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Learning Objectives:

· Understand the historical foundations and basic principles of immunization

· Describe immunobiologic components and their advantages and disadvantages
· Discuss the indications & contraindications for commonly used immunizations
· Describe recent changes in vaccine recommendatios
· List resources for immunization related questions
Selected historic milestones in immunization practices

1100s
Variolation for smallpox first recorded in China

1796
Jenner coins term “vaccination”, using cowpox inoculation for smallpox

1884
Pasteur creates first live attenuated viral vaccine for rabies

1901
First Nobel Prize in Medicine given to von Behring for diphtheria antitoxin 

1955
Inactivated polio vaccine licensed

1963
Measles and trivalent oral polio vaccine licensed

1977
Last indigenous case of smallpox

1994
Polio elimination certified in the Americas

Table 1. Effects of Immunization on Selected Disease Morbidity in the United States

Disease         

 20th Century Annual Morbidity                
    2001   % decrease
Smallpox


   48,164




      0
-100

Diphtheria


 175,885




      2      -100

Measles



 503,282


 

   108
 -100

Mumps



 152,209


         
   
   231
- 99.8

Pertussis


 147,271


            

 5396
- 96.3

Polio (wild)

  
   16,316



   
      0       -100

Rubella


  
   47,745


                
    19
 -100

Cong. Rubella Synd.
        
        823



    
      2
- 99.8

Tetanus


    
     1,314 



    27
- 97.9

Invasive Hib Disease
  
   ~20,000(est.) 

            

  183
- 99.1

Total



1,113,009



5,968
- 99.99

Review of principles of immunization

Definitions:

 Immunity is the ability of the human body to tolerate the presence of material native to the body (“self”) while eliminating foreign (“non-self”) material. This process provides protection from infectious disease, since most microbes are identified as foreign by the immune system. Immunity to a microbe usually is acquired by the production of specific binding proteins, called antibodies or immunoglobulins to that organism and are produced and facilitated in their actions by specialized cells in the body. Foreign materials that cause the body to produce antibodies are called antigens. The combined action of antibodies and the cells facilitating the removal of antigens is called the immune response.

There are two basic mechanisms for acquiring immunity - active and passive.
Active immunity is protection that is produced by the person’s own immune system and usually lasts for many years, often life-long.

Passive immunity is protection created by the transfer of antibody produced by one human or other animal to another, usually by injection. Passive immunity often provides effective protection, but protection wanes over time as the antibodies transferred degrade, usually within a few weeks or months.

Types of passive immunity:

· Transplacental transfer of antibody (mother to child)

· Homologous pooled human antibody (“immune globulin”) – harvested from plasma of multiple human donors, nonspecific, used for Hepatitis A and measles post-exposure prophylaxis

· Homologous human hyperimmune globulin – harvested from persons with high-titer antibodies against specific antigens (e.g., Hepatitis B, rabies, tetanus, varicella)

· Heterologous hyperimmune serum (“antitoxin”) is high-titer antigen-specific antibody produced in animals, usually horses, to protect against certain diseases such as botulism and diphtheria.  Similar serum produced to counteract snake venom is called “antivenin”. Serum sickness may occasionally hamper its use as consequence of a systemic reaction against equine proteins. 

Vaccination is a means of stimulation of the immune system to produce antigen-specific humoral (antibody) and cellular immunity, similar to that produced by naturally occurring disease.  Typically this has involved injection of antigens that have been inactivated (or killed) so that they do not produce disease. Alternately, live microbes may be attenuated (weakened) and introduced into the body so as to create only minor or sub-clinical infections while still achieving protection. Although muscular injection is the most common means of vaccination, inoculation into the skin, oral ingestion, and nasal sprays have also been used to introduce antigen to the immune system.

