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The information in this book is not intended to replace the medical care or advice you receive from your doctor. You are encouraged to consult your family physician or pediatrician on all matters concerning the health of your child, and to follow his or her advice. This book was completed in manuscript in October 2010 and the information is correct as of this date. As new findings become available through research, some of the recommendations herein might be subject to change. You are encouraged to seek the most up-to-date information on childhood vaccinations from your physician or your child’s pediatrician. In addition, you will find numerous Web sites in this book that can provide accurate and up-to-date information on all aspects of childhood vaccinations.




QUESTIONS PARENTS HAVE ABOUT VACCINES





GENERAL




WHAT ARE VACCINES? 

Vaccines provide the immunity that comes from natural infection without the consequences of natural infection.

One way to understand vaccines is to examine the origins of the first one: the smallpox vaccine. In the late 1700s, Edward Jenner, a physician working in southern England, noticed that milkmaids didn’t catch smallpox, a disease that swept across the English countryside every two to three years. Jenner believed there was a connection between the blisters milkmaids often suffered on their hands—blisters similar to those on cows’ udders—and protection against disease. He reasoned that the blisters must contain something that was protective. He tested his theory by taking fluid from a blister on the wrist of a milkmaid (Sarah Nelmes) and inoculating it into the arm of a local laborer’s son (James Phipps). Then Jenner did something that would never pass an ethical review board today. A few weeks after injecting Phipps with pus from the milkmaid’s blister, he injected the boy with dried-out pus taken from someone who had smallpox. Phipps survived. Jenner had shown that pus from the milkmaid’s  blister (now known to contain cowpox) protected Phipps from human smallpox.

Jenner’s vaccine worked because he had unknowingly taken advantage of what we now call species barriers. Viruses or bacteria that have adapted themselves over centuries to infecting one species often aren’t very good at infecting another. This worked to Jenner’s advantage. Although cowpox doesn’t cause disease in people, it still causes an immune response. And fortunately, the two viruses—cowpox and smallpox—are similar enough that immunization with one protects against disease from the other. In this book, we’ll talk about the many ways vaccines provide protection against disease without causing disease.

Jenner was way ahead of his time. Today we know that cowpox and smallpox are viruses, but Jenner didn’t know that. In fact, he didn’t know what germs were; the germ theory (i.e., that specific germs can cause specific diseases) wouldn’t be postulated for a hundred years. So Jenner’s observations were pure phenomenology. But he was right. And smallpox, a disease that has killed as many as 500 million people—more than any other infectious disease—has been eliminated from the face of the earth. A remarkable achievement.

DID YOU KNOW?

Jenner also contributed something else: the word “vaccine.” Jenner’s smallpox vaccine was derived from a cow. To describe it, he used the word vaccinae, from the Latin meaning “of the cow.” Today, although most vaccines aren’t derived from bacteria or viruses that infect cows, they’re still called vaccines.
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WHY DO WE STILL NEED VACCINES? 

The only vaccine discontinued because the disease was eliminated was the smallpox vaccine. That’s it—just one. All other vaccine-preventable diseases still cause suffering and death in the United States or the rest of the world or both. Vaccines continue to be necessary for several reasons.

Some diseases still occur commonly in the United States. Several vaccine-preventable diseases are still common: chickenpox (varicella), pertussis (whooping cough), pneumococcus, hepatitis A, hepatitis B, rotavirus, influenza, meningococcus, and human papillomavirus—all diseases that can make us seriously ill or even kill us.

The chickenpox vaccine was introduced in 1995. At the time, about 4 million cases of chickenpox occurred every year. Within a few years, the number of cases declined to about 400,000, a 90 percent drop. Although one dose of the vaccine protected 95 of 100 people from getting really sick, it only protected 80 of 100 from getting a mild form of the disease. And people with mild disease were still contagious. In order to increase protection against mild disease from 80 percent to 95 percent, a second dose of vaccine was recommended. Use of a second dose should decrease the incidence of disease even more, to about 40,000 cases a year or fewer. But we still have a long way to go to eliminate chickenpox.

Pneumococcus is also a disease that occurs fairly commonly. A vaccine to prevent pneumococcus in young children was introduced in 2000. As a consequence, infections caused by pneumococcus, which include meningitis, pneumonia, and bloodstream infections, have been dramatically reduced. But they haven’t been eliminated; thousands of children get pneumococcal infections every year. So it’s still important to get the vaccine.

Because a pertussis vaccine has been around since the 1940s, it might surprise people to know that the disease is still quite common. Every year hundreds of thousands of adolescents and  adults catch and transmit pertussis. That’s because immunity to pertussis wanes. Before the vaccine, every year 7,000 people died from pertussis, most were young infants. Today, fewer than 30 infants die every year from the disease; so the vaccine has been quite effective. But because immunity fades, adolescents and young adults are at risk. Unfortunately, a vaccine to safely protect adolescents and adults became available only recently, in 2005. So the elimination of pertussis isn’t just around the corner.

Hepatitis A virus—which causes severe but rarely fatal infection of the liver—is still a risk from contaminated food. A recent outbreak of hepatitis A at a Mexican restaurant in western Pennsylvania sickened more than 600 people. And the virus still infects thousands of people every year.

Hepatitis B virus infections are particularly difficult to eliminate, because they’re so long-lived. About a million people in the United States are chronically infected with the virus. Many people with chronic infections don’t have any symptoms and therefore don’t know they’re sick, but they’re still contagious.

A vaccine to prevent rotavirus has been used in the United States since 2006. During the next four years, rates of rotavirus disease dropped from about three million cases every year to fewer than 300,000. But hundreds of children are still hospitalized with rotavirus every year, and some die because of it. For these reasons, the vaccine is still worth getting.

