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For everyone who has navigated their health with courage, even when they were misunderstood or unheard—this book is dedicated to you.
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INTRODUCTION

You Are Not Alone

Growing up, I had a cow’s milk allergy, eczema, and seasonal allergies. My cow’s milk allergy disappeared early on, but I dealt with eczema throughout my childhood. I could never wear jeans as a kid because the fabric irritated my skin so much, so I had to wear chinos every day. That, combined with thick glasses and a bowl cut, gave me the stereotypical “nerd” look.

Don’t get me wrong, being a nerd rules, but in pop culture, a nerd has been synonymous with being weak, a loser, and clutching an inhaler. Think of Milhouse from The Simpsons, Mikey from The Goonies, and Stevie from Malcolm in the Middle. In Hitch, Albert either clutches his inhaler or uses it whenever he sees his crush, Allegra. However, when he throws his inhaler away, he finally has the courage to kiss her. It appears that his asthma is “in his head” and he can get what he wants only when he overcomes his anxiety. Like most allergic diseases, asthma is complicated and highly misunderstood, yet these diseases affect millions of people. People who do not live with these diseases may not realize how severe or life-threatening they can be for someone.

Today, despite being a nerd who spent high school more focused on learning to play the trumpet and hula hooping than impressing my classmates, I am a double board-certified pediatrician specializing in allergy treatment and immunology, who reaches millions on social media, where I raise awareness about allergic diseases and how they can be treated. My food allergies and eczema have resolved, but I still have some lingering symptoms of seasonal allergies that are under much better control, especially around dogs and cats. I never thought that I could have three dogs, but I have used what I have learned over the years to manage my allergies well.

I fell in love with medicine early on because I grew up being immersed in the field. I was fortunate because my dad is a pediatrician, so I spent a lot of time in his clinic and observing the impact that he had on his patients and their families. He was solving complex problems, helping families, and getting to know them along the way.

I wanted to be like my dad.

He told me many stories about when he was a medical student. His first lesson in medical school was about chest X-rays. His professor talked about a patient who died because he choked on a fishbone that, because it was made of cartilage, was difficult to identify on a chest X-ray. He talked a lot about the pace and expectations of medical school, and we realized that because technology had changed so much, medical education had likely changed a lot from when he was a student.

There were no premedical courses or clubs at my high school, so we decided to put in a lot of research to develop our own course, called Dr. Rubin’s Mini Medical School. My dad tested the curriculum on me to see if I could understand it as a high school student, and I became his first teaching assistant. The program was an eighteen-hour course separated into six sessions that had lectures and hands-on activities. I learned various physical examination and basic procedural skills that I helped teach to my classmates. I not only felt that medicine was my calling, but I also needed to find some capacity to teach.

Fast-forward to my third year in medical school; I tried keeping an open mind about what specialty I would pursue in residency. I thought about gastroenterology, dermatology, and radiology. Ultimately, I picked general pediatrics. While my experiences with my dad influenced me, pediatrics appeared to be a good fit with my personality and how I wanted to help people, especially children.

In my fourth year of medical school, plans quickly changed. I did an elective rotation in allergy/immunology, and I immediately fell in love with the specialty. Outside of a series of lectures on basic immunology, medical school did not dive into the breadth and depth of allergy. The diseases were complex, and the treatment options were expanding rapidly. I really liked the idea of practicing more preventive medicine and helping keep people out of the hospital as much as possible. It was also a bonus that I would be able to take care of people of all ages, so I could still see my pediatric patients when they were grown up.

After three years of general pediatrics residency, I completed two years of a fellowship in allergy/immunology. However, the beginning of the COVID-19 pandemic occurred right as I was transitioning from my fellowship training to my first job at a private practice. I had moved to a new state and there were limited connections for me. Social events were canceled, and primary care clinics were in survival mode. I decided to start posting on social media to connect with people locally.

At first, I was posting on Twitter (now X) and then I switched to TikTok, Instagram, and YouTube. This helped me connect with people locally. However, I quickly realized that there was a lot of incorrect health information (also known as misinformation) on social media, and I was seeing the effects of this misinformation in my clinic. One time, I met a parent who was putting povidone iodine in their child’s nose when their child was sick because they had seen it recommended on social media. Currently, we do not know the risks of putting iodine in a child’s nose, and there is no substantial evidence that it can help children.

I decided that I would focus on creating educational content that would either address health misinformation or teach people about a medical topic, such as how to use a nasal spray or epinephrine auto-injector, and why you could be allergic to exercise.

I also helped clarify people’s stories posted on social media about their health to provide more clinical information. There seemed to be an endless number of stories to talk about:


	Facial swelling while exercising

	A meat allergy due to a tick bite

	Hives all over after being outside in the cold

	An asthma attack

	Sneezing attacks that would make people giggle

	Allergy to water

	Children suffering from a severe allergic reaction after eating food

	Accidentally injecting an EpiPen into their thumb

	Parents introducing foods to their babies outside an emergency room

	Showing off allergy skin test results



The list kept going and going.

Have any of these scenarios happened to you? After spending a lot of time creating educational content, I realized that many people have felt that their experiences are unique and they are alone. There are only about 7,000 board-certified allergists in the United States, which means there is only roughly one allergist per 48,000 people. People who live in more rural or remote areas may not have any access to an allergist. I have received countless messages from people asking for help to understand their allergies, but it is unfortunately impossible to help that way.

I have been interviewed for TV and print media numerous times, and I have realized that people are constantly searching for health information from sources other than their doctors. There are not many allergists who get called on by the media for their expertise, but I have become one of the go-to resources to comment on breaking news or to teach the public about a specific topic related to allergic diseases.

Social media can be a great place to connect with other people and gather information. I created a lot of educational content over the years to teach people about various allergic diseases, but it is hard to keep the information organized online. I wanted to find a way to organize the education I have provided on social media.

That is why I decided to write this book.

