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PREFACE

Over the past decade, the world has suffered catastrophic losses in human life from pandemics and irreparable damage to us and our planet from the effects of climate change. Jointly, these two crises pose an unprecedented threat to our future. To make matters worse, their impacts are mutually reinforcing and are gaining in both strength and potency. It is now clear that in the absence of concerted interventions, the situation will grow far worse in the years ahead.

These dual drivers of societal risk alone would constitute humankind’s most daunting test. But the situation is even worse, for our efforts to respond to the existential challenges of pandemics and the climate crisis are hampered by a common underlying threat—politically and ideologically motivated opposition to science from powerful special interests. There is a highly organized, well-funded campaign of antiscience, and it has now emerged as its own deadly force that not only makes it nearly impossible to combat future pandemics or the climate crisis, but also touches on many other aspects of our daily lives. We must now contend with orchestrated disinformation on a diverse range of topics, ranging from genetically modified foods or needless nutritional supplements to fluoridation of our drinking water. The list grows day by day.

For more than two decades we have each waged our own private battle against the mounting forces of antiscience in America. We are both scientists and university faculty members who contribute to the understanding of human-caused climate change and projections of its impact (Mike) and the development of new vaccines to counter pandemics and neglected diseases (Peter). Over the years, we watched a vacuum develop in the scientific response to the growing antiscience attacks, a vacuum that was all too readily filled with misinformation and disinformation. As a result, we have each made a personal commitment to fighting the rising antiscience aggression that threatens our respective fields of research.

The attacks against us have been highly personal at times. When Peter wrote about his youngest daughter, who has autism and intellectual disabilities, in the context of explaining why vaccines do not cause autism, it meant his family came under attack too. This translated into death threats and in-person confrontations at his lectures and even at his home. The attacks on Mike have also included death threats and threats to his family, as well as demands for him to be fired from his job, all because his findings threaten the profits of the fossil-fuel industry. We are attacked online through email or social media and sometimes physically menaced. Fox News and other conservative news media outlets portray us as cartoon villains or public enemies. Extremist members of the US Senate and House denounce us for their political gain. When these high-profile attacks are waged against us, they serve as dog whistles for a pile-on. We frequently require the protection of law enforcement. If the forces of antiscience activists are willing to go this far, what comes next? What else are they willing to do? We have no choice but to do all we can to stop it now. That means working tirelessly to fight disinformation, ensure the safety of scientists, and, ultimately, prevent the dismantling of our nation’s entire scientific infrastructure while communicating science to the public and policymakers in the most effective manner possible.

Despite the monumental threat, we see a silver lining. Through this journey both of us became experts in recognizing and defending against the weapons used to wage a disinformation war against science. We have had a front-row seat to how those forces have evolved over the past twenty years and the major actors pushing an antiscience agenda. For the sake of this book, we’ve identified the five principal forces of antiscience that threaten us today: the plutocrats, the authoritarian petrostates (assisted by polluters and the politicians who advocate for them), the “pros” who use their professional (or in some cases scholarly) credentials to deceive or promote unsupported contrarian views, the propagandists who amplify them on social media and other venues, and, increasingly, the press, including even the mainstream press. Together, these forces constitute a vast and complex web of hate speech, lies, and public deception. Even worse, this antiscience superstorm is now causing loss of human life on a massive scale, and it threatens our entire planet. We’ll break down each of these forces in this book and identify ways we can fight back when we come across them.

We are two scientists who never dreamed during our training that we would come under these sorts of attacks and find ourselves reluctantly dragged into a war against those denigrating our fields of science. But we have embraced the platform this has given us and consider it a great privilege to be in a position to inform the public discourse over the greatest challenges we face as a civilization. Although the attacks against us are frightening at times, we also find this struggle meaningful and feel we have a responsibility to the public.

Luckily, we are both realists and optimists. Neither of us believes it is too late to avert disaster. So here we are to propose a path forward. We are determined to neutralize antiscience as much as humanly possible—and for a good and simple reason: unless we confront the forces of antiscience and make smart decisions about how to defuse them, we risk failing in our ability to prevent the next catastrophic pandemic or avert an era of catastrophic climate impacts. So, we’ve chosen to fight back. And this book is a tangible extension of that effort. We hope you’ll join us.

In Science Under Siege we seek to provide a succinct yet detailed delineation of the five forces behind the modern-day antiscience movement (the five p’s, as we’ll call them—the plutocrats, the petrostates, the pros, the propagandists, and our press). We draw upon our respective experiences on two different fronts of the war on science to identify and delineate the drivers and their financial backers. We provide a road map for dismantling the antiscience machine, through stories that at times are quite personal but speak to challenges and threats that are broad and sweeping. This book is a warning. But it is also a call to arms. While there is urgency—unlike any we’ve ever known—there is still agency. We can still avert disaster if we can understand the nature of the mounting antiscience threat and formulate a strategy to counter it.







1

THE 1-2-3 PUNCH


Let us fight for a world of reason, a world where science and progress will lead to all men’s happiness

—Sir Charles Chaplin, The Great Dictator, August 1940



Our story is one of an unfolding, dark new chapter in modern history. In it, we find a dual threat to humankind that is now as grave as the prospect of nuclear annihilation at the height of the Cold War. Together, the mutually reinforcing impacts of the climate crisis and pandemics threaten massive loss in human life. Millions have died from these two drivers in recent years,1 and in the absence of concerted mitigation efforts we can expect far worse in the coming years and decades. While the United States has become an epicenter of climate change and disastrous emerging infections, other regions such as the Middle East, Central Africa, India and South Asia, and central Latin America have been similarly impacted.2

Beyond the direct deaths and damage, however, there are even broader collateral effects on political stability. Both climate and pandemic responses have emerged as significant social wedge issues and are exploited by bad actors to expand the already deep political divide that exists in the United States and other nations. The Russian government under President Vladimir Putin as well as other foreign (typically authoritarian) governments such as Saudi Arabia target science (and scientists) in their disinformation campaigns, wielding bots and troll armies to sow doubt and division about vaccines or global warming, for example, on social media.3 America’s foreign enemies have learned that disinformation and propaganda are convenient shortcuts to destabilizing our democracy and democratic republics across the world. The antiscience-embracing candidate Donald Trump—who promoted hydroxychloroquine during the pandemic and withdrew from the Paris climate agreement—prevailed in the 2024 US election, in substantial part because his voters had been misled into provably false beliefs about the state of the economy, crime, and immigration4 that were actively promoted online by Russia. Chock up another win for disinformation. Which brings us to the third and perhaps the most daunting challenge of all. It is currently impossible for global leaders to take the urgent actions necessary to respond to the climate crisis and pandemic threats because they are thwarted by a common enemy—antiscience—that is politically and ideologically motivated opposition to any science that threatens powerful special interests and their political agendas.