Influenza is unusual in that it requires a vaccine to be given every year. Because tens of thousands of children are hospitalized with influenza pneumonia every year, and because the virus changes enough that immunization or natural infection one year doesn’t protect against disease the following year, the choice to get an influenza vaccine should be an easy one.

The human papillomavirus (HPV) vaccine was recommended for all teenagers and young women in 2006. The vaccine prevents the only known cause of cervical cancer, a disease that occurs  about 25 years after the initial infection. About 70 percent of woman will catch HPV within five years of their first sexual encounter. It’s very difficult to avoid this virus.

Some diseases still occur in the United States, but uncommonly. Some vaccine-preventable diseases, like measles, mumps, rubella, tetanus, Haemophilus influenzae type b (Hib), and meningococcus still occur in the United States, but less frequently. Measles and Hib typically cause disease in fewer than a hundred children every year, mumps and meningococcus in several hundred.

Although these diseases are uncommon, they can be devastating. One measles outbreak in California is a perfect example. In 2008, a San Diego family took their unvaccinated children to Switzerland for a vacation. One of the children caught measles. (Measles occurs fairly commonly in Western Europe, where immunization rates aren’t very high.) The child brought the disease back with him and proceeded to infect several children waiting in the pediatrician’s office, one of whom developed severe dehydration. The disease also spread to classmates and people with whom he had come into contact at a grocery store. All of those infected weren’t vaccinated. Most people don’t realize that every year about 60 people with measles enter the United States, most from Western Europe. Typically, because most Americans are immunized, the virus doesn’t spread. But the outbreak in San Diego shows that when enough people choose not to vaccinate their children, the virus can spread quite rapidly. So a choice not to get measles vaccine is a very real choice to risk measles, a disease that prior to the introduction of a vaccine in 1963 caused more than 100,000 children to be hospitalized with pneumonia and infection of the brain (encephalitis) and hundreds of children to die every year.

Some diseases have been virtually eliminated from the United States, but still occur in other parts of the world. One vaccine-preventable disease, polio, was completely eliminated from the  Western Hemisphere by the late 1970s. Another disease, diphtheria, causes fewer than five infections in the United States every year. Although polio and diphtheria have been completely or virtually eliminated from the United States, they haven’t been eliminated from the world. Polio still occurs in Asia and Africa and diphtheria still occurs in many countries worldwide. Because international travel is common, it is likely that if enough people choose not to vaccinate, these diseases will be back. That is exactly what happened during the dissolution of the Soviet Union in the early 1990s when, because of a severe drop in immunization rates, tens of thousands of children suffered diphtheria and thousands died.
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HOW DO VACCINES WORK? 

Let’s use measles vaccine as an example. Before this vaccine became available in 1963, millions of American children got measles every year. The virus is transmitted from one person to another by sneezing, coughing, or talking. Once it enters the nose and throat, the virus reproduces itself over and over again. In a few days, hundreds of virus particles become millions, causing rash, fever, cough, red eyes, and runny nose.

During infection, children’s immune systems recognize measles viruses as foreign and attack them. The most important part of the attack is the formation of antibodies, soluble proteins in the bloodstream that bind to measles viruses and neutralize them, causing the disease to subside. Better still: these antibodies protect the person from measles for the rest of their life. Natural measles infections induce lifelong protective immunity. And antibodies are the key to this protection.

DID YOU KNOW?

The immune response consists of many different types of cells that help fight infections. But in the world of vaccines, nothing is more important than antibodies, which neutralize viruses and bacteria before infections can get started.



Although the goal of vaccines is to induce the same quantity of protective antibodies as that induced by natural infection, this rarely happens. Nothing is better than natural infection for inducing excellent immune responses. But the problem with natural infection is that children often have to pay a high price for their immunity. Before the measles vaccine, every year more than 100,000 children would be hospitalized when measles virus infected their lungs, causing pneumonia, or their brains, causing encephalitis. And every year between 500 and 1,000 previously healthy young children died from the disease. The goal of a measles vaccine is to prevent all of this suffering, hospitalization, and death. But when the measles vaccine was first used it was unclear whether it could induce an immune response similar enough to natural infection to cause lifelong protection? Several decades would pass before this question was answered. But then the answer was clear.

Whereas natural measles virus reproduces itself thousands of times, measles vaccine virus reproduces itself less than a hundred times. This means that the quantity of antibodies induced by vaccination is less than that induced by natural infection; it’s about a third of that found after natural infection. Fortunately, that’s good enough. Because of the measles vaccine, the number of children infected with measles virus every year has declined from millions to fewer than a hundred, and almost all of these  cases are imported from other countries. Now, the number of children hospitalized and killed by measles in the United States is practically zero. Measles vaccine did what it was supposed to do: induce a protective immune response close enough to that of natural infection without the occasionally deadly price of natural infection.

The story of the measles vaccine has been repeated for every other vaccine. Although the immune response to vaccines is typically less than natural infection, it’s more than adequate to prevent much of the suffering and death caused by these diseases.




HOW ARE VACCINES MADE? 

All vaccines are made with the same goal in mind: separate the parts of the viruses or bacteria that make you sick (virulence) from the parts that induce a protective immune response (immunogenicity). Different strategies are used depending on whether the disease is caused by viruses or bacteria.


Viral Vaccines 

Viral vaccines are made using three different strategies.

Weaken the virus. One way to make a viral vaccine is to weaken the virus so that it cannot reproduce itself well enough to cause disease, but it can still reproduce itself well enough to induce a protective immune response. It’s a fine line. And it’s not very easy to do. But it has been accomplished for several viruses: measles, mumps, rubella (German measles), chickenpox (varicella), influenza, and rotavirus.

