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Educational Objectives

e Describe the stages of vaccine
development.

e Recognize the benefits and potential
risks of vaccines.

e Describe some of the reasons for vaccine
hesitancy.



Vaccine-Preventable Deaths

2001 WHO Estimates
global actual / global prevented

diphtheria 5,000 / 73,000
pertussis 301,000 / 1 million
measles 676,000 / 1.2 million
Hib 463,000 / 5,000



What have we done wrong?

1. Child mortality very low in US
2. Lack of understanding?
3. Failure to appreciate risk

4. Correlation = causation?
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Boston 1721

Image obtained from the MIT OpenCourseware site



Cotton Mather (1663-1728)

Boston 1721
smallpox epidemic

Onesimus (slave)
variolation

Image courtesy of
the Clendening History of Medicine Library,
University of Kansas Medical Center



Definitions

variolation n
iInoculation with smallpox material

derived from the Latin
variola (pox / pustule)



Cotton Mather (1663-1728)

Boston 1721
smallpox epidemic

Onesimus (slave)
variolation

Dr. Zabdiel Boylston
son + two slaves

death rate
1:12 — 1:40

Image courtesy of
the Clendening History of Medicine Library,
University of Kansas Medical Center
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Edward Jenner (1749-1823)

Investigated claims of
Immunity after cowpox

Image courtesy of
the Clendening History of Medicine Library,
University of Kansas Medical Center
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Image courtesy of the Clendening History of Medicine Library, University of Kansas Medical Center 13



Definitions

vaccination n
the act of administering material to
Induce or increase specific
Immunity

derived from the Latin
vacca (cow)



Edward Jenner (1749-1823)

Investigated claims of
Immunity after cowpox

1796: vaccinated
James Phipps (8yo)

subsequently challenged
with smallpox

Image courtesy of
the Clendening History of Medicine Library,
University of Kansas Medical Center
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Image obtained from the National Library of Medicine
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Louis Pasteur (1822-1895)

developed principle of
attenuation

developed attenuated
rabies vaccine

post-exposure vaccination
of Joseph Meister (1885)

Image courtesy of
the Clendening History of Medicine Library,
University of Kansas Medical Center
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Emile Roux (1853-1933)

physician working with
L Pasteur

refused to inoculate
J Meister

Image courtesy of
the Clendening History of Medicine Library,
University of Kansas Medical Center
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Three eras of vaccine
development



First era

Anti-bacterial vaccines



CARRIER OF

DIPHTHERIA

By Order of BOARD OF HEALTH

KEEP OUT OF THIS HOUSE HEALTH OFFICER

Any person removing this card without authority Is llable to prosecution =2 1k

Image obtained from the National Library of Medicine, History of Medicine Collection



Emil von Behring
(1854-1917)

Paul Ehrlich
(1854-1915)

MacNalty A. Emil von Behring, born March 15, 1854
Br Med J 1(4863): 668—670 (1954).

Dale H. Paul Ehrlich, born March 14, 1854
Br Med J 1(4863): 659-663 (1954).
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can do likewise

HOW TORONTO BEAT DIPHTHERIA

Deaths

Image obtained from the National Library of Medicine, History of Medicine Collection
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B pertussis—epidemiology

Until the mid 1940s, accounted for
more deaths in children less than
one year old than measles, scarlet
fever, diphtheria, poliomyelitis and
meningitis combined



Albert Calmette Camille Guérin
(1863-1933) (1872-1961)

Image courtesy of
the Clendening History of Medicine Library,
University of Kansas Medical Center

Image obtained via
en.wikipedia.org
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Timeline of Vaccines

1879: cholera 1921: diphtheria

1885: rabies 1925: tuberculosis

1890: tetanus 1926: scarlet fever

1896: typhoid 1927 pertussis
fever

1897: bubonic
plague



Second era

Cell culture leading to
anti-virus vaccines



John Enders
(1897-1985)

developed tissue culture
technigues to grow viruses

1954 Nobel Prize with
Thomas Weller and
Frederick Robbins

Image from Nobel.org
via Wikipedia
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BE WELL!