General vaccine types and characteristics

Live Attenuated vaccines

· Weakened viral (e.g., live-attenuated influenza vaccine (LAIV), measles, mumps, rubella, vaccinia, varicella, polio and yellow fever), or bacterial (BCG, oral typhoid) agents

· Must replicate to produce an immune response

· May be effective with only one or two doses

· Immune response may be blunted by circulating antibody to the antigen

· Vaccine formulations may be more unstable and lose potency improperly handled

· Reversion to wild type (e.g., polio) or severe infection in immunocompromised or other vulnerable persons may occur

· Can be given simultaneously with other live vaccines or inactivated vaccines, but if not, should wait at least 4 weeks before giving a second live vaccine

Inactivated vaccines

· Can be sub-classified into whole cell, or fractional (sub-unit, toxoid, polysaccharide and conjugate polysaccharide)

· Not live, therefore do not replicate or cause disease

· Tend to require three or more doses to get an adequate immune response

· Not affected by circulating antibody

· Not generally as effective as live vaccines

· Immunity wanes over time; booster doses usually required to maintain protection 

· May be given simultaneously or together in formulations known as combination vaccines (several vaccines for different diseases in the same injection). Note that the latter requires FDA approval and proper licensing of the formulation.

Whole cell vaccines are produced using the entire disease organism once it has been killed or inactivated. The old bacterial whole cell vaccines for pertussis, typhoid, plague and cholera are no longer available, but whole virion vaccines for influenza, hepatitis A, rabies, and polio are still used. 

Fractionated vaccines are either protein-based or polysaccharide-based. Sub-unit or sub-virion vaccines only use a portion of the organism while toxoids use inactivated bacterial toxins as antigen. Both are considered protein-based vaccines. Hepatitis B, some brands of influenza, acellular pertussis, and typhoid Vi are sub-unit or sub-virion vaccines. Diphtheria, tetanus and anthrax are examples of toxoid vaccines.

 Pure Polysaccharide vaccines include pneumococcal, meningococcal, and early varieties of hemophilus influenza B (HiB) vaccines. These vaccines use the complex carbohydrates from the cell wall of certain bacteria as the antigen and tend to be the least immunogenic of all vaccines because they produce T-cell independent immunity. Conjugate polysaccharide vaccines join the cell wall components to other more antigenic molecules to increase the immune response to so that it is T-cell dependent. Newer HiB vaccines and the heptavalent conjugate pneumococcal vaccine are in this category. 

Points to remember regarding pure polysaccharide vaccines

· Produce T-cell independent immunity

- results in less-effective, primarily IgM antibody production

- not consistently immunogenic in children less than two years of age

- no “booster” response with re-immunization

· Conjugation improves immune response (becomes T-cell dependent)

Recombinant vaccines  are variants of the above types of vaccines that utilize genetic engineering to allow either production of pure antigen for use in a sub-unit vaccine (e.g., Hepatitis B surface antigen), or to render the organism non-pathogenic (oral typhoid).

Adjuvants are substances given concomitantly with vaccine antigens to synergistically enhance the immune response. The most commonly used adjuvant in the United States is aluminum, usually compounded as a salt or hydroxide. Use of adjuvants may increase the local reactions associated with vaccination.

General Recommendations on Immunization Procedures

Table 2.   Guidelines for spacing of live and inactivated vaccines and antibody

Combination



Recommended minimum interval between doses

> 2 inactivated vaccines


None; simultaneous or any interval

Inactivated and live vaccine

None; simultaneous or any interval

> 2 live parenteral vaccines

4-week minimum interval if not given simultaneous

Antibody containing product

None; can be given simultaneous at different sites

    and inactivated antigen

    or any time between doses

Antibody and live antigen

Do not give simultaneously

Antibody followed by inactivated
No minimum 
Inactivated followed by antibody
None; simultaneous or any interval

Antibody followed by live antigen
Minimum 3 months for most*; dose-related

Live antigen followed by antibody
2 weeks

PPD (TST) and MMR
Give simultaneously (preferred); otherwise, wait 4         weeks to do TST after MMR

*(anti-Rho(D) globulin does not preclude rubella or MMR immediately postpartum when vaccination is otherwise indicated)

Lapsed vaccination schedules

Give as soon as recognized. No need to restart series. Do not compress schedules.

Unkown vaccination status

Accept only written documentation or serologic testing as indicated to verify vaccination status (except for self-reported pneumococcal polysaccharide vaccine, which is deemed reliable). Persons with unknown or uncertain status should be considered susceptible and otherwise vaccinated on an age appropriate schedule.  

Route and site of vaccination

Give only as recommended in FDA approved package insert. Change from IM to intradermal or vice versa may alter immune response and efficacy, as can change of site for certain vaccinations. Two or more injections should be given in different anatomic sites. In all cases locations should be documented. In infants the anterolateral thigh is the preferred location for intramuscular injection while the deltoid muscle is recommended for most adults. Splitting doses to reduce volume is not recommended as it may reduce the  antigenicity.