It is not meant to be a textbook. This book is designed as a tool to help individuals understand the basics underlying allergies, to arm them with the information they need to live happier, healthier lives. The first part of the book sets the stage for understanding allergic diseases by covering the immune system and basic anatomy of allergies. The second part of the book covers in-depth information on most of the allergic diseases, with some myth-busting along the way. The third part of the book goes into more detail about various treatments and what the future may look like. You may choose to read parts of the book that apply to you, or you may choose to read the entire book to gain a better understanding of allergies and your immune system.

A quick medical disclaimer: This book is not meant to be specific medical advice and cannot diagnose your condition. The information in the book is meant to help you better understand your health and how to navigate the healthcare system. Any concerns about your health should be discussed with your doctor. Also, most of the treatments that I discuss are approved by the American Food and Drug Administration (FDA) to ensure that treatments with the highest safety standards and effectiveness are the primary focus. The stories that I share in the book will have the names of the patients changed and minor details altered to help preserve anonymity except in cases involving public figures or stories told in the news.

I cannot tell you how many times I have been told that people have felt “written off” by their doctors because they could not explain what has happened to them. This does not necessarily mean your doctors don’t care about you. In medical school, there is very little training on how to diagnose and manage allergic diseases. Sometimes, it can be difficult to find the underlying cause of an ailment. Our understanding of how our immune system abnormally responds to foreign substances is constantly evolving. This book can also help healthcare professionals have a better understanding of allergic diseases.

Millions of people suffer from various allergic diseases. You are not alone. I hope the information contained in this book will help empower you to learn more about yourself and embark on a journey toward better health.




Part One

The Background
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CHAPTER 1

The History of Allergies

Quod ali cibus est, aliis fuat acre venenum.

[What is normal food to one, can be deadly poison for others.]

— Titus Lucretius Carus (circa 98–55 BC), De Rerum Natura

When I helped my dad start Dr. Rubin’s Mini Medical School, geared toward high school students, he and I created a curriculum that started with the history of medicine. My dad felt that even though many medical schools do not routinely teach the history of medicine, it is crucial to understand where medicine came from so that we have a better understanding of where we go from here. When I was growing up, when my family went on trips outside Illinois, he would take us to medical history museums if they were nearby. I became fascinated with how medicine has evolved so quickly. For example, the first recorded vaccine was given on May 14, 1796, by Edward Jenner to James Phipps, an eight-year-old boy, to protect against smallpox. That was less than 250 years ago!

Allergic diseases are nothing new—they have been around for thousands of years. However, over the past several decades, there has been a dramatic increase in the number of people suffering from these diseases. It is not clear why this is happening. While many people believe these diseases did not exist in the past, there is ample evidence that people have suffered from several conditions, such as food allergies and asthma, since antiquity.

Throughout history, allergies have puzzled and afflicted humanity, shaping our daily lives in ways that are often overlooked. This chapter will focus on the evolution of our understanding of allergies throughout time across the globe. Important historical figures in the field of allergy and immunology will be covered as well. I hope this chapter will spark a curiosity in you that will excite you to learn more about allergic diseases.

Allergies During Ancient Times

The earliest writings in human history are found in ancient Mesopotamia, the area between the rivers Euphrates and Tigris, which is in modern-day Iraq. The Mesopotamians developed a writing system called cuneiform around 3200 BC. They had writings about breathing: When the patient suffers from cough, he should drink a mixture of Lolium and rose powder dissolved in oil and honey. Afterwards he should eat a broth of pork meat. When he has to defecate, a fire should be lighted where he should direct his anus. Then he will be cured.

Some of the earliest physicians documented in human history came from ancient Egypt. The first is usually considered to be Imhotep during the 3rd dynasty at around 2600 BC. Two hundred years later, Ni-Ankh-Sekhmet was a physician to King Sahura during the 5th dynasty and is considered to be the first documented allergist. There is a stone at the tomb of the Pharaoh with the inscription “he cured the noses of the kings.” One of the oldest Egyptian medical texts, the Papyrus Ebers, was written around 1550 BC and contains twenty-one prescriptions for cough or difficulty breathing (i.e., dyspnea). Some of the ingredients listed include honey, dates, incense, juniper, and beer. A lot of the treatments described may have been used to treat asthma. Honey has been proven to help relieve a cough, but most of these remedies were ineffective for asthma treatment.

Ancient Chinese medicine used various plants to treat airway diseases, including wolfsbane and jimsonweed. A text titled Su Wen (meaning “Open Questions”) discussed through dialogue between the Yellow Emperor Huangdi and his minister Qi Po a disease that may have been asthma. One passage described how it was helpful to “avoid eating and drinking cold things and one should not wear chilly clothing.” We know today that one of the most common triggers for asthma symptoms is cold temperatures. One of the earliest descriptions of food allergy came from China. In the text Shi Jin-Jing (meaning “Interdictions Concerning Food”), the Chinese emperors Shen Nong and Huangdi advised pregnant women to avoid foods such as shrimp and meat. Individuals with certain skin lesions that may have been eczema were also advised to avoid certain foods. One of the earliest descriptions of urticaria, also known as hives, is more than two thousand years old and comes from China, where it was referred to as Feng Yin Zheng (wind-type concealed rash), which is similar to one of today’s traditional Chinese medical terms, Feng Sao Yin Zhen (wind itch concealed rash). Wind in traditional Chinese medicine is considered to be a major factor for developing urticaria, so other names for urticaria are Feng Zhen Kuai (wind rash lumps) and Feng Zhen (wind rash).

The father of medicine is generally considered to be the Greek physician and philosopher Hippocrates (circa 460–377 BC). In a collection of over sixty of his medical works, called the Corpus Hippocraticum, there is no mention of allergic rhinitis. While it is possible that it did not exist in ancient Greece, the more likely explanation is that the symptoms were not severe enough to warrant the attention of physicians. Asthma was described in this text ten times, and there is one passage that refers to the breathing noise as “if somebody was whistling through a pipe.” Hippocrates also described how you could be allergic to exercise: “After exercise the pain occurs in one or another area on the chest or the back and the body will be covered with wheals like after contact with nettles.” This passage also infers the concept of contact urticaria. Hippocrates used the word knidosis to describe urticaria. He also observed that some people reacted strangely after eating cheese, which likely referred to a food allergy.