The great scientist and communicator Carl Sagan, decades ago, warned of the threat posed by a rising tide of pseudoscience and antiscience, foretelling a future when “no one representing the public interest can even grasp the issues.” He feared that the populace would increasingly be unable to differentiate between “what feels good and what’s true,” dependent on “media sound bites, predigested science, and pseudoscience.” That premonition has unfortunately now been realized.5 Wealthy, increasingly powerful plutocrats are today engaged in a full frontal assault on our academic and scientific institutions,6 leaving citizens ever more vulnerable to misinformation and disinformation.

So, we find ourselves facing not just a one-two punch of pandemics and the climate crisis, but a one-two-three punch, with that third punch, antiscience, obstructing the needed response from governments and civil society. The future of humankind and the health of our planet now depend on surmounting the dark forces of antiscience.

Antiscience is such a huge obstacle because any solutions to the great challenges we face are intrinsically tied to acceptance of the underlying science—whether it’s the science linking fossil-fuel burning and carbon pollution to the warming of the planet or the science of vaccine development and design. So far, the consequences of it have already proven deadly. In the United States alone, antiscientific rhetoric, policies, and actions caused hundreds of thousands of Americans to lose their lives during the pandemic by cajoling them into refusing safe and effective COVID-19 vaccines during the virus waves in 2021 and 2022 and resisting social distancing and mask wearing.7 The deaths occurred mostly along a political partisan divide, with those living in Republican-majority (“red”) states disproportionately suffering most of the deaths and disabilities as a consequence of being targeted by propaganda and disinformation from elected leaders, extremist media, and the modern political Right.8 The antivaccine lobby is now so politically powerful and well financed and organized that it is hindering the adoption of COVID boosters while facilitating the return of measles and other vaccine-preventable childhood illnesses.9 The GOP polling firm Rasmussen has turned into a “purveyor of anti-vaccine propaganda,” according to Michael Hiltzik of the Los Angeles Times.10 In fact, it’s gotten so bad that Republicans in New Hampshire have moved to remove the requirement that children be vaccinated for measles or polio.11 Reelected Republican president Donald Trump has threatened to take away funding from schools that have a vaccine mandate,12 and members of his transition team support revocation of the polio vaccine.13 Such escalating vaccine hesitancy may halt our ability to vaccinate human populations in the next pandemic. Antiscience activism has made it impossible for Americans to accept masking and other nonpharmaceutical interventions; it has killed, and will continue to kill, Americans on an unprecedented scale by halting substantive public health interventions.14

At the same time, efforts to address the climate crisis have been stymied because antiscience forces have blocked both national and international efforts to transition away from fossil fuels. As long as we continue to generate carbon pollution, the planet will continue to warm, and we’ll see worse heat waves, droughts, wildfires, floods, and superstorms.15 We have been given only a taste of what is in store if we fail to ramp down carbon emissions in the years ahead.

These crises are inextricably interwoven. Climate change—along with urbanization, poverty, human migrations, and other social determinants—is driving pandemics with increasing frequency. Whether it’s the health of our people or the health of our planet, we are on an unsustainable path. To make matters worse, the rejection of science is being used to target the physical safety and careers of scientists committed to preventing the next pandemic and halting the progression of climate change.

When we first embarked on our doctoral training decades ago, we never thought we were signing up to be combatants in a war on science and scientists. That was not the America we knew. While scientists in certain areas such as the health impacts of pesticides or tobacco products had attracted dubious scrutiny from special interests looking to discredit their research,16 antiscience—we thought—was something largely consigned to the past and mostly a legacy of past fascist regimes. We knew about Stalin and his persecution of scientists in the 1930s and ’40s and how he promoted the pseudoscientific theories of Trofim Lysenko,17 leading to massive failures in Soviet wheat crops killing thousands or millions. We knew how Albert Einstein’s theory of relativity was dismissed by the Nazis as “Jewish science,” as were Freud’s psychoanalytic theories in Vienna.18

However, these matters were in the distant past. Our grandparents had thankfully found their way to America, leaving fascism and its antiscience leanings behind. In its place, America had built a strong nation that both thrived from and depended on science and technology. Our country excelled and achieved greatness because of its research universities, institutes, and corporations—a vast US academic-industrial complex—to produce the doses of penicillin required to heal war wounds or give us the radar technology needed to achieve military victories in World War II. Science gave us the air and space supremacy to launch NASA in the 1950s and ’60s and send humans to the moon; it launched satellites to explore the outer reaches of the solar system; it assembled the James Webb Space Telescope and discovered the Higgs boson to reveal the time and space origins of the universe; it showed us how chemical bonds form between atoms to give us molecules or how molecules become macromolecules to give us life. Science and technology gave us transistors, computer chips and Silicon Valley, and the novel therapeutics behind a moon shot for cancer. Training to be a scientist was an expression of patriotism and love of country, and for our parents and families it was a source of pride and one of the highest expressions of human intellect for the common good.19 For the most part, the American people in the last half of the twentieth century admired and even revered scientists.

Now, every week, sometimes daily, we each receive online threats or harassing phone calls to our offices. On multiple occasions, we have faced actual physical confrontations and stalking. We are not alone, as many scientists working in the areas of biomedicine and climate science, especially in the United States, now encounter similar threats.20 You might assume that the aggressors are lone actors—cranks and conspiracists in their basements—but in many cases the attacks are government sanctioned, organized at the highest levels of the US Congress, with senators and members of the House of Representatives boasting of their efforts to intimidate prominent scientists.21 During the 2024 US presidential election, two candidates, Robert F. Kennedy Jr. and Ron DeSantis, publicly sought to discredit one of us (Peter). Politicians have in the past attacked us both on social media, made wanton or frivolous Freedom of Information Act (FOIA) requests for our emails or correspondence, and sent us veiled threats and unjustified subpoenas to appear before House or Senate committees.22 They have told easily debunked lies about us in their speeches and in their self-published books.

