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Praise for Kill Switch



Kill Switch by Richard K. Burt, MD, is a thoroughly researched, scholarly history of the relationship between humans and viruses beginning with smallpox, several centuries ago, and ending with COVID-19. It is written for the general public, with scientific concepts explained in layman’s terms and copious historical background that is not typically available in routine sources. This book details the efforts of humanity to do battle with viruses over centuries, revealing the mistakes and subsequent corrections in the process of understanding viral etiology and the production of vaccines and antiviral drugs. Dr. Burt is an alumnus of the NIH, a leading physician-scientist in the field of bone-marrow transplantation, and a scholar of the highest integrity. This stunning book reveals the complexities of vaccine and drug production, as well as the good and poor decisions made by healthcare leadership up to the present day. It is truly a gift to the American people and should be read by everyone.

—Miriam C. Poirier, PhD, Scientist Emeritus, National Institutes of Health, National Cancer Institute, Laboratory of Cancer Biology and Genetics

Professor Burt has been a national, award-winning leader in the development of new treatment of autoimmune disease using stem cell transplantation for decades. His inventive treatment paradigms have advanced an entire field to the great benefit of many patients. As such, he understands innovation from the physician-scientist’s point of view. This vantage allows Dr. Burt to guide your remarkable journey down a wandering path of insight, innovation, and discovery that leads to amazing and important breakthroughs in vaccines. His writing style is crisp and witty and engaging. Enjoy your journey!

—Charles Link, MD, FACP, Executive Chairman of Syncromune, Inc. USA

For me, Kill Switch was fascinating and hard to put down. Loaded with information on science, medicine, history, and politics, it is easy to read and well suited both for the medical professional and layperson alike. Well referenced and well written, Dr. Richard Burt presents the facts and allows you to draw your own conclusions as to whether the COVID-19 pandemic was indeed created in a Chinese lab with US taxpayer dollars.

—United States Congressman Dave Weldon, MD

This book is written by a physician-scientist who pioneered novel advances using stem cells for autoimmune diseases. Using his honed bench to bedside skills, Dr. Burt transports us into the world of viruses. Remarkably close to us and even together with us, there is a unique and constantly changing microworld of viruses that has a dramatic impact on population health and influences economics, politics, and public policy. In his extraordinary monograph, Professor Burt performed sophisticated and comprehensive insight into interaction of viruses and human beings. It is a thought-provoking analysis about the benefits and harms of this interaction. Kill Switch is incredibly unique as it may be used both as an encyclopedia about biology of viruses, their evolution, and development of vaccines, as well the thoughtful story about the challenges of the past and present world. With no doubt, this monograph will be of interest to all those who are concerned about the future of mankind.

—Professor Denis A. Fedorenko, MD, PhD, Pirogov’s National Medical Surgical Center, Moscow, Russia

Kill Switch conceptualizes viruses and global pandemics with a renewed vigor and perspective. It transports the audience into the interplay between viruses and the immune system and how that affects us individually and as a worldwide community. Dr. Burt’s book offers a timely reminder of the devastating impact of past viral epidemics and underscores the importance of applying new insights—immunologic and otherwise—to mitigate future public health crises. Dr. Burt’s thoughtful examination of these events, as presented in this multifaceted book, has many aspects and depths to be grasped by different readers and with each new reading. It provides a valuable and accessible synthesis of lesions learned—and those yet to be fully understood.

—Professor Shimon Slavin, MD, Scientific & Medical Director, Biotherapy International The Center for Innovative Cancer Immunotherapy & Cellular Medicine, Tel Aviv, Israel

Richard K. Burt’s Kill Switch exemplifies a passionate commitment to free speech, independent thought, and intellectual courage—qualities crucial in today’s scientific discourse. Dr. Burt challenges orthodox narratives, weaving detailed scientific explanations with significant historical events to enrich readers’ understanding. Although some conclusions are controversial and merit careful consideration, Kill Switch serves as an important conversation starter, inviting further inquiry and debate. As a complement to conventional scientific literature, this book offers a valuable dissenting voice that highlights the necessity of open intellectual dialogue.

—Professor Joachim Burman, MD, PhD, Uppsala University, Uppsala, Sweden

Dr. Richard Burt’s pioneering work for over three decades has propelled science forward in the treatment of multiple diseases. I should know. Dr. Burt’s work on hematopoietic stem cell transplant in treating multiple sclerosis patients saved my own life in 2018. In Kill Switch, a doctor and world-famous researcher provides a factual, dispassionate, and illuminating telling of the history of disease discovery, research, and treatment, from COVID-19, to AIDS, to HPV, to yellow fever. Dr. Burt speaks from deep inside the medical and scientific world to the reader outside the medical and scientific world about both the most beneficial and most controversial historical moments of disease discovery and treatment—ones many magazines have been too afraid to cover. Dr. Burt never shields the reader from controversial facts, such as the FDA continues to allow the use of animal cells for vaccine production or that some study participants for disease have been intentionally left untreated to observe them and advance the interests of science. Dr. Burt doesn’t tell the reader how to interpret this information. He doesn’t think for the reader. He only gives the reader the knowledge, all the knowledge, so that we can think for ourselves. Here is a doctor who treats both the patient and the reader as his intellectual equal, one whom he believes has a right to know the truth about how disease treatments were discovered. All the truth.

—Professor Sandra Didi, MA; University of Texas, Fellow for the Association for the Study of Middle East and Africa; Analyst for the US Military

Dr. Burt is a pioneering researcher and doctor. At the beginning of the COVID pandemic, I was fortunate to meet him on a plane flight. He informed me of NIH funding virus gain of function research in Wuhan, China. The fear to say anything other than that of the White House and lay media narrative was so palpable that within my own department when I mentioned Dr. Burt’s information, I was warned not to repeat it. What went wrong in our society that even a chief of police would be made to fear asking honest questions? Over time, more information trickled out confirming what Dr. Burt had told me. In this book, only Dr. Burt can explain the history of science behind COVID and vaccines that leaves the reader with a logical and realistic understanding of what happened. There are many lifesaving lessons gained in this outstanding read. For people to have confidence in our institutions, we need people with integrity and courage to report the good and the bad. Enjoy your read, you will learn a lot that was not said.

—Richard Smith, Chief of Police (retired), Kansas City, Missouri

Dr. Richard Burt’s Kill Switch makes insightful and thought-provoking reading for anyone interested in learning about the role of viruses in shaping history throughout the ages, how governments have responded to their threats, and how scientists have managed to harness their power to the benefit of humanity. By wrapping history around science, it makes both topics interesting. A refreshingly honest book you cannot set down—worthy of a Pulitzer.

—Professor Basil Sharrack, PhD, University of Sheffield, United Kingdom

Kill Switch provides a highly readable history of viruses in human history. The book takes complicated scientific and medical ideas and translates them for the average reader. In telling this history, Dr. Burt makes unexpected cultural connections in the discovery of and treatment for different viruses, and when the book examines the origin of COVID-19, the story transforms into a medical thriller.