There were some famous individuals who may have suffered from allergic diseases in antiquity. The first likely documented case of a fatal allergic reaction known as anaphylaxis has been attributed to Pharaoh Menes in 2641 BC. Hieroglyphs from his tomb indicate that he probably died after a sting from a wasp, a cause of death that in most cases is due to anaphylaxis. Roman Emperor Augustus likely suffered from asthma, allergic rhinitis, and eczema. His great-nephew, Emperor Claudius, suffered from allergic rhinitis. Britannicus, the son of Claudius, apparently suffered from an allergy to horses.

Allergies in the Middle Ages and Renaissance

Significant medical advancements came from the Middle East during the Middle Ages. Abu Bakr al-Razi (865–932), also known as Rhazes, was a Persian physician who gave the first description of “rose fever” in his paper “Dissertation regarding the course of Coryza occurring in spring when the roses emit their odor.” The descriptions of rose fever are similar to the symptoms of allergic rhinoconjunctivitis. This concept became pervasive during the Middle Ages. German physician Veit Riedlin (1656–1724) performed provocation tests: He hid a pouch of rose leaves in the coat of his patient without their knowing, to see if symptoms were reproducible.

The Jewish physician Moses Maimonides (1135–1204) was the personal physician to Sultan Saladin in Egypt. He wrote a thesis on treating asthma, and many of his recommendations are relevant even today. Maimonides recommended personal hygiene, relaxation, exercise, massage, and avoiding noxious environmental triggers and drugs such as opium. He also recommended that patients with asthma avoid foods such as milk, nuts, and chicken.

Food allergies may have influenced a famous figure in English history. Sir Thomas More (1478–1535), who was a lawyer, reported that King Richard III of England (1452–1485) was sensitive to strawberries because they would cause him to experience hives. The king used this reaction in front of his council to claim that his political opponent Lord William Hastings was trying to poison him, so he had Hastings executed.

Up until the nineteenth century, skin disorders were not considered to be a problem, because it was believed that the skin was an organ meant to eliminate waste from the body. Therefore, skin eruptions—especially oozing ones—were considered to be beneficial. Physicians for most of human history did not want to treat skin diseases, because they thought it was dangerous to try to heal them. This belief was based on the humoral theory, which has often been credited to Hippocrates, though the theory predates him. In his theory, the human body contains four humors: blood, phlegm, yellow bile, and black bile. If these humors are out of balance, then diseases will occur. This theory was replaced by germ theory by the end of the nineteenth century.

Allergy During the Nineteenth Century

Major strides in our foundational understanding of allergy and immunology started in the nineteenth century. The first thorough description of allergic rhinitis came from John Bostock (1773–1846), who initially called it catarrhus aestivus in 1819. However, by 1828, the more popular term, hay fever, was wide spread and is still used today. At that time, it was believed that the smell of hay during the summer and harvest months caused the symptoms. In the 1870s, Charles Blackley (1820–1900) identified the cause of hay fever to be pollen. He invented devices to measure pollen in the atmosphere as well as the first skin-testing devices.

While asthma had been described in the medical literature numerous times at this point, the first classical descriptions of asthma came in 1860 from English physician Henry Hyde Salter (1823–1871). His explanation of asthma was based on hundreds of cases he had seen and his personal experience with the disease. Salter’s definition of asthma was “paroxysmal dyspnoea of a peculiar character, generally periodic with intervals of healthy respiration between the attacks.” He believed that asthma was a nervous disorder, a notion that has been perpetuated in popular culture even to this day. However, Salter also knew that asthma was due to many other triggers, such as exposure to cats and horses. He recommended coffee, which was one of the earliest effective treatments for asthma because caffeine can temporarily relax the muscles in your airways to improve lung function. French physician René Laënnec (1781–1826) invented the stethoscope, which paved the way for the physical diagnosis of chest diseases, including asthma.

Paul Ehrlich (1854–1915) was a Nobel Prize-winning German physician and scientist who was considered one of the fathers of immunology, specifically of the humoral adaptive immune system. His work in staining cells under a microscope led to his discovery of the mast cell in 1878, which is an important cell in causing allergic reactions. Ehrlich initially named them Mästzellen; he thought these cells had a nutritional function because of the granules inside them. The German word maesten means to stuff or force-feed. A year later, Ehrlich discovered eosinophils, which are white blood cells that are also important in causing allergic reactions. He was the first scientist to develop a medication to treat syphilis; it was an arsenic-based compound called Salvarsan. To top it all off, Ehrlich coined the term chemotherapy.

The Russian immunologist Elie Metchnikoff (1845–1916) won the Nobel Prize for his work in immunology. He is considered the father of cell-mediated immunity. This is the arm of the immune system involving immune cells that do not use antibodies. In 1883, he published his first paper on our understanding of phagocytosis, which is the process in which cells ingest foreign substances and other cells. He noticed that foreign materials were being engulfed by the cells of a transparent starfish larva. These cells were called phagocytes, a term derived from the Greek phagein, meaning “to eat,” and cyte, meaning “cell.” Metchnikoff also coined the term gerontology and is widely recognized as a pioneer in the study of aging. He even theorized that probiotics could improve health and delay aging.