Many of these attacks come from the Far Right and extremist elements of the Republican Party.23 They do this for their political gain and, especially, sound bites on Fox News or other conservative news outlets and podcasts. Not since the House Un-American Activities Committee (HUAC) hearings during the 1950s when J. Robert Oppenheimer and his colleagues came under attack have productive and hardworking American scientists had to face such unfair and unrelenting assaults by elected officials, including humiliating congressional hearings televised live on C-SPAN. The public assault by the GOP has diminished the public trust of science among conservatives. As science historians Naomi Oreskes and Erik Conway note in describing the current political atmosphere, “Reaction to scientific findings is highly polarized, with Republican voters and self-identified conservatives far more likely than Democrats and self-identified liberals to reject consensus scientific findings, particularly in the areas of climate change and COVID-19 response.”24 It’s no coincidence.

Attacks on established scientists like us are used to serve as a warning to other current and future scientists who might consider facing the antiscience juggernaut. Professional scientists are being put on notice; increasingly, they are being told they deserve public derision and should be treated as enemies of the state. We risk, as a result, losing a whole generation of American scientists because young people are frightened and disgusted by what they see online or in the media, or what their parents now tell them. Why would they choose a career that subjects them to such vitriol and venom? Mistrust in science is now escalating in certain demographics because of a targeted campaign against us—antiscience predation for someone else’s financial or political gain.

Before we dive into the five forces of antiscience and how we might counter them, let’s take a brief look at how the climate crisis and pandemics have emerged as the twenty-first century’s dominant threats and why it is that we come to arrive in such a fragile time when facts are so often ignored or distorted. Any effort to counter this threat requires that we arm ourselves with evidence and stand firm in our knowledge of the truth.

THE CLIMATE CRISIS

The current warming of our planet is caused by carbon pollution, primarily from the continued burning of fossil fuels. Warming, in turn, is altering global wind patterns and ocean currents and shifting rainfall zones, while drying out many regions of the continents and melting sea ice in the Arctic and Southern Oceans. It is also causing the retreat of glaciers around the world and is initiating the collapse of the great continental ice sheets in Greenland and Antarctica, contributing to global sea-level rise. Collectively, these changes are termed climate change.

Multiple lines of evidence tell us that the observed warming is human caused.25 First and foremost, climate models show that the planet should have cooled very slightly over the past century, rather than warmed substantially, in the absence of human-generated climate pollution. Only the human-generated rise in greenhouse gases explains the warming. We also know that the overall pattern of temperature changes, with warming of the lower atmosphere and cooling of the upper atmosphere, bears the fingerprint of greenhouse warming and is inconsistent with natural causes.

Furthermore, we know that this warming is unprecedented over a very long time frame and closely coincides with the Industrial Revolution. Back in the late 1990s, while still a postdoctoral researcher, Mike coauthored a now famous study demonstrating that the recent warmth is unmatched over at least the past millennium. The resulting graph, termed the “hockey stick” for its shape, became an icon of the climate-change debate (Fig. 1). In the decades since, the hockey stick has been replicated by other scientists many times over and extended further back in time.26 Yet it—and Mike—continues to be a target of attack by climate-change deniers owing to the enduring potency of this symbol of the profound impact human activity is having on our climate.

We are now witnessing the profound consequences of unchecked human-caused warming, in the form of coastal inundation, deadly floods, hurricanes, wildfires, and of course extreme heat. These impacts have reached such crisis proportions that the term climate crisis is frequently used to describe our predicament.


[image: Line graph titled ‘The Latest Version of the “Hockey Stick” Chart Shows Unprecedented Warming in Recent Years,’ plots Temperature against Time. It depicts the Change in global surface temperature relative to Eighteen Fifty to Nineteen Hundred average. The vertical axis ranging from negative one degree Celsius to one degree Celsius, while the horizontal axis ranges from year Zero to Two Thousand. The line representing change in temperature stays at an average of zero point two degree Celsius change between the years Zero and One Thousand, post which there is a downward trend until the year Eighteen Hundred, with the change in temperature averaging at zero degree Celsius. Following this, there is a sharp rise to one point zero nine degree Celsius change in Twenty Sixteen. Note: Numbers are observed from Eighteen Fifty to Twenty Sixteen; for prior years, they are reconstructed using proxy records like tree rings, corals, and ice cores.]
Figure 1. The latest incarnation of the “hockey stick” curve. Credit: From TIME. © 2021. TIME USA LLC. All rights reserved. Used under license. time.com.

To avert ever more catastrophic impacts, we must rapidly decarbonize the global economy.

As we said in the Preface, there is urgency, but we have agency too. Take it from two experts. And recognizing that fact is increasingly critical for all of us. Today there is nearly as much danger posed by climate despair as there is by climate denial. And bad actors have weaponized that despair, actively fanning the flames of doomism in the hope that we’ll throw up our hands in defeat. They don’t want you on the front lines. They want you on the sidelines. And both denial and despair can potentially lead you there. The science, however, simply doesn’t support a narrative of doom and inevitability.

There is still time to limit warming below truly catastrophic levels, but it requires dramatic action. To keep planetary warming below 1.5oC/3oF, where we’ll see far worse consequences, we must reduce carbon emissions rapidly in the years ahead. The good news is that we’re making progress as the world slowly but steadily transitions away from fossil fuels toward renewable energy. Carbon emissions have plateaued. The bad news is that carbon emissions have to come down substantially. They must drop by more than 50 percent this decade and reach zero by midcentury if we are to avert 1.5oC warming. This will be challenging, but it is doable. The obstacles aren’t physical or technological. They are entirely political at this point.27 If we miss the 1.5oC target, we don’t drop off a cliff. It’s more like a dangerous highway, and if we miss the 1.5oC exit, 2oC is still a whole lot better than 3oC. Every bit of progress makes us better off.

