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HISTORY

 The practice of immunization dates back hundreds of years. Buddhist monks drank snake 

venom to confer immunity to snake bite and variolation (smearing of a skin tear with 

cowpox to confer immunity to smallpox) was practiced in 17th century China.

 Edward Jenner is considered the founder of vaccinology in the West in 1796, after he 

inoculated a 13 year-old-boy with vaccinia virus (cowpox),and demonstrated immunity to 

smallpox.



HISTORY

 In 1798, the first smallpox vaccine was developed. Over the 18th and 19th centuries, 

systematic implementation of mass smallpox immunization culminated in its global 

eradication in 1979.

 Louis Pasteur’s experiments spearheaded the development of live attenuated cholera 

vaccine and inactivated anthrax vaccine in humans (1897 and 1904, respectively). 

 Plague vaccine was also invented in the late 19th Century. Between 1890 and 1950, 

bacterial vaccine development proliferated, including the Bacillis-Calmette-Guerin (BCG) 

vaccination, which is still in use today.



HISTORY

 In 1923, Alexander Glenny perfected a method to inactivate tetanus toxin with 

formaldehyde. The same method was used for diphtheria in 1926. Pertussis vaccine 

development took considerably longer (US in 1948).

 Viral tissue culture methods developed from 1950-1985, and led to the advent of the polio 

vaccine. Mass polio immunization has eradicated it from many regions around the world.



INTRODUCTION

 Immunization is one of the most effective preventive health measures. 

 The number of cases of most vaccine-preventable illnesses in the US declined by more than 

90% after routine childhood immunizations were introduced.

 Vaccination programs directly benefit the immunized child. But they also indirectly benefit 

unimmunized persons through “herd” immunity. This only occurs when the portion of the 

population that is immune to the infection is large enough to decrease the risk of 

transmission. 

https://www.uptodate.com/external-redirect.do?target_url=http://www.immunize.org/catg.d/p4037.pdf&token=Xhpv4YrGbNrLf4iLM2FgO85KuGex52zEPqfPwjz7UAT2BXKEyFii9M9HjM4zDY0xrwC1JCwUsNIWoeWxLU0oqw%3D%3D&TOPIC_ID=2876


INTRODUCTION

 Community immunity protects children who are too young for immunization and persons 

with contraindications to vaccines. It relies on the majority of the population receiving 

routinely recommended immunizations.

 Prevention of infection is of paramount importance to the ever increasing population of 

patients who have impaired immunity. Infection in these patients often results in excessive 

morbidity and mortality, and antimicrobial therapy is often less effective than usual.



INTRODUCTION

 Although immunization appears to be an obvious way to prevent infection, many patients 

with impaired immunity are unable to mount a protective immune response to active 

vaccination. 

 Failure by health care providers, parents, and other caregivers to adhere to the 

recommended immunization schedules, including the timing of immunizations, leaves 

individuals susceptible to life-threatening vaccine-preventable diseases.





ROUTINE SCHEDULE

 The routine immunization schedules in the United States are updated annually and collaboratively by:

Centers for Disease Control and Prevention Advisory 
Committee on Immunization Practices

The Committee on Infectious Diseases of the American 
Academy of Pediatrics

The American Academy of Family Physicians

American College of Obstetricians and Gynecologists



AGE 18 AND YOUNGER



AGE 18 AND YOUNGER



INITIAL VACCINES

 Hepatitis B (At birth)

✓ Infection, once established, has no cure

 Rotavirus (2 mo.)

✓ Common cause of diarrheas, very contagious (Intussuception/Seiuzures?)

 Diphtheria, Tetanus, Pertussis (2 mo.)

✓ Diphtheria: 5%–10% mortality before 5 y/o. Old USSR stopped using the vaccine, many children died

✓ Tetanus: children exploring the world

✓ Pertussis: 50% of babies younger than 1 year old who get pertussis need care in the hospital



INITIAL VACCINES

 Pertussis (2 mo.)