The strategy for making the measles, mumps, and chickenpox vaccines, as well as one of the rotavirus vaccines (RotaRix), is the same; it was pioneered by Max Theiler, a researcher working at the Rockefeller Institute in New York City in the 1930s. Theiler knew that viruses only reproduce themselves in cells (unlike bacteria, which reproduce themselves outside of cells). He also knew  that human viruses grow better in human cells than in nonhuman cells. Theiler reasoned that if he could adapt human viruses to grow in nonhuman cells (like those from chickens or mice), he could weaken the viruses’ ability to grow in human cells. Max Theiler made the first live, weakened human vaccine in 1935. It protected against a disease that killed hundreds of thousands of people in South America as well as many Americans who worked on the Panama Canal: yellow fever. Theiler weakened yellow fever virus by growing it many times in chicken and mouse cells. For his efforts, he was awarded the Nobel Prize in Medicine in 1951. Following Theiler’s lead, researchers found that the measles and mumps viruses are weakened by growth in chicken embryo cells; the chickenpox virus by growth in guinea pig cells; and rotavirus by growth in monkey kidney cells.

Another way to weaken viruses is to grow them at temperatures lower than body temperature. This is the strategy that has been used to make the rubella (German measles) and nasal-spray influenza (FluMist) vaccines. In both cases, these viruses no longer reproduce themselves well at body temperature, so they cannot cause disease. But they reproduce well enough to induce a protective immune response.

A third way to weaken a virus is a modification of the method used by Edward Jenner when he made the smallpox vaccine: take advantage of species barriers (see “What are vaccines?”). That’s the way one of the rotavirus vaccines (RotaTeq) is made. RotaTeq contains parts of a cow rotavirus that doesn’t reproduce itself well in people along with parts from human rotaviruses that are necessary to induce a protective immune response. This vaccine represents the best of two worlds: it retains the weakened virulence characteristics of the cow rotavirus yet also contains the human components necessary to induce protective immunity.

Inactivate the virus. Another way to make a viral vaccine is to take a whole virus and kill it with a chemical. Typically, scientists  use minute amounts of formaldehyde (see “Do vaccines contain harmful chemicals like formaldehyde?”). Unlike weakened viral vaccines—where vaccine viruses reproduce themselves a little—the killed vaccine viruses can’t reproduce themselves at all. Still, the body reacts to the inactivated viruses by making a protective immune response. This is the way that the hepatitis A, polio, and influenza (shot) vaccines are made.

Use only part of the virus. Another way to make a viral vaccine is to use only one viral protein.

Viruses are made of proteins. Some viruses are small, like hepatitis A virus, and contain only a few proteins. And some viruses are large, like chickenpox, and contain about 70 proteins. (The largest mammalian virus is smallpox, containing about 200 proteins.) The strategy of using only one viral protein to make a vaccine can only work if that protein is principally responsible for inducing a protective immune response. Two viral vaccines contain only a single viral protein: hepatitis B and human papillomavirus (HPV). Both vaccines are made using recombinant DNA technology.

Recombinant DNA technology was first used to make medical products in the 1970s. The first product was insulin. By the late 1980s, this technology was being used to make a vaccine: hepatitis B. Researchers used the gene that made one hepatitis B protein, called hepatitis B surface protein, because they knew that an immune response against it could protect people against disease. Then, they put the gene that made the hepatitis protein into a plasmid, which is a small circular piece of DNA. The plasmid that they chose reproduced itself in yeast. Next, they put the yeast plasmid containing the hepatitis B gene into common baker’s yeast. As the yeast cells reproduced, the plasmid also reproduced and made the hepatitis protein, which was later purified to make the vaccine. HPV vaccine is made the same way.


Bacterial Vaccines 

Because bacteria are far more complex than viruses, the processes used to make bacterial vaccines are different from those used to make viral vaccines. Three different strategies are used.

Use the sugar that coats the bacterial surface. Bacteria are much bigger than viruses. Whereas the largest virus, smallpox, contains about 200 proteins, the smallest bacteria contain more than 2,000 proteins—and most contain between 3,000 and 4,000 proteins. Fortunately, the protective immune response to several bacteria that cause disease in infants isn’t directed against bacterial proteins. It’s directed against a complex sugar (polysaccharide) that coats the bacterial surface. So researchers are able to make some bacterial vaccines using the bacterial polysaccharide only. To enhance the immune response, the polysaccharide is linked to a harmless protein. This is the way that the pneumococcal, meningococcal, and Haemophilus influenzae type b (Hib) vaccines are made.

Inactivate the bacterial toxin. Some bacteria cause disease by making a harmful toxin. Researchers inactivate these toxins with a chemical (like formaldehyde), rendering them harmless but still capable of inducing protection. Such is the case with the diphtheria and tetanus vaccines. Both of these bacteria make a single toxin that causes disease. Inactivated toxins are called toxoids.

Purify bacterial proteins. One bacterial vaccine stands alone: pertussis (or whooping cough). To make a pertussis vaccine, researchers purify several critical proteins necessary for inducing a protective immune response. These proteins are treated with formaldehyde to render them harmless. Some of these proteins are toxins (similar to the diphtheria and tetanus vaccines) and some are part of the bacterial structure. Several pertussis vaccines are available; all contain between two and five pertussis proteins.
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WHAT STEPS DO PHARMACEUTICAL COMPANIES GO THROUGH TO MAKE VACCINES? 

Vaccine manufacture is a long process with many steps. Most people don’t realize that it can take many years and cost hundreds of millions of dollars. One rotavirus vaccine, licensed by the Food and Drug Administration (FDA) in 2006, is a good example of what it takes to develop a modern vaccine.

Between 1979 and 1990, researchers at The Children’s Hospital of Philadelphia and The Wistar Institute created the five strains of rotavirus that eventually became the vaccine RotaTeq. The strains were then licensed to a pharmaceutical company so they could do studies to determine exactly how much vaccine virus should be in the final product. Too much vaccine was unnecessary and might cause unwanted side effects; too little wouldn’t be sufficient to induce protection.