One of the arguments invoked by critics of climate action is that there is supposedly too much uncertainty to take action. First of all, the fact that the warming of the planet is human caused, and that it is associated with increasingly dangerous and damaging impacts, is about as certain as any scientific proposition there is.28 Furthermore, uncertainty isn’t our friend here. The impacts of climate change, in many respects, have already exceeded the climate-model predictions. The Greenland Ice Sheet and West Antarctic Ice Sheet are showing signs of disintegration far earlier than models predicted, contributing to sea-level rise ahead of schedule. We are also seeing far greater increases in extreme weather events than models have predicted. Some of Mike’s own research demonstrates that climate models are not adequately capturing the factors behind the increase in persistent summer weather extremes we’ve seen in North America and Eurasia in recent years.29 Uncertainty is a reason for taking more action, not less.

None of this comes as a surprise. Science warned us decades ago of impending calamity. James Hansen, the former director of the NASA Goddard Institute for Space Studies, famously testified to the US Senate on an unusually hot Washington, DC, day in June 1988 that “global warming is affecting our planet now.”30 In the ensuing decades the science became increasingly decisive. But fossil fuel–industry groups chose to engage in a millions-of-dollars disinformation campaign to undermine public faith in the science and the scientists. Meanwhile, the world’s largest fossil-fuel companies already understood the climate threat. In an internal report from 1982 that was eventually leaked into the public domain, ExxonMobil’s own scientists accurately predicted the increase in CO2 concentrations and warming that would occur today in the absence of efforts to curtail fossil-fuel burning. They warned of the “catastrophic events” we would see. But rather than own up to the findings of their own scientists, ExxonMobil instead engaged in a hundreds of millions of dollars’ campaign to attack and discredit independent climate scientists coming to the very same conclusions their own scientists had reached.31 The opportunity cost of that disinformation campaign is almost incalculable. We are now experiencing those “catastrophic events.” If we had begun decarbonizing our societal infrastructure decades ago, when we first knew there was a problem, the transition would have been smooth and easy. Now we must reduce emissions far more rapidly, with greater potential for disruption.

Industry groups like the George Marshall Institute (GMI) sought to attack and undermine mainstream climate scientists and their research findings in the 1990s. One example was Stephen Schneider, a physicist by training who turned to climate modeling in the 1980s and forged a path forward, developing methods of coupling climate models to models of societal and environmental impacts to inform policy decision-making. Critics love to claim that he predicted global cooling in the 1970s (he didn’t—he simply pointed out that there was a possibility that reflective atmospheric pollutants from coal burning could outpace fossil fuel–generated carbon emissions) or that he advised exaggerating the climate threat to encourage climate action (he didn’t—he advised that climate communicators could be both effective and faithful to the science at the same time). Ben Santer’s work was critical to the historic finding of the 1995 Third Assessment Report of the United Nations Intergovernmental Panel on Climate Change (IPCC) that there was a “discernible human influence on the climate.” Fred Singer, a fossil fuel–funded climate-science critic, led a public campaign—including an op-ed on the ultraconservative editorial pages of the Wall Street Journal—to impugn Santer’s integrity, falsely accusing him of “scientific cleansing” in his role as a lead author of one of the key chapters of the report.32

The next major victim of the assault would be none other than the lead author behind the hockey stick—Mike. Quoting Santer himself, in a 2006 interview with the New Scientist: “There are people who believe that if they bring down Mike Mann, they can bring down the IPCC.”33 The modus operandi of the climate-denial machine, which is to pick one scientist, separate them from the rest of the community, and make an example of them for others who might consider speaking out, is what Mike has termed the Serengeti Strategy, akin to the way that lions isolate a vulnerable member of a pack of zebras at the edge of a herd. He was the latest target in that strategy, as he was subject to death threats, calls to be fired, congressional inquisitions, and more in the decades following the publication of the famous graph.34

It might be argued that the bad-faith assault on climate science in the 1990s was like a localized cancer that would later metastasize throughout our body politic writ large, infecting the entire public discourse over science. In 2020, as the COVID-19 pandemic played out, we witnessed a similar but remarkably accelerated version of a science-denial campaign play out not over decades but over months. We’re talking, of course, about the ideologically motivated effort to deny the threat of the COVID-19 pandemic. Like climate, it began with dismissiveness of the science by prominent politicians with an agenda (Donald Trump, president at the time, was fearful that it might threaten his reelection hopes and downplayed the danger of a pandemic, insisting it would soon disappear all on its own).35 Then it evolved to denial of the efficacy of proposed solutions (vaccines and masking), and of course then came the “blame-the-messenger” strategy of attacking and discrediting the scientists themselves, including Peter, and of course the nation’s top infectious-disease expert and director of the nation’s largest infectious-diseases research institute, the National Institute of Allergy and Infectious Diseases (NIAID), Anthony Fauci. Mike wrote in Newsweek at the time, “Climate scientists feel your pain, Dr. Fauci.”36

But there is another connection between climate and pandemics, a direct and critical one. The climate crisis fundamentally impacts our lives in many ways—food, water, and land resources, as well as the stability of our infrastructure, homes, buildings, and transportation systems. It breeds conflict and threatens national security, as a growing global population competes for diminishing resources. And, like deadly pandemics, it threatens our lives. The extraction and burning of fossil fuels themselves lead to adverse health consequences and millions of lost lives per year from air and water pollution.37 Deadly weather extremes exacerbated by human-caused warming—floods, storms, droughts, wildfires, and extreme heat—lead to many million more lost lives per year.38

Sometimes the impacts hit very close to home. Mike and his family were traveling back from a trip to the Grand Canyon in June 2017. Phoenix, Arizona, already known for its exceptionally hot summers, was experiencing a record heat wave. On June 20, 2017, temperatures at the Phoenix airport rose to 120oF, exceeding the maximum safe operating temperature (118oF) for aircraft takeoff. All flights were grounded.39 Mike and his family spent the night at a hotel near the Phoenix airport before flying home the next morning. His then eleven-year-old daughter, Megan, and he went swimming in the outdoor pool that afternoon. They felt like they were diving into a bathtub. Treading barefoot on the pavement was like walking on hot coals. They quickly retreated to the oasis of their air-conditioned hotel room.

