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PREFACE





    Along with suffering, hundreds of millions throughout the world who have endured the pains of arthritis and migraines have at least one thing in common: They insist that weather precipitates and worsens their suffering.




    Some of the best minds, those who have attempted to understand and remedy these and other intricate medical conditions, agree that their patients have powerful cases.




    The human body and the atmosphere meet at one of the most magical and complex intersections in the known universe. Understanding that dynamic and often mysterious relationship has taken on new urgency with accelerating climate change. In addition to migraines and arthritis, credible research has linked weather and its ever-changing behavior to everything from suicides to sexual activity, from purchasing decisions to diets, from melancholy to irrational exuberance, from insomnia to mental acuity, from mood changes to the behavior of the stock market.




    Humans historically have exhibited the ability to adapt to changes in climate, sometimes on short notice. Think of Mexican, African, Caribbean, and Indian immigrants who populate Northeastern U.S. cities. Or seventeenth-century European settlers initially shocked by the harsh winters in the colonies.




    But how might rising temperatures affect common seasonal ailments, such as colds and influenza, and the more exotic disease vectors? And how might heat waves intensify on the urban heat islands that already have become summer hot plates due to heat-retaining buildings and paved surfaces?


 



    What follows is a conversational, historical, clinical, and factual tour of the science of biometeorology—technically, that’s the study of the interactions between the atmosphere and living organisms—and in this book, the discussion is limited to human beings. I address what is known about weather–health interactions, separating reality from fantasy and folklore. I have endeavored to avoid sensationalism: Climate change is real, and people are scared enough.




    As researchers cautioned in a National Academies of Science publication, Under the Weather (which I highly recommend), epidemiology, climatology, and meteorology are very different disciplines, each with much to learn from the others: “Epidemiological data from many parts of the world are highly limited or nonexistent. . . . In turn, epidemiologists and other health professionals need to understand the considerable uncertainties associated with many aspects of climate forecasting.”1




    Science is, indeed, science, and it is layered with complexities, as is biometeorology. And a day when we see a journal paper that ends with “No more research is needed” will never come.




    Once an arcane discipline, biometeorology’s revived popularity is evident in the daily “health” forecasts for arthritis, migraines, and allergies that appear on commercial weather sites. But caveat emptor, those are the works of Dr. Algorithm.




    Through the decades, adventurous and visionary medical researchers and practitioners have done the hard and often frustrating work of seeking the answers to atmosphere–body riddles. I think of the international arthritis expert, whose work is discussed in chapter 2, who consigned those under his care to an experimental chamber worthy of science fiction to prove that weather changes both incite and intensify pain. For his trouble, he endured considerable frustration himself.




    This is a plain-language lay treatise, and I have tried to eschew technical medical jargon where possible. This has required some degrees of simplification. For example, in the chapter on vitamin D, I dispensed with the D2, D3 distinction. That’s acceptable, in the view of Glenville Jones of Queen’s University in Canada, who observed that “these two forms have roughly equal potencies, similar metabolic patterns and identical effects in the body.”2


 



    Much of the reporting is drawn from personal experiences. I confess to being somewhat of an “atmo-chondriac,” ever-conscious of the effects of the weather on my mental and physical health.




    However, we journalists have our own diluted version of a Hippocratic Oath. In that spirit I have done my best to transcend my own biases and attempt to present objectively what is and isn’t known about the body–atmosphere relationship—inescapable even in our managed indoor environments—and why researching this relationship has been so problematic. The literature on the subject is voluminous, and ranges from embracing to dismissive—sometimes both simultaneously. Studies have shown almost everything.




    The material in the book is arranged by seasons.




    Each section begins with a prelude summarizing the health aspects most commonly associated with that season, although several of the conditions addressed aren’t confined to one season. Pollen allergies begin at the very end of the astronomical winter and continue into the beginning of fall. They are discussed in the spring section because in the temperate zone, that embraces the peak periods of two of the big three pollen allergens—trees and grass. Ragweed, the third leg of the pollen trilogy, doesn’t ripen until late summer. In any event, maladies have about as much respect for our calendars as the atmosphere does.




    Each chapter ends with short summaries of strategies and remedies for mitigating the effects of the various conditions as recommended by the likes of the Centers for Disease Control and Prevention (CDC) and other medical professionals and organizations, including the American Academy of Allergy, Asthma and Immunology and the American Migraine Foundation.




    While I have endeavored to separate the legitimate from the unsupportable, it is clear that ignoring the atmosphere in matters of health is as much folly as ignoring the importance of diet and exercise in an intelligent wellness program.


 

  




  

    INTRODUCTION




    BIOMETEOROLOGY, THE FIRST 4,500 YEARS




    	•Physicians, patients, and medical researchers who hold that weather and climate significantly affect human health have strong support from the “father of medicine.”




    	•The body–atmosphere connection was an important impetus in the creation of the U.S. National Weather Service in the nineteenth century.




    	•The pursuit of biometeorology more or less went into remission with the advent of the “germ theory” of disease, but is experiencing a renaissance with concerns about the health effects of climate change.





    + + +




    That the weather intensifies or even causes human pain and discomfort, and that it is inextricably tied to our well-being, are truths held to be self-evident through the ages by hundreds of millions of people all over the world.




    “We are so certain that weather affects our health that to feel ill or be sick is synonymous with being ‘under the weather.’” So stated Frederick Sargent II, a physiologist who was a pioneer in the science that became known as biometeorology.




    It has had quite a history.




    



    As a National Research Council (NRC) team stated in its report published at the turn of the millennium, “Health and climate have been linked since antiquity.”1




    Did you know that the atmosphere’s perceived effects on the human body were an important impetus for the creation of one of the world’s most important scientific institutions, the U.S. National Weather Service?2




    Biometeorology is a discipline that for a variety of reasons—some explainable, some not—has gone in and out of favor through the centuries, with a variation in intensity of interest to rival the weather itself.




    It evidently has entered another up cycle. Biometeorology has experienced a resurgence in the twenty-first century with ever-increasing concerns about how the cosmic consequences of a warming planet and the changing atmosphere might affect disease vectors and assorted viruses, allergies, and chronic conditions.




    Granted, those Dr. Algorithm forecasts posted daily by the likes of AccuWeather and weather.com are more about the pursuit of web traffic than concern for public health, but they do speak to how a weather–health connection is so commonly accepted.