✓ 1 out of 4 (23%) get pneumonia (lung infection)

✓ 1 out of 100 (1.1%) will have convulsions (violent, uncontrolled shaking)

✓ 3 out of 5 (61%) will have apnea (slowed or stopped breathing)

✓ 1 out of 300 (0.3%) will have encephalopathy (disease of the brain)

✓ 1 out of 100 (1%) will die



INITIAL VACCINES

 Haemophilus influenzae type b (2 mo.)

✓ Between 3% to 6% of Hib cases in children are fatal. Up to 20% of patients who survive Hib meningitis have 

permanent hearing loss or other long-term neurological sequelae.

 Pneumococcus (2 mo.)

✓ Bacteremic pneumonia among children 2 years old or younger. Meningitis has 8% mortality.

 Polio (2 mo.)

✓ Infects the brain and spinal cord, causing paralysis

✓ 2-10 out of 100 people who have paralysis from poliovirus infection

✓ Even if fully recover, can develop new muscle pain, weakness, or paralysis as adults, 15 to 40 years later



INITIAL VACCINES

 Influenza virus (6 mo.)

✓ Vaccination reduced the risk of flu-associated death by half (51%) in children with underlying high-

risk medical condition

✓ Reduced by nearly two-thirds (65%) among healthy children

✓ Most deaths occurs from post influenza pneumonia





INITIAL VACCINES

 Measles, Mumps, Rubella (12 mo.)

✓ Measles is one of the most contagious infections (90% of susceptible people can get it). Declared 

eradicated from the US in 2000…

 One out of every 1,000 measles cases will develop acute encephalitis, (permanent brain damage)

 One or two out of every 1,000 children who become infected with measles will die from 

respiratory and neurologic complications.

 Subacute sclerosing panencephalitis (SSPE) is a rare, but fatal degenerative disease of the central 

nervous system characterized by behavioral and intellectual deterioration and seizures that 

generally develop 7 to 10 years after measles infection.



 There is a prodrome of fever, cough, coryza, and conjunctivitis that lasts three to four days. 

 After the prodrome, a rash of discrete pink blanching

erythematous "brick-red" maculopapular rash begins 

on the face before spreading centrifugally to the trunk

and extremities. This rash usually disappears after

three to four days. 

 Koplik's spots, blue-white spots on erythematous 

bases that are found on the buccal mucosa, are 

pathognomonic. 

MEASLES



 The treatment of measles is largely supportive; there is a role for vitamin A in certain settings. 

Supportive therapy includes antipyretics, fluids, and treatment of bacterial superinfections, such as 

bacterial pneumonia and otitis.

 Vitamin A — The benefit of vitamin A for treatment of measles was suggested in 1932. The mechanism of 

action is not known. The WHO and UNICEF recommend that vitamin A (100,000 to 200,000 IU orally) be 

administered to all children with measles in areas where vitamin A deficiency is prevalent or where the 

mortality from measles exceeds one percent. 

 Randomized trial including 180 Tanzanian children hospitalized with measles, mortality was reduced in 

patients treated with vitamin A (7 vs 13 %); statistical significance was observed in the subgroup of 

patients under the age of 2 years.

MEASLES



INITIAL VACCINES

 Measles, Mumps, Rubela (12 mo.)

✓ Mumps was very common causing parotitis

 Can cause complications such as permanent deafness in children, and occasionally, encephalitis, 

which could result in death.

 May cause orchitis, causing infertility.



INITIAL VACCINES

 Measles, Mumps, Rubella (12 mo.)

✓ Rubella was considered eradicated in 2004

✓ Arthralgia or arthritis may occur in up to 70% of adult women with rubella. Rare complications 

include thrombocytopenic purpura and encephalitis.

✓ When rubella infection occurs during pregnancy, especially during the first trimester, serious 

consequences can result. 

• Miscarriages

• Fetal deaths/stillbirths,

• Severe birth defects known as CRS (cataracts, heart defects, and hearing impairment)



 A prodrome that lasts several days:

 Afterwards, a rash of discrete pink macules and papules begins on the 

face before spreading centrifugally to the trunk and extremities. 