Mike and his wife were awakened by Megan around three in the morning. She was in distress, having difficulty breathing. They rushed her to the nearest hospital. The doctor put her on an inhaler, and that seemed to alleviate her symptoms for the time being. They took her to see the doctor once they were back home, and he diagnosed her as having suffered from “intermittent asthma,” which was likely triggered by the dangerously high surface ozone levels resulting from the record heat. That was the moment when Mike and his family first came face-to-face with the deadly nature of the climate crisis.40 There is nothing any of us cares more about than our health and the health of our loved ones. And the climate crisis poses a serious threat to both. But perhaps the most serious health consequence of climate change is the threat of more deadly pandemics.

PANDEMIC THREATS

As COVID-19 swept across the world in 2020 and began decimating human populations, many were surprised at the ferocity of this illness or how a new respiratory virus pathogen, known as a coronavirus, could catch so many global leaders unprepared. COVID-19 deaths rose precipitously, first in the Western Hemisphere and Europe in 2020 and then in India during the first half of 2021, when vaccines were not yet available and surges of the sick and dying overwhelmed limited numbers of trained personnel staffing hospital emergency rooms and intensive-care units (ICUs). Just one year after COVID-19 emerged in the United States, more than five hundred thousand Americans had died, while globally there were more than three million deaths. As awful as those numbers are, they may in fact be underestimated because of the inadequate reporting among depleted health systems in some of the world’s low- and middle-income countries (LMICs). One estimate finds that more than two million people in India alone had lost their lives due to COVID by the second quarter of 2021.41

Among those professionals who anticipated the possibility of a devastating pandemic was a small community of virologists who were studying coronaviruses for more than a decade, and in some cases even longer than that. Peter and his research group based at two affiliated institutions in the Texas Medical Center in Houston—Texas Children’s Hospital Center for Vaccine Development (CVD) and the National School of Tropical Medicine of Baylor College of Medicine—had already been developing new vaccines for coronavirus infections since 2012. Their scientists had already witnessed the devastation of two previous coronavirus outbreaks: severe acute respiratory syndrome (SARS) had arisen out of southern China in 2002 and caused hundreds of deaths before it traveled across the world to Toronto, Ontario, and later in 2012 another severe coronavirus infection known as Middle Eastern respiratory syndrome (MERS) emerged on the Arabian Peninsula, causing hundreds of deaths in Saudi Arabia and the Republic of Korea. They predicted it was just a matter of time before a third major epidemic or even coronavirus pandemic (global epidemic) was before us. And during the decade of the 2010s, the Texas Children’s Hospital CVD research group discovered how to target the now well-known spike protein of the virus and deliver it to the immune system as a vaccine strategy.

Such studies were prescient because when they learned in January 2020 that a new lethal virus arising out of the city of Wuhan in central China was indeed a coronavirus that closely resembled the original SARS from almost twenty years before—in fact, it was appropriately named the SARS-2 coronavirus—that team of SARS and MERS vaccine scientists quickly pivoted to make a new version of the vaccine that was specific for COVID-19. Ultimately, the Texas Children’s Hospital CVD scientists made two related COVID-19 vaccine technologies, leading to the production of a low-cost vaccine in India and Indonesia.42 Almost one hundred million doses were administered to children and adults in these two countries. In so doing, they showed how it was possible to reach major milestones in the vaccine space without depending on a multinational vaccine producer, such as Pfizer or Moderna. They offered a new path to make safe, effective, and low-cost vaccines for the world’s poor.

Almost as important as making cheap yet efficacious vaccines was the realization that COVID-19 or another serious coronavirus pandemic was in many respects both predicted and predictable. Coronavirus epidemics or pandemics appear regularly because of a confluence of twenty-first-century forces, with climate change among the multiple contributing factors. Many viruses capable of transmission to humans originate in bats before they eventually transmit to people. This includes coronaviruses. One possible scenario under investigation is how altered environmental conditions due to climate change can shift bat habitats, which together with deforestation (due to both climate change and other human activities) bring bats in closer proximity with humans or other mammals capable of transmitting coronaviruses. Thus, climate change now combines with socioeconomic factors including urbanization and shifts in human and animal migrations to promote the emergence of catastrophic epidemics.43 The bottom line: pandemic threats or rising tropical infections in North America and Europe just became our new normal. These days when Peter appears on the cable news channels or podcasts, or delivers public lectures to general audiences, one of the most common questions he receives is something to the effect of “Hey, Doc, what the heck is going on?” Another way to phrase this question: What explains why now in this new century we are witnessing a regular cadence of catastrophic epidemics of viral and parasitic illnesses?

Some of the major illnesses we can anticipate might emerge or accelerate in the coming decades due to climate change and allied forces include mosquito-transmitted virus infections, parasitic infections, and Ebola viruses and coronaviruses, each of which are described below:

Mosquito-Transmitted Viruses (Arboviruses)

During the early history of the United States, one of the most feared diseases was yellow fever, a mosquito-transmitted virus infection that causes internal bleeding and often death. Throughout the nineteenth century, ships from the Caribbean carrying patients infected with yellow fever (or Aedes aegypti mosquitoes harboring the virus) entered southern American ports such as New Orleans, Mobile, and Galveston on the Gulf Coast or Charleston and Savannah along the Eastern Seaboard to cause horrific epidemics. Tropical medicine experts now worry that the US Gulf Coast region, especially in South Texas and South Florida, is increasingly vulnerable to a recurrence of yellow fever or other serious arboviral infections transmitted by the same Ae. aegypti mosquitoes.44 These include dengue fever, Zika virus infection, Mayaro virus infection, and chikungunya.45

The major drivers include climate change and urban poverty. With regards to the former, higher temperatures and relative humidity often favor mosquito development, reproduction, feeding, or pathogen replication, although this situation can vary for some species.46 Climate-prediction maps indicate that an estimated one billion people globally will become at risk for Aedes mosquito-transmitted virus in the coming decades. This includes Texas on the US Gulf Coast. Another factor: mosquitoes thrive in urban environments. Houston, Texas (where Peter lives), is of concern because of its explosive population growth—it is one of the fastest-growing large metropolitan areas in the Western Hemisphere—and urbanization favoring Ae. aegypti combines with climate change to make arboviruses a particular threat.47 Gulf Coast cities also host areas of extreme poverty. When visiting poor areas in Houston, one cannot help but notice all the discarded car or truck tires dumped into our low-income neighborhoods. Driving through these low-income neighborhoods, one is profoundly moved by their depth and breadth of poverty. The dilapidated housing without window screens, drainage ditches, and the discarded tires are particularly noteworthy. Tires with standing rainwater constitute ideal urban habitats for mosquitoes.48 Peter’s home city of Houston is a perfect storm of climate change, urbanization, poverty, and therefore mosquito-transmitted viruses.