    That acceptance, said Edwin Grant Dexter, one of the first Americans to examine seriously the weather–body connections,3 has been a driver of the quest for answers. “The basis of widespread opinion along any line,” he wrote at the turn of the twentieth century, “is a fertile field for scientific research, and none more fertile than that of belief in weather influence.”4




    The great nineteenth-century French scientist Claude Bernard, described as the “founder of modern physiology and medicine,”5 observed, “The conditions necessary to life are found neither in the organism nor in the outer environment, but in both at once.”6




    Certainly, more than one well-credentialed researcher has concluded that the atmosphere’s alleged role in various physical torments was the stuff of “old wives’ tales,” unsupported by hard evidence, and that we have engineered and insulated ourselves from our natural environments. But the credible medical experts and complaining patients who hold that it is the stuff of reality have support from one of history’s most famous and oft-cited, yet underappreciated, physicians: Hippocrates.




    Not surprisingly, Hippocrates is mentioned prominently in that NRC report.




    “Whoever wishes to investigate medicine properly, should proceed thus: in the first place to consider the seasons of the year, and what effects each of them produces,” Hippocrates wrote 2,400 years ago in his treatise, On Airs, Waters and Places.7 By then, the concept of the weather–health connection already was at least 2,000 years old, and may well have dated to the dawn of human consciousness.




    But it was Hippocrates who extricated the concept from its occult ancestry.




    ABOUT HIPPOCRATES




    Details of Hippocrates’s life are wanting. On that point, historians are in accord. It is known that among his champions were Plato, a contemporary; Aristotle; and much later, Charles Darwin.8 Various sources have provided different estimates of his age at death, ranging from 85 to 109. However, it is believed he was born around 2,500 years ago.9




    Only 60 works credited to him have survived, and it is not at all clear how many of those he actually wrote.10 The treatises survived a great fire that destroyed the Great Library of Alexandria at the end of the second century CE and were published under the title Corpus Hippocraticum. Authorship remains a source of debate, but researchers agree that the Hippocratic influence is unmistakable.11




    These days, I suspect that many of us confuse Hippocrates with the figures of Greek mythology, like Achilles and Perseus. His legacy is most recognizable in its adjectival form, as in the “Hippocratic Oath.” Yet even there, the most oft-quoted phrase from that oath—First, do no harm—is actually a misquote. And contrary to popular perception, taking the oath is not a requirement in most modern medical schools.12




    But, Hippocrates was quite a real person, by all accounts one with a prodigious mind and deeply cultivated sensitivity. Despite some of his misconceptions—reminiscent of some of Aristotle’s notions about the atmosphere—he deserves the title of “Father of Medicine,” in the view of medical historians. In his book, Politics, Aristotle went so far as to knight him “The Great Hippocrates, the wise physician.”13




    He was trained by his “physician–priest” father and his grandfather (perhaps they should be “the grandfather and great-grandfather of medicine”). In that era, the prime qualification for being a doctor was being born into a family of physicians.




    Hippocrates was instrumental in changing that tradition: One of his most significant contributions was to establish a medical school where aspiring physicians without family connections could be trained and educated.14




    He had other profound impacts on the future of medicine.




    The standard sculptural portrayals of Hippocrates represent him as a venerable, bearded figure. While they may be essentially accurate, Dr. Fielding Garrison wrote in his seminal An Introduction to the History of Medicine, published in 1913, that Hippocrates broke the sculptural mold of the Greeks’ understanding of anatomy, which had been limited to “visible or palpable parts.” Hippocrates “gave to Greek medicine its scientific spirit and its ethical ideals,” said Garrison.15




    During the apex of Athenian democracy, Hippocrates was alive at the same time as the towering intellectual figures of Western civilization. In addition to Plato, they included Socrates, Sophocles, Euripides, and Herodotus, whom we will meet again in chapter 12. Forgive the pun, but they weren’t exactly airheads. (Okay, don’t forgive the pun.)




    Hippocrates postulated that climate and meteorology were the very starting points for understanding human health. He believed that the body was bonded to the total environment: the air, the water, the topography, even its orientation to the sun. He advised those who chose to pursue medicine to be aware that seasons “differ much from themselves in regard to their changes” and take into consideration “the winds, the hot and the cold, especially such as are common to all countries, and then such as are peculiar to each locality.”16




    Some of the fundamental concepts of biometeorology, although that term wouldn’t be used for millennia, have endured.




    It is well-established, the NRC authors observed, that “a change in weather can lead to the appearance of epidemic disease. . . . Indeed, the very terms we use today for infectious diseases often preserve ancient notions of disease being caused by environmental factors.” They cited “influenza,” derived from “influence,” and “malaria,” from mal, or bad, and aria, air, not to mention “cold.”17 Of course, the term “cold” describes as many as 200 different viruses18 and has survived through the ages. (For more on the “cold,” see chapter 8.)




    DARK AGES




    Precisely how weather–body associations might have evolved or devolved during the centuries between the collapse of the Roman Empire and the dawn of the Scientific Age is shrouded in darkness.




    But the invention of instruments that could observe and measure natural phenomena—the likes of barometers, which verified the profound insight that air has weight; thermometers; and anemometers and rain gauges—led to quantum advances in the understanding of the behavior of one half of the weather–health connection: the atmosphere. Those advances, in turn, were considered a boon to identifying atmospheric impacts on health. Scientific societies in Italy and Great Britain undertook efforts “to unify and analyze meteorological and medical information,” the NRC report noted. “France even required a precise collection of meteorological data by physicians three times each day, on forms provided by the Royal Society of Medicine.”19




    Environmental medicine experienced a heyday in the late eighteenth century. New medical information led to the building of drainage and sewer systems, and the establishment of clear links between certain locations and disease risks. The medical community was actively involved in weather observations in the pursuit of atmosphere–disease connections.