 The rash that resembles measles, but the patient does not appear to be 

sick. Disappears after 3-4 days.

Lymphadenopathy

•Occipital/post cervical
Coryza Conjunctivitis Fever Flu-like

RUBELLA



 Other possible associated features include palatal petechial lesions known as 

Forscheimer spots. 

 Arthralgias are often seen in adults, but rarely in children.

 Treatment consists of supportive care. No specific therapy for rubella 

infection is available. 

 The goal of rubella vaccination is to prevent congenitally acquired rubella.



INITIAL VACCINES

 Hepatitis A (12 mo.)

✓ Most (70%) of infections in children younger than age 6 are not accompanied by symptoms. When 

symptoms are present, young children typically do not have jaundice.

✓ You have to wait a year for vaccination, as the child will have passive immunization from the 

mother which can make the vaccine less effective.



INITIAL VACCINES

 Varicella (12 mo.)

✓ Chickenpox used to be very common in the United States. Each year, chickenpox caused:

• 4 million cases

• 10,600 hospitalizations

• 100 to 150 deaths

✓ Individuals who did not have chickenpox during childhood may develop it later in life. Those who 

did have chickenpox may develop herpes zoster (shingles), due to reactivation of latent virus. 



 The prodrome of primary varicella-zoster viral infections consists of 

fever and malaise for approximately one-day duration. 

 Cutaneous lesions, classically described as vesicles on erythematous 

bases that appear in crops and are present in different stages from 

papules through vesicles to crusting. Are pruritic and centrally 

distributed. 

VARICELLA ZOSTER



 Acyclovir is effective for primary varicella in both healthy and immunosuppressed hosts; it is also well-

tolerated.

 VZV is inherently less susceptible to acyclovir than HSV; 50% inhibition of VZV replication requires about 

10-fold higher levels of acyclovir than those typically required for HSV. 

Acyclovir-treated children had fewer lesions than the placebo (294 vs. 347)

Acyclovir treatment reduced the timing of new lesions and accelerated healing and crusting of lesions. 

Shorter duration of fever (3-4 days)

Acyclovir-treated children developed equivalent antibody responses

VARICELLA ZOSTER



SUBSEQUENT VACCINATIONS - MENINGOCOCCAL

 11-12 years old

 The leading cause of bacterial meningitis in children and young adults (US), with an overall mortality 
rate of 13%, and it is the 2nd MCC of community-acquired adult bacterial meningitis.

 Acute systemic meningococcal disease is most frequently manifest by three syndromes:

• Meningitis

• Meningitis with accompanying meningococcemia

• Meningococcemia without clinical evidence of meningitis

 Sudden onset of fever, nausea, vomiting, headache, decreased ability to concentrate, and myalgias in 
an otherwise healthy patient.



 The classic meningitis triad of fever, neck stiffness, and altered mental status was present in 27% with 

meningitis; when rash was added, 89% had at least two of these four signs. 

 Myalgias may be an important differential sign, and occasionally the pain is quite intense. These are 

generally more painful than myalgias seen in viral influenza. Disease progression is usually quite rapid 

with transition from health to severe disease in a matter of hours.

 The first classic symptom of meningococcal disease was rash, which sometimes evolved from nonspecific 

to petechial to hemorrhagic over several hours (42-70%).

NEISSERIA MENINGITIDIS



 The petechial rash appears as discrete lesions 1 to 2 mm in diameter, most frequently on the trunk and lower 

portions of the body. The mucous membranes of the soft palate, ocular and palpebral conjunctiva must be carefully 

examined for signs of hemorrhage. 

 Over 50% of patients will have petechiae upon presentation. Petechiae can coalesce into larger purpuric and 

ecchymotic lesions (purpura fulminans).

 The shock state is frequently dominant in the manifestations of meningococcal meningitis.

NEISSERIA MENINGITIDIS



 Empiric treatment during epidemics:

 Ceftriaxone

 Penicillin G if susceptible

 Chloranphenicol

NEISSERIA MENINGITIDIS



VACCINES EFFECTIVENESS?