Parasitic Infections

Climate change, urbanization, and political instability also promote parasitic infections caused by microorganisms that are more complex than viruses, such as the protozoa that cause human leishmaniasis or malaria, or even multicellular worm parasites such as hookworms and schistosomes. Parasites spread disease and are transmitted by insect vectors or through contaminated soil or water. One of the most common parasitic infections is human hookworm infection and anemia, which is caused by small worms (less than an inch long) in the human intestinal tract. The worms are adapted to feed on blood in the inner lining of the small intestine to produce blood loss that results in anemia.

Hookworm is now a leading cause of anemia among people who live in extreme poverty, especially in Africa, Southeast Asia, and the poorest parts of Latin America.49 Individuals acquire hookworm infection from larvae that live in a state of biological dormancy in the warm and moist soils of tropical and subtropical regions of the world, especially in impoverished areas lacking sanitation or access to clean water. Another feature about hookworms is their ability to adapt to urban environments,50 and hookworm infection occurs even in impoverished areas in the southern United States.51 Peter began working to develop a hookworm-anemia vaccine forty years ago as a graduate student. Now, the scientists at the Texas Children’s Hospital CVD are developing an updated version of this vaccine in the expectation that hookworm infection becomes the dominant parasitic disease of climate change, urbanization, and other twenty-first-century physical and social determinants.52 The same holds true for some insect-transmitted parasitic infections. Malaria patterns are also shifting: local transmission was reported for both South Florida and South Texas,53 and there are predictions that malaria will become more widespread in Europe,54 by now a repeating theme we also saw for arbovirus infections, as well as hookworm infection in the southern United States.

Viruses Originating from Bats: Ebola Virus and Coronaviruses

We have seen two major Ebola epidemics, in 2014 in West Africa and in 2019 in Central Africa. Ebola viruses can be carried by bats. According to some conservation and ecology groups, shifting weather patterns, including droughts, altered temperatures, and storms, can promote significant bat migrations as they search for new food resources or as their habitats for reproduction and roosting close or expand. Through such climate shifts, Ebola-infected bats may have migrated into new areas of Africa. The next phase relates to other human activities, as economic deprivations caused individuals or groups to move into forested areas where they caught bats for food sources or sales. In this way, poverty couples with deforestation.55 Upon becoming ill, those exposed to Ebola from bats seek help in depleted health centers where there is an inadequate supply of gloves or other personal protective equipment. Health-care workers become infected and return home or to more urbanized areas. Once Ebola virus enters cities, it can spread more easily. Therefore, forces of poverty, urbanization, and climate change accelerate Ebola virus infections, just as they do arbovirus infections, although through different mechanisms.

Just as human Ebola virus infections first originated from bats, the viruses that cause SARS, MERS, and COVID-19 also most likely originated in bats before spreading either directly to humans or to humans through other mammals. SARS coronavirus may have spread from bats to civet cats prior to human infections, MERS coronavirus from bats to dromedary camels, and SARS-2 coronavirus (the cause of COVID-19) from bats to raccoon dogs or pangolins. Viruses with high levels of genetic-sequence similarity to SARS-2 have been detected among bats in Cambodia, Laos, Malaysia, Thailand, and Yunnan Province in southwest China, including some coronaviruses with 98–99 percent sequence similarity (in their 3’ UTR gene) to SARS-2.56 The EcoHealth Alliance, based in New York City, finds that SARS-like coronaviruses are ubiquitous among bat populations in Asia and estimates that more than sixty thousand humans become infected with these viruses annually, either directly from bats or through other mammals.57 In terms of twenty-first-century forces, the increased migrations of bats due to a variety of factors, including climate change, deforestation, and urbanization, may lead to more extensive bat and human interactions. Another important factor for both SARS and SARS-2 is the wholesale or wet markets in China that pack secondary animal hosts in cages and offer additional conduits for these viruses to spread to humans. One specific market, the Huanan Seafood Wholesale Market located in Wuhan, China, is generally accepted as the site where vendors sold infected live animals, and two strains of the virus emerged before humans first contracted COVID-19 in December 2019.58 Following these events, the SARS-2 coronavirus spread rapidly to ignite a global pandemic. Perhaps the most disturbing pandemic driver was the disinformation campaign to convince Americans to resist COVID-19 vaccines after they became widely available in 2021, causing the deaths to climb even higher—a topic we will revisit throughout this book.

A CANDLE IN THE DARK

The great Carl Sagan, in his tome The Demon-Haunted World, explained why science is a “candle in the dark,” a way to make informed decisions about the major challenges we collectively face. Only science can illuminate the way forward in tackling the climate crisis and combating novel pandemics. So we must both trust in it and push back against those seeking to sow distrust in it.

Some years ago, youth climate activist Greta Thunberg famously admonished critics to “listen to the scientists.” While she was referring specifically to those failing to heed the warnings of climate scientists, it could have equally been said of public health scientists now under assault by antivaccine activists and COVID-19 conspiracy theorists. The notion that we should listen to and trust science doesn’t mean exalting or deifying individual scientists. Rather, it means that we should place our trust in the collective judgment of the scientific community. Science is not unerring, but it offers our best understanding at any given point in time, subject of course to revision and modification as new observations or data become available, new hypotheses are tested, and an ever more robust and comprehensive understanding emerges.

There is a reason that scientists find themselves directly in the crosshairs of bad actors. Scientists rank among the most trusted messengers in modern society and are seen to possess both authority and integrity.59 There are few bars higher than the standards of legitimate scientific pursuit. Ultimately, eroding truths in science or equating scientific mainstream findings with propaganda makes it easier to diminish the veracity of just about everything else. That makes both science and scientists prime targets.

