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DR. ANDREW KROGER:  Welcome to the 2018 EpiVac Pink Book Netconference Series.  Today’s topic is Principles of Vaccination.  I’m Andrew Kroger; I’m a medical officer in the Immunization Services Division of the National Center for Immunization and Respiratory Diseases, or NCIRD, of CDC and I’ll be the moderator for today’s session. 
Here are the learning objectives.  At the conclusion of this session, the participant will be able to:

· Describe the different forms of immunity.

· Describe the different types of vaccines. 
· For each vaccine-preventable disease, identify those for whom routine immunization is recommended. 
· For each vaccine-preventable disease, describe characteristics of the vaccine used to prevent the disease.

· Describe an emerging immunization issue.

· Locate resources relevant to current immunization practice.

· Implement disease detection and prevention health care services (for example, smoking cessation, weight reduction, diabetes screening, blood pressure screening, and immunization services) to prevent health problems and maintain health.  
Today’s topic is Principles of Vaccination, which is based on the first chapter of the CDC textbook, Epidemiology and Prevention of Vaccine-Preventable Diseases or the Pink Book.  It will be presented by Tina Objio, a nurse educator in the Communication and Education Branch, Immunization Services Division, in NCIRD at CDC.  
Continuing education, or CE, credit is available only through the Training and Continuing Education Online System at www.cdc.gov/GetCE.  If you are watching this version live, the course number is WC2645-060618.  If you are watching an enduring or archived course, the course number is WD2645-060618. CE credit for the live course expires July 9th, 2018.  CE credit for the enduring course expires June 1st, 2019.  The course access code is 2018-POV; please make note of this code.  Course access codes will not be given outside of the course presentation.  Instructions are available in the Resource Pod. 
In compliance with Continuing Education requirements, all presenters must disclose any financial or other associations with the manufacturers of commercial products, suppliers of commercial services, or commercial supporters, as well as any use of unlabeled products or products under investigational use.  CDC, our planners, content experts, and their spouses/partners wish to disclose they have no financial interest or other relationships with the manufacturers of commercial products, suppliers of commercial services, or commercial supporters.  Planners have reviewed content to ensure there is no bias.  Presentations will not include any discussion of unlabeled use of a product or a product under investigational use.  CDC does not accept any commercial support.  
If you have a question, please enter your question into the QA pod and we will address some of these questions after Tina’s presentation. So I will now turn the microphone over to Tina.  You may begin.
TINA OBJIO: Thank you, Dr. Kroger.  Good afternoon, everyone.  I am pleased to have the opportunity to present to you from here in Atlanta.  Again, our topic today is Principles of Vaccination.  If you’re following along in the 13th edition of Epidemiology and Prevention of Vaccine-Preventable Diseases, frequently referred to as the “Pink Book,” the slides I’m using are similar to the content in the first chapter, and we will also be posting these slides on the website for this webinar series within the next few weeks.  
If you attended last year’s webinar on this topic, you’ll note that the content is very similar, and this is because the basic principles of vaccination remain largely unchanged, although there continue to be advances in vaccine technology.  For the purposes of this presentation, we will be discussing very basic information on the immune system and vaccines.  
For those of you who are new to immunizations and would like to know more, there are many instructional materials and courses available that go into greater detail than what we can cover in this one-hour webinar.  And for those of you with more experience, we are happy that you joined us for a review.  We hope that, no matter what your level of experience, you will gain something and take advantage of the free Continuing Education credits being offered.  If you missed it the first time, the CE information that Dr. Kroger just presented will be covered again at the end of this presentation.  
So to understand how vaccines work, let’s first discuss some basics about the immune system.  Let’s begin by discussing immunity.  A healthy immune system is one that can recognize and eliminate foreign or nonself material from the body and ignore everything else that belongs there.  In this presentation, we’re going to refer to immunity as protection from infectious diseases.  This means that the immune system is able to recognize and eliminate the infectious organism and prevent infection with it in the future.  This is done with the help of antibodies that are specific to the infectious organism or group of infectious organisms that are closely related. 
Infectious substances are typically viruses, bacteria, or toxins produced by the organism.  They can be live or inactivated.  The infectious substances are referred to as “antigens.”  Antigens are capable of stimulating an immune response.  The antigen stimulates the immune system to mount a defense by developing or generating antibodies.  One way to remember this is to think of the antigen as an antibody generator.  
An antibody, also referred to as “immunoglobulin,” is a protein molecule.  Antibodies are produced by B cells. B cells are a type of lymphocyte or a white blood cell that develops in the bone marrow. That’s why they are called “B-cells.”  So an antibody will bind to an antigen in a lock-and-key type of mechanism.  This helps neutralize the antigen so it cannot multiply.  Then other cells in the immune system, like T-cells, which I will discuss in a few minutes, can destroy and remove the antigen from the body.
There are two arms to the immune system. One is humoral immunity.  Humoral immunity is essentially the production of antibodies that specifically target a certain antigen or group of antigens.  The antibodies are circulating in the blood or humor; that’s why it’s referred to as “humoral immunity.”  
The other arm of the immune system is cell-mediated immunity.  This involves T-cells, also known as T-lymphocytes.  T-cells are so called because they mature in the thymus gland, which is located behind the sternum or breast bone.  Some T-cells help the B-cells, but some work with cells like macrophages and other killer cells to engulf and destroy the invading antigen.  Ideally, both humoral and cell-mediated immunity work together, but it’s possible to have antibodies develop independent of T-cells through humoral immunity. 
That was a very simplified explanation of the immune system.  The immune system is really quite complex and rather incredible, but for this abbreviated discussion, we just need to know a few of the basics.  The key immune system components that will be important to remember for this program are antigens, antibodies, B cells, and T-cells.  
There are two ways to acquire immunity, actively or passively, and you can have both at the same time. 
Let’s look at passive immunity first.  Passive immunity involves the transfer of antibodies from a human or animal to another human.  These antibodies provide temporary protection that typically disappears or wanes after several weeks or months. This type of antibody is extremely important to infants, who receive antibodies through the placenta in the last one to two months before birth.  So a full-term infant will have the same antibodies as the mother to help protect the infant until the baby can be vaccinated and make his or her own antibodies.  Let’s look at an animation that describes passive immunity. 
(Video 1 – “Passive Immunity” 09:39-12:38)
One type of immunity is passive immunity. With passive immunity, a person receives antibodies from another person rather than producing them. 