Allergy at the Start of the Twentieth Century

The major breakthroughs in the field of allergy came at the beginning of the twentieth century. In 1902, Charles Richet (1850–1935) and Paul Portier (1866–1962) used a lab on the yacht Princesse Alice II, which belonged to the prince of Monaco, Albert I, to study Physalia (Portuguese man of war). If you are not familiar with these animals, they are hydrozoans that look like jellyfish. One of their extracts contains a substance called hypnotoxin, which causes painful hives when skin comes into contact with it. Sailors were accustomed to these uncomfortable stings. While on the voyage, Richet and Portier tried to immunize dogs against this toxin by administering small doses on multiple occasions. However, the opposite occurred. One dog in the experiment, named Neptune, had received two doses of the toxin three days apart that were well tolerated. After twenty-two days, he received the same dose for a third time, but within seconds after the injection, Neptune began to gasp and wheeze, vomited blood, and passed away within twenty-five minutes. Richet initially called this phenomenon aphylaxis because of the “lack of protection” from this reaction, but the name was quickly changed to anaphylaxis because it was more appealing. Anaphylaxis is the term describing a severe, potentially life-threatening allergic reaction. Richet ended up winning the Nobel Prize in 1913 for this discovery.

The word allergy was coined in 1906 by Clemens von Pirquet (1874–1929), an Austrian pediatrician. He wrote in the journal Münchener Medizinische Wochenschrift that “we need a new . . . word for the altered state which the organism finds out by the acquaintance with any organic, living or lifeless poison . . . For this general concept of altered responsiveness, I suggest the term allergy.” The older term, idiosyncrasy, was replaced very quickly from this point by allergy, from the Greek word allos (other) and ergos (activity). Pirquet also coined the term allergen to describe substances that—upon repeated exposure—lead to a reaction. His initial observations came around 1902 when he took care of children who developed side effects when given horse serum antitoxin to treat diphtheria. He was also a pioneer in medical education. He placed a high value on teamwork between doctors and patients and insisted that his trainees finish a nursing training period to understand problems and take care of patients better.

The word atopy was coined by Arthur Fernandez Coca (1875–1959) and Robert Anderson Cooke (1880–1960) in the 1920s. This concept describes how there is a genetic tendency to develop allergic diseases such as asthma, eczema, and allergic rhinitis. Sometimes, atopy refers generally to any allergic reaction caused by the antibody called immunoglobulin E (IgE).

Finding the Source of Allergic Reactions

Throughout the early twentieth century, many steps were taken to try and find the source of reactions that were observed. This substance was often referred to as the reagin. In 1919, a thirty-five-year-old waiter with no significant medical history developed anemia and received a blood transfusion. Two weeks later, he entered a horse carriage at Central Park in New York City and developed an asthma attack five minutes later. He was given epinephrine and his symptoms resolved. However, the next day he entered the park and developed a similar asthma attack. He was then seen by Dr. Maximilian Ramirez, who did a battery of allergy tests and found that the young man was allergic to horses. It turned out that the blood donor for this patient was an asthmatic who was also allergic to horses. This showed that the allergy had been transferred to the patient by the blood donation.

The transfer of allergies is a phenomenon that still exists today. I once saw an elderly patient named Gerald, who had a history of leukemia that had required a stem cell transplant several years prior to seeing me. The good news was that his cancer went into remission. The bad news was that the donor had a history of allergies to milk and eggs. Gerald developed a condition called transplant-acquired food allergies. He came to me to determine whether his food allergies had been resolved. Unfortunately, the testing determined that he was still allergic to these foods. While this phenomenon is not common, it is important for people to be aware that this can potentially happen.

In 1922, Carl Prausnitz (1876–1963) and his assistant Heinz Küstner (1897–1963) published that allergies can be transferred using serum, which is the component of blood that does not have cells or play a role in clotting. Küstner was allergic to fish, and Prausnitz was allergic to pollen but not allergic to fish. They decided to draw Küstner’s blood and inject his serum into Prausnitz’s skin. The next day, fish extract was injected near the injection sites of Küstner’s serum and around other areas. Only the areas near Küstner’s serum reacted quickly with a hive. Clearly, there was a substance being transferred that led to allergic reactions. This method became known as the Prausnitz-Küstner test, which was the classic method for quantifying specific allergen antibodies for many decades.

Not until 1967 did two independent groups of researchers discover the source of many of these allergic reactions, which was IgE. The E in immunoglobulin E refers to the antibody’s ability to create erythema, which is a red skin condition. Kimishige Ishizaka (1925–2018) and Teruko Ishizaka (1926–2019) isolated IgE from people allergic to ragweed pollen. At the same time, S. G. O. Johansson and H. Bennich identified an unknown antibody in a patient with myeloma, which they named after the patient’s initials, IgND. The IgE and IgND antibodies were the same substance. The World Health Organization decided to keep the name IgE, which is still used today.

Allergy Testing

Prior to the work by Charles Harrison Blackley in the 1870s, there were hardly any experiments or testing available for studying allergies. Blackley developed the scratch test on the skin in 1873, when he tested timothy grass on his own skin and first described the test. In 1882, German scientist Robert Koch (1843–1910) uncovered the bacteria that cause tuberculosis. By 1890, he discovered tuberculin, which is a substance derived from the tuberculosis bacterium that could be used for skin testing. Pirquet modified the tuberculin test by placing a drop of tuberculin on the skin of the forearm and then using his “Pirquet drill” to scratch that area of skin. This was the precursor to the skin prick test devices that are used today.

The first skin test used to diagnose a food allergy was performed by American pediatrician Oscar Menderson Schloss (1882–1952). He used a scratch test with hen’s egg white to prove that a patient was allergic to eggs. Schloss also was able to test for oatmeal and almond allergies. The discovery of IgE paved the way for blood testing for food allergies. Oral food challenges, which are considered the gold standard for diagnosing food allergies through careful observation of reactions to eating a potential food allergen, have been performed at least since 1926. At that time, a fatal reaction tragically occurred in an eighteen-month-old with eczema who had had three episodes previously of an allergic reaction after eating pease pudding. This is an English dish that mainly consists of boiled yellow split peas, water, salt, and spices. The toddler was given a carrot/pea mixture by the head nurse at a pediatric hospital during their lunch break to determine whether he would react. Immediately, the child developed swelling, had difficulty breathing, and died.