—Associate Professor Tod Chambers, PhD, Feinberg School of Medicine, Northwestern University, Chicago, Illinois

This book should be read by all medical students and health professionals, but also by laypeople and politicians to capture “How Viruses Shaped Humanity” and why life on our planet is more complex than wishful thinking. Kill Switch is a token of the vast knowledge of the author, Dr. Richard Burt, that will guide the readers through the looking glass into a deeper world. A splendid tribute based on facts, science, history, and compassion to human inquisitiveness when entering an invisible realm that alters our world. The question may be asked: Which side of the looking glass is real, and which is an emergent phenomenon?

—Professor Domique Farge, MD, PhD, Hospital St-Louis, Paris, France







Proviso: There is a submicroscopic world of viruses and smaller world of atoms that exists next to and within us. They affect and alter our life, society, and destiny. Scientists who enter that realm are daring greatly to benefit humanity. They are human with human fragilities and fears. If they stumble, become fixed in a single mind frame, or lost in their rabbit hole, they should still be respected for their courage to seek answers, but neither should the lessons learned be ignored. As such, this book should not be twisted to imply or conclude that any person mentioned herein set out on their trek to do intentional harm. On the contrary, the motivation behind this book is to show how good intentions may break bad, to provide a historical perspective for how we arrived at this junction, to stimulate independent thinking, and to empower our children as they and their children face the unknown without us.
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FOREWORD ECCLESIASTICAL: By Monsignor Tomasz Trafny, Former Head of Science and Faith Department at the Pontifical Council for Culture, Vatican, Italy


Medical research has reached levels of sophistication that within the same medical knowledge multiple ramifications have arisen of such complexity that doctors themselves are unable to follow anything but a few particular specializations. Often, people without medical training not only fail to understand the language, but do not even grasp the general concepts that frame the health conditions of themselves or their loved ones. On the one hand, therefore, one has the impression that medicine is turning more and more into a hermetic knowledge, far from nonexperts and, consequently, inaccessible to the majority of people. However, it would be difficult to find even a single human person who has never felt the need for this “special” knowledge in his or her life. We all feel that our lives are marked or even pervaded by the ever-changing diseases that require the intervention of the “possessors” of that hermetic knowledge we commonly call “doctors.”

Dr. Richard K. Burt’s book is a rare example of an extraordinary ability to communicate difficult concepts in an engaging, captivating, and understandable way, making them accessible to “laymen.” A comprehensible image of the efforts undertaken to eradicate certain diseases is outlined through the historical background, the presentation of the scientists and institutions behind complex medical research, the tracing of socio-economic contexts, and the ethical questions that arise every time scientific experimentations are done. At the same time, at the front of the reader, an important horizon of reflection opens up on progress and its price, understood not only in terms of the sacrifice (commitment) of thousands of researchers, but the actual sacrifice of human lives for a variety of reasons, unfortunately sometimes simply economic.

Scientific research, in fact, is an arduous endeavour often marked by multiple failures and errors that are not silenced in this book. On the contrary, pointing out some of them helps in addressing important ethical questions about how to prevent possible tragedies. In a more general context, it is a question that concerns each of us. How many times, in fact, have we made a wrong choice or taken a misstep with irreparable consequences? How many times have we thought if I could stop everything to avoid a disaster? Science found a possible solution, which is called the kill switch. The ultimate reflection of this book is precisely about this kind of switch that can prevent irreparable damage. Moreover, we should rather talk about a set of kill switches because there are many: the supervisory and control bodies or organizations, the evaluation processes of the results by the scientific community, the involvement of patients (informed consent), the ethical-legal codifications, the procedures to avoid conflict of interest, freedom from the censorship of truth, and so forth.

In addition, the reader will find many stimulating reflections on and explanations of scientific research, as well as multiple ethical questions such as the following: Is research truly driven by principles of altruism and empathy for those who suffer or rather by mere profit? Are we still free individuals who “own” ourselves or has a part of us already been acquired and perhaps patented by some pharmaceutical company or a research institute, after having signed a few disclaimers in preparation for a medical exam? Are we consciously participating in the advancement of human knowledge, or we are simply used as a mere resource of the biological material to be acquired?

Dr. Burt’s Kill Switch raises both our personal and collective awareness. Without similar stimuli for broad societal and cultural discussion and, more importantly, without instruments such as kill switches, it could be that one day the only trace of our existence will be “the immortal drive”—“a record of our digital DNA floating alone in the vast emptiness and silence of space.”







FOREWORD SECULAR: SEPARATION OF POWERS By The Honorable Mark Kirk, Former United States Senator from Illinois, Former Member of the United States House of Representatives (IL-10)


During my tenure serving in the United States House of Representatives and Senate, I upheld fundamental principles that should guide both science and public policy: Trust must be earned, and transparency must be maintained. Dr. Richard Burt’s Kill Switch is a thoughtful and unflinching exploration of how viruses and vaccines have shaped the course of human history and how modern medicine and our systems of checks and balances, though well-intentioned, have sometimes struggled to keep pace with the ethical challenges that come with scientific progress.

In Kill Switch, Dr. Burt takes us on an enlightening and relatable journey to understand the omnipotent viruses and how their vaccine counterparts have shaped public health, policy, and opinion. History reminds us that this viral force of nature has brought about the decline of empires and fueled diseases such as yellow fever, which caused more deaths than combat during the Spanish–American War and compelled a US military response, which led to significant public health advancements. Franklin D. Roosevelt’s personal experience with polio led him to advocate for research and funding for polio treatment and vaccine development. The book Kill Switch details how viruses can arise naturally or from unintentional and intentional human action.

Through storytelling and anecdotal evidence, Kill Switch explores science’s highest standards and greatest achievements while reminding us of the unintentional consequences of good intentions and that even in times of fear and uncertainty, democratic values should never be cast aside. I have always believed in the power of American science, and I worked alongside colleagues from both parties to support it. But science, like the government, must remain accountable to the people it serves. That means asking hard questions, allowing honest debate, admitting failures, and doing a root cause search when our institutions fall short. This emphasis on accountability is needed to reassure the public and instill confidence in the scientific community.

This book also explains how passage of the Bayh-Dole Act in 1980 inadvertently created an inherent conflict of interest. Today, this well-meaning law, designed to accelerate taxpayer-funded medical research, has led to a situation where the NIH, universities, and drug companies share profits, while icing out the taxpayers who paid for it and limiting reward to research scientists whose intellectual prowess invented it, while simultaneously pocketing billions of dollars in profit with little to no oversight or accountability. This situation begs the question: With no ombudsman or independent review body, what could possibly go wrong? A thorough reassessment is needed to understand how taxpayer-funded research has tied together corporate and academic interests and corrupted the bedrock principles of transparency, accountability, and noncoerced consent in medical practices.

Kill Switch is a wake-up call. We are all familiar with the saying about the road to hell being paved with good intentions. It is the role of a “kill switch” to prevent good intentions from straying off course. The Bayh-Dole Act unintentionally violated the separation of powers (monies) between government bureaucracies, universities, and Big Pharma corporations. Separation of power is an important kill switch that empowers individuals and keeps institutions accountable, preventing conflicts of interest that undermine public trust. We should hopefully all agree that in politics and virology, the separation of powers allows sunlight and public accountability. Separation of powers is a potent antiseptic.