The most common type of passive immunity occurs when a fetus receives its mother’s antibodies across the placenta. A full-term infant is born with antibodies against the same diseases to which the mother is immune. As the infant grows, the maternally acquired antibodies circulate throughout the body. Since the infant did not actively produce the antibodies, the level declines with time. If the infant is exposed to a disease for which it has maternally acquired antibodies, the antibodies will recognize and help to eliminate the invading organism, just as it would if the infant were immune from infection. One potential problem with passive immunity is that the maternally acquired antibodies cannot tell the difference between disease-causing virus and live-vaccine virus. So if the infant receives a live-virus vaccine while maternal antibodies are still circulating, the antibodies will recognize the vaccine virus and help eliminate it from the body, preventing active immunity from occurring. 

By the time the infant is about a year old, all maternal antibodies will have disappeared. Now the infant is susceptible to infection with either the disease-causing or vaccine form of the organism. Because there are no circulating antibodies to interfere, live vaccines given to the infant will confer active immunity. 

Maternally acquired immunity is only one type of passive immunity. Injection with immune globulin or disease-specific globulin or transfusion of blood products are other ways of conferring passive immunity. But passive immunity, no matter how acquired, is always temporary. Active immunity, either from infection with the disease-causing form of the organism or through vaccination, is the only way to become permanently immune to disease.
TINA OBJIO: There are other sources of passive immunity in addition to maternal antibodies.  Blood and many blood products contain antibodies.  Homologous pooled human antibody, which is also known as immune globulin or IG, is just as the name implies.  “Homologous” means the antibodies are derived from the same species, humans.  There are five classes of antibodies, including IgA, IgD, IgG, IgM, and IgE.  IgG antibody is the most common type of antibody found in blood.  So these are pooled IgG antibodies from thousands of adult donors here in the United States.  This pooled antibody product contains IgG antibodies to many different antigens, and since there is a large pool of people in the U.S. with antibody to hepatitis A and measles, IG is used primarily to provide antibodies to people who are not immune and have been exposed to hepatitis A or measles; this is known as “postexposure prophylaxis.”  It is also used for treatment of certain congenital immunoglobulin deficiencies, or more simply put, when someone is born with part of the body’s immune system missing or not functioning properly. 
Another type of antibody is homologous human hyperimmune globulin; the source is donated plasma from humans who have a high level of a particular antibody.  But these products also contain other antibodies that are present in the plasma.  Hyperimmune globulins are used for postexposure prophylaxis for several diseases: HBIG for postexposure to hepatitis B virus, RIG or RIG for rabies, TIG for tetanus, VariZIG for varicella, and VIG is one that you may not have heard much about; VIG is vaccinia immune globulin that can be used to treat severe adverse reactions to smallpox vaccine.  
Heterologous hyperimmune serum, also known as antitoxin, is produced from a different species that is animals, usually horses, so this would be equine antitoxin.  The serum contains antibodies to only one antigen.  In the U.S., equine antitoxin is available for treatment of botulism and diphtheria.  
One downside associated with antitoxin is serum sickness.  This is when the body has an immune reaction to the foreign protein that is similar to an allergic reaction. Some older people may have experienced serum sickness from the tetanus equine antitoxin, which was used primarily before World War II.  Those people may report being allergic to tetanus vaccine, not knowing they actually had serum sickness from the equine antitoxin.  
We now use tetanus immune globulin or TIG made from human antibodies rather than tetanus antitoxin.  There’s no horse protein in TIG, nor in any of the tetanus-toxoid-containing vaccines that are currently used.  Antibodies from human sources are polyclonal.  This means they contain many different kinds of antibodies, some in more quantities than others.  
But scientists came up with a way to isolate and indefinitely grow single B cells, which then led to the development of specific or monoclonal antibodies.  A monoclonal antibody contains antibody to only one antigen or a closely related group of antigens.  Monoclonal antibodies are used in the diagnosis or treatment of certain cancers, prevention of transplant rejection, and the treatment of certain autoimmune diseases and infectious diseases.  Nonproprietary drug names for monoclonal antibodies all end in M-A-B or mab, so this is one easy way to tell these products apart from other products.  
One monoclonal antibody product you may be familiar with is palivizumab; the trade name is Synagis.  This is antibody product available for the prevention of respiratory syncytial virus or RSV infection in infants.  We still get questions about this product that show that there is some confusion, so it’s a worth a quick mention.  Although palivizumab is used to prevent severe RSV disease, it contains only RSV antibody.  It’s not a vaccine; it’s a ready-made antibody that provides passive immunity.  One great thing about this product is that since it’s a monoclonal antibody, it will not interfere with the immune response to vaccines, especially live vaccines like MMR and varicella.  This will be discussed in more detail in the session on general recommendations.  