The vaccine maker then had to prove how many doses of the vaccine were necessary. This meant studying thousands of children given different numbers of doses. Then they had to prove that each vial contained exactly the same amount of vaccine as every other vial.

The company also had to prove that the vaccine didn’t contain contaminating agents that could infect people, like other viruses or bacteria, parasites, or fungi. This meant hundreds and hundreds more tests, called adventitious-agent testing. (In 2010, a powerful new technology called deep sequencing was developed to detect minute quantities of bacterial or viral genes in vaccines; see the section of this book on “Rotavirus.”)

Then the company had to buffer the vaccine viruses so that they had a long shelf life and stabilize the vaccine so that the viruses were equally distributed throughout the vial and didn’t interfere with one another. And it had to figure out whether the vaccine should be placed in a plastic or glass vial, making sure that vaccine viruses didn’t stick to the sides and that the type of vial used didn’t reduce the shelf life.

Next came the hardest and most expensive part: proving that the vaccine worked and was safe. This meant studying more than 70,000 children in 12 different countries for four years. Half of the children got the vaccine by mouth at two, four, and six months of age and the other half got a fluid that was in the same vial with the same buffering and stabilizing agents but without any of the vaccine viruses (placebo). This trial, which cost about $350 million, created paperwork that, if stacked one sheet on top of another, would have exceeded the height of the Sears Tower in Chicago.

Finally, the vaccine maker had to do something called concomitant-use studies. The company had to prove that their new vaccine didn’t interfere with the safety or immune responses of other vaccines that would be given at the same time, and that the existing vaccines didn’t interfere with the safety or immune responses of their new vaccine. These studies were enormously laborious and expensive. By the time they were completed, a process that took 16 years and cost about $1 billion, the company submitted paperwork (called a Biologics License Application) to the FDA that filled the back of a small U-Haul truck.
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WHO RECOMMENDS VACCINES? 

Vaccine recommendations require a three-part process.


Licensure 

First, vaccines must be licensed. Before investigators at pharmaceutical companies test a vaccine in children, they must obtain an Investigational New Drug (IND) license from the FDA. An IND license is awarded only if the company has shown that the vaccine, when tested in experimental animals, is safe and induces an immune response likely to be protective. The company must also show that the vaccine is made using Good Manufacturing Practices (GMP) that ensure it is free from contaminating microorganisms that could potentially hurt children.

Once an IND license is obtained, the manufacturer tests the vaccine in progressively larger numbers of adults, teenagers, and children to make sure that it works. These studies, which can take as long as twenty years, almost always begin in small numbers of healthy adults before progressing to teens, then older and younger children, even if younger children are the intended recipients. This information is submitted to the FDA in an application for a vaccine license. The FDA’s decision is based on two factors: safety and efficacy. The process of licensure takes about ten months. Once a vaccine is licensed, pharmaceutical companies have the right to sell it.


Recommendation 

Second, the vaccine must be recommended. Even after the FDA has licensed a vaccine, doctors wait until the vaccine is recommended before giving it to their patients.

Three committees recommend vaccines: the Advisory Committee on Immunization Practices (ACIP), which advises the Centers for Disease Control and Prevention (CDC); the Committee on Infectious Diseases, which advises the American Academy of Pediatrics (AAP); and the American Academy of  Family Physicians (AAFP). Each of these advisory bodies is composed of ten to fifteen physicians and scientists with extensive experience in infectious diseases, epidemiology, immunology, and microbiology. The issues considered by these groups are somewhat different from those considered by the FDA. Whereas the FDA considers whether a vaccine is safe and effective, advisory committees also consider whether the vaccine would be useful as part of a broad public-health policy.


Requirement 

Third, following endorsement by the CDC, AAP, and AAFP, some vaccines are required for entry to day care, elementary school, middle school, high school, and even college. These requirements, or mandates, are state-based and often determined by what different states and localities can afford. Requirements are the least important step of this three-part process.

From a parent’s perspective, the only information that should matter is whether a vaccine is safe and effective and whether it’s been recommended.

DID YOU KNOW?

Unfortunately, many parents and even some doctors focus only on which vaccines are required and not which ones are recommended. In some cases, families affected by vaccine-preventable diseases, such as bacterial meningitis, say they didn’t know that a vaccine was recommended, assuming that because it wasn’t required it wasn’t necessary.






HOW DO WE KNOW VACCINES WORK? 

We live longer than we used to.

During the twentieth century, the lifespan of Americans increased by thirty years. Antibiotics, purified drinking water, sanitation,  safer workplaces, better nutrition, safer foods, seatbelts, and a decline in smoking accounted for some of that increase. But no single medical advance has had a greater impact on human health than vaccines.

Before vaccines, Americans could expect that every year measles would infect 4 million children and kill 500; diphtheria would kill thousands of people, mostly young children; rubella (German measles) would cause as many as 20,000 babies to be born blind, deaf, or mentally retarded; pertussis (whooping cough) would kill 7,000 children, most less than one year old; and polio would permanently paralyze 15,000 children and kill 1,000. Because of vaccines, some of these diseases have been completely or virtually eliminated from the United States. Smallpox—a disease estimated to have killed 500 million people—was completely eradicated by vaccines.

Although most pediatricians today didn’t witness firsthand the decline of diseases like diphtheria, smallpox, or pertussis, they did witness the virtual elimination of one bacterial infection: Haemophilus influenzae type b (Hib). Hib caused about 25,000 children every year to suffer meningitis, bloodstream infections, and pneumonia. Because of the Hib vaccine, first used in the early 1990s, fewer than 100 children are now affected every year.
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ARE VACCINE-PREVENTABLE DISEASES REALLY THAT BAD? 