    In the New World, meteorology and medicine had a symbiotic relationship. Thomas Jefferson and Noah Webster were diligent in tracking weather and its possible relationship to disease.20 In 1818, the U.S. Army surgeon general ordered his charges “to record the weather and everything of importance relating to the medical topography of his station, the climate, and diseases prevalent in the vicinity.” That practice, which would continue until the 1880s, was aimed at identifying any cause-and-effect relationship between the atmosphere and the soldiers’ health.21


 

    One of the most important developments in the history of meteorology—the establishment of a U.S. national weather bureau, in 1870—resulted from efforts to make the weather–disease connection.22




    Ironically, however, that development coincided with a disconnect between medical and meteorological pursuits. Changes were in the winds that would affect the future of biometeorology.




    By the mid-nineteenth century, something of a tug-of-war was underway between the weather people and the doctors. The weather folks were envisioning new uses for their observations. With the invention of the telegraph, meteorologists saw opportunities for storm warnings and for using the data to make weather predictions. Physicians remained involved in collecting weather observations, but the data were being conscripted for other uses.23




    Weather became the subject of a military takeover. The resolution signed by President Ulysses S. Grant in 1870 placed the new national weather agency under the command of the secretary of war. The thinking at the time was that the collection and rapid dispensing of weather data would require military discipline.




    Meteorology was marching away from physiology, and it would be decades before the creation of any government health department. The very name of the new weather agency—the Division of Telegrams and Reports for the Benefit of Commerce—suggested it would have nothing to do with physical well-being.24




    “The military engulfed meteorology,” the NRC team wrote. “By 1880 meteorology’s early origins in medicine were all but invisible, and medical study of epidemics turned away from prediction toward pursuit of disease agents in laboratory-based investigations.” The nature of understanding the origins of diseases was undergoing fundamental change. “The first ‘revolution’ in epidemiology came after 1882 with Robert Koch’s elaboration of the germ theory of disease. . . . Younger, statistically knowledgeable epidemiologists accepted the fundamental determinism of germ theory—that a particular microorganism would be found responsible for any given disease.”25




    But if the Hippocratic ideals went into remission, they did not disappear. For example, in France, between the world wars, “neo-Hippocratics” were embracing a vision of disease that spoke to the relevance of climate to ailments.26




    Interest in establishing order to the world of biometeorological research gained traction in the 1950s. In the United States, a “Biometeorology” division of the American Meteorological Society was created in 1952. The following year, Dutch geologist Solco W. Tromp traveled to Washington to meet with an American group that included Frederick Sargent. Tromp informed the Americans that he was part of a group of European scientists who gathered in Paris to discuss forming a biometeorology society that would meld biology and meteorology.27




    The International Society of Biometeorology was formed in 1956, with Sargent serving as its first president.28




    One indication of the surging interest in the subject is in the publication history of the International Society of Biometeorology Journal. Since its beginnings in 1957, nearly 20 percent of all articles that address meteorological variables and their relationship to specific diseases were published just in the years 2017 and 2021, with an uptick evident starting in 2011.29




    CLIMATE CHANGE, AND COMPLICATIONS




    The planet’s rising temperatures have been an obvious impetus for the renaissance of interest in the connections between climate, weather, and health and disease.




    One of the more obvious potential results of a warming world would pertain to a highly weather and climate–related affliction that affects as many as 2 billion people worldwide—pollen allergies—and the 300 million who suffer from asthma.30




    Any number of studies published in the last few years have indicated climate change in the lengthening of pollen seasons, and allergists warn that conditions are likely to further deteriorate.




    Just how bad might it get? Pollen still is guarding some of its most consequential secrets, and the future may hold quite a few surprises.


 

  




  

    SPRING




    ONE ACHINGLY BEAUTIFUL SEASON




    Among the four seasons in the Northern Hemisphere temperate zone, spring likely would far outpoll the other three in any survey ranking the seasons in terms of qualities that promote well-being.




    Personally, I would side with the minority, casting my vote for winter, although it would be a tough choice. I am a fan of extreme times, and spring certainly qualifies, its benign reputation notwithstanding.




    Tennyson’s famous observation in “Locksley Hall”—“In the Spring a young man’s fancy lightly turns to thoughts of love”—has been oft-repeated, and oft-misunderstood and misrepresented.




    First, it is indeed a succinct poetical encapsulation of one aspect of what is called “spring fever,” a phenomenon experienced by humans and other mammals, the insects, the avian species. I’m astonished at the energy that the birds spend in spring, breeding, nesting, feeding the babies and teaching the chicks the facts of existence.




    Spring fever, while not a formal medical diagnosis, is very definitely real.




    A seasonal-disorder specialist at Columbia University offered the best quasi-medical definition I’ve come across, describing spring fever as “a rapid and yet unpredictable fluctuating mood and energy state that contrasts with the relative low” of winter.1




    It’s all about the light, which returns in abundance in spring, says Michael Smolensky, a University of Texas chronobiologist who long has had an intense interest in biometeorology and the co-author of The Body Clock Guide to Better Health. And that springtime mood bump is all about the rhythms of the seasons. “We take them for granted,” he said in an interview posted on the WebMD site. “People accept the fact that our bodies are organized in space—that our toes are at the end of our feet, and the hairs on our head stand up. But we give little thought to the fact that our bodies are structured in time.”2




    Unfortunately, spring isn’t all swaying daffodils and songbirds, as Tennyson’s poetical speaker in “Locksley Hall” was well aware. He was rather bitterly recounting a painfully lost love. From there, he transitions to some dark and fascinating ruminations about the state of nineteenth-century life. The poem eloquently captures a long-identified psychological paradox: In spring a young man’s or woman’s fancies might readily turn to melancholy, for reasons that transcend their understanding.




    Among the cherry blossoms, crocuses, hyacinths, tulips, and putting greens, it would be natural to feel strangely energized and inappropriately giddy. How could anyone feel depressed romping through such a bouquet of nature?




    A whole lot of people have found the ways.




    It might stem from puzzlement at the incongruity over sensing an inner darkness against the background of the increasing light and the reawakening of the environment. That would be a variant of what some folks experience during the holidays, when expectations and childhood memories might demand a response radically at odds with an inner discomfort stimulated by forced jollity.




    Spring is a time when circadian rhythms can be disrupted, which sleep specialists warn is a tremendously underrated health issue. Like clockwork, in the leadup to the clocks moving forward an hour in March, the debate over imposing the shortest weekend of the year on much of the world will begin anew.




    While bills in Congress and in states across the country have called for year-round later sunsets, the American Medical Association and a phalanx of health organizations insist that daylight savings time is a circadian nightmare with serious health consequences.3 Based on history, don’t expect any changes in the clock-change business.