So now I’m going to move on to the other way of acquiring immunity; that is active immunity.  Active immunity is the best type of immunity.  It’s produced by the person’s own immune system and it’s usually long-lasting, often for a lifetime.  Let’s look at an animation of active immunity. 
(Video 2 – “Active Immunity” 17:49-21:14)
The first event leading to immunity is exposure of a susceptible person to an infectious agent—in this case, a virus. Because the person is not immune, the virus is able to replicate and spreads throughout the body. As the viruses spread, some are captured by special antigen-presenting cells, such as B cells. The B cell engulfs the virus, disassembles it into smaller parts, and presents some of the viral parts on its surface. The viral antigens presented by the B cell attract another key cell of the immune system—a T-cell, shown here in yellow. The T-cell controls many functions of the immune system. It sends chemical signals to activate the B cell. Each activated B cell then begins to divide. This process is known as “clonal expansion” because each daughter B cell is a clone, identical to the original activated cell. Many of these millions of activated B cells will transform into plasma cells and begin to produce protein molecules called “antibodies.” Antibodies attach to the invading virus, interfere with its ability to produce more viruses, and facilitate destruction of the virus by other cells of the immune system. The combined forces of the antibodies and other components of the immune system eliminate the invading virus from the body and confer active immunity. 
The antibodies and some of the activated B cells, called “memory cells,” remain after the virus has been eliminated, making the person immune to that virus. Active immunity can result either from infection with the disease-causing form of the organism or through vaccination, and will persist for years, probably for the life of the person. The entire process from infection to elimination of virus usually takes one to two weeks, but it can take longer, depending on the organism. Months or years later, another exposure to the virus may occur. The circulating antibodies will recognize the virus, and memory cells will rapidly produce more antibody. Because of the antibody and other components of the immune system, the virus will be unable to replicate enough to cause disease. The exposed person is usually unaware that the exposure even occurred.
TINA OBJIO: There are two ways to acquire active immunity; one is infection with a disease-causing form of the organism.  Examples would be the protection or immunity that develops after infection with measles or chickenpox.  Infection with either of the wild form of these diseases is not an ideal way to acquire immunity, but before vaccines were available, these infections were often an unfortunate rite of passage through childhood.  Second infections from these diseases can occur, but they are not common if the person has a healthy immune system.  And if second infections do occur, symptoms are usually very mild or the infection is subclinical with no symptoms.  After the initial infection, there are memory B cells in the blood and bone marrow that remain there for many years.  So if there is a reexposure to the infectious agent, these memory cells go into action to produce antibody and eliminate the antigen.  
Fortunately, active immunity can be acquired with vaccines without getting the actual disease, uncomfortable symptoms, and potential complications.
Vaccination is a way of stimulating the immune system when exposed to a live, weakened form of the organism that does not cause disease in someone with a normal immune system or when exposed to an inactivated form of the pathogen or disease-causing agent.  The vaccine delivers this weakened or inactivated antigen that induces an immune response that is similar to the response to natural infection.  Many vaccines also produce memory B cells. This immunologic memory allows for what is referred to as an “anamnestic response.”  In other words, when there is a reexposure to the antigen, the memory cells begin to produce antibodies that go into action against the antigen.  
There are many factors that influence a person’s immune response to a vaccine. One is the presence of maternal antibodies, which have more effect on live vaccines because they cannot tell the difference between the disease-causing antigen and the live, weakened antigen.  This is why only oral live vaccine is administered during the first year of life.  The immune response is not affected by circulating maternal antibodies.  Injectable live vaccines are not routinely administered until after the first year of life, when maternal antibodies have waned.  
Other factors that affect the immune response to a vaccine are the nature and amount or dose of antigen in the vaccine, the route of administration, whether an adjuvant is present to improve the vaccine’s ability to provoke an immune response, and whether the vaccine has been stored and handled properly.  
There are also factors about the person receiving the vaccine that influence the immune response to the vaccine. These include age, nutritional status, genetics, and any coexisting disease.
Next, let’s review basic vaccine classification.  There are two basic classifications of vaccines.  The characteristics are different and determine how the vaccines are used.  A live, attenuated vaccine contains a weakened form of the wild, disease-causing virus or bacterium.  And inactivated vaccine contains inactivated or dead virus or bacterium or a fraction of the organism.  
In order to simplify some of the principles of vaccination, we have developed a few general rules.  If you’re following along in the Pink Book, you will find these general rules in boxes in the text in the chapters on Principles of Vaccination and General Recommendations.  