I commend Dr. Burt, a valued son of Illinois, himself a product of the National Institutes of Health (NIH) and university life, for offering this work in the spirit of inquiry, not condemnation. He challenges us to examine the past with humility to shape the future with wisdom. As biotechnology creates new carbon-based life forms and as electrical impulses are used to create new metal-based artificial intelligence (AI), the importance of kill switches gains a new urgency. Dr. Burt has reminded us that respecting historical kill switches such as free speech, transparent unforced consent, independent outside accountability, and separation of powers, while incorporating new technologically appropriate kill switches for the unforeseeable complications of the technology that we are creating, is an important conversation. It’s a conversation worth having before it is too late.










INTRODUCTION People do not understand science, because it is presented without the historical scaffolding that built it.—RKB


A kill switch is any check and balance that prevents good intentions from going wrong. During the 1990s, humanity started creating new viruses that never previously existed on earth. This harrowing reality poses a number of serious questions. Have we judiciously thought through what could go wrong? Should a genetic kill switch be engineered into these new viruses?

Traditional kill switches include outside investigation, noncoerced consent, separation of powers, and free speech. While most of us are not allowed to self-investigate, government institutions are routinely charged with investigating themselves. Career government institutionalists thus experience a conflict of interests, because by looking the other way, they can ensure their own reputation, promotion, and job security. A review process located outside of the institution would be the appropriate kill switch against institutional misbehavior, one that would avoid such conflicts of interest. A fundamental kill switch that checks risky or deceitful behavior is transparent, noncoerced consent. Free speech is so sacred a kill switch that it is enshrined in the First Amendment to the US Constitution. Has our system lost respect for these commonsense, operational restraints?

This book is a story of how we ended up where we are when it comes to our relationship with viruses and vaccines. It tells a story of human courage, ingenuity, and success as well as the fear, mistakes, denial, and losses that we’ve experienced on the way. It is an attempt to open peaceful and thoughtful discussion, to provide some peace for the millions who have died during the recent pandemic. It is an attempt to seek some resolution for the many who have lost loved ones, whose families were broken apart, whose spirits were broken, and who still suffer from COVID-19 pandemic post-traumatic stress disorder. Loss and grief progress through stages of denial, anger, depression, acceptance, and finally resolution to help others, even when we cannot help ourselves. May this book facilitate that process.

Viral research and vaccines are surrounded by controversy. The goal is not to say who is right or wrong but rather to present the controversies and to examine how we arrived at this place. The goal is not to blame any one person but to look at the underlying system.

In an attempt to explain viruses and molecular biology (biology at the level of atoms) to the lay person, this book reconstructs the historical scaffolding that got us to where we are today. In doing so, this book demonstrates how viruses are an integral character in the human story.







CHAPTER 1 COVID-19: The Foreboding First Report Words are a violence to protect some by destroying others.—RKB


Dr. Zhang Jixian in Wuhan, China, was the first to notice what subsequently became known as the COVID-19 pandemic. On December 26, 2019, when evaluating images of the lungs from an elderly couple with cough and fever, Dr. Zhang recognized clinical and imaging similarities to the viral SARS pneumonia pandemic that occurred in 2003. (SARS is an abbreviation for severe acute respiratory distress syndrome.)

Dr. Zhang ordered an X-ray of the lung of the couple’s son. It showed the same smoky, ground-glass appearance present in the parents’ lungs, an appearance distinct from the dense consolidation that normally occurs with bacterial infections. Zhang knew that for all family members of different ages to have the same acute lung disease at the same time meant that it was infectious. This pneumonia was later named COVID-19, an abbreviation for coronavirus disease 2019.

Throughout this book, it is important to remember the similarity between the COVID-19 pandemic that started in 2019 and SARS outbreak that occurred in 2003. Both COVID-19 and SARS are caused by coronaviruses (abbreviated CoV). The proper name of SARS is SARS-CoV-1. The proper name for COVID-19 is SARS-CoV-2. SARS-CoV-1 caused the first human coronavirus infection and localized epidemic in 2003 that lasted about six months. SARS-CoV-2 caused a worldwide pandemic that began sixteen years later in 2019 and continues to this day.

On December 27, 2019, Dr. Zhang’s observation of a virus lung infection that mimicked the 2003 SARS-CoV-1 virus was reported to the Wuhan Center for Disease Control. On December 30 the Wuhan Municipal Health Commission released an emergency notice of “pneumonia of unknown cause.”1 In order to control the narrative, the Chinese government substituted the euphemism “unknown cause” for SARS-like pneumonia.


The First Public Report of SARS

On that same day as the official release referring to a “pneumonia of unknown cause,” Dr. Li Wenliang saw a report from a patient in the Wuhan Central Hospital emergency department, in which the words SARS coronavirus was circled.2 Dr. Li informed his medical school colleagues on a private WeChat social media account stating: “7 confirmed cases of SARS were reported from Wuhan Seafood market.” Later Dr. Li posted on WeChat “the latest news is, it has been confirmed to be coronavirus infections, but the exact virus strain is being subtyped.” This information spread on social media like wildfire because the Chinese people knew how lethal the 2003 Chinese SARS epidemic had been.

Four days after his WeChat, Dr. Li was interrogated by the Wuhan Public Security Bureau. The Security Bureau issued a public warning and censured him for the crime of publishing untrue statements about SARS. Dr. Li was forced to sign a letter recanting his statements and was threatened with incarceration for any further “false” information. China Central Television (the Chinese equivalent to CNN) then publicly humiliated and shamed Dr. Li for “rumor mongering,” a “character assassination” technique and misdirection also utilized by our own Western media.

On January 8, five days after his interrogation and humiliation by Chinese police and Chinese Central Television, Dr. Li caught COVID-19 from an infected patient whom he was seeing in Wuhan Central Hospital. To protect his family and avoid their exposure to COVID-19, he did not return home. Dr. Li never saw his family again.

Dr. Li was admitted on January 12 to the medical intensive care unit. On February 6 his blood oxygen levels dropped dangerously low. Because his lungs were unable to oxygenate his blood, he was placed on a heart-lung machine for extracorporeal (outside of the body) oxygenation. Later that evening he died.3 Social media posts using his name were being monitored by the Chinese government to prevent “rumor mongering,” and reports of his death from that day were deleted. In the afternoon of the following day, the hospital announced his death. His wife was pregnant at the time of his death. Four months after his death, his widow gave birth to their son.

The Chinese people demanded a response from the Chinese government.4 The social media posting #WeWantFreedomofSpeech gained two million followers in only five hours before it was taken down by government monitors. Two months after Dr. Li’s death, the Chinese central government reversed itself and declared Dr. Li to be a state martyr who gave his life for the Chinese people.5




Summary

COVID-19 went on to become a worldwide pandemic, killing to date approximately eight million people. To prevent another outbreak, we need to know where SARS-CoV-2 came from. But how does one begin to answer this question? We need to start by first learning about viruses—what they are, when we discovered them, and how human beings have addressed them in the past. As Carl Sagan said, “You have to know the past to understand the present.”6









CHAPTER 2 Viruses: A Transition Between the “Living” and the “Dead” A virus was the original inhabitant of this planet.—The X-Files (1998 film) Blessed is the meek virus, for it inherited the earth.—RKB


Our modern term virus is derived from the Latin word virus, meaning “poison.” This same word is also the root for our word virulent. Viruses have killed hundreds of millions of people throughout human history. The strongest human is nothing compared to a minuscule and seemingly meek virus that cannot be seen even with the most powerful light microscope.