The “modified prick test,” which is used today, was developed by Helmtraut Ebruster (1922–1996) in Austria. This test was published in 1959 and has become one of the most used allergy tests globally. The procedure involves placing a drop of allergen extract on the skin, usually the forearm or back, and then gently pricking the skin through the drop with a sterile needle or lancet. This completely revolutionized allergy testing at the time. However, despite her tremendous contributions, Ebruster is often referred to as the “forgotten author” of the modified prick test. I spent a tremendous amount of time searching for more information on her, but there was little I could find. She deserves more recognition for her contributions to medicine.

In 1961, Spanish physician Alberto Oehling (1928–2014) developed the “rub test.” An allergen was rubbed directly on the skin to observe whether a skin reaction would occur. While this was an easy procedure to perform, it was not necessarily a reliable test because the amount of allergen applied varied significantly. The pressure and duration of rubbing was not standardized, so it was a difficult test to interpret. Many tests resulted in a false negative result because the allergen did not always penetrate the skin deeply enough to elicit a reaction.

The patch test that is used for diagnosing contact dermatitis (see chapter 9) was first introduced by German dermatologist Josef Jadassohn (1863–1936) in 1894. This test places substances on the back that are covered for several days to see if a delayed rash occurs. Around 1928, the patch test was further developed by Bruno Bloch (1878–1933). Initially called the Jadassohn-Bloch patch test, it became known as simply the patch test by 1931.

In 1851, William P. Kirkman (1827–1852), a British physician with a history of hay fever, sniffed the pollen from a grass in his greenhouse, causing a severe bout of sneezing for the next hour. This was the first recorded case of a nasal provocation test, which involves applying a suspected allergen directly into the nose to see if symptoms are produced. While the nasal provocation test is not widely used today, it is often used in research settings and to confirm workplace-related allergies if other tests are inconclusive.

Allergy Treatments

In 1911, British scientist Sir Henry Dale (1875–1968) discovered histamine, which is the chemical responsible for many symptoms related to allergies (see chapter 2). Pharmacologists Daniel Bovet (1907–1992) and Anne-Marie Staub (1914–2012) worked together to search for a drug that could block the effects of histamine, that is, an antihistamine. They discovered the first substance known to have antihistamine properties, called thymoxyethyldiethylamine. The first antihistamine medication to be used clinically was phenbenzamine, which was introduced by Bernard Halpern (1904–1978) in 1942. This was followed by diphenhydramine in 1945. The first generation of antihistamines came out in the 1940s and 1950s (see chapter 15), but these medications had other effects on the body, including blocking a neurotransmitter called acetylcholine (thus, anticholinergic). These side effects led pharmaceutical companies to search for other drugs. For example, while chlorpromazine (Thorazine) is an antihistamine, it is used to treat psychiatric disorders such as schizophrenia and bipolar disorder. This medication is not traditionally used to treat allergies.

Many side effects were reported with the first-generation antihistamines, such as sedation, so the search for antihistamines that mainly blocked histamine intensified in the 1970s and 1980s. The initial second-generation antihistamines discovered were terfenadine and astemizole. However, these medications are no longer in use because they were found to cause an increased risk of cardiac arrest. The newer second-generation antihistamines such as loratadine (Claritin) and fexofenadine (Allegra, Telfast) were released in the 1990s and are still widely used today.

Glucocorticoids, a type of steroid hormone produced by the adrenal glands, have multiple functions, including anti-inflammatory effects as well as influencing growth and mood. Cortisol is an example of a glucocorticoid. In 1900, a physician from Philadelphia named Solomon Solis-Cohen (1857–1948) reported that adrenal gland extract taken by mouth helped treat asthma. Later, Edward Kendall (1886–1972) won the Nobel Prize in 1950 for isolating several steroids from the adrenal cortex in the 1940s, including cortisone—which was known as “compound E” at the time—and adrenocorticotropic hormone (ACTH). Philip Hench (1896–1965) shared this Nobel Prize with Kendall because he used cortisone and ACTH to treat patients with rheumatoid arthritis. Using steroids to treat inflammatory diseases became very popular moving forward.

The first placebo-controlled clinical trial in the UK using cortisol to treat asthma was not successful in the 1950s. However, higher doses of oral steroids became popular to use, but significant side effects were reported, including metabolic problems, osteoporosis, and stunted growth in kids. Therefore, scientists became interested in developing inhaled steroids with less potential for severe side effects. Initially, scientists tried cortisone and dexamethasone, but these medications did not work well topically in the lungs. The first effective inhaled steroid to treat asthma, beclomethasone dipropionate, was discovered in the 1970s by chemist Sir David Jack (1924–2011). He also invented several other asthma medications that included the bronchodilators salbutamol and salmeterol as well as the inhaled steroid fluticasone propionate. He was also responsible for inventing sumatriptan, a commonly used migraine medication, and ondansetron, which treats nausea and vomiting.

Allergen immunotherapy (see chapter 16), often in the form of shots or drops, is a treatment that helps address the underlying cause of allergic rhinitis, which is an abnormal immune response to environmental allergens such as pollen and pet dander. In 1911, British physician Leonard Noon (1877–1913) published in The Lancet the first record of the effectiveness of subcutaneous immunotherapy (SCIT) for people allergic to grass pollen. He also tried to establish a standardized allergen dosing, which he called the Noon unit, based on weight. When he passed away in 1913, his friend John Freeman (1877–1962) continued his work and published another paper three months after Noon’s death, which did not report positive results. There were no other clinical trials for SCIT until almost fifty years later, but those clinical trials and beyond showed significant benefits for administering SCIT to treat allergic rhinitis.