Image via Wikipedia Image obtained from
Originally from Deutsches Grlines Kreuz the CDC Public Health Image Library
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THE CUTTER INCIDENT

POLIOMYELITIS FOLLOWING FORMALDEHYDE-INACTIVATED
POLIOVIRUS VACCINATION IN THE UNITED STATES
DURING THE SPRING OF 1955

II. RELATIONSHIP OF POLIOMYELITIS TO CUTTER VACCINE.?

By
NEAL NATHANBON anp ALEXANDER D. LANGMUIR 3
(Received for publication March 12, 1963)

Nathanson & Langmuir, Am J Hyg 78: 29-60 (1963).
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Polio vaccine

The Cutter Incident

>380,000 doses of Cutter vaccine
>300,000 school clinics
~120,000 from “high rate lots”

initial paralysis in inoculated limb



Polio vaccine

The Cutter Incident

vaccine given between
13 — 27 April 1955

est. 40,000 infections
51 paralyzed / 5 deaths
89 family contacts paralyzed
5 family contacts died
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Figure 1. Cutter-associated cases by omset.

Nathanson & Langmuir, Am J Hyg 78: 29-60 (1963).
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Vaccine 20 (2002) S27-531

Immunopathogenesis of vaccine-enhanced RSV disease

Peter .M. Openshaw*, Fiona J. Culley, Wieslawa Olszewska

Department of Respiratory Medicine, National Heart and Lung Institute, Imperial College of Science,
Technology and Medicine at St. Mary’s, Norfolk Place, London W2 1PG, UK
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RSV vaccine

Formalin-Inactivated RSV Vaccine
1966-1967 trial
children 2 mos to 9 yrs
good rise in ADb titers
during subseguent season
80% of vaccinees hospitalized

(2)
5% of controls (0)



RSV vaccine

Formalin-lnactivated RSV Vaccine
skewing of T cell responses

overactive pulmonary immune
responses



Timeline of Vaccines

1932: yellow fever 1962: polio (Sabin)
1937: typhus 1963: measles
1945: influenza 1967: mumps
1952: polio (Salk) 1970: rubella

1954: Japanese 1974: chicken pox
encephalitis

1954: anthrax



Third era

Molecular biology



Timeline of Vaccines

1977 Streptococcus pneumoniae
1978: Neisseria meningitidis
1981: hepatitis B

1985: Haemophilus influenzae
type b (HIB)



Problems in the 1980/90s

Hepatitis B vaccine derived from sera
of infected persons (HIV-1 risk).

Polysaccharide vaccines associated
with poor response in infants.






Rotavirus vaccine

RotaShield®
licensed 1998

Increased cases of
Intussusception

pulled from market in 1999



No. of Infants with Intussusception
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207 .
1
1
1
1
157 Vaccination —l-:
1
1
10 :
1
1
1
5] I
1
1
I
S BN T T | B S R (NN T I P 1
0

-70 -60 -50 —-40 -30 -20 -10 10 20 30 40 50 60 70 148

Second Dose
10

10 20 30 40 50 60 70

Third Dose
10 |
1
1
1
5 1
1
1
1
O : 1 1 1 F 1 1 -
0 10 20 30 40 50 60 70
Days

Murphy et al., N Engl J Med 344: 564-572 (2001). 45



m U.S. Food and Drug Administration

Home > News & Events > Newsroom > Press Announcements

News & Events

FDA NEWS RELEASE
For Immediate Release: March 22, 2010

Media Inquiries: Shelly Burgess, 301-796-4651; shelly.burgess@fda.hhs.gov
Consumer Inquiries: 888-INFO-FDA

Components of Extraneous Virus Detected in Rotarix Vaccine; No Known Safety Risk

FDA Recommends Clinicians Temporarily Suspend Use of Vaccine as Agency Learns More
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Rotavirus vaccine

Rotarix®: GSK rotavirus vaccine
has DNA from porcine circovirus 1
always had Iit, even in safety trials

voluntary suspension



Rotavirus vaccine

Porcine circovirus 1

Infects swine,
causes no known disease

no known circoviruses infecting
humans



Vaccine Contaminants

Vaccines are sometimes messy
preparations.