While the word virus has an ominous inference, 8 to 10 percent of our own cell’s genetic structure is composed of embedded viral genes.7 Another 40 percent of our genetic structure is composed of noninfectious virus-like, and perhaps virus-derived, segments, including retrotransposons that can jump or transpose to another region of DNA within the same cell.8 Viruses are invisible ghosts that fluctuate between the dead and the living, lurking in our environment and in our genetic code, and we are only just beginning to unravel their many functions. Is it possible that life started as a virus and that we are the evolutionary descendants of viruses?

Viruses compose the largest biomass on this planet—larger than all bacteria, animals, and humans combined. Case in point, the human gut is full of viruses. It is estimated that one gram (0.03 ounces) of human stool contains one billion viruses.9 Wow! Viruses are a conundrum. They have the propensity to harm and kill us, but we would not exist without them. Because humans and viruses are intertwined, altering viruses has unexpected consequences.


Is a Virus Alive or Dead?

Outside of its host cell, a virus is inert with no metabolic activity and is no more alive than a rock. Inside the host cell, a virus is metabolically active. Depending on the virus and cell infected, it can make its host cell produce and release more than ten thousand copies of itself.

It is debatable whether viruses are alive or dead, because their “life cycle” continuously transitions back and forth between their dead or inert state when they are outside a cell, and their living or metabolically active state when they are inside a cell.10 Viruses may be the evolutionary step or the missing link that bridges the gap between the dead and the living. What came first, the chicken or the egg? The answer may be a virus.




The Size of a Virus

An average human is 1.7 meters (5 foot 6 inches) tall. A human is made up of more than fifty to seventy trillion cells. Our word cell is from the Latin cella, which means “storeroom” (like the English word “cellar”). Cells have a surrounding fatty (lipid) wall behind which everything that makes us is stored and manufactured. The length of a human cell is 0.025 centimeters (25 micrometers). Bacteria are 1 micrometer in size, which is twenty-five times smaller than a cell. In comparison, most viruses are between 10 to 50 nanometers, which is about fifty to one hundred times smaller than bacteria.11

Cells and bacteria were first made visible to the human eye by the light microscope. The single-lens light microscope was discovered in the early 1700s by Antonie van Leeuwenhoek, a Dutch merchant who got the idea after using a magnifying lens to inspect threads of cloth.12 Modern compound microscopes—the contemporary descendants of van Leeuwenhoek’s invention—use two or more lenses and have a magnification a thousandfold greater than the human eye.13

The emergence of the light microscope allowed for the initial formulations of germ and cell theory. Germ theory states that infections are caused by organisms like bacteria and viruses too small to be seen by the human eye.14 The German physician Rudolf Virchow (1821–1902) was one of the educators to promote the use of microscopes. Virchow correctly proposed that new cells arise by the division of preexisting cells.15 It was because of the light microscope that Virchow and many other scientists could make strides in our understanding of bacteria and cells.16 Because of the light microscope, like the “Show-Me” state of Missouri, seeing is believing.

Viruses were too small to be detected by these instruments, which kept them imperceptible to the human eye. However, this does not mean that scientists were unaware of their existence. The field of virology started when Charles Edouard Chamberland (1851–1908) and Louis Pasteur (1822–1895) at the Pasteur Institute in Paris invented a porcelain water filter, now known as the Pasteur-Chamberland filter.17 While bacteria and other larger microscopic particles would be caught in the filter, viruses could still pass through with the water and cause an infection when ingested. This prompted Pasteur and Chamberland to theorize the existence of something smaller than bacteria, leading to the emergence of the field of virology.

The invention of the electron microscope by the German electrical engineer Ernst Ruska in the 1930s confirmed the theories of Pasteur and others concerning viruses. Ruska was awarded the 1986 Nobel Prize in Physics because of his discovery (see Box 2.1).18 Instead of using a lens to bend visible light that has a wavelength of 400 to 700 nanometers (one nanometer equals one billionth of a meter), an electron microscope shoots a beam of electrons that permits one million times magnification. The higher magnification is due to an electron’s wavelength of approximately one nanometer, a hundredfold smaller than the wavelength of visible light. The electron microscope allowed previously invisible viruses to become visible, a boon for the growing field of virology.19 (The three-dimensional structure of the particular viruses discussed in this book are shown in table 2.1.)





	Name

	Virus genetic material (Chapter 8)

	Electron Microscopy Morphology

	Structure (Schematic)





	 

	 

	 

	 




	Smallbox

	DNA

	Brick shaped (football like) with dumbbell core

	[image: A circle-shaped structure of a Smallpox virus with a central dumbbell-shaped core with a DNA strand.]




	Rabies

	RNA

	Bullet shaped

	[image: A rabies virus with a bullet-shaped structure with an internal RNA strand and outer pili.]




	Yellow Fever

	RNA

	Spherical with cauliflower buds

	[image: A Yellow fever virus with a spherical shape and cauliflower-like surface buds and an internal RNA strand.]




	Poliomyelitis

	RNA

	Spherical

	[image: A Poliomyelitis virus structure showing a spherical shape with a textured outer surface and an internal RNA strand.]




	HIV

	RNA

	Spherical with cone or bullseye shaped core

	[image: An HIV virus showing a spherical structure with a cone or bullseye-shaped core.]




	HPV

	DNA

	Icosahedral

	[image: An HPV virus showing icosahedral capsid housing tightly interlocked circular DNA strands.]




	Ebola

	RNA

	Filaments (worm like)

	[image: An Ebola virus structure showing long, flexible worm-like filament with an enveloped RNA core.]




	H5N1

	RNA

	Sphere with club shaped spikes like a crown

	[image: H5N1 virus is spherical with crown-like spikes and an RNA core.]




	Covid

	RNA

	Sphere with club shaped spikes like a crown

	[image: A COVID virus showing a sphere with club-shaped spikes like a crown, enclosing an RNA core]





TABLE 2.1: The morphology or structure and characteristics of viruses covered in the chapters of this book. COVID = coronavirus disease (2019), DNA = deoxyribonucleic acid, H5N1 = a bird flu that can infect humans, HIV = human immunodeficiency virus, HPV = human papilloma virus, RNA = ribonucleic acid.




Box 2.1: The Nobel Prize

Alfred Nobel invented dynamite. His brother Ludwig founded Branobel, the family oil company. Branobel is Russian for “Brothers Nobel.” The Nobel family were called the “Russian Rockefellers.”20 However, they were not Russian. They were Swedish.

A Paris newspaper mistook Ludwig to be the inventor of dynamite, and upon Ludwig’s death, the obituary read: “The merchant of death is dead.”21 According to one account, Alfred, the brother who invented dynamite, was so affected by the newspaper’s headline that upon his own death, he willed his estate to establish the Nobel prize.