Acute vaccine reactions and vaccine adverse events

Immunization providers should be prepared to treat anaphylaxis, which may be idiopathic or related to vaccine constituents. Incidence of severe allergic reactions is less than 1 in 500,000. Providers should screen appropriately to exclude potential recipients who may be allergic to vaccine components. Common potential allergens contained in certain vaccines include the vaccine antigens, egg proteins, gelatin, and neomycin (used as preservative). Rarely a patient might react to latex in the rubber stopper in the vial or syringe plunger. Epinephrine 1:1000 should be on hand, and equipment to manage airway and supply oxygen.

Thimerosal is a preservative consisting of ethyl mercury used in many vaccines in the past, including childhood vaccines like hepatitis B. The FDA on a theoretical basis concluded that some low birth weight infants might exceed the allowable threshold for mercury by 6 months of age and be at risk for low-level mercury toxicity. As of mid-2001, vaccines routinely recommended for infants have been thimerosal free. It is still present as a preservative in some adult formulations of tetanus-diphtheria, hepatitis B, and influenza vaccines. The equivalent amount of mercury in a single adult vaccination with these vaccines is comparable to that consuming a can of commercially caught tuna. In May of 2004 the IOM published a review of thimerosal that concluded that  studies “consistently provided no evidence of association” of thimerosal in vaccines with autism. 

Vasovagal syncope is not unusual after vaccination, and should be differentiated from anaphylaxis. If a propensity is known, vaccination in a recumbent position may help.

Local reactions are the most commonly reported adverse reactions following vaccination. Adverse reactions are extraneous side effects caused by a vaccine. Adverse events are anything untoward occurring in the time period following vaccination that might be related to vaccination. However, these could be caused by vaccination or simply be coincidental. Sequence is not equivalent to consequence in every case, and in fact may simply be coincidence. If unsure, providers should have a low threshold for reporting adverse events through the Vaccine Adverse Event Reporting System (VAERS). VAERS forms may be obtained from the VAERS website, http://www.vaers.org or by calling the VAERS hotline, 800-822-7967.

Premature infants

Vaccinate at same chronological age and on same schedule as full-term infants. 

Pregnancy and breast-feeding

No confirmed risk exists of vaccinating during pregnancy with inactivated vaccines or toxoids. Td toxoid is routinely recommended for pregnant women, as is inactivated influenza vaccine in any trimester. MMR and varicella are  considered contraindicated during pregnancy, but no evidence exists to recommend termination of pregnancy if inadvertent vaccination occurs. Transmission to or from household contacts who are vaccinated is not considered a problem, except in the case of vaccinia (smallpox) vaccine where currently neither pregnant women or their intimate contacts should be vaccinated. Yellow fever vaccine may be given to a pregnant women if travel to a high risk area is unavoidable.

Lactation does not preclude administration of either inactivated or live vaccines, except that in a pre-outbreak setting, smallpox vaccine has not been recommended to lactating mothers because of the intimate contact and potential (albeit low) for transmission of vaccinia. A recent case report has documented tertiary transfer of vaccinia from a vaccinated military member to a breast-feeding mother and subsequently to an infant.

Vaccination records and documentation

The National Childhood Vaccine Injury Act (NCVIA) of 1986 (42 U.S.C. § 300aa-26) requires that a Vaccine Information Sheet (VIS) be given to the parent or legal guardian of any child or to any adult before administering a vaccine covered by the act. A signature is not required by the act but may be by certain states; documentation of consent is recommended.  Despite these regulations, a national study of pediatricians revealed that 31% do not use the VIS. The NCVIA also requires the permanent medical record or permanent log file include:

· Date vaccine administered

· Manufacturer

· Vaccine lot number

· Name, address and title of person administering vaccine

· Edition date of VIS

Contraindications and Precautions

A contraindication greatly increases the chance of a serious adverse event. 