Here’s the first general rule. The more similar a vaccine is to the natural disease, the better the immune response to the vaccine.  This makes sense because the disease-induced immunity is generally effective and long-lasting and the closer we can approximate this with vaccine, the better the protection from the vaccine.  From this rule, you would expect that live vaccines would have some advantages, since infectious diseases are caused by live organisms. So let’s take a look at an animation about live vaccines. 
(Video 3 – “Live, Attenuated Vaccine” 25:35-28:31)
The events that produce immunity with a live, attenuated vaccine are almost identical to those which lead to immunity following infection with the disease-causing form of the organism. 

The two main differences are that exposure is intentional, usually through injection of the virus, and that the virus is attenuated or weakened, so it does not cause illness. Since the person is not immune, the vaccine virus is able to replicate and spreads throughout the body. 

The vaccine virus is very similar to natural disease virus, so the immune system cannot tell them apart. 

B cells and other antigen-presenting cells engulf and disassemble the virus and present viral antigens on their surface. 

The viral antigens are recognized by a T-cell, shown here in yellow. The T-cell signals the B cell to activate. The activated B cells begin to divide, producing millions of identical, daughter B cells. Many of these B cells transform into plasma cells and then produce antibodies directed against the vaccine virus. 

As with infection with the disease-causing form of the virus, the antibody attaches to the vaccine virus and facilitates its destruction by other components of the immune system. This leads to elimination of the virus from the body. The antibody and memory B cells produced in response to the vaccine virus infection will persist for many years after the vaccine virus has been eliminated. Because the antibodies cannot distinguish between vaccine virus and disease virus, the person is now immune, probably for life, to infection with a disease-causing form of the organism. So if months or years later an exposure to disease virus occurs, the antibodies will recognize the virus and facilitate its elimination by other components of the immune system. No disease will result from the exposure.