In 1975, César Milstein (1927–2002) and Georges Köhler (1946–1995) developed hybridoma technology. This allows scientists to create highly pure and specific antibodies known as monoclonal antibodies, often referred to as biologics (see chapter 17). This breakthrough has revolutionized research, clinical diagnostics, and therapeutics. Milstein and Köhler went on to win the Nobel Prize in 1984. The first monoclonal antibody that was approved by the FDA was muromonab-CD3 in 1986 for the prevention of acute organ transplant rejection. Omalizumab (Xolair) became the first monoclonal antibody to be approved by the FDA in 2003 to treat severe allergic asthma. Since then, we have seen a remarkable rise in the number of treatments for various allergic diseases, which we will discuss throughout this book.

In looking back at the history of allergy, we see a journey from ancient observations of mysterious rashes and labored breathing to the modern science of allergy and immunology. What was once thought of as an imbalance of humors is now understood to be a complex relationship between genetics, environment, and an abnormal immune response. We have come a long way in our understanding of allergic diseases, but there is much to be learned. As you go through this book, you will gain a better understanding of your immune system and the allergic reactions that may occur. By the end of the book, we will look into the future to see where we may be heading.


 TAKE-HOME POINTS    [image: ]


	While allergic diseases have not been common until modern history, the earliest records indicate that there have always been allergic diseases.

	Major advancements in the study of allergy started in the nineteenth century.

	The term allergy was coined in 1906 by Clemens von Pirquet.








CHAPTER 2

The Immune System

This is one of the most important chapters to read in this book, but it may also be the most difficult chapter to read. There is no way around it, because if you are not familiar with the immune system or have never taken an immunology course, then it may not be possible to understand many parts of this book. You can also come back to this chapter at any time if you need a refresher on these concepts.

Understanding the immune system lays the foundation for learning about allergic diseases, since allergies are an abnormal immune system response to foreign substances. While the immune system is designed to protect the body from harmful pathogens such as bacteria, viruses, and cancer, it can mistakenly identify harmless substances such as pollen, pet dander, and food as significant threats. This may lead to an exaggerated immune response that causes a variety of symptoms—from itching and sneezing to potentially life-threatening reactions known as anaphylaxis. By understanding how the immune system works, you will gain critical insight into how and why these reactions occur. This chapter will help you better understand your body.

The format will feel different compared to most of the book because a considerable amount of this chapter covers definitions of terms that are essential for understating allergy and immunology. Some of the information is repeated throughout the book, which I believe will help you remember these concepts. You will not find stories in this chapter like you will in most of the chapters. Instead, there are more analogies to help you understand the concepts better.

What Is the Purpose of the Immune System?

Immunity is a term that means “protection from infectious diseases.” The cells and chemicals that help with achieving immunity are the immune system. An antigen is any molecule or substance that can trigger an immune response. The antigen is recognized as foreign by the immune system. An immune response is when the immune system leads a coordinated attack against a foreign substance.

The immune system is vitally important for protecting the body against pathogens, which are tiny disease-causing organisms such as viruses, bacteria, fungi, or parasites. It also protects against various substances that may be toxic to the body, including smoke, heavy metals such as mercury and lead, industrial chemicals, and mycotoxins from mold. When the body sustains an injury, the immune system plays a critical role in the healing process.

When the immune system is trying to protect the body from infection or injury, a cascade of events occurs called inflammation. As an example, if you cut your finger, catch a cold, or eat a food that contains a toxin, your immune system sends a signal to other cells of the immune system to travel to the area of concern. Think of this situation like someone calling 9-1-1 because a building caught on fire. The response by the immune system is to bring specialized immune cells and chemicals to the site of damage and start repairing the damage or fighting off the infection. This is like firefighters rushing to a burning house to put out a fire. This process of inflammation may cause symptoms such as redness, swelling, heat, pain, and/or stiffness. Swelling helps bring extra blood and nutrients to the area, while heat may kill germs. Pain helps you to remember to rest to improve the healing process.

The immune system is also constantly trying to distinguish between “self” and “non-self” to make sure that it is not attacking itself. However, some people may end up developing abnormal immune responses to their own healthy tissue, which is known as autoimmune disease. The immune system must determine whether a foreign substance is harmful. For example, food is a foreign substance, but how does the system know it is safe for the body and is not a pathogen? There are a series of complicated checks and balances to help make eating food safe for most people. When cells in your body are dividing, they may mutate or change into a nonfunctional cell that grows uncontrollably. These are cancer cells, which the immune system may be able to identify and eradicate prior to causing severe disease.

What Is Cell Signaling?

Cell signaling is how cells in your body communicate with one another. It is a critical part of how your body functions. When cells are talking to one another, they send chemical messengers. These are known as signaling molecules, chemical mediators, or ligands. Cytokines are small proteins involved in the messaging between immune cells; they include interferons, tumor necrosis factor-alpha (TNF-α), and interleukins. As the name implies, interleukins are proteins that signal between white blood cells (WBCs); they are written in shorthand such as IL-4, IL-5, and IL-13. When cell signaling occurs, a ligand is released from a cell to find a receptor that is located either on the same cell or on another cell. A receptor is a protein that is found either on the outside of the cell, called a cell membrane, or inside the cell in the nucleus or cytoplasm; this receptor protein binds to a ligand to send a signal inside the cell to start a response. The interaction between a ligand and a receptor is like a lock-and-key fit, with the ligand acting like a key and the receptor like a lock. There are many ways a cellular response may occur. Examples include changing gene expression, activating or inhibiting enzymes, cell growth and division, or programmed cell death (apoptosis).

What Is the Innate Immune System?

The immune system is typically divided into the innate immune system and the adaptive immune system. While these branches of the immune system have distinct characteristics and functions, they do overlap and work together. The first line of defense is the innate immune system. It provides an immediate, nonspecific response to pathogens. The innate immune system is present at birth and does not require an earlier exposure to a pathogen to be activated. The components of the innate immune system include physical barriers such as the skin, stomach acid, and mucous membranes. A mucous membrane is a moist tissue that covers the inside of a body cavity such as the nose, mouth, lungs, and digestive tract. The mucus lining of these cavities traps germs to help prevent infections. There are enzymes such as lysozyme in tears, saliva, and mucus that break down bacterial cell walls.