Only two conditions are usually considered permanent contraindications:

· Severe allergic reaction to a vaccine or vaccine component

· Encephalopathy within 7 days of pertussis vaccine

Another two conditions, pregnancy and immunosuppression are considered temporary contraindications to some live vaccines (see notes on pregnancy above).  Individuals are considered immune suppressed if they:

· Have congenital immunodeficiency

· Have leukemia, lymphoma or generalized malignancy

· Are under treatment with chemotherapy or radiation

· Are taking > 20mg qd or >2 mg/kg/d prednisone

Individuals are NOT considered immune suppressed on alternate day steroids or inhalers. HIV infected children may take all vaccines if asymptomatic. If symptomatic, (i.e., AIDS is diagnosed, they should NOT take MMR or varicella vaccines, but may take all others).

Mild illnesses are NOT contraindications to vaccination. It may be prudent to delay vaccination for moderate to severe illnesses. Invalid contraindications to most vaccinations include the following:

· Low grade fever

· Upper respiratory infection

· Otitis media

· Mild diarrhea

· Antibiotic therapy*

*(exceptions: herpes antivirals and varicella vaccine, mefloquine and oral typhoid)


A precaution may increase the change or severity of an adverse event or compromise the ability of the vaccine to produce immunity. Permanent precautions to pertussis vaccination are listed as:

· Fever > 105

· Collapse or shock-like state

· Inconsolable crying for 3 or more hours within 48 hours of a dose

· Seizure within 3 days of a dose, with or without fever

These precautions would not outweigh the risk of pertussis in case of a known exposure to the disease; in that case vaccine would still be indicated.

Detailed discussion and current summaries of vaccine schedules, indications, contraindications and precautions by specific vaccine are in the appendices included with this handout. These documents were acquired from the CDC/NIP and MMWR accessed as of 27 May  2004. Material in these handouts will be reviewed at the conference presentation. 

Special vaccines and vaccines for travel to developing or tropical countries will be reviewed separately and in more detail in the lecture on travel medicine.

Evidenced-based interventions recommended by the Task Force on Community Preventive Services to improve vaccine coverage among children and adults:

Intervention






Recommendation________

Client reminder-recall systems




Strongly recommended

Provider reminder-recall systems



Strongly recommended

Provider assessment and feedback



Strongly recommended

Reducing out-of-pocket expenses



Strongly recommended

Multicomponent interventions, including education

Strongly recommended

Standing orders for vaccination




Strongly recommended

School, day care, and college entry requirements


Recommended

Enhancing access through WIC




Recommended

Home visits and outreach




Recommended

There is insufficient evidence that community or provider education alone is effective.

Recent changes in vaccine recommendations of note to family physicians and other healthcare practictioners:

Most of the significant changes made in the last year relate to the availability and use of influenza vaccine formulations.  Details on this topic are available in the CDC/ACIP reference below. Many of these changes relate to the approval by FDA in 2003 of LAIV administered via the nasal route for healthy persons aged 5 to 49 wishing influenza vaccination. Principal changes include:

· ACIP now recommends routine vaccination of all children age 6-23 months and close contacts of children aged 0-23 months.

· Inactivated influenza vaccine is preferred over LAIV for vaccinating household members and healthcare workers in close contact with severely immunosuppressed persons, nor should severely immunosuppressed persons administer LAIV.

· Pregnant women in any trimester are routinely recommended influenza vaccine

· The 2004-2005 trivalent vaccine strains are A/Fujian (H3N2-like), A/New Caledonia (H1N1-like) and B/Shanghai.

Recommended references and resources:

CDC. General Recommendations on Immunization. Recommendations of the Advisory Committee on Immunization Practices. MMWR 2002;51(RR-2):1-36.

CDC. Prevention and Control of Influenza. Recommendations of the Advisory Committee on Immunization Practices. MMWR 2004;53(RR-6):1-36.

American Academy of Pediatrics. In: Pickering LK, ed. 2000 Red Book: Report of the Committee on Infectious Diseases. 25th ed. Elk Grove Village, IL: American Academy of Pediatrics; 2000.

Epidemiology and Prevention of Vaccine-Preventable Diseases, 7th edition, Jan 2001, CDC, Department of Health and Human Services. 

(To order:call Public Health Foundation (877) 252-1200 or order via Internet at  <http//bookstore.phf.org/prod/prod154htm>)

Grabenstein JD and Grabenstein LA. Pocket Immunofacts( - Vaccines and Immunologics, 4th  edition. St. Louis: Facts and Comparisons, 2002.