VACCINES EFFECTIVENESS?



VACCINES EFFECTIVENESS?



VACCINES EFFECTIVENESS?



VACCINES EFFECTIVENESS?



SUBSEQUENT VACCINATIONS - HPV

 11-12 years old

 Every year in the United States, 33,700 women and men are diagnosed with a cancer caused by HPV 

infection. HPV vaccination could prevent more than 90% of these cancers, 31,200 cases ever year.

 HPV vaccination prevents more than just cervical cancer. Vaccination can prevent uncomfortable 

testing and treatment, even for cervical pre-cancers. 

 Every year in the United States, nearly 300,000 women are diagnosed with high grade cervical lesions. 

Testing and treatment for these pre-cancers can have lasting effects.



SUBSEQUENT VACCINATIONS - HPV

 HPV also causes cancers of:

✓ The penis in men

✓ Cancers of the vagina and vulva in women

✓ Cancers of the anus

✓ Cancers of the orohpharynx in men and women. 

 While doctors routinely screen for cervical cancer, there are no recommended cancer screening tests 

for the other types of cancers caused by HPV infections. 

 These cancers may not be detected until they cause health problems.



SUBSEQUENT VACCINATIONS - HPV

 Does not increase sexual activity among teenagers

 Benefits beyond age:

 Initially recommended up to 26 y/o

 Now recommended up to 45 y/o 

 Keep in mind sex has no age… MSM





Tetanus +/- Pertusis

 Recommended booster every 10 years, if no trauma!

 If trauma in the first 5 years post vaccine, no further intervention needed.

 If trauma after 5 years of vaccine, booster advised.

ADULT VACCINES



Pnuemonia

 Currently 2 vaccines, Prevnar 13 and Pneumovax 23

 Before 65 y/o, Pneumovax 23 only if heart diseases or lung disease

 After 65 y/o, Prevnar 13 and Pneumovax 23 independent of medical conditions

 When possible, PCV13 should be given first, followed by PPSV23 in 8 weeks for maximum effect. But 

should not wait more than a year.

ADULT VACCINES



 Cerebrospinal fluid leak/Cochlear implant

 Functional or anatomic asplenia

 Immunocompromising conditions:

✓ Congenital or acquired 

✓ HIV infection 

✓ Generalized malignancy (eg, metastatic disease, disease treated with chemotherapy)

✓ Hematologic malignancy (eg, leukemia, Hodgkin/non-Hodgkin lymphoma, multiple myeloma)

✓ Solid organ transplant

✓ Iatrogenic immunosuppression, including long-term systemic glucocorticoids or radiation

✓ Chronic renal failure/Nephrotic syndrome

BOTH PCV13 AND PPSV23 SHOULD BE GIVEN TO ADULTS OF ANY AGE 

WHO HAVE THE UNDERLYING CONDITIONS:



Zoster

 Herpes zoster vaccination is indicated for individuals ≥50 years of age to reduce the risk of developing 

herpes zoster and postherpetic neuralgia. Vaccination is not indicated for the treatment of herpes 

zoster or postherpetic neuralgia. 

 Currently 2 vaccines:

 A non-live recombinant glycoprotein E vaccine. Sold as Shingrix. 

 A live attenuated vaccine (Zostavax)

ADULT VACCINES



Zoster

 Herpes zoster vaccination is indicated for individuals ≥50 years of age to reduce the risk of developing 

zoster and postherpetic neuralgia. Vaccination is not indicated for the treatment of zoster or 

postherpetic neuralgia. 

 Currently 2 vaccines:

✓ A non-live recombinant glycoprotein E vaccine. Sold as Shingrix. 

 Recommended at 50, 2 dosis needed

✓ A live attenuated vaccine (Zostavax)

 Recommended at 60, 1 dose needed

ADULT VACCINES





Human papilloma virus

 Three different vaccines, which vary in the number of HPV types they contain and target, have been 

clinically developed, although not all are available in all locations:

✓ Bivalent vaccine (Cervarix) targets HPV types 16 and 18.