Parents who choose not to vaccinate their children or choose to delay or withhold vaccines are taking a risk. It’s not a big risk; in fact, the odds are very much in their favor. In all likelihood their children will not suffer permanent harm or die from an infectious  disease. Polio has been eliminated from the United States; so has rubella. Diphtheria occurs in only a few people every year. And although the United States witnessed a measles epidemic in 2008 that was bigger than any measles epidemic in more than a decade, no one died. So what’s the harm of not vaccinating?

The fact is that every year vaccine-preventable diseases still kill children in the United States. Influenza typically kills about a hundred children and pneumococcus and meningococcus a few hundred, permanently disabling more than that. Chickenpox is still common enough that a handful of children die every year and human papillomavirus is a long-range killer, causing fatal cervical cancer twenty to twenty-five years after infection. And if the trend of not vaccinating or delaying vaccination continues, other diseases—like polio and diphtheria—will be back.

Probably those best suited to explain why vaccines are important are parents who belong to advocacy organizations like Families Fighting Flu, the National Meningitis Association, and Meningitis Angels. All of these parents tell similar stories. Their children were healthy and active until they were killed by a vaccine-preventable disease that none of these parents thought could happen to them—until it did. Then they became crusaders to prevent other parents from having to live their horror.

Choosing not to vaccinate is like playing Russian roulette, except instead of having a gun with five empty chambers and one bullet, it’s a gun with a million empty chambers and one bullet. But why take the chance? Why play this game at all if you don’t have to? Parents who belong to these advocacy groups ask themselves that question every day. The problem is, they never realized they were taking a risk. In some cases they didn’t know there was a vaccine; in other cases, they just thought it wasn’t necessary. One of the reasons that doctors are passionate about vaccines is that they see people with diseases like whooping cough, chickenpox, pneumococcus, and meningococcus. They know what it  looks like to be sick, to suffer, and to die from these infections. That’s why it’s so hard for them to conscience sending unvaccinated or undervaccinated children out of their offices, knowing what being unprotected could mean.
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ISN’T IT BETTER TO BE NATURALLY INFECTED THAN IMMUNIZED? 

For the most part, the immune response following natural infection is better than that induced by immunization. Whereas a single natural infection often induces protective immunity, it often takes several—sometimes as many as five—doses of a vaccine to induce protection. But natural infection occasionally comes with a high price: paralysis caused by polio, bloodstream infections caused by Haemophilus influenzae type b (Hib), severe pneumonia caused by pneumococcus, permanent birth defects caused by rubella, and cancer caused by human papillomavirus (HPV), to name a few. So although it might take a few doses of a vaccine to protect against natural infection, it’s worth it.

Interestingly, some vaccines induce immune responses that are actually better than natural infection. The HPV vaccine, because it contains a highly purified version of one important protein of the virus, actually induces antibody levels much higher than those found after natural infection. Tetanus vaccine is another example. Tetanus bacteria make a toxin that causes severe muscle contractions (that’s why the disease is occasionally referred to as lockjaw). This toxin is so potent that the amount required to cause disease is actually less than that which induces an immune  response. For this reason, people infected with tetanus are still recommended to receive the tetanus vaccine.

Other examples of vaccines that induce immune responses better than natural infection are Hib and pneumococcal vaccines. As a general rule, children less than two years old make excellent immune responses to viruses, but they’re not quite as good at making immune responses to certain bacteria: specifically, those that have complex sugar coatings called polysaccharides. Both Hib and pneumococcus have polysaccharides on their surfaces. If children are to be protected against these bacteria, they need to make an immune response to these polysaccharides, but they don’t. So even if children survive meningitis, bloodstream infection, or pneumonia caused by Hib (see the section on Haemophilus influenzae type b), they’re still recommended to receive the Hib vaccine.
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ARE VACCINES GIVEN ON A ONE-SIZE-FITS-ALL SCHEDULE? 

Some parents wonder how the same vaccine can be recommended for a 10-pound baby as for a 200-pound adult. Wouldn’t it make more sense to give a baby a smaller amount of vaccine? That’s exactly what is done for drugs, where the amount prescribed is often determined by weight or age.

Indeed, some vaccine dosages given to children and adults aren’t the same. For example, the influenza and hepatitis B vaccines given to children contain lower quantities of vaccine than those given to adults. Sometimes the opposite is true. For example, the amount of diphtheria and pertussis vaccine contained in the DTaP vaccine given to children is actually more than is in the Tdap vaccine given to adolescents and adults (see the section  on Diphtheria, Tetanus, and Pertussis). That’s because adolescents and adults often have more serious local reactions to the diphtheria and pertussis components of the vaccine than young children.

But the need to take into account weight when determining dose isn’t the same for vaccines as it is for drugs. Drugs enter the bloodstream and are distributed throughout the body. That’s not true for vaccines. Vaccines are typically injected into the arm, leg or buttocks. The vaccine then travels to nearby lymph nodes, which are collections of immune cells located throughout the body. Once in the lymph node, the vaccine enters a type of immune cell called an antigen-presenting cell. These cells present the vaccine to other cells of the immune system responsible for making antibodies (see “How do vaccines work?”).

As a general rule, vaccines stimulate the immune response in the area where the vaccine is given, not throughout the body. Adjuvants, which are substances occasionally added to vaccines to enhance the immune response, also act only locally (see “Do vaccines contain harmful adjuvants like aluminum?”). All of this means that, for the most part, how much someone weighs doesn’t matter, because vaccines aren’t distributed throughout the body.

The next logical question would be, how are children protected against infections that enter in different places, like the nose, throat, or intestines? The answer is that although immune cells, like those that make antibodies, are typically generated where the vaccine is given, they travel throughout the body, offering protection at the many sites where infections might occur.

When vaccines are tested, children are put in groups given different doses to determine which works the best; these are called dose-ranging studies. The goal is to give the minimal amount of vaccine that is capable of inducing a protective immune response, so that the vaccine is least likely to cause side effects.