A prophetic nineteenth-century illustration of how vested interests are led to portray scientists as enemies of the people is, well, An Enemy of the People—the Henrik Ibsen play (turned into a film starring Steve McQueen in 1978, just two years before his death). The fictional tale takes place in 1882 in a small Norwegian town whose economy is closely tied to tourism driven by their local hot springs. Thomas Stockmann is a medical officer living in the town. He is vilified by the townspeople for revealing how a tannery is polluting the baths of a recently opened spa. Ultimately, his family is widely ostracized and even considers leaving town, but they decide to stay in the hope that the townspeople will come to recognize and appreciate Stockmann’s warnings. The ending suggests this is a false hope indeed. The story is a remarkably prescient cautionary tale for the toxic antiscientific sentiment we encounter today, where environmental and human health is threatened by special interests and the scientists speaking truth to power are portrayed as the enemy.

“An enemy of the people” is precisely the way bad actors want you to think about academics and scientists (and because the universe has a sense of irony, you can purchase a copy of An Enemy of the People with a foreword by none other than… Robert F. Kennedy Jr.).60 Consider the case of J. D. Vance, Donald Trump’s running mate in the 2024 election. Vance, an author turned politician, now serves as vice president of the United States. He is the product of a low-income upbringing who benefited from an elite education, including a law degree from Yale. As Katherine Knott details in Inside Higher Ed, “Vance has written and talked about how education is key to opportunity and how higher education helped to lift him out of poverty,” as detailed in his memoir, Hillbilly Elegy, published in 2016.61

A vocal Trump critic back in 2016, Vance did an about-face by 2018, positioning himself as a loyal member of the MAGA (Make America Great Again) tribe,62 running successfully for an Ohio Senate seat in 2022 as a Trump-loyalist Republican. Higher education, rather than being his personal savior as he’d avowed in the past, was now instead a villain to be maligned and undermined. In a 2021 speech at the National Conservatism Conference titled “The Universities Are the Enemy,” he said that universities are the source of “deceit and lies, not… the truth.”63 And at the 2024 Republican National Convention in late July he went further, exclaiming that “professors are the enemy.”64 For the authoritarian Right, professors and universities are the enemy because they seek to inform and to widen perspectives. Authoritarian and populist regimes need their citizens to be aggrieved and ignorant, attributes that typically dissipate in the presence of a college education. And thus, we see figures such as J. D. Vance (Yale Law), Florida governor Ron DeSantis (Yale undergrad and Harvard Law), and Fox News anchor Laura Ingraham (Dartmouth College) flip their Ivy League educations on their sides to rail against the “educated elites.” As we will see in Chapter 3, “The Petrostates,” attacking science and scientists is an authoritarian propaganda practice that was first shaped in Stalinist Russia during the 1930s. Antiscience remains a signature of authoritarian regimes and aspirations.

In 2024, our mutual friend and colleague Tony Fauci published his memoir. In it, among other things, he recounts his experiences at the center of attacks by Trump supporters and Republicans for his role in the government response to COVID-19.65 Mike happened to catch an interview he did about the book with Rachel Maddow on MSNBC. Almost as if to underscore the central thesis of this discussion, Maddow opined that it’s the fact that Fauci “knows what he’s talking about” that is so “toxic for their [Trump and Republicans] political project.” Maddow added that “Dr. Fauci is in the bull’s-eye of the Trump movement even today” because it “cannot abide public health expertise because it cannot abide expertise.” As she put it, anything that “challenges their leader” is answered “with menace.” Look no further than MAGA firebrand Representative Marjorie Taylor Greene’s (R-GA) insistence that Fauci “should be prosecuted for crimes against humanity” or Alex Jones’s demand that he be imprisoned or even that COVID response leaders be executed.66 “Enemy of the people, indeed. Or if you like, ‘Public Enemy Number One.’” That’s the way the New Republic referred to the Right’s inflammatory caricature of Fauci.67

Something Tony described in the interview underscores the commonality of the threats faced by scientists today in the public health and climate arenas. He related an incident during the Trump years when he had opened a suspicious-looking envelope only to discover it contained white powder. After a tumultuous ordeal, which included quarantine and the worry he and his colleagues had been exposed to a deadly substance, it was found to be harmless. But that wasn’t really the point. The intent was to scare him, to serve notice, to provide a warning. Just as they’d tried to do with Mike a decade earlier. As Mike recounts in The Hockey Stick and the Climate Wars:


On August 18, 2010, I had to explain to colleagues in the Penn State University meteorology department, located in the “happy valley” of Central Pennsylvania, why there was police tape over the door to my office. The immediate answer, is that the FBI [Federal Bureau of Investigation] had quarantined the room and sent a letter I’d received that afternoon off to their nearest testing facility to determine the nature of the white powder contained within it. At a more basic level, the answer was that this is what it means to be a prominent figure in the climate change debate in the U.S. today. The tests came back a few days later—luckily, the substance in the letter was corn starch. The sender had nonetheless committed a felony crime.



This confluence is not coincidental, for both are direct consequences of stochastic terrorism, a type of political violence inspired by bad actors fanning the flames of hatred and malice in a cynical effort to sow distrust in authority and anyone—especially scientists—who might stand in the way of their political and financial agenda. Physical threats and violence are not only an understood but in fact a desired consequence. Tony reports that Representative Taylor Greene’s comments drove death threats against him.68 Elon Musk has promoted the vilification of Fauci with tweets like “My pronouns are Prosecute/Fauci,” which has more than a million likes.69 Six months later Musk attacked Peter for refusing to debate RFK Jr. about vaccines on the Joe Rogan podcast, insisting that Peter was “afraid of a public debate, because he knows he’s wrong.”70 This egged on the darkest of antiscience forces, who saw Peter’s defiance as a license not only to engage in a mass online social media attack on him, but also to stalk him at his home or at venues where he spoke, necessitating that he travel with security and protection from law enforcement. Fortune magazine reported that “after Elon Musk, Joe Rogan vaccine Twitter brawl, scientists say ‘vile rhetoric and misinformation’ is forcing them off the platform.”71 That’s a double win for the forces of antiscience.

