. Eventually one Bostonian doctor, Zabdiel Boylston, relented and inoculated his six-year-old son and two slaves.56 By that time, Boylston had already gained a reputation as a bit of a maverick. In 1710, he was the first American-trained physician to perform surgery (removing a gallbllader stone). In 1718, Boylston became the first surgeon to successfully remove a breast tumor. Word spread of the audacious experiment with inoculation and became the talk and consternation of Bostonian society. Within a few days, Boylston felt pressured enough to announce the success of the procedure in a June 1721 edition of the Boston Gazette.57


Almost immediately, letters and cries of denunciation were directed at both Boylston and Mather. The primary accusation was that the procedure would propagate smallpox. Quite different arguments questioned the morality of intervening in the providence of God.58 Unbeknownst to Boylston, Mather had already obtained reports from his Royal Society colleagues about the successes being achieved in London with variolation (recall the efforts by Lady Montagu). In an attempt to assuage nerves, Boylston also announced the English findings in a later edition of the Boston Gazette. By then, the local furor over variolation grew to the point where a grenade was thrown though Mather’s bedroom window. The bomb failed to explode but contained a note with the words:59
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