IS THERE ANY HARM IN USING AN ALTERNATIVE SCHEDULE? 

During the first few years of life, children can receive as many as twenty-six separate inoculations and five shots at one time. For most parents, it’s hard to watch children restrained against their will and injected again and again with so many shots. So it’s easy to appeal to the sentiment that it might be of value to create an alternative schedule that separates, delays, withholds, or spaces out doses of vaccines.

The perceived value of an alternative schedule is that it might avoid weakening, overwhelming, or altering the immune system of the young child. However, abundant evidence shows that this is not the case (see the chapter titled “Safety”). Another argument for spacing out vaccines is that they contain potentially harmful additives that might be toxic if too many are given at once, but again, evidence does not support this fear (see the section titled “Ingredients”). Yet another argument is that too many vaccines are causing specific diseases like asthma, allergies, autism, diabetes, and multiple sclerosis—diseases that could be avoided by choosing a different schedule. But again, no evidence supports these contentions (see “Safety”). Some parents (as well as some doctors) argue that even if it’s true that children’s immune systems can easily handle the challenge of vaccines, there’s no harm in spacing them out. This isn’t true for several reasons.


Increased Duration of Susceptibility to Disease 

The biggest problem with an alternative schedule is that it increases the time during which children are susceptible to vaccine-preventable diseases. If immunization rates across the United States were about 95 percent, this wouldn’t be a problem. Parents could hide their children within a highly protected population knowing they wouldn’t be hurt by bacteria and viruses. But that’s not the case. Population (or herd) immunity—the ability  of a vaccinated community to protect those who can’t or won’t be vaccinated—has broken down. As a consequence, outbreaks of pertussis (or whooping cough) are common; a measles epidemic in 2008 was larger than any measles outbreak in more than a decade; and children are starting to die from bacterial meningitis because their parents are choosing to either delay or withhold vaccines. (For example, outbreaks of Hib meningitis caused the deaths of four unvaccinated children in Minnesota and Pennsylvania in 2008 and 2009.) Parents who make the choice to delay vaccines are taking an unnecessary risk without deriving any benefit.


No Data to Support Safety and Effectiveness of an Alternative Schedule 

Another problem with the alternative vaccine schedule is that it’s untested. Every time a new vaccine is added to the recommended schedule it’s tested to make sure that it doesn’t interfere with the immune response or safety of the existing vaccines and vice versa (see “How do we know that different vaccines can be given at the same time?”). Making up a schedule that is untested takes an unnecessary risk, again without benefit.


More Shots 

Another reasonable argument for spacing out vaccines is that it would mean fewer shots at one time, and therefore less pain for the child. Interestingly, researchers have found that children experience similar amounts of stress—as measured by secretion of a hormone called cortisol—whether they are getting one or two shots at the same visit. This suggests that although children are clearly stressed by receiving a shot, two shots aren’t more stressful than one. For this reason, more visits to the doctor created by separating or spacing out vaccines will likely only increase the trauma of getting shots.
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WHY CAN’T VACCINES BE COMBINED TO LESSEN THE NUMBER OF SHOTS? 

Researchers have been combining vaccines for more than five decades. In the 1940s, they combined the diphtheria, tetanus, and pertussis vaccines into a single shot. Then, in the early 1970s, they combined the measles, mumps, and rubella vaccines into a single shot. Since then combination vaccines have included measles, mumps, rubella, and varicella; Haemophilus influenzae type b (Hib) and hepatitis B; hepatitis A and hepatitis B; and diphtheria, tetanus, and pertussis added to various combinations of hepatitis B, polio, and Hib (see the section titled “The Vaccine Schedule”). All of these products have reduced the number of shots. But none has dramatically reduced the number of shots that children have to get in the first few years of life.

So, why not make a single shot that combines all of the vaccines? That way, children would only need to get one shot at two, four, six, and twelve to fifteen months of age and one shot between four and six years of age. Unfortunately, it’s a lot harder than it sounds. Buffering agents (to prolong shelf life) and stabilizing agents (to evenly distribute the vaccine throughout the vial) for different vaccines may not be compatible when they are combined. Perhaps the best hope for relieving the burden of so many shots would be to start giving more vaccines by mouth or by skin patches. These technologies are currently being developed.




WHY AREN’T MORE VACCINES GIVEN BY MOUTH? 

Of the sixteen different vaccines given to children and adolescents, only one (the rotavirus vaccine) is given by mouth. Because the rotavirus vaccine is designed to prevent an intestinal infection and because intestinal immunity is best induced by presenting vaccines to the intestinal surface, this makes sense.

But the fact remains that the intestine is loaded with immune cells perfectly capable of traveling to other sites in the body and affording protection. So why not use the wealth of immune cells in the intestine to make a variety of different vaccines? The answer is that we probably could. One obstacle is that the stomach makes a lot of acid and proteases (enzymes that break down proteins) that can destroy certain vaccines, but technology is available to counter that. So we could see more vaccines given by mouth in the future.




CAN I AVOID VACCINES BY LIVING A HEALTHY LIFESTYLE? 

Some people believe that living a healthy lifestyle—eating nutritious foods, getting plenty of exercise, and taking daily vitamins—is enough to avoid infections. Although good nutrition is important, specific immunity to a virus or bacteria can only be acquired by natural infection or immunization. And the price of natural infection is too high.

One example of why a healthy lifestyle doesn’t work can be found in the life of one of America’s most beloved presidents, Franklin Delano Roosevelt. FDR was an active, vigorous man. Coming from a wealthy family, he was certainly well nourished. But in his late thirties he contracted polio, a disease that permanently paralyzed him. FDR died ten years (to the day) before the polio vaccine was first licensed in the United States—a vaccine that would have been the only reliable way for him to have avoided a disease from which he suffered for most of his life.