THE BATTLE WE FACE

The one-two punch of climate change and pandemics threatens humanity, ecosystems, and life on Earth as we know it. We are in a new age of metaphorical “global boiling” and recurrent deadly infectious-disease outbreaks. For future waves of global infections, we will need to employ an array of new technologies and enhance public health–control interventions. And to limit our exposure to the impacts of climate change, we will have to reduce carbon emissions dramatically, while funding and implementing adaptive measures to insulate us from the damaging consequences of coastal inundation, extreme weather events, dangerous heat, and of course more widespread infectious disease. Let us dig a bit deeper into that.

For the mosquito-transmitted viruses, we have the capacity to develop new vaccines, and some are already being either developed or deployed.72 We also have new approaches to developing genetically modified mosquitoes or biological control methods using Aedes mosquitoes infected with Wolbachia bacteria.73 It is unclear whether such innovations can even leave the starting gate given the widespread suspicion now generated by antiscience forces. Some of the same issues may apply to new antiparasitic-disease vaccines such as the human hookworm vaccine that Peter has developed, a lifelong quest that began when he was an MD/PhD student in the 1980s in New York City.74 Even though that vaccine would likely be deployed only in LMICs, there are already indications that the antivaccine activism now pervasive in the United States is spilling over to slow malaria-vaccine uptake on the African continent.75 There is excitement about the possibility of developing next-generation coronavirus vaccines, including a universal coronavirus vaccine.76 However, it is unclear whether this also will be readily adopted. It is noteworthy that fewer than 20 percent of Americans eligible to receive a new annual immunization targeting the circulating variants at the end of 2023 and beginning of 2024 decided to take it, even though it was shown to be effective at reducing hospitalizations,77 or even long-COVID signs and symptoms.78 Will public health permanently suffer due to omnipresent antiscience and antivaccine activism?

In the chapters that follow, we detail how climate change and pandemics have acquired a new, self-sustaining fuel, namely, a veritable tsunami of antiscience disinformation that drives attacks on both science and scientists (Fig. 2). By themselves, climate change and pandemics pose a risk to the future of humankind and our planet. Now, antiscience has become an overriding third driver, which could make climate change and pandemics difficult if not impossible to fight. As Peter Katona, Kavita Patel, and Seth Freeman wrote in the Hill in 2023: “Rising anti-science attitudes in the U.S.—and anti-evidence generally—have become infused into the country’s culture wars. Anti-science sentiment impeded our pandemic response, and it prevents us from adequately addressing climate change and other societal problems. Anti-science is, quite literally, killing us.”79


[image: A cartoon of two pairs of scientists discussing ‘COVID-Nineteen Science’ and ‘Climate Science.’ The dialogue between the pair discussing Covid-Nineteen Science, reads, ‘As long as we just provide the facts to the American People.’ The other pair of scientists are laughing hard at the Covid Pair.]
Figure 2. “As long as we just provide the facts to the American people.” Marc Murphy for The Courier Journal

Unless we find a way to overcome antiscience, humankind will face its gravest threat yet—the collapse of civilization as we know it. The premise of this book, based on our own lived experience, is that antiscience has grown to constitute a vast ecosystem, supported by five major forces that favor and promote scientific disinformation, challenge the basic tenets of public and planetary health, and twist behaviors in a way that threatens human lives and livelihoods. It is a complex spiderweb of malevolence that thrives on dark money, bad actors, and the nebulous activities of state entities, and it is now a pervasive influence in America and beyond. The five major drivers or forces can be briefly summarized as follows:


	The plutocrats, that is, a group of billionaires who finance the antiscience empire, often through dark-money channels, while shaping an elaborate system of ultraconservative policy think tanks, political action committees (PACs), lobbying groups, and colleges.

	The petrostates, meaning state actors of nations typically propped up by extractive industries and especially fossil fuels, and the politicians who do their bidding by creating the legislation and using the power of the state to co-opt the media, push antiscience propaganda, create onerous antiscience policies, and intimidate scientists. They are assisted by polluters and their politician allies.

	The professionals, or “pros,” who provide many of the key disinformative talking points or content. The pros include credentialed experts, oftentimes holding doctoral degrees, and in some cases (currently or formerly) major university or academic appointments. In climate science they include industry shills who serve as talking heads on cable news or write op-eds and books promoting climate denial and inaction, while in biomedicine they include physicians and other health-care professionals serving the health and wellness empire, together with physician-associated organizations that tout or sell medications, cures, or nutritional supplements of unproven value. They also include a small cadre of contrarian medical school professors, with some now serving in the second Trump administration.

	The propagandists, who work hand in glove with the pros. In general, they comprise the ideologues on social media, blogs, and podcasts, including full-time “trolls” who hide behind the anonymity afforded them by social media; armies of “bots,” often deployed by industry special interests or state actors who spread antiscience and smears; and individuals who present themselves as scientific experts, but lack the expertise relevant to the topic at hand and are often driven by ideology and axes to grind rather than any interest in the dissemination of objective science.

	The press, which includes not just the conservative media (for example, Fox News and the Wall Street Journal editorial page), but even elements of the mainstream media (MSM) who push dangerous false equivalencies to provide legitimacy to antiscience extremists (by no means do we mean that all journalists and all journalistic outlets are part of the problem—but far too many are today).



In some cases, there is a blurring of these categories, such as what it means to be a pro versus a propagandist, or a plutocrat versus a propagandist—think Elon Musk. So it should come as no surprise that the same names and groups might pop up in multiple chapters in this book. But there is no question that together, these five forces of antiscience have blazed a path of death and destruction across the United States and around the world. And we cannot confront and dismantle modern antiscience without first understanding it. Professor Marie Curie once said, “Nothing in life is to be feared, it is only to be understood. Now is the time to understand more, so that we may fear less.”80 While we’re not sure we entirely agree with the first part of that statement (there is much to fear today when it comes to the pernicious impacts of antiscience), we nonetheless, in furtherance of understanding, provide a firsthand account of our experiences with the five forces of antiscience. We offer some practical steps to begin a long road to repair public understanding, to protect science and scientists from the five predatory forces of antiscience, and to ensure, for posterity, that young people continue to view science as a vital, noble, and worthy undertaking and profession.
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