Alfred Nobel left one quarter of a billion dollars in today’s money for an annual prize in literature and peace to be awarded in Oslo, and in chemistry, physics, and medicine to be awarded in Stockholm. It is rumored that Alfred excluded mathematics, because the woman he loved married a mathematician.22 In 1895, Alfred Nobel in his last will and testament donated a fortune to Sweden to establish the Nobel prize, not to Russia from where the oil wealth originated.

In April 1920, the Red Army confiscated (nationalized) the Branobel oil fields. One month later, in May 1920, Standard Oil (the Rockefellers) bought most shares of Branobel. Standard Oil incorrectly gambled that the Bolsheviks could not remain in power. A chill traveled down the spine of the wealthy in America for fear that “nationalization” could happen to them.23 Like Branobel had done, the desire by multi-national corporations to monopolize Russia’s natural resources that cover eleven time zones and Russia’s opposition to their desires linger until today.







Virology

Virology is the study of the viruses, including their types, structure, methods of infection, and the diseases they cause. In the early twentieth century, it was discovered that viruses could be made less virulent (attenuated) after multiple passages through an animal host or through animal cells cultured (grown) in the laboratory. From the beginning of the twentieth century until the present day, the field of virology has focused on developing animal hosts and cells to culture and study viruses. The advent of molecular biology during the last half of the twentieth century (see section two) enabled viruses to be further studied and modified at a molecular level, allowing for genetic manipulation.

Compared to a human cell’s genetic structure that contains deoxyribonucleic acid (DNA) (chapter 8), a virus’s genetic structure may consist of either DNA or ribonucleic acid (RNA) (chapter 9). Compared to the human cell that has about twenty-five thousand DNA genes, a RNA virus usually has from one to fifteen genes, while a DNA virus (depending on the virus) usually has from two to two hundred genes.




Vaccines

A vaccine delivers a virus (or part of a virus) into one’s body with the intended goal of prompting the body to establish an immunity to the disease caused by the virus. To start this process, vaccines may contain an alive but less virulent form of the virus, a killed and thus permanently non-replicating and noninfectious virus, or the outer shell protein of a virus (called a virus-like particle), or some of the genetic material of the virus. Vaccines are injected (or swallowed in the case of polio vaccine) to give you immunity against a future viral infection.

Vaccine development markedly accelerated after the introduction of molecular biology techniques in 1960 (see the timeline in Figure 2.1).24 Mandatory vaccinations markedly accelerated after the 1980 Bayh Dole Act gave universities, government bureaucracies, and pharmaceutical companies shared profits in drug and vaccine sales (see chapter 16). The 1986 Vaccine Injury Compensation Program likewise gave pharmaceutical companies immunity from being sued for vaccine-related injuries (see chapter 11).

In 1970, children were typically immunized with only three vaccines (DPT [diphtheria, tetanus, and pertussis], polio, and smallpox). As of 2020, children in America typically receive more than twenty-five vaccinations within the first twenty-four months of life. Babies are now repeatedly vaccinated at one, two, four, six, twelve to fifteen, and eighteen to twenty-three months after birth.25

[image: DNA structure shows nucleotide units with phosphate, sugar, and bases; pyrimidines (C, T) and purines (A, G)]
FIGURE 2.1: The timeline of new vaccine approvals comparing pre-molecular biology era before 1960 and the post-molecular biology era after 1960. Description 1






Summary

Is this rapid increase of infant vaccination saving lives, or have we gone too far and too fast and thereby overestimated our abilities to safely control viruses? What sort of safeguards might allow us to escape from treading into trepidatious inroads? To understand the full significance of these questions and answer them with appropriate circumspection, we need to start with our earliest human interactions with these invisible agents and examine how our antecedents dealt with their ill effects.









SECTION ONE Pre-Molecular Biology Era of Intact Live or Dead Viral Vaccines









CHAPTER 3 Smallpox: The Death of Empires The world’s first vaccine was pus from an infected person’s lesion. The second vaccine was pus from a cow’s lesion.—RKB


The smallpox virus normally enters a person by inhalation through the lungs. The initial indicators are the usual, nonspecific symptoms of most viral infections: a high fever (102 to 104 degrees Fahrenheit), headache, backache, abdominal pain, nausea, and vomiting.

For smallpox, a few days after the fever subsides, lesions begin to appear in the mouth, throat, and tongue, which are followed by flat skin lesions over the entire body that evolve into raised vesicles (small blisters), which then morph into pustules (pus-filled blisters). Smallpox pustules are round, elevated, and tense to touch. Each pustule is the size of a pencil top eraser or pea. The skin lesions may evolve more quickly (modified smallpox), may rarely be flat (flat-type smallpox), or may be associated with diffuse mucosal bleeding (hemorrhagic smallpox).26 Lesions crust over and start to scar after two to three weeks, with those that occur over the cornea (eye) causing blindness due to scarring.27

The most common form of smallpox, which is called usual smallpox, has a mortality rate of 30 percent. The number of pustules in usual smallpox ranges from a few to several thousand. Modified smallpox occurs in reinfected patients or those infected after vaccination. Due to prior immunity, its course is relatively benign. Flat-type and hemorrhagic smallpox have very high mortality rates. Smallpox-related death usually occurs during the second or third week of infection with injury to the lungs, liver, and kidneys.28 There are no effective antiviral drugs for smallpox. Bacterial antibiotics have no benefit in preventing or delaying death.

The name “smallpox” was used in medieval Europe to differentiate it from “large pox,” which is now known as syphilis. A recent book on the devastation caused by smallpox during this period has characterized its lesions as the “speckled monster.”29 Smallpox was so common and feared in Renaissance Europe that it was mentioned in Shakespeare’s Romeo and Juliet. In this play, the dying Mercutio’s last utterance is: “A pox on both your houses,” a double entendre used today to mean that warring factions will bring death to each other and to innocent bystanders.


The Death of Empires

The period of 96–180 AD is often referred to by historians as the era of the five good emperors. Characterized as an epoch of general peace and prosperity, this golden age of Roman history ended under the reign of Marcus Aurelius Antoninus (r. 161–180), the so-called philosopher king of Rome. Even today, Marcus Aurelius’s Meditations are still studied in philosophy classes, including his famous maxim: “The best revenge is to be unlike him who performed the injury.”30

Besides his philosophical prowess, Marcus Aurelius is also the namesake of the Antonine plague (c. 165–180 AD), a devastating epidemic that marred the entire Roman Empire during his reign. In fact, some historians even attribute Marcus Aurelius’s death to this plague.31 Roman legions warring in Mesopotamia likely contracted the Antonine plague during their military skirmishes with the Parthians during the winter of 165 AD. These soldiers suffered from headache, fever, diarrhea, pustular and scarring skin lesions, and trouble breathing. These symptoms may now, in retrospect, be attributed to a virus, most likely the smallpox virus.32 When these Roman soldiers returned to their homes or were relocated to other military campaigns, they brought the Antonine plague with them.