WHY SHOULD I TRUST A SYSTEM THAT MAKES MONEY FOR DRUG COMPANIES? 

The pharmaceutical industry doesn’t have a very good reputation. Indeed, the term “Big Pharma” is meant to be derogatory. And to some extent, the reputation is deserved. In marketing their products, pharmaceutical companies have acted aggressively, unethically, and sometimes even illegally.

However, vaccines are not drugs. They’re made differently, tested differently, regulated differently, promoted differently, and used differently.

First, vaccines are not nearly the moneymaker drugs are. Whereas lipid-lowering agents, hair loss and potency products, diabetes drugs, or antidepressive agents are often used every day, vaccines are used once or at most a few times during a person’s life. For example, annual sales from a single lipid-lowering agent can exceed those for the entire worldwide vaccine industry. So the pressures to sell drugs, which can be huge blockbusters for companies, are great. There is no such thing as a blockbuster vaccine.

Second, vaccines are subjected to higher regulatory standards than drugs. Before drugs are licensed by the FDA, they are typically tested in hundreds or a few thousand people. Vaccines, on the other hand, are tested in tens of thousands of people. For example, the pneumococcal vaccine, licensed in 2000, was tested in 40,000 children; the human papillomavirus (HPV) vaccine, licensed in 2006, was tested in 30,000 women; and the two rotavirus vaccines, licensed in 2006 and 2008, were tested in more than 130,000 children. Drugs are virtually never tested in so many people.

Third, companies don’t really have to convince people about the value of vaccines. That’s because groups that recommend vaccines—like the CDC and the AAP—do it for them. Recommending vaccines for routine use in children and publishing  those recommendations in professional journals makes vaccines a standard part of care. So the marketing dollars spent on vaccines are trivial compared with those spent on drugs.

If people are concerned that vaccines can’t be trusted because vaccine makers have misrepresented or falsified data, it would be justified if there were at least one example of this actually happening. But there isn’t. Safety and efficacy data generated before licensure is invariably repeated in testing after licensure. And the only example of a vaccine found to cause a severe problem after licensure didn’t happen because the pharmaceutical company had hidden or misrepresented data to the FDA or in medical journals. It was because the event was so rare that it was only found after about one million children had been vaccinated (see the story of the RotaShield vaccine in “What systems are in place to ensure that vaccines are safe?”). The problem was quickly picked up by postlicensure safety monitoring systems put in place by the CDC.

Summing up, pharmaceutical companies that make vaccines should be trusted because they have an excellent record of making safe and effective products; because they have never been shown to knowingly misrepresent vaccine data in medical or scientific journals; because all studies, positive or negative, must be presented to the FDA before licensure; and because the vaccine side of pharmaceutical companies is often staffed with people who have a background in public health and are interested in disease prevention. Although this no doubt sounds Pollyannaish, it’s true.




SHOULD VACCINES BE MANDATED? 

In a more perfect world, vaccines wouldn’t be mandated. Parents would be compelled by science-based information that shows the benefits of vaccines outweigh their risks. But we don’t live in that world. Rather, we live in a world where entertainment television shows, magazines, newspapers, and the Internet occasionally  carry stories about risks from vaccines that aren’t real: that vaccines cause autism, diabetes, multiple sclerosis, learning disorders, chronic fatigue syndrome, and hyperactivity, among other problems. As a consequence, some parents, influenced by these stories, choose not to vaccinate their children.

So to protect the population, we have vaccine mandates for entrance into day care centers, elementary schools, middle schools, high schools, colleges, and even some workplaces. In the early 1900s, mandates were strictly enforced—no exceptions. But during the 1960s, that changed. A series of court rulings in the late 1960s and early 1970s allowed parents to exempt their children from vaccination based on their religious beliefs. Fortyeight states now allow such religious exemptions. It wasn’t long before the courts also supported parents whose philosophical or personal beliefs precluded vaccination. Twenty-one states now allow philosophical exemptions.

One could reasonably argue that exemptions to vaccine mandates are a necessary concession when trying to compel an entire population to receive fourteen different vaccines during the first few years of life, and that without exemptions, the number of people choosing not to get vaccines might only increase. But there’s a problem with vaccine exemptions. And it’s an obvious one.

Four studies have compared the incidence of measles and pertussis (whooping cough) in states or localities that have high rates of vaccine exemptions—either philosophical or religious—with those that have lower rates. Not surprisingly, areas with higher exemption rates have a higher incidence of these infections. And the trend isn’t a good one. As the number of vaccine exemptions continues to increase, the number of outbreaks of preventable infections will also increase. And eventually we may again have to ask ourselves whether mandates should be more strictly enforced—whether we can afford individual freedoms when they affect the health of society.
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IS IT MY SOCIAL RESPONSIBILITY TO GET VACCINES? 

Probably the easiest way to answer this question is to look at health care providers who are asked to get vaccinations. In 2009, several hospitals in the United States required doctors, nurses, nurse practitioners, and others involved in the care of patients to receive an influenza vaccine. Certain facts were undeniable: 1) people sickened by influenza virus come into the hospital every winter; 2) health care providers may catch influenza and inadvertently transmit it to those in their care; 3) people who come into the hospital with chronic lung, heart, or kidney diseases are more likely to get severe and occasionally fatal influenza pneumonia; and 4) hospitals whose staffs have higher rates of immunization against influenza have lower rates of virus transmission. Hospital officials mandated influenza vaccine because of concern about the patients under their care. It was a patient safety issue. The hospitals viewed health care providers as having not only a social  responsibility but also a professional responsibility to protect their patients.

