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Why Vaccinate?



Immune Response

https://www.novusbio.com/research-areas/immunology



Primary vs. Secondary Exposure

https://step1.medbullets.com/immunology/105041/innate-vs-adaptive-immunity



Immune Memory

https://www.nature.com/articles/s41577-020-00436-4



https://courses.lumenlearning.com/wm-biology2/chapter/immunological-memory/





By Tkarcher - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=56760604











What are Vaccines?



Pre-exposure to Pathogen

• Typically “live” or “killed”

• Live is weakened or attenuated

•Killed is inactivated

•Newer vaccines may just be a piece of a pathogen
• “subunit vaccine”

•Or piece of genetic information
• “DNA” or “RNA vaccine”







Newer vaccines



Requirements of an Effective Vaccine



Requirements of an Effective Vaccine



History of Vaccines



Earliest Evidence

• May have started as early as 
200 BC with Chinese 
“variolation” against Smallpox

• Approximately 1022 AD

http://plaza.ufl.edu/sesd/PREVENTION.htm



Earliest Evidence

https://amhistory.si.edu/polio/virusvaccine/history.htm

Approximately 1500 AD



Lady Mary Wortley 
Montagu

• Wife of Ambassador to 
Ottoman Empire

• 7 year old son was 
“engrafted” with smallpox in 
1717 in Turkey

• 3 year old daughter was 
engrafted in 1721 in England 
during epidemic

https://royalsocietypublishing.org/doi/10.1098/rstb.2014.0378#d3e575



Edward Jenner and Cowpox

• Jenner developed alternate 
vaccine using cowpox in 1796

• “Variolated” 8 year old James 
Phipps with cowpox

• Later challenged with 
variolation (smallpox = Variola)

• Cowpox virus named Vaccinia

• Effective smallpox vaccine

https://www.sciencemuseum.org.uk/objects-and-stories/medicine/smallpox-and-story-vaccination



Rise of Antivaxxers (early 1800’s)

https://www.economist.com/1843/2019/08/30/the-original-anti-vaxxers



Benjamin Waterhouse

• Brought vaccination to the US 
in 1800

• Endorsed by VP Thomas 
Jefferson

• State of Massachusetts was 
first to encourage vaccination 
in 1802

• National Vaccine Agency 
established in 1813

https://www.historyofvaccines.org/timeline#EVT_60



Louis Pasteur and 
Chicken Cholera

• Fatal disease of chickens

• Determined causative 
bacterium in 1878

• Developed vaccine 
accidentally in 1879

• First attenuated vaccine

https://www.vbivaccines.com/wire/louis-pasteur-attenuated-vaccine/



Louis Pasteur and Anthrax

• Causative agent of 
anthrax determined 
by Robert Koch

• Pasteur attenuated B. 
anthracis

• Vaccine trial with 50 
sheep and 10 cows in 
1881

https://commons.wikimedia.org/wiki/File:Louis_Pasteur_in_Pouilly-le-Fort_(Illustration_-_1881).jpg



Louis Pasteur and Rabies

• Attenuated rabies virus by 
growing in rabbits

• Demonstrated 
effectiveness in dogs

• Vaccinated 9 year old 
Joseph Meister in 1885

https://www.awesomestories.com/asset/view/LOUIS-PASTEUR-MEETS-JOSEPH-MEISTER-Louis-Pasteur-and-the-Rabies-Virus



Early Influenza Vaccines

• Early 1940’s – Thomas 
Francis, Jr., MD and 
Jonas Salk, MD 
developed flu vaccine 
with US Army support

• Virus grown in chicken 
eggs and inactivated

https://www.museumofhealthcare.ca/explore/exhibits/vaccinations/other-vaccines.html



Combination Vaccines

• First combination 
vaccine included 
diphtheria toxoid and 
pertussis in 1943

• Next version also 
included tetanus toxoid 
in 1947 (DTP)

• Polio was included for a 
short while

https://www.museumofhealthcare.ca/explore/exhibits/vaccinations/other-vaccines.html