✓ Quadrivalent HPV vaccine (Gardasil) targets HPV types 6, 11, 16, and 18.

✓ 9-valent vaccine (Gardasil 9) targets HPV 6, 11, 16, and 18, as well as 31, 33, 45, 52, and 58.

ADULT VACCINES



RATIONALE

 Females — Vaccination provides a direct benefit to female recipients by safely protecting against cancers that 
result from HPV infection. This preventive effect is most notable and best studied with cervical cancer. HPV 
types 16 and 18 cause approximately 70% of all cervical cancers worldwide, and HPV types 31, 33, 45, 52, 
cause an additional 20%. 

 HPV types 16 and 18 also cause nearly 90% of anal cancers and a substantial proportion of vaginal, vulvar, and 
oropharyngeal cancers. Vaccination also protects against anogenital warts. 

 The potential benefits of HPV vaccination appear to be cost effective for the recommended age range. One 
study suggested that vaccination of the entire United States population of 12-year-old girls would: 

 Annually prevent more than 200,000 HPV infections

 100,000 abnormal cervical cytology examinations

 3300 cases of cervical cancer

HUMAN PAPILLOMA VIRUS



RATIONALE

 Males — HPV vaccination provides a direct benefit to male recipients by safely protecting against 

cancers that can result from HPV infection. 

 HPV types 16 and 18 cause nearly 90% of anal cancers and substantial proportion of oropharyngeal and 

penile cancers. Vaccination also protects against anogenital warts (90% HPV types 6 and 11). 

 The overall burden of HPV-associated cancers/precancers among males is less than the burden of 

cervical cancer in females. Nevertheless, despite a smaller direct absolute benefit of HPV vaccination in 

males compared with females, the overall benefit of vaccinating males outweighs its potential risks 

(population benefits from herd immunity and the documented safety of HPV vaccines).

HUMAN PAPILLOMA VIRUS



HUMAN PAPILLOMA VIRUS

 Every year about 14 million Americans become infected with HPV

 12,000 women are diagnosed with cervical cancer

 4,000 women die from cervical cancer



Influenza

• Influenza (flu) is a contagious respiratory illness caused by influenza 

viruses. There 3 types of Influenza:

Influenza A Influenza B Influenza C



Name of pandemic Date Deaths

Asiatic Flu 1889-1890 1 million

Spanish Flu 1918-1920 40 -100  million

Asian Flu 1957-1958 1 - 1.5 million

Hong Kong Flu 1968-1969 0.75 - 1 million

Known Flu Pandemias



• It mostly killed young adults with more than half of the deaths in people 
between 20-40 years old due to novel surface proteins on the virus.

• The majority of deaths were from a secondary infection (bacterial pneumonia)

• It killed 2-20 % of those infected; normal rate is 0.1 %

• It killed as many as 25 million in the first 25 weeks, whereas HIV/AIDS has 
killed 25 million in the first 25 years.

1918 Flu Pandemic



1918 Flu Pandemic





56

NORMAL TRACHEAL MUCOSA

3 DAYS POST-INFECTION 7 DAYS POST-INFECTION

Lycke and Norrby Textbook of Medical Virology 1983



• Reassortment between the 

RNA segments encoding 

haemagglutinin (HA) and 

neuraminidase (NA) produces 

virus with novel HA and NA 

subtype combinations, and this 

has preceded the emergence of 

pandemic strains. 

• 15 x 9 = 135 possible strains

Possible 

Strains



• The formula for the influenza vaccine is updated every year on the basis of 

worldwide surveillance by the collaborating centers of the World Heath 

Organization (WHO). 

• Advisory committees of the CDC and of the FDA review the information and 

select for inclusion those variants of the 3 prevalent viruses in the human 

population that are most likely to cause outbreaks in the upcoming season.

Vaccine



• The current production system requires that the viruses used for vaccine 

production be selected in February-March of each year:

– It is not unusual for new variants to appear in the southern hemisphere after the vaccine 

formula for the northern hemisphere has been set and production has begun. 