Sometimes extra things get in the
MmIX.



Timeline of Vaccines

1992: hepatitis A 1990: Hib cnjgt
1998: Lyme dz 1990: rHBV
1998: rotavirus 2000: PCV7
2003: LAIV 2001: Men cnjgt
2006: HPV



Fourth era?

Rational vaccine design?



public health

personalized health

customized pharmaceuticals

personalized vaccines

HLA-based vaccines

tetanus vaccine

influenza vaccine

rubella vaccine

sewer & sanitation
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Vaccine Against

Associated Genes

Observed Phenomenon

Reference

Hepatitis B (subunit)
HIV-1

(adenovirus vector)
Influenza

Measles

Mumps

Pertussis (acellular)

Rubella

IL10
HLA-DRA, FOXP1
HLA-B (various alleles)

HLA-DQB1
IL6
HLA-B

HLA-DQB1*0303

HLA-DRB1, HLA-
DQA1, HLA-DQB2,
IL10RA, IL12RB1,
IL12RB2

TLR4 (and
downstream genes)

IL12B, IFNGR1

DDX58, RARB,
TRIMS, TRIM22

DDX58, MAVS, RARB,
TLR3

Antibody titer increased (ACC haplotype)
Antibody titer (responder vs. non-responder)
gag-specific CD8+ T cell response increased

Hemagglutination inhibition titer increased

Hemagglutination inhibition titer increased

Seroconversion after one immunization
(high for *07, low for *08)

Antibody titer decreased

Lymphoproliferation (various effects)

Antibody titer increased

IFN-y, IL-10 secretion (various effects)
Antibody titer (various effects)

IFN-y, IL-6, TNF-a secretion (various effects)

(Hohler et al., 2005)
(Davila et al., 2010)
(Fellay et al., 2011)
(Gelder et al., 2002)
(Poland et al., 2008)
(Jacobson et al., 2003)

(Ovsyannikova et al., 2008)
(Ovsyannikova et al., 2008)

(Kimman et al., 2008)

(Jacobson et al., 2009)
(Ovsyannikova et al., 2010b)

(Ovsyannikova et al., 2010a)
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Ab clonal lineage

Phylogenetic relationship
of antibody members in
Ab clonal lineage

Mature broadly
neutralizing
antibodies

w

\ 4
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Step 1. Isolate a clonal
lineage of protective
antibody (Ab) that

one wants to induce

Adapted from Haynes et al. B-cell-lineage immunogen design in vaccine development with HIV-1 as a case study.

Step 2. Infer UA and |1A
antibodies in Ab clonal

lineage

Step 3. Use UAs and
IAs as templates for
design of immunogens
with high-affinity UA and
IA binding

Nat Biotechnol 30(5): 423-433 (2012). [PMC3512202]
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Correlates of Protection



Correlates of Protection

It’s Antibody,
except when it isn’t.



miU/ml

1

Immune Attenuated Inactivated Wild-type
Globulin CR326-F HAV Vaccine Infection
55 days Vacgine

Fic. 3. Comparative levels of antibody to hepatitis A virus
(HAV) after administration of immune serum globulin, one dose
of an attenuated hepatitis A virus vaccine, three doses of an
inactivated hepatitis A virus vaccine and natural infection. The
detection limits of the hepatitis A virus antibody assay are ~100
mIU per ml. Reproduced with permission from the article of
Feinstone and Gust.*°