    And in terms of weather, spring in temperate climates isn’t all sunshine and harmlessly floating clouds. It hosts the most glorious days of the year, all the more appreciated in contrast to the season it deposes, but winter rarely goes quietly. A cloud covering the sun in April can shave off six weeks from the meteorological calendar. While the weather is trending toward the benign, it also is the peak season for the most violent storms on earth, tornadoes.




    The weather’s volatility can be a source of physical afflictions. Some complain that it literally gives them headaches, as in migraines.




    It is a season of discomfort for those who suffer bone and joint pain, and chapter 2 includes a discussion of one of the grander experiments in medical science that attempted to identify the atmospheric variables that that are sources of torment for arthritis sufferers. This provides an abject lesson in the difficulties of linking weather and health.




    And spring is number one for allergies, with trees and grass pollens on the attack, sometimes in concert, all in an attempt to sow the seeds of future generations. Various researchers have concluded that, with a warming climate and conditions favorable for more vegetation, the pollen season will grow longer and more punishing for the millions of sufferers.




    Pollen is the subject of the next chapter, and how we know—and don’t know—what’s in the air.




    

  




  

        CHAPTER 1




    LOVE IN THE AIR




    	•As many as 2 billion people in the world may suffer from seasonal pollen allergies.




    	•The tree, grass, and ragweed seasons take up half the year in some of the world’s more populated places, and seasons have been growing longer with the warming of the planet.




    	•Perhaps surprisingly, pollen is poorly counted in the United States, and it may take some time before the effects of warming on the severity of the pollen seasons are quantified.





    + + +




    Early in the morning of the first full day of spring, Dr. Donald Dvorin climbs atop the roof above his office on a quest for evidence. He had set his rooftop trap 24 hours earlier and is about to discover that he has ensnared an alarmingly large legion of captives.




    Dvorin retrieves a microscope slide from his Burkard Spore Trap and remands the captives to the laboratory. Magnified 400 times, under the lens the prisoners reveal themselves—thousands of miniature tormentors, sucked into a dime-thin slit a half-inch wide and helplessly bonded to the sticky surface of the glass, each one all of about 1/10,000th of an inch in diameter.




    Projected onto a monitor screen, that nondescript sheen that appears on so many mornings atop car hoods and mailboxes and patio furniture comes to life. The assembled ovular cedar pollens and the nearly circular juniper pollens that appear to be stenciled with snowflake-like hexagons are evocative of a Paul Klee painting. Dvorin sees so many of these micro-gametophytes during his examination that he can’t count them all in one sitting. He has other duties. He is an allergist. This is his busy season. He has to attend to patients who may well be suffering from what his microscope has revealed. The pollen numbers this day are astonishing.




    These are the reproductive emissaries of cedar and juniper, maple and oak. Yes, this is going to be one of those miserable days for allergy sufferers when their respiratory systems are under attack from an all-but-invisible army.1




    Some scientists believe that he may well be peering into the future.




    WHO REALLY COUNTS




    The evidence on this particular morning underscores the importance of Dvorin’s work. Based on the available research, this daily pollen-counting exercise should become ever more vital to the nation and the world.




    That’s why Don Dvorin may well be one of the nation’s most under-appreciated detectives. Ironically, at a time when they are needed most, he may be among the last of the traditional pollen hunters.




    His practice is in New Jersey, whose moniker, “The Garden State,” correctly suggests that it is a pollen haven. His observation station is situated not far from the Pine Barrens, that legendary and incongruous 1.1-million-acre preserve of woodland in the nation’s most densely populated state. Over 9 million people live in New Jersey. His is one of only three pollen-counting stations certified by the National Allergy Bureau. Coverage in other parts of the country is even sparser.2




    AIR RAIDS




    Of all the connections between human health and the atmosphere, the pollen allergy seasons are among the most evident, and most poorly understood. While some people may file them under “A” for annoyance, and that might include actual allergy sufferers, medical professionals take them quite seriously, with good reason. Asthma, which will be discussed fully in the Autumn section of this book, and pollen sensitivity often have a symbiotic relationship.3




    



    



    Various studies have concluded that in a world made warmer and moister due to increasing carbon dioxide concentrations, more plants will be producing ever-more pollen in their efforts to sow the seeds of future generations.4




    In addition, tree populations have been growing in ever-expanding urbanized environments, serving a worthy cause. In part, that’s the result of attempts to mitigate heat-wave dangers associated with the “urban heat island” effect that has given cities a decades-long head start on worldwide warming. However, more trees mean more pollen.5 Plus, the extra warmth in the cities appears to be triggering earlier pollen releases, compared with surrounding areas.6




    All things being equal, the changes in the climate system would mean ever-more raw material to torture the estimated 2 billion people in the world who are allergic to the pollen emitted by trees, grasses, and the homely and ubiquitous “ragweeds.”7




    I have felt their pain, almost every year, from equinox to equinox. In my area, the torment begins with the junipers, cedars, poplars, and maples in March, with the pollen of 15 or more species joining them as the season peaks in mid- to late April. For a period in May the reproductive frenzy of the trees overlaps with that of the incipient grasses, which take over by June. After a pollen hiatus of several weeks, the ragweeds join the party in August and into September.




    I have had attacks of sneezing—a hundred or more an hour—that have stripped me of all cognitive function and induced a debilitating physical fatigue. I recall one seizure in a small New York theater where Christopher Plummer was performing Barrymore in a one-person show. My sneezing was so disruptive that my wife rather vociferously asked me to leave. By coincidence, we had reservations for dinner that night at Trattoria Dell’Arte, whose signature decorative features include a gallery of famous Italian noses. It was a splendid meal, based on what I could taste of it, and it did not stop the sneezing.




    Fortunately, I have never experienced a medical crisis, but some of my fellow sufferers have been known to end up in emergency wards with respiratory complications.




    



    



    Pollen-related medical costs exceed $3 billion annually in the United States, alone, according to the Centers for Disease Control.8 That total is almost certain to grow dramatically as the ranks of the allergic are likely to continue to swell. Anything that involves the nonlinear chaotic behavior of the atmosphere is sure to have elements of unpredictability, but the consensus forecasts are calling for harvests of suffering from the seasonal afflictions commonly, and erroneously, called “hay fever.”