TINA OBJIO: The wild virus or bacterium is weakened by repeated passage in culture medium.  That means the wild organism is grown in one environment or culture medium and then another and another and so on until it is weak enough that disease will not occur, but the immune response can still occur.  It took almost 10 years to transform the wild measles virus that was obtained from a child with measles disease in 1954 before it could be used to make vaccine.  
An important characteristic of a live, attenuated vaccine is that the organism can still replicate or multiply to produce the immune response, just as the wild organism would do.  Since the response is so similar to the immune response produced by natural infection, a live, attenuated vaccine will produce an immune response in most recipients within one dose.  
There are exceptions.  Live oral vaccines are not delivered by injection, but rather into the mouth and digestive system, so they may require additional doses, as was the case with oral polio vaccine and now with the rotavirus vaccines and one of the typhoid vaccines.  However, the newest oral vaccine for cholera only requires a single dose.  Also, there is a small percentage of vaccine recipients that do not respond to the first dose of a live vaccine, but most of these people do respond to a second dose.  This is the case with measles- and mumps-containing vaccines and varicella vaccine.  
This graph illustrates an individual’s typical response to a dose of live vaccine.  The Y or vertical axis represents the antibody level and the pink line represents the antibody level that is protective.  The X or horizontal axis represents the number of doses administered.  You can see that after one dose of the live vaccine, a positive response to the vaccine, which is represented by the gray column, is well above the protective pink line.  Administering additional doses really doesn’t improve the antibody level that much, and if you look out further through time, there’s very little waning of the immune response.  
This graph, on the other hand, looks at the population’s typical response to a live vaccine.  The Y or vertical axis represents the percent of the population or community that is immune and the X or horizontal axis represents the number of doses administered.  As with the individual response, you see that the population or community immune level is quite high after just one dose and rises gradually as the small percentage of those who did not respond to the first dose receive a second dose and a slight increase with a third dose.
What the previous slide was showing is what we refer to as “herd” or “community immunity.”  The image on the slide illustrates the level of immunity in three different communities.  In these communities, blue figures represent people who are not immunized, but they’re still healthy. Yellow figures represent people who are immunized and healthy. And the red figures represent the people who are not immunized and they are sick and contagious.  
The first community, as shown on the top left, initially does not have very many sick people, but there are lots of susceptible people, most of whom become sick and contagious, as you see on the top right.  
On the left side of the middle illustration, there are still not very many sick people, but there are also some healthy, immunized people.  But there aren’t very many,so on the right side of the middle illustration, you can see that there’s still a lot of disease spreading.  
And last, on the bottom, is the illustration of a community with a high immunization coverage rate.  Although there is still the same initial number of sick people on the left, there’s very little disease on the right because the spread of the disease is contained.  
This is a very simplified illustration of herd immunity.  The herd immunity threshold, or proportion of the population that must be immune to stop disease transmission, varies by disease, such as how contagious it is and how it’s transmitted.  
There are some things that we need to be aware of with live vaccines.  Even though they are weakened and do not cause disease or anything more than mild adverse reactions in someone with a healthy immune system, they can cause severe or fatal reactions in people who are immunodeficient, whether due to disease, medication, or treatment such as radiation or chemotherapy.  A person who is immunodeficient may not be able to mount an effective immune response and a level of antibodies that will stop the replication or multiplication of the vaccine virus.  
It’s also theoretically possible for the live, attenuated virus to revert to the disease-causing form.  This has only been known to occur with oral polio vaccine.  
It’s also possible for circulating antibody to interfere with the immune response to a vaccine.  As I mentioned earlier, and it was pointed out in the video, circulating antibodies, whether maternal antibodies or from other products, cannot tell the difference between the wild organism and the attenuated organism.  
So conducting thorough screening before administering a dose of vaccine is the most important strategy to prevent an allergic reaction, a serious or a fatal reaction in an immunodeficient person, or vaccine failure because of the presence of circulating antibodies that interfere with the immune response.  
Live vaccines are fragile and must be stored and handled according to the vaccine manufacturer’s recommendations.  This is why it’s very important to be sure that vaccine storage and handling protocols and procedures are developed and followed to prevent administering a vaccine that will not work.  
There are currently several live, attenuated viral vaccines available.  They are measles, mumps, rubella, or MMR, varicella and zoster vaccine live, yellow fever, rotavirus, LAIV (the intranasal influenza vaccine), smallpox or vaccinia vaccine, oral adenovirus, and oral polio vaccine, which is available in other countries.  The only live, attenuated bacterial vaccines used in the U.S. for vaccination are oral typhoid vaccine and oral cholera vaccine.  The BCG tuberculosis vaccine is not routinely used to protect against tuberculosis in the U.S.  It can, however, be used to treat bladder cancer.  
So now let’s take a look at inactivated vaccines or non-live vaccines.  The virus or bacterium is inactivated with heat and/or chemicals, such as formalin.  There are two main groups of inactivated vaccines: those that contain inactivated whole virus or whole bacteria and a large second group, which is referred to as “fractional vaccines.”  Fractional vaccines only contain the pieces of an organism that will induce an immune response.  Among the fractional vaccines, most are protein-based, such as subunit vaccines and toxoids.  Some fractional vaccines are polysaccharide-based and may be either pure polysaccharide or conjugated polysaccharide, meaning joined to a protein.  So let’s look at the last animation about inactivated vaccines.  