Another reason why the innate immune system can work very quickly to help prevent an infection is that it can recognize the molecular structures that are on most pathogens; these are called pathogen-associated molecular patterns (PAMPs). Think of your innate immune system like the security system trying to protect against theft at a bank. An immune system cell acts like a security guard. The pathogen would be the burglar and the PAMPs would be the ski mask that covers their face. The security guard would quickly spot the burglar wearing a mask as a potential threat and try to subdue the burglar to prevent theft.

White blood cells, also known as leukocytes, are cells of the immune system that help protect against infection. We will go over some of these WBCs that are relevant to this book. For the innate immune system, neutrophils destroy bacteria and fungi by eating them, through the process called phagocytosis. As noted in chapter 1, cells that can cause phagocytosis are known as phagocytes, which also include monocytes, macrophages, and dendritic cells. Macrophages and dendritic cells are examples of antigen-presenting cells (APCs) because they capture antigens and then show them to the adaptive immune system. Eosinophils attack parasites and release various chemical mediators that may lead to allergic reactions and inflammation.

Mast cells are often seen as cells that cause symptoms of allergies. They also play a role in wound healing and protection against parasites. These cells are located throughout the body and are abundant in tissues that interact with the external environment, including the skin, lungs, and gastrointestinal tract. They are also located near blood vessels and nerves. Mast cells hold granules that store various chemicals and are released during a process called degranulation. These cells can be activated for many reasons that will be discussed throughout many chapters of this book. A couple of triggers of mast cell activation worth mentioning now are physical trauma and emotional stress. The chemical that most people are familiar with is histamine, which can cause blood vessel widening (vasodilation), itching, urticaria (hives), angioedema (swelling), and airways becoming smaller due to smooth muscle contraction (bronchoconstriction). In the gastrointestinal tract, histamine stimulates stomach acid production. Histamine functions as a neurotransmitter in the brain, helping to promote wakefulness and cognitive functions as well as to suppress hunger. There are four histamine receptors: H1, H2, H3, and H4. Antihistamine medications that treat allergies target the H1 receptor. Antacid medications such as famotidine (Pepcid, Pepzan) target the H2 receptor.

There are other substances released by mast cells, including heparin and proteases, which promote vasodilation, inflammation, and tissue remodeling. A protease is an enzyme that breaks down proteins and may promote inflammation. An example of a protease is tryptase, which can be used as a blood test as a marker of mast cell activation. Leukotrienes and prostaglandins promote bronchoconstriction, vasodilation, and increased vascular permeability. Various cytokines are released from mast cells, including IL-4, IL-5, and IL-13, to activate other immune cells and propagate inflammation. Basophils have roles similar to mast cells, but there are significantly fewer basophils present.

The complement system is a group of proteins that have multiple functions. These proteins were discovered in the late nineteenth century by Belgian immunologist Jules Bordet (1870–1961), who found that there are components in the blood that “complement” the antibacterial activity of antibodies. There are over thirty complement proteins, and while you do not need to know them, medical students around the world all struggled to learn them! Complement proteins can mark pathogens for phagocytosis through a process called opsonization. They can form the membrane attack complex (MAC), which is like a drill punching holes into a pathogen’s membrane to make it leak and die.

Before we move on to the adaptive immune system, I want to touch on immune complexes because complement proteins help remove them. Immune complexes, also known as antigen-antibody complexes, are molecular structures that form when antibodies bind to antigens. Remember, antigens are foreign substances such as viral proteins or bacterial toxins that can start an immune response. Antibodies, which we will discuss more in the next section of this chapter, are proteins that are produced by the immune system that bind to antigens. Immune complexes help prevent pathogens or toxins from infecting cells in a process called neutralization, promote opsonization, and activate the complement system to clear pathogens. When immune complexes are not cleared effectively, they can deposit in tissues such as joints, blood vessels, or kidneys, which leads to inflammation. Another way to think about immune complexes is as airport luggage. The antigens are luggage bags, while the antibodies are the luggage tags, and the immune complexes form when you have labeled luggage. The complement system and phagocytes are the airport crew that pick up the labeled luggage and remove it from the plane. If there are too many labeled bags or too few workers, then the luggage may pile up before reaching baggage claim.

What Is the Adaptive Immune System?

The adaptive immune system is the specialized arm of the immune system that provides targeted, long-lasting defense against specific pathogens. It takes time for the adaptive immune system to recognize pathogens and learn how to react. Think of the differences between the innate immune system and the adaptive immune system like a security system. The innate immune system is like a security guard who is stationed at the front entrance and will stop anyone they think is suspicious. There is not much need for them to adapt, so their routine is the same every day. On the other hand, the adaptive immune system is like a specialized detective who will identify the specific intruder and develop a tailored plan to stop them. Once they have solved the case, they have a detailed file on the intruder (i.e., immune memory) so they can act quickly and effectively if they return.

The main cells of the adaptive immune system are lymphocytes, which are WBCs responsible for producing antibodies, directly killing tumor cells and virus-infected cells, and regulating the overall immune response. The two main types of lymphocytes are B cells and T cells. B cells are produced in the bone marrow (hence the name B cells) and eventually turn into two main cell types: memory B cells and plasma cells. Memory B cells help remember a specific pathogen after an initial infection or vaccination; they lie dormant in the body for many years and rapidly respond if the pathogen returns. Plasma cells produce large amounts of antibodies during an active infection. They can be short-lived during an infection or long-lived to continuously produce antibodies from the bone marrow to maintain long-term immunity. B cells can also act as APCs (antigen-presenting cells) by ingesting pathogens and presenting them to T cells.