SA Plotkin, Immunologic correlates of protection induced by vaccination. PIDJ 20: 63-75 (2001).
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TABLE 6. Seroconversion to mumps and efficacy after
immunization®® %%

% Seroconversion or

Test Efficacy
Rubini Jeryl Lynn
ELISA 38 97
IFA 92 100
Neutralizing antibodies 87 74
Efficacy 6 62

SA Plotkin, Immunologic correlates of protection induced by vaccination. PIDJ 20: 63-75 (2001).
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Final Thoughts 1/3

Bad studies, misinformation, &
the tyranny of small numbers



Central-nervous-system demyelination
after iImmunisation with recombinant
hepatitis B vaccine

Herroelen L, de Keyser J, Ebinger G.
Lancet 338: 1174-1175 (1991).

cohort results
one pt w/ MS six weeks after booster
one pt w/o MS doses — demyelination

characteristics
both +ve for
HLA DR2 & B7
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Association between type 1 diabetes
and Haemophilus influenzae type b
vaccination: birth cohort study

Karvonen M, Cepaitis Z, Tuomilehto J. BMJ 318: 1169-1172 (1999).

cohort results
Finland overall rates of DM 1 up
128,936 unvaccinated no correlation w/ vaccines

116,352 vaccinated
subsequent letters

characteristics ?’ d the statistical
patient groups are from methods and the
pre- and post-vaccine data presentation

eras
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thimerosal / thiomersal



CHRONIC MERCURIALISM IN THLE
HATTERS FUR-CUTTING

INDUSTRY
PAUL A. NEAL, M.D.
AN

R. R. JONES, M.D.
Passed Assistant Surgeoans, United States Public Health Service
WASHINGTON, D. C.

JAMA 110(5) 337-343 (1938)
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Thimerosal and the Occurrence of
Autism: Negative Ecological Evidence
From Danish Population-Based Data

Madsen KM, Lauritsen MB, Pedersen CB, Thorsen P, Plesner A-M,
Andersen PH, Mortensen PB. Pediatrics 112: 604-606 (2003).

cohort results
convergence of multiple rates of autism went
Danish public healthcare up after thimerosal
databases was removed from
vaccines

characteristics
Incidence of autism
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lleal-lymphoid-nodular hyperplasia,
non-specific colitis, and pervasive
developmental disorder in children

Wakefield AJ, Murch SH, Anthony A, Linnell J, Casson DM, Malik M,
Berelowitz M, Dhillon AP, Thomson MA, Harvey P, Valentine A, Davies SE,

Walker-Smith JA. Lancet 351: 637-641 (1998).

cohort results

12 children w/ PDD nodular hyperplasia seen
14 matched controls iIn PDD pts / not in ctls
Characteristics methylmalonic acid

1 after measles infection
2 others immunized

66



EARLY REPORT

[Early report |

lleallymphoid-nodular hyperplasia, non-specific colitis, and
pervasive developmental disorder in children

A | Wakefiefd, 5 H Murch, A Anthony, J Linnell, M Casson, M Malik, M Berelowitz, A P Dhillon, M A Thomson,

P Horvey, A Walentine, 5 E Dovies, /4 WalkerSmith

Summary

Background We imvestigated a consecutive senes of
children with chromic  emferocolitis and  regressive
developmental disorder.

Methods 17 children (mean age B years [range 3-10], 11
boys] were referred to & paediatnic gastroenterology unit
with & history of normal development followed by loss of
acquired sKills, inoluding langusge, together with diarthoss
and abdominal pain. Children undemwent
gastrosnterological, newological, and  developmental
pssessment and  rewview  of developmentsl  records.
|lsocolorscopy and biopsy samgling, magnetic-resonance
imeging (MRI), electrosncephalography (EEG), and lumbar
punciure were done under sedation. Barium follow-through
radiography waes done where possible. Biochemical,
hasmstologioal, and  immunologioal  profiles were
exarmined.