(Video 4 – “Inactivated Vaccine” 35:55-39:37)
The events which produce immunity to inactivated vaccine are similar to those leading to immunity following infection with the disease-causing form of the organism or vaccination with live, attenuated vaccine. The person is injected with inactivated antigen, which can be a whole inactivated virus or fragments of a killed virus or bacterium. Since the antigen is dead, it cannot reproduce. So larger quantities of inactivated vaccine antigen must be injected to stimulate an immune response. As with infection or vaccination with live vaccines, the inactivated antigen is captured and ingested by B cells and other antigen-presenting cells. The B cell processes the antigen and presents it on its surface. These antigens are recognized by a T-cell. The T-cell signals the B cell to activate. The B cells divide, just as they do after infection with the disease causing form of the organism or after receipt of live, attenuated vaccine. Many will transform into plasma cells and then produce antibody directed against the vaccine antigen. Antibodies attach to the vaccine antigen, leading to its elimination from the body. Unlike infection with the disease-causing form of the organism or vaccination with live vaccines, a single dose of inactivated vaccine may not confer immunity. Only a small amount of antibody is produced, and it may disappear quickly. Additional doses may be needed to boost the immune response. A second dose of antigen, usually given within a few months of the first, causes a similar response. More antibody is produced, which attaches to the vaccine antigen and facilitates its elimination by other components of the immune system. This time, more antibodies remain, but long-lasting immunity still may not be conferred. One or more additional doses may be required to increase the antibodies to a protective level. But even this protection can gradually decline over time. An additional booster dose may be needed years after the primary series to ensure that the antibody level remains protective. While antibodies remain in the body, the person is immune to the disease-causing form of the virus or bacterium. If an exposure to the disease organism occurs, the antibodies will recognize and help to eliminate it. Usually there is no illness from the exposure. Illness may occur, but it is usually less severe than in an unvaccinated person.
TINA OBJIO: A key message in this video is that unlike live vaccines, inactivated vaccines cannot replicate or multiply.  There’s no way inactivated vaccines can result in infection from the antigen in the vaccine, even in immunodeficient people.  And inactivated vaccines are less affected by circulating antibodies than live vaccines.  So maternal antibodies have little or no effect on the immune response to the vaccine.  And when necessary, an inactivated vaccine can be administered at the same time as an immune globulin.  An example is the administration of HBIG and HepB vaccine at the same time in separate sites to an infant born to a mother who is hepatitis B surface antigen-positive.  The ready-made antibodies in the immune globulin provide protection through passive immunity until the baby can mount an active immune response to the hepatitis B vaccine.  
The amount of antigen from a dose of inactivated vaccine is fixed.  Since there is no replication, multiple doses are required before a protective antibody level is reached, and the immune response is primarily humoral, meaning antibodies.  There’s little, if any, cell-mediated immunity.  The antibody titer or level of antibody will decline with time and periodic booster doses may be required.
Unlike the graph shown earlier for live vaccines, the antibody level is not usually at a protective level after a single dose with inactivated vaccines.  The first dose primes the immune system and then it typically takes two to three more doses before a protective antibody level is reached.  Then, as the last column shows, the antibody level begins to wane; an example would be the DTaP series.  One dose of DTaP vaccine does not protect a young infant against pertussis.  That’s why it’s so important for pregnant women to receive a dose of Tdap and pass on those maternal antibodies to protect young infants against whooping cough until they can receive their DTaP primary series.  
The population response to vaccination with an inactivated vaccine also looks very different than it did for a live vaccine.  It typically takes several doses for each person before a high percentage of the population is immune and there’s a barrier of protection within the community.  
Inactivated whole-virus vaccines available in the U.S. include inactivated polio, hepatitis A, Japanese encephalitis, and rabies.  Inactivated whole bacterial vaccines include the whole cell pertussis vaccine, killed typhoid, cholera, and plague vaccines.  These inactivated whole bacterial vaccines and whole influenza viral vaccines marked on the slide with an asterisk are now only for historical interest since none of them are used in this country.  
Some vaccines can be made using only certain proteins from the organism that will produce the immune response.  Subunit vaccines include HepB, influenza, acellular pertussis, HPV, and anthrax.  Polysaccharide vaccines are a unique type of inactivated subunit vaccine; we will discuss them separately.  
Diphtheria and tetanus vaccines are made from toxins produced by the organisms.  The toxins are inactivated and then referred to as toxoids.  
Some vaccines are made from polysaccharide organisms.  Polysaccharides are complex sugars that make up the outer coat of certain bacteria, most notably, the meningococcal, pneumococcal, and Haemophilus families.  The polysaccharide coat is important in the development of disease and immunity.  So one would think that making a vaccine using this outer coat would be fairly straightforward. Just purify the polysaccharide and put it into the vial and that’s the basic way pure polysaccharide vaccines are made.  But there is a small issue.  
The immune response to a pure polysaccharide vaccine is typically T-cell-independent.  In other words, these vaccines stimulate B cells without the assistance of T helper cells.  But polysaccharide vaccines do not really induce an immune response in children younger than two years of age, most likely because their immune systems are still immature.  And repeat doses usually do not cause a booster response.  Also, IgM antibody is the predominant class of antibody produced; there’s little IgG antibody.  IgM antibody has less functional activity than IgG.  IgM antibody is the immediate antibody that is produced by the immune system when exposed to an antigen.  It doesn’t last as long as IgG antibody and it does not bind as well to the antigen as IgG antibody.  