    The weather has almost everything to do with this. It is the brewery and the distributor; a classic illustration of how human health is inextricably tied to the behavior of the atmosphere.




    ABOUT HAY FEVER




    Just what is this phenomenon called hay fever, what do we know about it, why is it afflicting so many more people, is it any way predictable, and what can an allergy sufferer do about it?




    Hay fever has nothing to do with hay. Those who are hypersensitive to pollen are unlikely to feel anything to challenge the respiratory system in the presence of bales of hay.




    English physician John Bostock has been credited with being the first to describe classic hay fever symptoms, in an 1819 paper he read before the London Medical and Chirurgical Society, with the page-turning title, “Case of a Periodical Affection of the Eyes and Chest.”9 His symptoms would be ever-so-familiar to millions of allergy sufferers these days, and he reported that they encored every summer, almost like clockwork.




    “A sensation of heat and fulness is felt in eyes,” Bostock wrote, “first along the edges of the lids, and especially in the inner angles.” What follows is “the most acute itching and smarting.” Then “a general fullness is experienced in the head,” and “irritation of the nose, producing sneezing, which occurs in fits of extreme violence.”10




    Bostock later noted that the only mention he had encountered of similar symptoms was a drive-by reference in William Heberden’s Commentaries on the History and Cure of Diseases.11 Heberden’s account consists of all of two sentences in a section on “catarrh”—a general term associated with cold-like symptoms.12 (Note: The Spanish word for cold, catarro, is derived from the same Latin root.) Heberden likely made his observations at least 20 years earlier, since he died in 1801 at age 91.13




    Exactly who first used the term “hay fever” remains one of the mysteries of the universe.




    Bostock mentioned that, regarding the symptoms he had described, “an idea has very generally prevailed, that it is produced by the effluvium from new hay, and it has hence obtained the popular name of the hay fever.”14




    The term obviously had legs and life. If you ever had the questionable pleasure of watching the 1960s TV show Green Acres, or at least listening to the opening theme song, you would have heard Eva Gabor complain, “I get allergic smelling hay.” That was one of her unsuccessful arguments against forsaking Manhattan for the farm life. Perhaps costar Eddie Albert, whose will prevailed, understood the disconnect.




    The hay connection certainly wasn’t the first misconception associated with seasonal allergies, which likely have been around as long as plants have emitted pollen and humans have had noses. It is believed that both Julius Caesar and Augustus Caesar were sufferers.15 Yet the true source of these seasonal afflictions remained a mystery deeply into the nineteenth century.




    Leonardo Botallo, an Italian-trained doctor who later became a royal physician in France, evidently was responsible for a significant detour on the road to pursuing the answer. He promulgated the popular misconception that flowers in bloom trigger hay fever attacks.16




    In 1565, Botallo described upper-respiratory symptoms set off by roses, which he called “rose catarrh.” In reality, of course, the roses were wrongly accused. The symptoms in all likelihood were the result of exposure to airborne pollen. Although the term “rose catarrh” has long gone out of fashion, the misattribution has endured, perpetuated in the popular media when actors suddenly start sneezing—without much in the way of conviction—near otherwise innocent blooming flowers.




    So, how was pollen identified as the agent? It took some ingenuity and self-sacrifice.




     



    
TAKING ONE FOR SCIENCE





    In an Allergy Hall of Fame, Dr. Morrill Wyman, a Massachusetts physician, would deserve a plaque. He proved the linkages between allergy symptoms and pollen the hard way, by inhaling ragweed pollen.17




    Wyman’s 1875 paper published in the Boston Medical and Surgical Journal tidily summarized what we now know of the career of the ragweed season. “Autumnal catarrh, or ‘hay fever,’ as it is properly called, sets in toward the end of August as surely as swallows come in spring,” he wrote. “Limited to a single month, the disease then disappears, whether treated or not. . . . What is very remarkable, numerous as the sufferers are, they are limited to certain regions. If the sufferer leaves those catarrh regions, . . . he begins immediately to recover.”18




    Wyman suggested that for relief, the victims should head to the elevated areas of the White Mountain region of New Hampshire—never a bad idea, by the way.19 I can testify personally from many encounters that I never experienced symptoms there, only the majestic beauty of one of the nation’s most spectacular natural wonders.




    Arguably a larger plaque would bear the name of Charles H. Black-ley. In an exhaustive treatise published in 1878, Blackley recounted his extraordinary, and serendipitous, investigations that ultimately established the pollen connection. Suffering from hay fever symptoms for 20 years, Blackley was frustrated by the “scanty literature” on the subject.20 One summer day he was traveling on a road when a passing carriage stirred up a cloud of dust that induced a sneezing fit. The next day he returned to the same stretch of road and created his own dust cloud in what turned out to be a successful effort to achieve the same results.




    Blackley examined a sample of the particles under a microscope lens, aiming to identify what properties in dust that could have ignited his sneezing explosion. Eureka! What he saw “revealed to me the presence of bodies which I now easily recognize as the pollen grains of the grasses.”21




    Blackley’s observation of the weather that preceded his encounter almost perfectly described the atmospheric conditions that lead to high-pollen predictions in today’s algorithm-driven commercial forecasts: A mix of sun and rain followed by a dry spell. That would have been an ideal sequence for pollen production and pollen flight.




  Blackley went on to conduct various experiments on himself, introducing pollen grains to his eyes and nose to induce allergy symptoms. He would invent a popular allergy test. He observed that by applying pollen to his skin, he could produce those telltale reddish “wheals” that reveal a sensitivity. He became an early pollen counter, developing his own primitive pollen traps by attaching coated microscope slides to kites, collecting pollens at different levels of the atmosphere.




    Another of his findings was that pollen could travel vast distances on air currents. Charles Darwin was a fan of Blackley’s work, and corresponded with him. Darwin hypothesized that hay fever attacks on ships might have been triggered by airborne pollen.