Findings: Orset of befavioural symptoms was assoc

by the perents, with measkes, mumps, and H
voooination in eight of the 12 children, with
infisction in one child, and otitis medis in g
children had imtestinal abnormskt
lymphoid nodular hyperplasia to g
le showed patchy chronio infls
in 11 children and r\cm:lm ileg

% regression in & group of
, which was generally associsbed
i Rirme b pmﬂcmmmlmggm

InfAammatory Bowal Diseasa Study Sroap. Unversity Departmants
of Madicing and Histopathology [ A | Wakeheld reos, A Anthony s,
JLinngdl e, & P Dhillon wacres, B E Davies sacrs) and e
Univorsity Doparimaents. of Paodiairic Castrosatamilogy

5 H Murch =z, & M Casson s, M Malk v,

M A Thomsen FecP, J A& Walker-Smith race, ), Child and Adolescont
Feyohiatry M Exroiowii rcreycs), Newrology (P Hareey reoe), ond
Readiclogy (A ¥aleniing Fcr), Reyal Frea Hospital and School of
Midicing, Lossion N3 203G, UK

Comsspondants to: Dr & ['Wakolak

mmutmw-mmmm
b heen pssevsed prodesdionally slsswhere, 3o these pssamenis
wezre mad o the basds for their bebandoural

Afier bowsl prepantion, Seccclonoscopy was perfornmed by
EHM or MAT under sadaton with midenlam and pethidne.
Fuired Sozen and formakn-fxed muccaal bopsy samples wens
ftaken from the tenmiral fleum; swending,  DEmEvens,
decending, and sigmold colons, mnd from the reclum. The
proedure was recorded by wvideo or silll imegss, and wene
mparsd with mmps of e pz!m SIVED  CDOBECULVE

coloncarnpies. (Tour nommal coloncacoples and dres
on chikdren with ulcerifes coliils], in which the physicen
reporisd Dormal appesnmces in the terminad deom. Barhom
fodow-through mdograply was possdbis In e ones.

Also under sadation, cerebml MAaENeTC-TEOLENCE Maging
(MED, slectmencephiiography (EBEG) nduding visoal, hrn
stem modfiory, and sewsocy evoked poizntah (wiere comphiance
e these poasihie), and hexbhar pomciuc: weres dons.

Qusss of chidbeod newDdsgensmtve dmsse  Uinnany

[dmm.m-'mmqmmhg 8 ten-sample e et
Lmqm“mummm

mmmhmmm-ﬂ
boys wene soeensd for fmglle-X O this had Dot besn deoe

THE LAMCHT » Vol 391 + Februsry 25, 1008
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Wakefield Retraction

February 2004
10 / 13 original authors retract

Wakefield working for
Legal Aid Board

Wakefield named in patent for
potential MMR competitor



Wakefield’s “autis

ICc enterocolitis”

Jnder the ir

Icroscope

Andrew Wakefield's claims for a new bowel condition in autistic children have been largely
overlooked in the furore over MMR vaccination. Brian Deer reports

Deer, BMJ 340: 838-841 (2010).
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Wakefield Retraction

April 2010 article

original paper
11/12 children with chronic
“non-specific colitis”

original path reports
8/11 pathology reports normal



Final Thoughts 2/3

Can vaccines have off-target
benefits?
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Nonspecific (Heterologous) Protection of
Neonatal BCG Vaccination Against
Hospitalization Due to Respiratory Infection
and Sepsis

Maria José de Castro,' Jacobo Pardo-Seco,”® and Federico Martinon-Torres'?
BCG Heterologous Protection in Children « CID 2015:60 (1 June) 1611

1997 1999 2001 2003 2005 2007 2009 2011

Year 1997 1999 2001 2003 2005 2007 2009 2011

URTI/LRTI Sepsis
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Randomized Trial of BCG Vaccination at Birth to

Low-Birth-Weight Children: Beneficial
Nonspecific Effects in the Neonatal Period?