But the good news is that polysaccharide vaccines can produce a better immune response when chemically combined with a protein.  This is referred to as “conjugation,” which changes the immune response from T-cell-independent to T-cell-dependent.  This increases the immune response in infants and the antibody booster response to multiple doses of vaccine.  
Polysaccharide vaccines are shown here.  There are both pure polysaccharide and conjugate pneumococcal vaccines.  Conjugate vaccines include Hib-containing and meningococcal vaccines.  And the inactivated injectable typhoid vaccine is a pure polysaccharide vaccine.  
There are some vaccines that are developed through genetic engineering technology.  Recombinant vaccines are made my inserting a gene segment of the antigen into a different microbe or microorganism and then culturing it on a large scale to make the vaccine; HepB, HPV, influenza, RIV, and meningococcal B vaccines are made using this method. Reassortant vaccines, on the other hand, are made by mixing genetic material from more than one source; rotavirus (RV5) and influenza (LAIV) are examples.  
I want to now turn briefly to the recommended immunization schedules.  These next few slides are copies of detailed images that may be a bit difficult to see here, but they can also be accessed and viewed online.  This first image is the recommended childhood and adolescent schedule for 2018.  The recommended vaccines are in the far left column and the ages at which various doses are recommended are across the top.  
You will notice that with the exception of the oral rotavirus vaccine, only inactivated vaccines are routinely recommended in the first year of life because of the presence of maternal antibodies.  There is an exception for MMR vaccine, which is recommended as young as six months of age for international travel.  Maternal antibodies wane within a few months and generally by 12 months of age, they will no longer interfere with the immune response to the live, attenuated vaccines, MMR and varicella.  
You can also see that the inactivated vaccines require between three and five doses for a complete series, whereas only two doses are recommended for MMR and varicella.  The second doses of these live vaccines are recommended to catch the small percentage of children who did not respond to the first dose.  
The yellow bars indicate the age range in which a particular dose is recommended.  The green bars indicate the range of recommended ages for catch-up immunization.  The purple bars indicate the range of recommended ages for high-risk groups for certain vaccines.  The blue bars indicate the age range of vaccines that can be given to non-high-risk persons based on clinical judgment.  And white means not routinely recommended.  
There are two catch-up schedules shown on this slide.  The top schedule is for children four months through six years of age who are behind schedule for one or more vaccine series.  And the schedule below the heavy black line is for children 7 years through 18 years of age who are behind.  These schedules should be used until the child is caught up and then return to the routine schedule.  The timing of doses is based on minimum ages and minimum intervals, which will be discussed in more detail during the session on general recommendations.  
This is figure 3 from the new childhood immunization schedule for 2018.  Figure 3 is an immunization schedule for children and teens with high-risk conditions.  This schedule demonstrates that most children with medical conditions can and should be vaccinated according to the routine immunization schedule.  It indicates when a medical condition is a precaution or contraindication or when additional doses of vaccines may be necessary, secondary to the child’s medical condition.  
The yellow color indicates routine vaccination is recommended.  The purple color indicates the vaccine is recommended for persons with an additional risk factor for which the vaccine would be indicated.  The black and yellow stippled pattern indicates that vaccination is recommended and additional doses may be necessary based on medical conditions, which are explained further in the footnotes.  The white color means there is no recommendation.  The red indicates vaccination is contraindicated and the orange color indicates there is a precaution to vaccination.  
Let’s look briefly at two figures from the adult schedule, which is for people 19 years of age and older.  The same color coding convention used for the childhood adolescent schedule is used here for recommended age ranges and for high-risk groups.  
This first adult figure shown here is based on recommended ages for particular vaccines if the person has no other evidence of immunity or for recurring doses, such as annual influenza vaccination and Td booster doses every 10 years.  The second figure for adults is based on risk factors such as medical conditions, occupational risk for health care personnel, or other indications.  The red bars indicate contraindications for the live vaccines, varicella, zoster vaccine live, and MMR due to pregnancy or immunodeficiency.  
And before we move on to the question and answer session, we can look at this question to see what you think.  Is the following statement true or false?  Because pure polysaccharide vaccines like PPSV23 are T-cell-independent, they provide good booster responses with subsequent doses.  We’ll take a few seconds to let you think about this and then we’ll discuss the correct answer.  And the answer to this is false.  In the case of pure polysaccharide vaccines, they do not produce a good booster response.  However, conjugating them to a protein improves the booster response, as well as the overall immune response in children younger than two years of age by making them T-cell-dependent.  So with that, I’m going to turn things back over to Dr. Kroger so we can take some of your questions.
DR. ANDREW KROGER:  Thank you, Tina.  Before handling some of the questions we’ve received, I’ll show you some Continuing Education information.  For the live course, the course number is WC2645-060618.  For the enduring course, the course number is WD2645-060618.  The expiration date for the live course is July 9th, 2018; the expiration date for the enduring archived program is June 1st, 2019.  The course access code is 2018-POV.  Please make note of this code.  Course access codes will not be given outside of the course presentation. And instructions are available in the Resource Pod.  
So, we have received a few questions from you all from our chat box.  The first question is why can children younger than one year of age be given certain vaccines, but not others?