Accustomed to cramped quarters, Roman legions suffered high mortality rates from the plague. So many legionaries died that the northern frontier was left indefensible. In desperation, greater numbers of Germanic tribes were recruited into the army and paid by the Romans to fight against other invading Germanic tribes. The invincible Roman legions faltered, and news of this weakness hastened barbarian tribal migration from their harsh northern latitudes toward the warm Mediterranean climate. The influx was greater than Roman society could assimilate. The golden age of Rome and nearly two hundred years of empire-wide peace (Pax Romana) ended. Smallpox marked the beginning of Rome’s decline.33

The Roman Empire was not the only political superpower affected by smallpox. Smallpox also caused the collapse of Aztec and Inca empires. The smallpox plague that Europeans accidentally brought with them brutalized the indigenous peoples of Central and South America.34 It killed roughly twenty million Native Americans35—far more than any conquistador’s sword. In New England, the British used smallpox as a form of germ warfare.36 During Pontiac’s Rebellion (1763–1764)—a military conflict that arose out of the ashes of the French and Indian War—Lord Jeffrey Amherst, a commander of the English Army in North America, distributed smallpox-laden blankets as a gift to local Indian tribes that were allied with the French.37 The town of Amherst and Amherst College, both in Massachusetts, are today named in his honor.





Variolation: The First Vaccine

At some point, human beings began to recognize that those who survived an initial bout with smallpox were immune from future infection. To improve their odds for survival, medieval Europeans began practicing variolation, a term that derives from the Latin variola, which means “cutting the skin.”38 (The smallpox virus was thus named the variola virus because of this.) Variolation involved cutting the skin of a person who had never contracted smallpox with a knife deliberately contaminated with the pus from a smallpox pustule. In doing so, variolation afforded lifelong immunity from smallpox. Variolation was also called inoculation, which derives from the Latin verb inoculo, meaning “to engraft” (that is, to engraft the smallpox virus).

The use of inoculation as a way of combatting smallpox was not restricted to Western Europe. Such practices also were used in the luxury slave trade occurring in the Balkans, Middle East, and North Africa from the Renaissance into the early twentieth century. Sultans and other elites living in the Ottoman Empire had a preference for young and fair-skinned Circassian concubines from the Caucasus Mountains.39 To preserve their value, captured Circassian slavegirls were inoculated by their captors with smallpox in parts of their bodies where the scar would not be visible.40

The variolation method was a successful early means of preemptively combating smallpox. Today, we know that route of entry of a virus affects its toxicity.41 By exposing individuals to smallpox through the skin, variolation provides the immune system more time to develop the necessary antibodies for immunity before onset of systemic disease and organ failure. As a result, the mortality of variolation is significantly less (3 percent) compared to the mortality from a natural aerosolized smallpox infection inhaled through the lungs (15 to 30 percent).42





Cowpox Inoculation: The Second Vaccine

In 1796 a British physician, Dr. Edward Jenner, noticed that farm girls milking cows developed mild cowpox skin lesions but never suffered from smallpox.43 He reasoned that cowpox protected them from smallpox and began performing inoculation from cowpox lesions. After inoculating (injecting or vaccinating) people with cowpox virus, he injected them with live smallpox virus. Nobody developed smallpox. The cowpox virus caused immunity to smallpox. Derived from the Latin word for cow (vacca), the cowpox virus used in the inoculation process was called a vaccine. Likewise, the injection of cowpox into the skin was referred to as vaccination.

Dr. Jenner was a visionary who started the field of vaccines.44 We also owe to him the term “cuckoo,” meaning deranged behavior. He documented the cuckoo bird as a squatter that laid its egg in another bird’s nest. Upon hatching, the cuckoo hatchling evicts the parents’ fledgling newborn chicks from the nest so the foster parents of the murdered chicks will raise it.45


Box 3.1: What Does It Mean to “Passage a Virus”?

Viruses were originally passaged in vivo, that is, inside a live animal. Today, the passage of a virus is usually done outside the body (ex vivo) in a laboratory culture of animal cells or in living bird embryos. Like selectively breeding wild animals to be domesticated for certain traits, passaging “domesticates” the virus by selecting strains that are less aggressive when reinjected into a susceptible host.

Passage ex vivo is done in a laboratory dish or vial containing nutrient media, and controlled temperature, acidity, and carbon dioxide and oxygen concentration necessary to keep the cell alive. If the cell type and conditions are appropriate, the virus seeded in the media will infect the cells and start reproducing and shedding new viruses into the media supernatant above the cells. Each passage is done by collecting the supernatant and infecting a fresh dish or vial of cells. This is done sequentially in serial passages.

Serial passage of a virus may attenuate the virus (i.e., make it less toxic). This allows it to be used in a vaccine. Attenuation is caused by the natural evolution of spontaneous genetic mutations in the virus. Although not generally recognized as a potential or serious complication until the late 1960s, passage of viruses in animals or in animal cells may cause contamination of the vaccine with another virus that may introduce a previously nonhuman virus into the human population.



In the early 1900s cowpox (and horsepox, which worked equally well) were initially passaged (Box 3.1) in the skin of infected animals. To maintain a routine supply of vaccine, smallpox was later passaged in cells in a laboratory dish (Box 3.2).46 To differentiate the smallpox vaccine virus from wild-type cowpox, it was termed vaccinia. A vaccinia sample still available from 1902 was sequenced in 2017 and found to be genetically more like horsepox than cowpox.47


Box 3.2: Vaccine Strains Against the Human Smallpox Virus

The cowpox virus used in smallpox vaccines are divided into first-, second-, and third-generation variations.48 First-generation vaccines, as developed by Edward Jenner, were from the pus of a live animal pox virus pustule.

The second-generation vaccines came from virus cultured ex vivo in animal cells in the laboratory. In 1967 the World Health Organization approved four second-generation vaccine strains.49 Serious acute complications of vaccination with first- and second-generation vaccines were fever and rare cases of inflammation of the heart (pericarditis) or brain (encephalitis).

In the late 1970s, third-generation vaccines were attenuated further by performing more passages in different animals or in cell culture.50 Two third-generation vaccine strains were Modified Vaccinia Ankara (MVA) and LC16m8. The MVA strain was developed in Germany in 1977 and was derived from a first-generation vaccinia virus. It was passaged in cows, donkeys, chicken fibroblasts, and finally in the vascular membrane of embryonated chick eggs.51 The LC16m8 strain was developed in Japan in 1975 from a first-generation strain. It was repeatedly passaged in a laboratory culture of rabbit kidney cells.52 Unlike first- and second-generation vaccines, MVA and LC16m8 vaccinia strains caused minimal fever or other acute side effects. In 1980 the World Health Organization declared the world free of smallpox, and vaccinations against smallpox stopped.53






Summary

The last documented case of smallpox occurred in 1977 in Somalia following a worldwide vaccination program initiated by the World Health Organization.54 Over the duration of human history, innumerable people have suffered and died from smallpox. The scourge of this virus that had decimated families and armies, ended empires, and forever changed human history was eliminated from earth by vaccination with domesticated live cowpox and horsepox viruses. A few vials of the original wild type of smallpox virus have been frozen and are in storage.55

Smallpox is the only virus that has been driven to extinction by human activity. Is it possible that this good news may have a delayed downside? Humans have already caused the extinction of innumerable animal species with detrimental impact to our ecosystem. As Linda Krueger, director of the Nature Conservancy, writes, “The rapid loss of biodiversity that we are witnessing is about much more than nature. The collapse of ecosystems will threaten the wellbeing and livelihoods of everyone on the planet.”56 Will limiting or changing the biodiversity of natural viruses have unforeseen ramifications as well? As we will see in coming chapters, human actions do have unexpected consequences.