1952 Polio Epidemic 
United States

• 52,628 Polio cases reported

• Over 21,000 paralytic

• Over 3,000 deaths

https://www.npr.org/sections/npr-history-dept/2015/04/10/398515228/defeating-the-disease-that-paralyzed-americahttps://www.historyofvaccines.org/timeline#EVT_100321



Jonas Salk and Polio

• By 1952, Salk developed an 
inactivated polio vaccine

• Vaccinated his family in 
1953

• Large scale clinical trial in 
1954

• Vaccination paused in 1955 
due to “Cutter incident”

• IPV phased out in 1968, 
back in in 1997

https://www.historyofvaccines.org/timeline#EVT_100323
https://www.ksat.com/features/2020/06/23/as-the-world-waits-on-a-covid-19-vaccine-heres-a-peek-at-what-
things-looked-like-as-polio-vaccines-surfaced/



Albert Sabin and Polio

• Sabin developed “live” 
polio vaccine in late 1950’s 
but had to test overseas

• Most of the rest of the 
world adopted the 
attenuated oral vaccine

• Vaccine became available in 
US in 1960

https://www.kake.com/story/41997712/the-other-time-america-desperately-sought-a-miracle-cure-for-a-devastating-disease



Intermission



Maurice Hilleman and Polio

• Hilleman worked for Merck

• Discovered contaminant virus in 
the monkey cells (SV40)

• Moved away from monkey 
tissue culture to grow polio virus

https://www.historyofvaccines.org/timeline#EVT_100810



Maurice Hilleman and Measles

• Hilleman developed 
attenuated measles vaccine 
in 1962

• Passaged 80 times through 
multiple different cells

• Given with a dose of 
antibodies (gamma globulin)

• In 1968, he passaged 40 
extra times, so no IgG 
needed

https://www.historyofvaccines.org/timeline#EVT_100812



Maurice Hilleman and Mumps

• In 1963, Hilleman’s 6 year 
old daughter contracted 
mumps

• Hilleman isolated the virus 
from her

• Attenuated it for a vaccine

• Given to his other daughter 
in 1966

https://www.historyofvaccines.org/timeline#EVT_100814



Maurice Hilleman and German Measles

• Rubella caused a major US 
outbreak in 1967, infecting 
millions

• Generally mild in children, but 
caused thousands of miscarriages 
and 20,000 cases of CRS

• Hilleman developed an 
attenuated vaccine in 1969

https://www.historyofvaccines.org/timeline#EVT_100727



Maurice Hilleman and Other Vaccines

• Japanese Encephalitis Virus 
in 1944 (for the Army)

• Marek’s disease (in 
chickens) in 1968

• Hong Kong influenza in 1968

• MMR Vaccine in 1971

• Hilleman died in 2005

https://www.historyofvaccines.org/timeline#EVT_100822



1970’s – 80’s 

• 1975 & 77 – Last wild cases of smallpox (major and minor)

• 1976 – Swine Flu vaccine (Guillain-Barré syndrome)

• 1977 – Pneumococcal vaccine licensed

• 1978 – Measles targeted for Elimination

• 1978 – Accidental smallpox infection in a lab

• 1980 – Smallpox declared eradicated

• 1985 – Polio targeted for Elimination in Americas

• 1985 – Vaccine against Haemophilus influenzae B

https://www.historyofvaccines.org/timeline#EVT_100335



1980’s – 90’s 

• 1986 – Hepatitis B recombinant vaccine licensed

• 1988 – Polio targeted for Eradication globally

• 1989-91 – Low measles vaccine rate led to 55,622 infections with 123 
deaths, 90% in unvaccinated

• 1989 – Oral typhoid vaccine licensed in US

• 1990 – US military ceased routine smallpox vaccination

• 1994 – Polio declared Eliminated in Americas

• 1995 – Hepatitis A vaccine licensed

• 1995 – Chickenpox vaccine licensed in US

https://www.historyofvaccines.org/timeline#EVT_100335



1998 - Andrew Wakefield and MMR

• Andrew Wakefield questioned 
safety of MMR vaccine, 
suggesting it caused autism