    The body of Blackley’s work proved unequivocally that pollen was the agent of the seasonal “catarrh.” Blackley also took note of what he viewed as a paradox: people in farm country, where one intuitively would expect pollens to be robust, appeared to exhibit no seasonal allergy symptoms. Some modern research strongly suggests that he was on to something.22




    BOOM TIMES




    The causes of hay fever remain a subject of intense speculation and analysis, but unquestionably the incidence of diagnosed pollen allergy symptoms increased beyond exponentially during the twentieth century. Various studies have identified climate change as a primary agent in the twenty-first century, with a warmer, moister world increasing the overall volumes of plant life and, thus, pollen, and lengthening the seasons. The seasonal duration signal already is evident.




    However, the upward trend in cases began well before the accelerating warming of recent decades. Western nations experienced a huge bump in hay fever diagnoses from 1870 to 1950.




    An “allergy epidemic” was evident in 1935, when Dr. Oscar Swine-ford Jr., author of the voluminous treatise Asthma and Hay Fever, became a professor of allergy and rheumatology at the University of Virginia. The following year he opened a specialty clinic at the university’s medical school.




    In fact, hay fever had become so widespread in New York in 1946 that City Council approved a bill to eradicate ragweed. It was called Operation Ragweed23 and, by the way, it didn’t work, a nine-year study documented. The weed was mightier than City Council. The failures were related to the idiosyncratic behavior of the winds, a sobering lesson for those trying to forecast pollen on a day-to-day basis.24




    What explains the surge in the legions plagued by the symptoms? One major suspect may well be the “hygiene hypothesis.” This holds that advances in hygiene have insulated children from exposure to germs that could toughen immune systems and make them less vulnerable to allergenic attacks.25




    A sneeze is a symptom of a body’s attempt to repulse an invader that to others might be accepted as harmlessly as the scent of a rose.26 Sneezes are “violent respiratory events.”27 One study concluded that the force exerted on the sternum during a sneeze was similar to that exerted on weightlifters during a “moderate-intensity bench press exercise.”28 In a strictly unscientific sense, a sneeze is your body’s way of saying, Get the hay out of here. The “ah-choo” is a natural vocalization; the “ah” on the inhale, and the “choo” emitted on the exhalation as the mouth reflexively stays shut during the muscle contraction.29




    While no one has established precisely why the ah-choo chorus is gaining so many members, the hygiene hypothesis remains an intriguing possibility. It was first articulated in a brief 1989 paper by British epidemiologist David Strachan. He postulated that the increase in allergy incidence might be related to a decrease in germ exposure. He attributed the reduced germ exposure to smaller family sizes and to children having limited contact with animals at the same time that standards of cleanliness were improving. Strachan reasoned that in the old days immune systems were toughened by more germ exposure than in modern times.30




    In retrospect, a century earlier Blackley had provided supporting evidence to the Strachan hypothesis. Blackley had observed the lack of pollen allergy symptoms among people in farm settings.




    Other speculation on the cause of the allergy bump centers on increases in vaccinations and the use of antibiotics, which theoretically could have long-term weakening effects on immune systems. Another suspect would be vitamin D deficiency: Children spend far more time indoors, shielded from the sunshine vitamin, a possibility discussed in chapter 12.




    What about genetic changes? Intuitively, those alone would be inadequate to explain the rapidity of the rise in allergy cases since the late-nineteenth century. In the grand scheme, that isn’t a long time.




    In a study spanning the years 1870 to 2010, a University of Virginia Health System researcher concluded that “in the case of allergic disease, changes in our environment, diet, water quality and personal behavior . . . have played a dominant role.” He surmised that “the best explanation for the appearance and subsequent increase in hay fever at that time is the combination of hygiene and increased pollen secondary to changes in agriculture.”31




    Whatever the causes, the numbers are concerning. Estimates vary, but the Asthma and Allergy Foundation of America estimated in 2023 that more than 80 million people have been diagnosed with severe hay fever in the United States alone.32




    The allergy wave may well be approaching a crest at the worst possible time.




    CLIMATE CHANGE AND ALLERGIES




    In just about every way, the state of the atmosphere argues persuasively for more abundant production of pollen, with increases in carbon dioxide concentrations, vegetation, temperatures, and rainfall.




    Researchers already are seeing compelling evidence of these factors at work in the tree-pollen seasons in the United States, where winters generally have become milder and damper. In temperate climates, trees historically begin dispersing their reproductive seeds in mid-March, but the timetable has been moving up and the season is ending later. An analysis that looked at the 1990 to 2018 period found “widespread and lengthening of pollen seasons” generally, and an overall increase in pollen volume of more than 20 percent across North America. That study, published in 2021, was assembled by several researchers who used a blend of National Allergy Bureau data and computer modeling, and found the biggest increases in the Midwest and Texas.33




   

    Affirming those research findings, Estelle Levetin, a highly regarded aerobiologist and professor emeritus at the University of Tulsa, agreed that the pollen seasons are getting longer. But as an academic with hard experience wrestling with the complications of pollen forecasting, over the years Levetin has become my go-to person for nuance. She added an important caveat: The observed lengthening applied to only “some pollen types in some areas.”34




    Similarly, European studies have documented that “some, but not all, pollen types are increasing in severity, season duration and experiencing an earlier onset,” British researchers noted in a paper published in 2022. Using 25 years of data, the team examined the recent careers of birch, oak, and grass pollens and concluded that the worldwide warming trend is unquestionably affecting pollen seasons, but their analyses produced decidedly mixed results. Regarding birch, they found “no signifi-cant trends for onset, first high day or duration,” but warmer temperatures were boosting pollen production in parts of the United Kingdom. Oak seasons “are starting earlier, due to increasing temperature and sunshine totals . . . but are not becoming more severe.” As for the grasses, “pollen seasons are neither becoming more severe nor longer.” The researchers attributed that flatlining to “a lack of change in some monthly meteorological variables, or land-use change, such as grassland being replaced by urban areas or woodland.”35




    While “there is an urgent need to make the population aware of the effects of climate change and emerging threats,” two allergy specialists wrote in a 2022 paper, “there are sparse data on the direct correlation between climate change, pollen seasons, and allergic sensitization. . . . This will require years of detailed pollen counts and meteorological monitoring, with simultaneous recording of the clinical data.”36




    Fiona Lo, a pollen researcher at the University of Washington, in Seattle, observed simply: “Climate change is complex. How pollen can contribute to allergies is also complex.” She added that a critical variable to consider might be the most elusive—the human body. Precisely how allergies develop and how an immune system reacts “are all dependent on the individual,” she added. Some react to the pollens of multiple species, others maybe only a few.37




     



    For the allergic, the level of suffering would be tied to how much of the offending pollens fill the air at a given time.