Information available by internet or phone:

CDC, National Immunization Program (NIP), http://www.cdc.gov/nip/.

National Immunization Information Hotline, Hours: 8-11PM M-F, Pho. 800-232-2522.

American Academy of Family Physicians, http://www.aafp.org/x10615.xml.

MILVAX (Military Vaccine Agency) http://www.vaccines.army.mil/
Walter Reed National Vaccine Healthcare Center, P.O. Box 59606, Washington, DC 20012-0606, Phone: 202-782-0411, http:://www.vhcinfo.org.
Immunization Action Coalition, http://www.immunize.org
Answer Key for Practice Questions:  Answers: 1.e, 2.b, 3.c, 4.b, 5.c, 6.c, 7.d, 8.d, 9.d, 10.b, 11.a, 12.b

Practice Questions (key on previous page)

1. 
What action is recommended if the interval between doses of hepatitis B vaccine is longer than the recommended interval?

a. Add one additional dose.

b. Add two additional doses.

c. Restart the series from the beginning.

d. Perform a serologic test to determine if a response to the vaccine has been obtained.

e. Continue series, ignoring prolonged interval.

2.     Which of the following is not a vaccination provider requirement as specified by the National Childhood Vaccine Injury Act (NCVIA) of 1986?

a. Provide a copy of the relevant current edition of the Vaccine Information Statement before each dose of vaccine.

b. Obtain a signed consent before administration of vaccine.

c. Record lot number of the vaccine in the recipient’s permanent medical record.

d. Report certain vaccine adverse events to the Vaccine Adverse Even Reporting System (VAERS).

e. All of the above are required 

3. The serologic picture consistent with immunity acquired by Hepatitis B immunization is:

a. + HBsAb / + HBcAb

b. – HBsAb / + HBcAb

c. + HBsAb / - HBcAb

d. – HBsAb / - HBcAb

e. none of the above

4. Which of the following regimens is currently recommended for routine childhood polio immunization?

a. OPV at 2, 4, 12-18 mo and 4-6 yrs

b. IPV at 2, 4, 12-18 mo, 4-6 years

c. IPV at 2, 4 mo, OPV at 12-18 mo and 4-6 years

d. OPV at 2, 4 mo, IPV at 12-18 mo and 4-6 years

e. all of the above are appropriate options.

5. All of the following are attentuated live virus vaccines except for:

a. oral polio

b. measles

c. hepatitis A

d. varicella

e. mumps

6. All of the following statements regarding influenza immunization are true except:

a. it is approved to use as early as 6 months age

b. the split virion preparation is associated with fewer side effects than the whole virus prep

c. it is contraindicated in pregnancy

d. children less than 9 years old receiving the vaccine for the first time should receive 2 doses one month apart

e. it should be given to adults 50 and over

7. Hepatitis A vaccination would be most appropriate for which of the following?

a.  1 year-old entering day care

b.  20 y/o insulin dependent diabetic

c.  30 y/o nurse starting work in a dialysis unit

d.  healthy adult planning a trip to rural Mexico in 8 wks

8. Pneumococcal Polysaccharide Vaccine (ie Pneumovax(23) is not recommended in patients:

a. with nephrotic syndrome

b. with sickle cell anemia

c. taking prophylactic penicillin

d. under age 2 years old

e. patients over 65 years old

9. Which of the interventions below is not recommended or strongly recommended to improve vaccine coverage rates?

a. Reminder –recall for patients

b. Reduction of patient out-of-pocket expenses 

c. Assessment and feedback of providers

d. Provider education as a sole intervention

e. Standing orders for vaccination

10. The influenza vaccine is contraindicated in patients who have a hypersensitivity to

a. citrus

b. eggs

c. penicillin

d. quinolones

e. sulfa

11. Which one of the following is the preferred site for IM injection of medication or vaccines in infants?

a. anterolateral thigh

b. buttock

c. upper arm

d. upper abdomen

12.
True statements regarding general immunization principles include which of the following
a. the simultaneous administration of multiple vaccines decrease effectiveness

b. immunoglobulin preceding a live virus vaccination may interfere with the immune response 

c. URI with low grade fever is a relative contraindication f or immunization

d.     missed immunizations require re-starting the series