• His theory has been debunked 
numerous times, his original 
research paper was retracted 
and his medical license was 
revoked in 2010

• Public perception persists

https://www.historyofvaccines.org/timeline#EVT_100335



2000’s – 2010 

• 1999 – DTaP replaces DTP

• 2000 – Endemic measles Eliminated from US

• 2000 – Salk’s IPV added back to US schedule

• 2000 – 99% reduction in polio cases worldwide

• 2006 – HPV vaccine licensed in US

• 2006 – HepA vaccine recommended for all children

• 2006 – Rotavirus vaccine recommended

• 2008 – Measles cases increase in US

• 2009 – No diphtheria in US for 5 years

https://www.historyofvaccines.org/timeline#EVT_100335



2010 – now 

• 2010 – California pertussis cases increase 418% over 2009

• 2011 – Measles outbreak in US and France

• 2014 – 2 meningiococcal B outbreaks at universities in US

• 2014 – Measles cases increase – outbreak at Disneyland (12/15-20)

• 2015 – Total of 111 cases from Disney outbreak

• 2016 – Zika outbreak

• 2016 – Measles Eliminated from Americas (2 of 3 wild strains)

• 2018 – Only 3 countries with endemic polio, 17 still at risk

https://www.historyofvaccines.org/timeline#EVT_100335



Current State of Vaccines



26 Diseases



Flu Blok

Flu Mist



Shingrix

https://wwwnc.cdc.gov/travel/destinations/traveler/none/ghana




Future of Vaccines











https://www.washingtonpost.com/politics/2020/09/08/health-202-most-americans-wont-be-allowed-get-coronavirus-vaccine-soon-it-approved/?hpid=hp_hp-top-table-main_health202-vaccine-815am%3Ahomepage%2Fstory-ans



https://www.cdc.gov/vaccines/basics/test-approve.html



Phase 1 – Safety & Immunogenicity

Small number of people, monitored

Phase 2 – Dose ranging

Hundreds of subjects

Phase 3 – Effectiveness & more safety

Thousands of subjects  

Vaccine Clinical Trials



https://www.jhsph.edu/covid-19/articles/enhancing-public-trust-and-health-with-covid-19-vaccination.html



https://www.nejm.org/doi/full/10.1056/NEJMp2020076



COVID Testing



PCR Test

• “Tickle your brain” test – nasopharyngeal swab/nasal swab

• Takes time to process – 2-5 days

• Copies RNA from the virus into DNA

• Makes many, many copies

https://asm.org/Articles/2020/April/COVID-19-Testing-FAQs

https://www.raybiotech.com/covid-19-rt-pcr/



Rapid Antigen Test (Ag test)

• Nasal swab or saliva

• Takes about 15 min. to process

• Detects pieces of the virus

• Not as sensitive as PCR – false negatives

https://asm.org/Articles/2020/April/COVID-19-Testing-FAQs

https://www.bd.com/en-us/offerings/capabilities/microbiology-
solutions/point-of-care-testing/bd-veritor-plus-system-for-rapid-covid-19-
sars-cov-2-testing



Antibody Test

• Detects previous exposure

• May indicate immunity, may not

• Detects 2 different kinds of antibodies

https://asm.org/Articles/2020/April/COVID-19-Testing-FAQs

https://www.firstpost.com/health/covid-19-testing-how-antibody-
antigen-rt-pcr- truenat-tests-differ-their-strengths-and-limitations-
8548691.html

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.firstpost.com%2Fhealth%2Fcovid-19-testing-how-antibody-antigen-rt-pcr-truenat-tests-differ-their-strengths-and-limitations-8548691.html&psig=AOvVaw3TubagrWjkwsaZqUg_M3Of&ust=1601582312621000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMC4z57VkewCFQAAAAAdAAAAABA5


At Home Test

• “Spit test”
• In a tube, add paper strip, changes color

• On the paper, changes color

• Basically instant test

• May have issues with sensitivity

https://www.nytimes.com/2020/07/03/opinion/coronavirus-tests.html

https://6abc.com/rutgers-university-saliva-test-covid-19-fda-
testing/6166215/



Questions?