    Predicting a season’s intensity, says Tulsa’s Levetin, would be a “complex issue.” Regardless of changes in that overall pollen volume, daily, even hourly changes in the atmosphere always are going to be critical to how much pollen becomes airborne and where it winds up.38




    Take the case of the ever-volatile tree season, the first of the three major seasons. While the antecedent winter can plant clues about what is to come, these aren’t always especially useful.




    Even if a mild, damp winter kick-starts the trees, “if there is lots of rain during the pollen season,” said Levetin, “you get wash-out, and the pollen season seems less intense.” On the other hand, if a particularly cold winter pushes back the tree schedule, “it may be a shorter season”—say four weeks rather than the typical six—“but it may then appear more intense.”




    As did Dvorin,39 Levetin told me that in the case of trees, a wild card may be in play that can have a tremendous impact on the intensity of a given pollen season. For mysterious reasons, the “effort” that trees devote to reproduction may vary substantially from year to year. In short, sometimes the trees behave as though they are not in the mood, the antecedent conditions notwithstanding. Said Levetin, the literature contains reports “that indicate that some species do have a natural cycle of high pollen years—called mast years—and low-pollen years. However, it would take literally many decades of data to show that these cycles were independent of the meteorological conditions.”40




    WHERE THE POLLEN MEETS THE NOSE




    In addition to establishing distinct and specific links to the warming of the world, the mysterious behavior presents yet another impediment to generating accurate, consistently reliable daily forecasts. A further complication is that potential pollen volume during a given season can vary tremendously among individual species from day to day.




    Dvorin is among the allergists who pay attention to the day-to-day caprice of pollen and have decided that forecasting isn’t ready for prime allergy-season time.




     



    So how do sites such as pollen.com, AccuWeather, and weather.com manage to produce accurate forecasts on a daily basis?




    The short answer is, they don’t. Those health forecasts do incorporate some of the science, but essentially are the works of Dr. Algorithm.41




    They do look specific and authoritative, with forecasts to the decimal-point level. However, supporting my own analyses, seven U.S. allergy experts scored forecasts in five cities—Atlanta; Seattle; Omaha; Scottsdale; and Washington, DC—and determined that the outlooks often were in conflict with the truth. Their analysis, published in 2024, found that the accuracies were “low” when matched against National Allergy Bureau data. In Washington, accuracy ranged from 42 to 53 percent; 30 to 42 percent in Atlanta; 11 to 34 percent for Scottsdale; 20 to 25 percent for Seattle; and 7 to 34 percent for Omaha.42




    Those online forecasts are useful for tracking conditions that would be favorable to low or high counts. Just don’t take them literally.




    In reality, you probably could do this at home if you have access to a credible weather forecast and a reasonably good handle on the peaks and valleys of the pollen rhythms in your area. If you are a sufferer, chances are excellent that you know those seasonal rhythms intuitively.




    As for the weather, warm, breezy days with low dewpoints are best for the trees’ reproductive missions. Dewpoint is the temperature at which atmospheric vapor condenses into water droplets and is a measure of absolute moisture in the air. As an indicator for assessing pollen-flight conditions, it is far superior to humidity, which is relative to how much total moisture the air could hold at a given temperature. You can find the dewpoint readings and forecasts by the hour for the next several days on any local National Weather Service site, and they are publicly available elsewhere. Dewpoints in the 40s, 30s, or lower might mean trouble for allergy-sufferers.




    Dewpoints in April tend to be far lower than they are in summer, and that has a whole lot to do with the trees, whose leafage hasn’t yet matured. Leaves retain moisture, then give it back to the atmosphere with evapotranspiration, thus pumping up the dewpoints in summer. In April, the available leaf surface area for holding that moisture is limited.


 



    Additionally, with the general lack of shade, the ground can warm quickly in the April sunshine, which is why parts of the nation often experience extreme April warm spells.




    It’s almost as though the trees conspire to create conditions ideal for their reproductive strategies.




    THE BEST-LAID FLIGHT PLANS




    The trees don’t always wait for the April warmup, and evidently even less so with rising temperatures. Pollen has exhibited a certain disdain for calendars, and sometimes logic, as Don Dvorin has discovered and rediscovered.




    Take that first full day of spring in 2023, Tuesday, March 21, weeks before the typical tree-season pollen peak. While Dvorin has been capturing and analyzing tree, grass, and ragweed pollen for more than 30 years, he was taken aback by what he found on that morning.




    “This is extreme,” he said. He had not seen pollen levels like this in “several years.” This was particularly puzzling. The sample was collected during a 24-hour period that coincided with one of the chilliest days of the month, and temperatures had dropped below freezing that morning.




    Dvorin postulated that the mild winter—one of the warmest on record43—and almost total lack of snow cover in his area explained the early bonanza. It also happened that dewpoints during the 24 hours in which the sample was collected were in the teens and 20s. The air was ultra-dry. Given the significant warmup that afternoon and similar wind conditions, he anticipated a spell of pollen riot and another extreme count on the following day. Dewpoints again were in the teens and 20s.




    Instead, he got another surprise: The counts were 10 times lower than they were on Tuesday. This was further reassurance that he was wise to eschew the forecasting business. Among allergists across the country, he has considerable company.




    THE COUNT




    While what Dvorin experienced that Tuesday spoke to why he stays away from prediction, it also served as a clinic on why so few of his peers even bother to count the stuff.




     



    His day started at 8:00 a.m. with a trip to the roof of his office building, where he emptied a trap that looks like a miniature, three-legged satellite. Its most prominent feature is a wind-catching fan blade. It also has a rain shield. After removing the slide from the apparatus, Dvorin applied droplets of a dye called Calberla’s stain—a combination of glycerol, ethanol, and distilled water—to make the pollen grains visible.




    With the magnified evidence, Dvorin was able to estimate how many grains of pollen had passed through a cubic centimeter of air in the previous 24 hours, which would be reasonably representative of the concentrations within a 20- to 25-mile radius of the observation site.




    His mission on March 21 was complicated by the sheer quantities. 