Peter Aaby,2 Adam Roth,3% Henrik Ravn,? Bitiguida Mutna Napirna,2® Amabelia Rodrigues,' Ida Maria Lisse,?
Lone Stenshalle? Birgitte Rode Diness,! Karen Rokkedal Lausch,' Najaaraq Lund," Sofie Biering-Serensen,’

Hilton Whittle * and Christine Stabell Benn'3 JID 2011:204 (15 July) e 245

Result
BCG given to LBW infants
reduced all-cause mortality.

Cumulative Mortality
000 0.02 0.04 0.06 0.08 0.10 0.12

0 Sb 80 90 120 150 180 210 240 270 300 330 380
Time since randomisation (days)
Number at risk
No BCG 1152 1079 1047 1023 o772 954 723
BCG 1168 1104 1073 1051 1004 992 132

BCG

Randomisedto;, —--—-- Mo BCG

Figure 2. Cumulative mortality curves during the first year of life
according to randomization group.
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Non-Measles Infectious Disease
Mortality (per 100,000 person-years)

Long-term measles-induced

immunomodulation increases overall
childhood infectious disease mortality

Michael J. Mina,""** C. Jessica E. Metcalf,"”* Rik L. de Swart,*
A. D. M. E. Osterhaus,” Bryan T. Grenfell*

694 8 MAY 2015 - VOL 348 ISSUE 6235 sciencemag.org SCIENCE

A England & Wales B United States C Denmark
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Final Thoughts 3/3

Are we the victims of our own
success?



What have we done wrong?

1. Child mortality very low in US
2. Lack of understanding?
3. Failure to appreciate risk

4. Correlation = causation?



Life Expectancy

The decrease in death rates over the 75 years varied by age.
Figure 3. Percentage change in death rates by age: United States, 1935-2010

Age in years
85 and
under 1 1-4 5-14 15-24 25-34 35-44 45-54 55-64 6574 7T5-84 over
-20
o
5
5 40
&
£
s -60
@
o
-80
-100 =

NOTE: 2010 data are preliminary.
SOURCE: CDC/NCHS, National Vital Statistics System, Mortality.

Hoyert DL. 75 years of mortality in the United States, 1935-2010. NCHS Data Brief (88): 1-8 (2012).



Herd Immunity
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Fine P, Eames K, Heymann DL. “Herd Immunity”: A Rough Guide. Clin Infect Dis 52(7): 911-916 (2011).
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Herd Immunity

b
w

Herd immuity threshold

Lifetime incidence in unvaccinated individuals

0 :
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Basic reproduction number (R o) Vaccine coverage, V

Fine P, Eames K, Heymann DL. “Herd Immunity”: A Rough Guide. Clin Infect Dis 52(7): 911-916 (2011).
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Herd Immunity

1. “I'm protected because others
are vaccinated.”

2. “l won’t be exposed. /
| am not going to travel to an
endemic area.”

3. “So what if | get sick.”



Risks of Infection

1. The world has shrunk.

2. Adult disease often associlated
with worse outcomes.

3. More immunocompromised
persons.

4. “Nostalgia”—misremembered
childhood disease.



Correlation # Causation

1. MMR and autism

2. Thimerosal and autism

3. HBV and multiple sclerosis
4. Hib and diabetes



Global Average Temperature, °C
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Image from Wikipedia.
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A new parameter for
sex education

Sir—There is concern in West Germany
over the falling birth rate. The accompany-

ing graph'? might suggest a solution that
every child knows makes sense.
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Institut fiir Physiologische Chemie 1,
Universitit Diisseldorf,

Moorenstrasse 5, D-4000 Diisseldorf,
FRG

Sies, Nature 332: 495 (1988).
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storks

A new parameter for
sex education

Sir—There is concern in West Germany
over the falling birth rate. The accompany-

ing graph'? might suggest a solution that
every child knows makes sense.
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