TINA OBJIO:  Great, thanks for that question.  And basically, live vaccines do not work well in infants less than one-year-old because maternal antibodies may still be circulating.  So the live vaccine will not work well because the antibodies from passive immunity will respond to the vaccine, blocking the occurrence of active immunity, which is really what we hope to achieve.  

DR. ANDREW KROGER:  Thank you.  Here’s another question we’ve received.  A vaccine administration question: is aspiration prior to vaccination recommended?

TINA OBJIO:  Sure, and just for the group to know, we are going to cover storage and handling and vaccine administration in a later webinar, but I’m happy to take this one really quick like and the answer to that is no, we don’t recommend aspiration prior to vaccination.  And I know a lot of us, including me, back in the day, did learn that when we were in school, but the recommendations have changed.  So the answer is no.

DR. ANDREW KROGER:  Okay, thank you.  Here’s a question that sometimes we get sent relevant to flu season.  So in the flu vaccination context, sometimes we hear providers say that they have patients that… whose patients report to them that even though they received the non-live vaccine, they got the flu.  We tell them that vaccine is dead, so they can’t be getting the flu from the vaccine. What else can we tell them?

TINA OBJIO:  Yeah, so in inactivated vaccines, the organisms are dead, as was stated.  It’s not possible for them to cause influenza disease.  However, there can be some side effects to the vaccine.  In addition to a sore arm, which is fairly common, the person could have a  little bit of aching or be feeling a bit unwell for a couple of days, as the immune response is mounted.  This varies by person and some people feel perfectly fine after their annual flu vaccine.  It does take about two weeks before a full protective immune response occurs.  It’s possible that the person could already be incubating—in other words, infected—before receiving the vaccine or that the vaccine didn’t cover this person for some other reason.  So they could actually have the flu.  The other thing is that each year, experts do their best to select viruses that are going to be circulating for that vaccine, but some years, the match between what is circulating and what is in the vaccine is not a good match for one or more of the virus strains.  So it’s possible that someone could be infected with a strain that isn’t in the vaccine or a strain that has drifted.  But the bottom line is that you can’t get the flu from the inactivated vaccine and getting the annual flu vaccine is still the best way we have to protect ourselves from the flu.  
DR. ANDREW KROGER:  Okay, thank you very much.  Here’s another question we commonly receive. Should a breastfed infant be immunized on the same schedule as other children because of passive immunity issues?

TINA OBJIO:  Yeah, thanks, that’s a great question.  Breastfeeding doesn’t adversely affect immunization and it’s not a contraindication for any vaccine.  Breastfed infants should be vaccinated according to the routine recommended schedules.

DR. ANDREW KROGER:  Okay, thank you.  Okay, here’s another question that we receive commonly. Can you review active and passive immunity again and give a few examples of each?

TINA OBJIO:  Sure.  Active immunity is protection that’s produced by the person’s own immune system.  This type of immunity usually lasts for many years or often a lifetime.  Vaccines cause a person’s own immune system to generate active immunity and so does the infection with the actual disease.  A lot of us have active immunity to varicella or chickenpox from being infected as children.  Today, our children may have acquired their active immunity from varicella vaccine.  Passive immunity is protection by products produced by an animal or human and transferred to another human.  Passive immunity often provides effective protection, but the protection disappears or wanes with time, usually within a few weeks or months.  An example would be the immunity a baby receives from their mother or the immunity from blood products.  

DR. ANDREW KROGER:  Okay, thank you.  I think that’s all the time that we have for questions, so now I’m going to provide some Continuing Education credit information. Please go to the web page www.cdc.gov/GetCE to obtain credit.  For the live course, the course number is WC2645-060618.  If you are watching the enduring or archived course, the course number is WD2645-060618.  CE credit for the live course expires July 9th, 2018.  CE credit for the archived or enduring course expires June 1st, 2019.  Please make note of this course access code; it is 2018-POV.  Course access codes will not be given outside of the course presentation.  Instructions are available in the Resource Pod.  
For help with the online system, please dial 1-800-41-TRAIN. This corresponds to 1-800-418-7246 or you can e-mail ce@cdc.gov.  This service is available from 8:00 a.m. to 4:00 p.m. Eastern Time.  
You can also e-mail immunization questions to us, if you did not get to ask them today, at NIPINFO@cdc.gov and we’ll try to respond to those as quickly as possible.
You can also call in immunization questions to 1-800-CDC-INFO, which is 1-800-232-4636.  This service is available 8:00 a.m. to 8:00 p.m. Eastern Time, Monday through Friday.  
Additional resources you can use include the Pink Book or otherwise known as Epidemiology and Prevention of Vaccine-Preventable Diseases; the 13th edition is available at the website you see on your screen.  It is available online or you can purchase a hard copy at the link for the Public Health Foundation Learning Resource Center.  An online supplement to the Pink Book is available on the same web page as the Pink Book.  
On the second bullet, you can see our CDC’s Vaccine and Immunization home page with the website.  
Finally, our resource guide for health care personnel, entitled “CDC Immunization Resources for You and Your Patients,” is listed at the website you see here.  
So this concludes our program.  I want to thank Ms. Tina Objio for her presentation today covering this topic in great detail and for answering your questions.  Thank you very much and have a great day from Atlanta.  Goodbye.
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