    The volume was so high that he couldn’t count it all in one sitting. He had to break off for his day job, which is treating patients with respiratory symptoms, no doubt aggravated by the very pollen he is counting. He returned to the microscope, then back to the patients. Finally, at 3:45 p.m., he sends out a mass email with the headline, “Tree Pollens Extreme High.”44




    For these efforts, he is paid exactly $0.00, and given that they mean time away from his practice—as in the source of his income—his pollen-counting enterprise operates at a loss.




    WHO’S COUNTING?




    In his 17 years as a pollen counter, Dr. Timothy Craig has encountered his share of surprises. He recalled finding masses of pollen “as thick as oatmeal” in his front-porch trap in upstate Pennsylvania. When a hurricane blew through, he said, “I actually saw pollen grains from palm trees.” Of pollen counting, Craig said that overall, “It’s actually pretty enjoyable.”




    A few years back, however, he decided to stop counting. “It’s very labor-intensive and time-intensive,” said Craig, a professor of medicine and pediatrics in allergy and immunology at Penn State Health Milton S. Hershey Medical Center.45




    The time commitment was not trivial. Along with the daily trap setting and analysis, the machines used require preparation and maintenance. Estelle Levetin’s operating instructions for the Burkhard trap cover 16 pages.46




    



    



    Said Dvorin, “Very, very few allergists want to get into this because of the time factor.”47




    Fiona Lo said she fully understands why the pollen-observation network is so wanting, given that the counts historically have been provided by the likes of volunteer physicians, such as Craig and Dvorin. Naturally, she said, “their main focus is the patients.”48 How might a patient dealing with respiratory discomfort react if, after a 45-minute wait, a doctor said, “Oh I’m sorry for the delay. I was in the lab counting pollen”?




    The net result, said Lo and other pollen researchers, is that United States is seriously lacking in reliable, controlled pollen data. “Pollen observations are sparse, sporadic, not-standardized,” and “often hard to come by,” Lo said.




    “It is disappointing that there isn’t a better observation system,” Lo added. “There is an informal group of us that would like to set up a better open system. However, we need funding and have so far only been able to get small amounts,” sufficient only for “small steps.”49




    While automated counting systems hold promise, they remain works in progress, so for now, ground-truth pollen monitoring is left to the volunteers participating in the National Allergy Bureau network. Not just anyone can do this. Those who sign up need certain qualifications and must pass a pollen-identification examination.50




    In 2024 the network had fewer than 65 certified stations nationwide, and not all of them were submitting daily reports. Fiona Lo’s state, encompassing more than 70,000 square miles with a population of 7.8 million, had only two—both on the west coast.




    Taken together, Washington, California, and Oregon—an area covering more than 350,000 square miles, with 15 percent of the nation’s population—had a grand total of nine.




    The only one serving New England, home to 15 million people, is in southern Connecticut, meaning the closest station to Caribou, Maine, would be 500 miles away. The National Allergy Bureau map showed one station in Massachusetts, but the last time I checked for a pollen report there, the site said, “This station has not collected any allergen data.”51




    What would be an ideal geographic distribution of measuring networks? Research into that question also is wanting, but Yolanda Clewlow, who runs the United Kingdom’s pollen forecast service, said that a decent “good correlation” in one study identified a 24-mile radius.52 Obviously, the National Allergy Bureau network would be a tad shy of that standard.




    Jeroen Buters, a toxicologist and allergy researcher at the Technical University of Munich, said he was “frustrated” with the lack of confirmed pollen measuring stations in the United States.53




    Buters was the lead author of a paper published in 2018 that discussed the state of pollen monitoring around the world. “Many apps deliver pollen forecasts,” the authors write, “but it is unclear how the data are obtained.” They noted that that while several governments around the world, including the United States, require the tracking of chemical pollutants that in some cases might take years to affect people, they appear to care little about pollen that can immediately impact millions.54




    Among countries having some semblance of observation networks, including Japan, the world leader, and Italy, France, Spain, and Germany, the United States ranked well behind in stations per capita. Japan has a station for about every million people, quadruple the per-capita density of the National Allergy Bureau network.




    Buters and his associates mapped pollen-measuring stations around the world, comparing them with standard pollution measuring locations. Their mapping “makes it clear that, in our opinion, biological particle monitoring is a neglected aspect of air quality monitoring. We trust that the map will address this discrepancy.”55




    They may have depicted the discrepancy; “address” would be another matter.




    Obviously, a denser network would have immensely added value for verifying forecasts. Knowing how those forecasts performed would be a critical element for fine-tuning them.




    Said University of Washington’s Fiona Lo: “Increasing the pollen observations would most definitely improve forecasting.”56




    THE FUTURE OF COUNTING




    Estelle Levetin and others believe that the automated counting and forecasting devices ultimately would be the great hopes for the future of pollen prediction. Levetin and a research associate, California State University’s Peter Van de Water, had posted mountain cedar pollen forecasts on the Tulsa pollen site for 17 years, but eventually decided to give it up. In making the announcement, they wrote: “We hope that someday, daily pollen forecasts such as these will be replaced by an accurate automated system. However, that type of pollen forecasting is still in the future.”57




    A major step in that direction is underway across the pond. A consortium of organizations across Europe has been working on establishing an automated network.




    German researchers, in a 2021 article, saw promise in the future of automated systems, even if they remain a work in progress. “While there might still be a long way until they lead the way in atmospheric biomonitoring,” they wrote, “their progress is fast-pacing.”58




    In the meantime, the outlook for upgrading pollen forecasts in the United States has at least one thing going for it, according to Fiona Lo: “Considering that most of the pollen forecasts in this country are not very good, I think we can greatly improve on the current state of forecasting.”59 Donald Dvorin promises that he will keep counting.




    If you rank among the legions of pollen-allergy sufferers, along with consulting an allergist regarding medications and shots, here are a practical few tips from the American College of Allergy, Asthma and Immunology.




      	
•Avoidance works. In pollen seasons, keep windows closed, and use clean air filters of decent quality in air-conditioning systems.





    	
•Change clothes. Pollen can stick to shirts, pants, shoes, and hats. If you’ve been outside, slip into something more comfortable—and pollen-free.





    	
•Shower. Consider adding a shower to the nighttime routine. Pollen can stick to your body and hair and take up residence on your pillow. Pollen is not something you want to sleep with.
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