What about people who don’t work in hospitals? Again, the facts are undeniable. People in states and regions with higher rates of unvaccinated children are more likely to suffer diseases like pertussis (whooping cough) and measles (see “Should vaccines be mandated?”). One dramatic example, discussed above, occurred in 2008, when a seven-year-old unvaccinated boy visited Switzerland, caught measles, flew back to California, and was taken to the doctor’s office to see what was wrong. The boy inadvertently infected several people along the way, including children in the doctor’s waiting room who were too young to have received the measles vaccine. So the decision by the parents not to vaccinate their son caused disease in others; in effect, these parents had made a decision not only for their son but also for those who came into contact with him.

Some parents who choose not to vaccinate will argue that other parents, if they are scared that their children will catch vaccine-preventable infections, can simply choose to vaccinate. Where’s the harm? There are two problems with this thinking.

First, no vaccine is 100 percent effective; even those who are vaccinated can occasionally suffer severe infections. Further, as more and more people remain unvaccinated, the likelihood of disease in the community increases. So a child, vaccinated or not, will be more likely to come in contact with someone who is infected. One outbreak of measles in The Netherlands between 1999 and 2000 was particularly instructive. Children were much better off if they were unvaccinated living in a highly vaccinated community than if they were vaccinated living in a relatively unvaccinated community.

Second, some people can’t be vaccinated for medical reasons. These people might be receiving long-term steroids for rheumatological diseases (like lupus), chemotherapy for cancer, or immunosuppressive  therapy for transplants, all of which alter their capacity to make an effective immune response to vaccines. And some children are too young to receive certain vaccines. These people depend on living in a highly vaccinated community to protect them; if it does not, they’re the ones most likely to suffer and die from these infections. The ability of a vaccinated community to protect those who can’t be vaccinated is called herd immunity. The percentage of vaccinated people necessary to provide herd immunity depends on the contagiousness of the virus or bacteria. For highly contagious infections, like measles, chickenpox, and pertussis, about 95 percent of the population needs to be immunized to prevent spread of these diseases.

Some parents are starting to become concerned that the decisions of others are putting their children at risk; they’re worried that doctors’ waiting rooms, places of worship, or classrooms with a high percentage of unvaccinated children have become dangerous. The clash between parents who exercise their right to leave their children unvaccinated and parents who feel that this choice violates a social contract is growing. If outbreaks of vaccine-preventable infections continue, this conflict will only worsen.


References 

Feiken, D. R., D.C. Lezotte, R. F. Hamman, et al. “Individual and Community Risks of Measles and Pertussis Associated with Personal Exemptions to Immunization.” Journal of the American Medical Association 284 (2000): 3145–3150.

Fine, P. E. M. and K. Mulholland. “Community Immunity.” In Vaccines , 5th ed., ed. S. A. Plotkin, W. A. Orenstein, and P. A. Offit (London: Elsevier/Saunders, 2008).

Glanz, J. M., D. L. McClure, D. J. Magid, et al. “Parental Refusal of Pertussis Vaccination Is Associated with an Increased Risk of Pertussis Infection in Children.” Pediatrics 123 (2009): 1446–1451.

Offit, P. A. “Fatal Exemption.” Wall Street Journal, January 20, 2007.

Omer, S. B., W. K. Y. Pan, N. A. Halsey, et al. “Nonmedical Exemptions to School Immunization Requirements: Secular Trends and Association of State Policies with Pertussis Incidence.” Journal of the American Medical Association 296 (2006): 1757–1763.

Salmon, D. A., M. Haber, E. J. Gangarosa, et al. “Health Consequences of Religious and Philosophical Exemptions from Immunization Laws: Individual and Societal Risk of Measles.” Journal of the American Medical Association 281 (1999): 47–53.

von den Hof, S., M. A. E. Conyn-van Spaendonck, and J. E. van Steenbergen. “Measles Epidemic in The Netherlands: 1999–2000.” The Journal of Infectious Diseases 186 (2002): 1483–1486.






End of sample




    To search for additional titles please go to 

    
    http://search.overdrive.com.   


OEBPS/page-template.xpgt
 

 
	 
		 
	

	 
		 
	

	 
		 
	

	 
		 
	

	 
		 
	    		 
	   		 
	    		 
		
	



 
	 






OEBPS/paul_9780231526715_msr_cvt_r1.jpg
VACCINES

YOUR CHILD






OEBPS/paul_9780231526715_oeb_003_r1.gif





OEBPS/paul_9780231526715_oeb_001_r1.jpg
VACCINES R®f

YOUR CHILD

COLUMBIA

UNIVERSITY Sepamt n J 2 Facr
PRESS

from Fiction

NEW YORK

PAUL A. OFFIT, M.D., F.A.A.P.
CHARLOTTE A. MOSER





OEBPS/paul_9780231526715_oeb_002_r1.jpg





OEBPS/paul_9780231526715_msr_cvi_r1.jpg
VACCINES
and

YOUR CHILD

Separating Fact from Fiction

Paul A. Offit, M.D.
and Charlotte A. Moser





OEBPS/paul_9780231526715_oeb_004_r1.gif
RECORD OF IMMUNIZATIONS FOR DATE OF BIRTH.

vaceine

NUMBER OF DOSES (BIRTH -6 YEARS)

B

n

Hepaiis B

Rosains

Diphiber,
Teams,
Pernse

Hacnopbia
e
b

Preumococs

Polo

Inhcnrs

M,
Munge,
Rl

Varcls
(Chikenpen)

Hepaios A

e

wores






OEBPS/paul_9780231526715_oeb_005_r1.gif
RECORD OF INMUNIZATIONS FOR —__ DATE OF BIRTH

vaccing

NUMBER OF DOSES (7 YEARS -18 YEARS)

" -z 5 e s s

Dighiter,
Teanas,
P

Hunen
Papilomavins

prem—

thenzs

Onher

Onher

Onher

Onher

Ot

Onher

wores






OEBPS/paul_9780231526715_msr_ppl_r1.jpg