• A new variant that was not contained in the vaccine has been the major virus 

involved in 80% of the epidemics. 

Vaccine



• Basics of influenza vaccine: not all vaccines are the same.

Vaccines 2018

Vaccine

Trivalent SD H3N2,H1N1, B 18-64 years old

Trivalent HD H3N2,H1N1, B 65 plus years old

Recombinant Egg-free H3N2,H1N1, B 18 plus years old

Trivalent w/ adjuvant H3N2,H1N1, B 65 plus years old

Quadrivalent H3N2,H1N1, Bx2 Different age groups

Quadrivalent intradermal H3N2,H1N1, Bx2 18 plus years old

Quadrivalent

Cell-cultured

H3N2,H1N1, Bx2 4 plus years old

Quadrivalent

Nasal Spray

H3N2,H1N1, Bx2 AGAIN RECOMMENDED



• Everybody from 6 months old

• All pregnant female should be assess for vaccination. 

✓ Vaccine is safe in pregnancy

✓ Decreases disease in mother and baby

• Vaccines DOSES NOT increase risk of Guillain-Barre

Who Needs Vaccination
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• 1976/77 swine flu vaccine

– 35,000,000 doses

• 354 cases of GBS

• 28 GBS-associated deaths

• recent vaccines much lower risk

Guillain-Barre Syndrome
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• Moderate to severe illness with or without fever

• History of Guillain-Barré syndrome within 6 weeks of receipt of influenza 

vaccine

• History of severe allergic reaction (e.g., anaphylaxis) to egg is a labeled 

contraindication to the use of IIV and LAIV. 

– ACIP recommends that any licensed, recommended, and appropriate IIV or RIV may be 

administered to persons with egg allergy of any severity

Vaccine Contraindication



• Healthcare workers vaccination is associated with:
✓ Decrease in missing work

✓ Decrease influenza death in patients

• There is also strong correlation to decrease HCW-patient transmission:
✓ Patient exposed to HCW – RR 5.48

✓ Patient exposed to contagious patient – RR 17.96

✓ Patient exposed to HCW and contagious patient – 34.75

✓ Always use PPE despite receiving vaccination.

Vaccine



• NEJM January 2018

– Acute MI in the initial 6 days

ProThrombotic State?



Pertusis

 Recommended during each pregnancy!

 27 to 36 week gestational age

 Vaccination of household contacts

Influenza

 Recommended during the influenza season

 Only inactivated vaccines

PREGNANCY VACCINES



Recommendations are based on the most common vaccine-preventable causes of sepsis and severe 

infections after splenectomy are S. pneumoniae (pneumococcus), H. influenzae, and N. meningitidis

 The PCV13 followed by PPSV23 ≥8 weeks later (2)

 The H. influenzae type b vaccine (Hib)

 The quadrivalent / monovalent meningococcal vaccine (MenACWY) (MenB-4C or MenB-FHbp)

(Menveo or Menactra) ≥8 weeks apart. Menveo can be given at the same time as PCV13

VACCINES IN SPLENECTOMY



TIMING OF IMMUNIZATIONS:

• All series should be completed at lest 14 days before splenectomy

• Emergent splenectomy will require vaccines 14 days AFTER splenectomy

VACCINES IN SPLENECTOMY



TIMING OF IMMUNIZATIONS

 All indicated vaccines should be given to adult cancer patients before initiation of chemotherapy

 Avoidance of live vaccines during chemotherapy

 Immunizing following completion of chemotherapy

VACCINES IN CANCER



Patients with malignancies whose disease is in remission without chemotherapy:

 Wait at least 3 months may receive inactivated vaccines as well as live virus vaccines

Patients who have received anti-B cell antibodies (eg, rituximab, alemtuzumab):

 Administration of inactivated and live vaccines should be delayed for at least 6 months

After Pneumococcus vaccination, consider re-vaccination with Pneumovax 23 every 5 years

VACCINES IN CANCER







Where we stand today



Prognosis? Poor
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