Antibodies, also known as immunoglobulins (Ig), are specialized proteins produced by B cells to help identify and neutralize pathogens. They are Y-shaped structures that are highly diverse. In fact, theoretically, the immune system can produce roughly 1015 unique antibodies. There are five types of antibodies: IgG, IgA, IgM, IgE, and IgD. IgG is the most abundant antibody and provides long-term immunity after infection or vaccination. A subclass of IgG antibodies, called IgG4, can have anti-inflammatory and tolerance-inducing effects. As an example, your body produces IgG4 antibodies when you eat food to help your immune system tolerate the food. IgA antibodies are mainly found in mucosal areas such as the respiratory and gastrointestinal tracts as well as saliva, tears, and breast milk. IgM antibodies are the first antibodies produced during the initial immune response to an infection. IgE antibodies provide defense against parasites but are also involved in allergic reactions. IgD antibodies play a role in B cell maturation. Think of antibodies like customized tools crafted for a specific job. Each tool, or antibody, is perfect for handling one specific type of task, or antigen.

T cells are produced in the bone marrow and mature in the thymus (hence the name T cells) and have a variety of functions and subtypes. Helper T cells (CD4+ T cells) activate other immune cells to coordinate an immune response. Cytotoxic, or killer T cells (CD8+ T cells), destroy infected or cancerous cells. Regulatory T cells (Tregs) help promote immune tolerance and prevent autoimmune reactions.

Before moving on, I want to pay special attention to a subtype of helper T cells called T-helper type 2 (Th2) cells because they play a pivotal role in the development of allergic reactions. These cells release IL-4 and IL-13, which are cytokines that cause B cells to produce IgE antibodies. IL-13 also causes mucus production and airway hyperresponsiveness in people living with asthma. Th2 cells also release IL-5, which promotes the activation, recruitment, and survival of eosinophils, which are cells that contribute to inflammation.

What Are Allergic Reactions?

Now that you have a better understanding of the immune system when it comes to protecting against infections, we will dive deeper into how the immune system may abnormally respond to foreign substances. These reactions are often referred to as hypersensitivity reactions. The term allergy is broad and does not describe the underlying mechanism—or pathophysiology—for the symptoms that may occur. If you understand the underlying immunologic mechanisms, then allergic diseases become less confusing. Modern medicine relies on gaining an understanding of the pathophysiology of disease so that diagnostic tests and management strategies can be effectively developed.

An important concept regarding allergic reactions is that some symptoms may be more localized to the area of the body that was exposed, while other reactions may involve more than one body part, a response also known as a systemic allergic reaction. Allergic reactions can be either localized or systemic, based on multiple factors, including the type of immune response, the location where the mast cells are activated, and where the allergen exposure occurs in the body. For example, an allergic reaction is more likely to become systemic if the exposure occurs from an injection of an allergen into the blood compared to the allergen being placed on the skin.

Robin Coombs and Philip Gell were immunologists who in 1963 proposed a classification system for hypersensitivity reactions that is still used today. There are four types of hypersensitivity reactions. Type I is the one that most people think about that explains many allergic reactions. This hypersensitivity reaction is mediated by specific IgE antibodies that are produced during the sensitization phase. An allergen is a substance, such as pollen, pet dander, and peanuts, that can cause allergic reactions. During sensitization, APCs such as dendritic cells capture the allergen and present it to a naive T helper cell. Those T cells turn into Th2 cells and influence B cells to produce IgE antibodies that can specifically bind to the allergen. These antibodies then bind to IgE receptors called FcεRI, which are located on the surface of mast cells and basophils. Once this happens, you are considered sensitized to the allergen. If the immune system sees the allergen in the future, then the allergen may bind to the specific IgE antibodies on the mast cells or basophils in a process called cross-linking. This leads to degranulation, which releases various chemical mediators that we mentioned previously. The symptoms of a type I hypersensitivity reaction vary depending on the site and extent of mast cell and basophil activation. Symptoms usually occur within a few minutes to an hour of exposure and may include sneezing, nasal congestion, runny nose (rhinorrhea), wheezing, shortness of breath, urticaria, angioedema, eczema, or the potentially life-threatening systemic reaction, anaphylaxis. More information regarding testing for type I hypersensitivity reactions will be covered in chapter 4 when we discuss skin and blood testing.

Type II hypersensitivity reactions, also known as cytotoxic hypersensitivity, occur when IgG or IgM antibodies target antigens on the surface of cells or proteins that give a structure to the cells called the extracellular matrix. This leads to cell destruction or tissue damage. There are several diseases that are the result of type II hypersensitivity reactions, which are often categorized as autoimmune diseases. Examples include Graves’ disease, which is when antibodies stimulate the thyroid-stimulating hormone receptor, causing hyperthyroidism. This disease often presents with weight loss, heat intolerance, and a fast heart rate (tachycardia). Myasthenia gravis occurs when antibodies block acetylcholine receptors, which causes muscle weakness and difficulty swallowing (dysphagia). A blood transfusion reaction can be a type II hypersensitivity reaction when incompatible blood is transfused, leading to a breakdown of donor red blood cells (hemolysis) by recipient antibodies. This can lead to symptoms of fever, chills, cola-colored urine (hemoglobinuria), and low blood pressure (hypotension).

Type III hypersensitivity reactions occur when immune complexes form and deposit in tissues, such as blood vessels, joints, kidneys, and lungs, leading to inflammation and damage. Once these molecular structures are deposited, they can lead to complement activation, which can recruit other immune cells, such as neutrophils. Examples of type III hypersensitivity reactions include systemic lupus erythematosus, which is the result of immune complexes containing antibodies against DNA or other nuclear components that deposit in the skin, joints, and kidneys. Serum sickness









	The immune system is divided into the innate immune system and the adaptive immune system, which work together to help protect your body from pathogens.

	Antibodies are specific proteins that bind to foreign substances to neutralize them or to activate the immune system.

	There are many mechanisms for an allergic reaction, which dictate the diagnostic tests and treatments that can be offered.
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