CHAPTER 4 The Rabies Virus: The First “Dead” Vaccine Whether you like it or not, everything is connected. A connection exists between vaccines, inflammatory reactions, and autoimmunity.—RKB


Rabies has been present since the beginning of written history. Symptoms are frenzy, rage, excessive salivation, trembling at noise, and an agonizing thirst accompanied (paradoxically) by a fear of water (hydrophobia). These symptoms are followed by convulsion, seizures, and death. In some cases, instead of rage (furious rabies) the person or animal becomes paralyzed (paralytic rabies).

The association of rabies with rage or frenzy can be traced back to its name. The word “rabies” is derived from the Latin verb rabere, meaning “to rage,” which is related to the ancient Sanskrit rabhas, meaning “to do violence.” The rabies virus belongs to the lyssavirus category of viruses, which are named after Lyssa, the Greek goddess of frenzy and fury.

To this day, rabies has no effective antiviral treatment. Once symptoms present in humans, rabies is nearly 100 percent fatal, resulting in the highest case fatality ratio of any known infection. After onset of symptoms, approximately eleven people have been documented to survive.57

Virtually any mammal, including domestic cats and wild foxes, raccoons, and skunks, may transmit rabies. The domestic dog bite is the most common worldwide cause of rabies.58 After dog bites, bat bites are the second most common cause. The most common reason for rabies occurring without a known cause (cryptogenic) is from a bat bite.59

Symptoms usually begin one to three months after an animal bite but may present as early as ten days to as long as six years following initial contact.60 After onset of symptoms, death occurs within one to two weeks.61 Saliva with a heavy viral load, multiple bites, or bites on the face that have less distance to travel before reaching the brain manifest a shorter time interval before onset of symptoms. Because clinical signs may not occur for months or occasionally years after an animal bite, rabies has rarely occurred in the recipient of an organ transplant from an infected but presymptomatic donor.62

Infection is transmitted through a bite, lick, or scratch. Once the virus-infected saliva of a rabid animal enters a wound, it travels backward (i.e., retrograde) up nerves to the spinal cord and brain. Nerve cells have arms (known as axons) that may be several feet long. Material is moved within a nerve cell along a microtubule “highway,” on which a group of proteins called the dynein motor complex act as a bus to transport material. Rabies makes a protein that allows the virus to hitchhike onto dynein motor proteins that travel backward along the microtubule highway to the nerve’s center or body, which is where the rabies virus replicates.63

After replicating, the virus travels down neurons, enters saliva, and after a bite from the rabid animal repeats this cycle in another victim. The rabies virus consists of only five genes that allow it to infect nerves, travel up the nerve, replicate, travel back down nerves, enter saliva, and cause spasm of throat muscles that synchronize swallowing.64 Rabid individuals drool saliva from the mouth and fear water despite their great thirst, because swallowing induces throat spasms.


Rabies Vaccine

Nearly a century after the English physician Edward Jenner injected a cowpox virus into people as a vaccine to prevent smallpox (see chapter 3), the French physician Louis Pasteur developed the world’s next viral vaccine. Pasteur is considered the father of the field of immunology (the study of the immune system).65 He developed this vaccine by injecting the dried spinal cord of rabies-infected rabbits into various animals. The animals did not develop rabies if the spinal cord had been desiccated (dried) for more than six days before it was injected.66 In 1885 Pasteur used this treatment to inoculate a nine-year-old boy who was bitten multiple times by a rabid dog.67 The boy, Joseph Meister, never developed rabies. He spent his adult life as a Pasteur Institute employee.

Despite experiencing success, Pasteur was criticized for injecting people with an air-dried virus that, at times, was still alive. By 1908 the rabies vaccine was produced more reliably and with greater sterility through the use of formalin, which “killed” (i.e., inactivated) the virus (Box 4.1).68 Whether air dried or chemically inactivated, as more people were vaccinated, some patients developed inflammation of the brain that caused neurologic deficits including paralysis.69 This vaccine-related complication is called experimental allergic encephalomyelitis (EAE).70


Box 4.1: Formalin Fixing

Killing a virus but keeping it physically intact so your body’s immune cells recognize it and make an immune response is the art of fixing or “embalming” a virus.71 Virus embalming is done with formalin, which is aqueous formaldehyde created when the gas is bubbled through water until it ceases to dissolve, resulting in a liquid solution that contains 37 percent formaldehyde.72 The embalming capabilities of formalin were first discovered by the German doctor Ferdinand Blum.73

Formalin crosslinks proteins that prevent them from decomposing. This is called “fixing tissue.”74 Tissue fixing revolutionized the fields of anatomy and histology (studying tissue under a microscope) and allowed production of dead viral vaccines. By crosslinking proteins, formalin kills viruses but preserves their three-dimensional structure, to which a recipient’s immune system develops immunity. Today, either formalin or beta-propiolactone may be used to inactivate (kill) the viruses used in vaccines.






Rabies Vaccine and Autoimmune Allergic Encephalomyelitis

The first rabies vaccines were complicated by encephalomyelitis (inflammation of the brain) due to contamination of the vaccine with spinal cord tissue. To decrease the risk of allergic encephalitis, rabbit spinal cords ceased being used. Instead, newborn (suckling) mouse brains or embryonated eggs were infected with rabies and used as a vaccine source. Autoimmune inflammation of the brain, spinal cord, nerve roots coming off the spinal cord, or peripheral nerves was less common, but still occurred.75 Ex vivo cell culture techniques allowed production of rabies vaccine in non-neurologic cells that eliminated vaccine-related neurologic autoimmune complications.

Spinal cord contaminated rabies vaccine caused neurologic deficits. Unlike rabies, the patients did not develop hydrophobia (fear of water), excessive salivation, or rage, and they cannot transfer their symptoms to another person.76 Over time, it was realized that myelin proteins in brain and spinal cord tissue contaminating the vaccine caused these symptoms referred to as experimental allergic encephalomyelitis (EAE).77

To minimize EAE, the rabies virus is now produced in non-nervous cells that do not contain myelin.78 As rabies-induced EAE was eliminated, it morphed into a tool to study animal models for multiple sclerosis, a human neurologic autoimmune disease. As a result, EAE is now called experimental autoimmune (not allergic) encephalitis, an animal equivalent of multiple sclerosis.79 The original rabies vaccine contaminated with myelin from the central nervous system opened the door to understanding how a virus or a viral vaccine could initiate an autoimmune disease.

Myelin is a fatty, proteinaceous material that wraps around neurons to increase electrical conduction velocity.80 If myelin is co-injected with an adjuvant that stimulates the immune system, such as the dead rabies virus (or other vaccine such as measles), the immune system responds against both the virus and the injected myelin. The response is both immunity to rabies and an autoimmune neurologic disease.




Rabies Vaccination

Rabies vaccine guidelines recommend vaccination of high-risk individuals before exposure and treatment of all people after exposure.81 Pre-exposure prophylaxis is recommended for animal workers such as veterinarians and travelers to rabies endemic areas of the world. Post-exposure prophylaxis is given to every person exposed to rabies or suspected of exposure. Provided post-exposure prophylaxis is given before onset of symptoms, rabies can be almost always prevented. Treatment of a rabid bite involves the cleaning and sterilization of the wound, infusion of anti-rabies antibodies (immunoglobulins), and vaccination against rabies using the dead rabies virus. The rabies vaccine is given on day zero, three, fourteen, and twenty-eight after the bite, if the victim was never previously vaccinated, and on days zero and three if they were previously vaccinated.

Rabies virus from dog bites has been virtually eliminated in North America not by the preemptive vaccination of unexposed people but by the vaccination of pets, especially dogs.82 It is the only domestic pet vaccine required by law in most states. Currently in America, only one to three cases of rabies are reported annually.83 In Europe, the immunization of wild carnivores such as foxes that infected domestic dogs also helped decrease the incidence of human rabies.84 This was done through the use of an appetizing bait containing the killed rabies virus. Certain initial baits such as eggs did not work, as the foxes would store the eggs to be eaten later, during which time the vaccine would degrade. The first successful oral vaccine trial of wild foxes was performed in Switzerland through the use of chicken heads.85 In a macabre and grotesque picture, one hundred fifty thousand chicken heads containing dead rabies virus were air dropped by helicopter onto the countryside.




Summary

Currently, tens of thousands of people, mostly in Asia and Africa, die each year from rabies. Nearly half of those deaths are children.86 The high death rates in these areas derive largely from the lack of effective policies to vaccinate animals and lack of universal access to vaccination once bitten.

Like the smallpox vaccine, the rabies vaccine is a miracle, a virus kill switch that has saved countless lives. Rabies vaccination also inadvertently taught us that a vaccine contaminated with pieces of an organ’s tissue can cause your body to attack that organ and cause autoimmune disease. Using that knowledge, scientists vaccinate animals to cause autoimmune diseases as a tool to study autoimmunity in the laboratory. We might say that errors and problems are our teachers. But it is better to prevent such errors before they occur than to deal with them afterward, and this is what vaccines are designed to do. Yet, as we saw in this chapter, problems may also arise from vaccines.









CHAPTER 5 Yellow Fever: Humanity’s Martyrs and Opportunists If you think you are too small to make a difference, you haven’t spent the night with a mosquito.—The Dalai Lama How do we approach questions? Scientists routinely submit to being questioned. To protect patient privacy, medical doctors decline third-party patient questions. Journalists insist on questioning others but do not submit themselves to questioning.—RKB


The symptoms of yellow fever are the usual viral symptoms of muscle aches, loss of appetite, fever, headache, photophobia (i.e., sensitivity to light), backache, lassitude (i.e., fatigue), nausea, and vomiting. These symptoms resolve within three to five days.87 Twenty-four to forty-eight hours after recovery, about 15 percent of patients redevelop new symptoms of high fever and prostration (i.e., mental and physical exhaustion). From there, multiple organs will start to fail, including the liver, kidneys, heart, and brain. Patients vomit blood, the whites of their eyes and their skin yellow from jaundice, and their stools become especially foul smelling. Next, their urination decreases or stops, confusion and delirium occur, and their blood pressure drops. Diffuse bleeding from the mouth and rectum, seizures, and coma ensue before death.

Yellow fever is so named because the patient turns yellow with fever. The yellow color is due to the liver’s inability to excrete bile or, more specifically, a component of bile called bilirubin. Other names for yellow fever are the American plague, yellow jacket, and vomito negro.88 The latter Spanish name derives from the black vomit that occurs. As the patient’s liver fails, it stops making blood-clotting proteins, and blood starts to ooze into the patient’s gut.89 The acidity in the stomach degrades red blood, resulting in vomit with the appearance of black ground coffee.


The American Plague

Yellow fever is called the American plague due to its presence in the United States from its very founding.90 America’s first well-documented epidemic of yellow fever occurred in Philadelphia in 1793.91 At that time, Philadelphia was a bustling port city of fifty thousand people and the (temporary) capital of the United States. As the seat of the federal government, Philadelphia was where George Washington resided during most of his two terms as president.

In the summer of 1793 Caribbean immigrants and slaves crowded the port of Philadelphia, including some who arrived on the Hankey, a British merchant ship that previously anchored in West Africa before reaching the Caribbean. Later referred to as “the ship of death,” the Hankey would proceed to leave a trail of yellow fever at every port of call, most notably Philadelphia.92 When the deaths from yellow fever started rising, around 40 percent of Philadelphia’s inhabitants (mostly federal government employees and wealthy private citizens) hurriedly abandoned the city. During this time, George Washington escaped to his country estate at Mount Vernon. Alexander Hamilton, whose picture is on the ten-dollar bill, similarly fled to New York but was denied entry.93 Hamilton developed yellow fever and survived. Approximately five thousand of the thirty-thousand residents trapped in Philadelphia died from yellow fever. The epidemic finally stopped in the autumn of 1793 when the temperature dropped.

Yellow fever was also called “yellow jacket” during this time, as ships under quarantine flew a yellow flag.94 To this day, ships hoist a yellow flag to warn that a contagious disease is onboard, informing other ships to stay away. The term “quarantine” derives from the Latin word quadraginta, meaning “forty.” This is because such quarantines often lasted around forty days. Why forty days was chosen as the standard quarantine interval for infections is not known. One speculation is that this number was drawn from the biblical time of Jesus’s fasting in the desert during which he withstood the devil’s temptations.95

Ships bearing the yellow flag could not enter port and were required to stay offshore until completing quarantine. Such experiences may have inspired various tales about ghost ships like the Flying Dutchman, which legends stated was never allowed to make port, forever cursed to sail the seven seas. As one author from 1790 summarized the legend, “The Dutchman… wanted to get into harbour but could not… and was lost and that ever since in very bad weather her vision appears.”96 Although we have no early account explicitly linking the Flying Dutchman with yellow fever, as historian Billy Smith claims, “the tale of the Flying Dutchman was part of the lore that the [yellow fever] plague generated.”97

A forty-day quarantine would have been an economic disaster. Inflationary pressure would cause prices to skyrocket on the mainland, as anything perishable on a merchant ship, such as fruits, vegetables, or meats, would rot. Businesses financially backing these ships would sometimes go bankrupt. Jobs would be lost. Like the effects of the disease itself, the economic effects of a yellow fever quarantine would have been hardest on the poor. Since nobody knew the exact incubation interval before onset of yellow fever symptoms (now known to be three to five days),98 the arbitrary quarantine interval of forty days would have been unnecessarily long and caused significant hardship for working-class individuals.

In some states, the quarantine duration was instead left to local discretion. However, this was also not without problems. For example, in 1878 the steamship Emily D. Souder sailing from Havana was quarantined for only a few hours before being allowed to berth in New Orleans. The inspectors found that the ship’s purser, John Cark, was a little under the weather. This was attributed to a hangover from the crew drinking rum the night before. The day after disembarking, Clark developed yellow fever, and a few days later he died. The ship’s engineer, Thomas Elliot, also developed yellow fever and died.99 Before long, New Orleans was in the midst of a yellow fever epidemic, resulting in the death of nearly 10 percent of the city’s population.
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