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Objectives of this lecture

By the end of this lecture you will be
able to:

(D Realize the significance of immunization
(2 Describe how vaccines work

(3 Distinguish between different types of
vaccines
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What are vaccines?

* Biological preparations
that direct the immune
system toward a
particular disease in an
antigen-specific
manner




Edward Jenner

On 14-5-1796 Edward Jenner

took pus from the hand of a

milkmaid (Sarah Nelmes) with

cowpox, inoculated an 8-year- &=

old boy (James Phipps) with it,

and six weeks later variolated "

the boy's arm with smallpox, |
afterwards observing that the
boy did NOT catch smallpox.




Louis Pasteur

* Pasteur produced the first vaccine for rabies by
growing the virus in rabbits, and then weakening it
by drying the affected nerve tissue.

* The vaccine had been tested only on eleven dogs
before its first human trial.

* This vaccine was first used
on 9-year old (Joseph
Meister), on July 6, 1885




* The term“vaccine” was coined by Luis Pasteur

« It is derived from the Latin word “vaccinus”,
which means “related to cows”



Significance of vaccines

1000 —

-
n
1

900 |-

-
o
T

800 |-

Vaccine
700 licensed

600 |- l . 0 81 82 83 84 85 86 87 8
Year

Number of cases,
in thousands

mOU‘I

500 |-

400 |-
300 |-
200 |-

Number of cases, in thousands

100 |-
oLl I l | ] l ] | WS W

1950 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88
Year

Figure 19-2
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



@birth o=

:
- B B Ba B c=Yc

9m
o B3 F=Yc=]c=4c =

24 m e

SIC= =

®

14-16y



T cell activation by DC

Target of immune

potentiator and

delivery system
— )

\
/ \
_4
; E?Q— 1 @ Vaccines ///://

( /é . é'
- )
Y o o

Sy’
A
e
. O == CD40L
Cytokines ]— CD40
e= TCR

— 3
3 ST MHC
J = CD28
Gme—  CDBO/86 |

Initiation/amplification of the antigen-specific response




CMI

/ ;f H CytotoxicT cell Tc cell

| Ny Dendritic cell
TNF-B

Y Antibody

Humoral v antbody

B cell



Vaccination vs. Immunization

» Immunization is the process of eliciting a
robust, specific, and long-lasting response
against any given antigen.

* Passive immunization: transfer of some immune
system elements (Abs or cells) to a living body

 Active immunization: induction of immune response
against a specific antigen (Vaccination)




Major effects of vaccines

(D Vaccines protect individuals against diseases

@ Prevents the transmission of infections if
there are sufficient immune individuals. This
effect is known as Herd Immunity




Virulence factors

* Virulence factors include the molecules that
allow a microorgansim to be a pathogen.
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Exotoxin vs. Endotoxin

Property

Exotoxin

Endotoxin

Chemistry Secreted proteins Shed lipopolysaccharide

Source Gram (+ve) or (_Sram (-ve) Gram (-ve) bacteria
bacteria

Symptoms Specific action on target tissue  Fever, diarrhea, vomiting, shock

Toxicity High / Fatal Weak / Rarely fatal

Immunogenici

Causes neutralizing Ab

Insufficient Ab production

ty production
Toxoid
, After formaldehyde treatment None
potential
Fever .
Rarely Pyrogenic

potential




The Ideal Vaccine

@D 100% efficient in all individuals of any age
@ Induce the correct type of immunity

@ Provides life-long protection after single
administration

@ Does not evoke adverse reactions or cause diseases

® Physically stable under various conditions (temp.,
light, transportation)

® Genetically stable

@ Easy to administer (orally vs. parenterally)
Available in unlimited quantities

© Affordable (<$1, WHO)
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Traditional Vaccines

1. Non-living whole organism
Heat inactivated or chemically inactivated

2. Live attenuated organism
Bacteria or viruses attenuated in culture

3. Purified Macromolecules
Extraction and purification of pathogen components
* Toxoid
* Polysaccharide
* Conjugate



Non-Living Whole Organism

* The pathogen raises an immune response but
not capable of replication in the host “lost
virulence factors”

* Produced by heat or formaldehyde
inactivation “killing” of a pathogen



Non-Living Whole Organism

(Salk polio) safe in

Polio : : Very effective
immunocompromised
Rabies Can be given post exposure Very effective
Viruses
Influenza Strain specific Moderately effective
Hep. A Also attenuated vaccine Very effective
Pertussis Controversial toxicity Very effective
Typhoid About 70% protection Moderately effective
Bacteria
Cholera Protection dubious Moderately effective

Plague Short-term protection Debatable



Flu vaccine production

Surveillance

* Influenza vaccine protects against three promi-
nent virus strains, which must first be identified
before production can begin each year,

YEAR-ROUND

* Ongoing global surveillance is key to predict-
irng which three strains will circulate each
irfluenza season,

Strain Selection

¢ '‘Nord health officials’ analyze and identify the
dominant circulating strains.

* The strains are submitted to the Food and
Drug Administration (FDA) to recommend
which three to include. The FDA distributes

JANUARY-MARCH

seed viruses to manufacturers to begin the
production process,

* Manufacturers' scientists predict the crculating
strains for the coming season and begin prepar-
ing vaccine at risk before final FDA selection
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Manufacturing and Production*

® Each virus strain is produced separately and
later combined to make one vaccine.

* Millions of spedially prepared chicken eggs
are usad to produce the vaccine. For seven
months, fertilized egas are delivered to the

JANUARY-JULY

manufacturer. Each egg is cleaned with a
disinfectant spray and injected with one strain.

* The eggs are incubated for several days to
allow the virus to multiply. After incubation the
virus-loaded fluid is harvested.
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Purification and Testing®*

* The virus fluid undergoes multiple purification
steps and a special chemical treatment to
ensure the virus is inactivated, or “killed.™”

® The virus is split by chemically disrupting the

whole virus.

JUNE-OCTOBER

* Viral fragments from all three strains are col-
lected from different batches, and combined
upon completion of quality control tests.

* Manufacturers and the FDA test the vaccine
concentrate to determine amount and yield

of the virus to ensure concentrate is adequate
for immunization.
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Flu vaccine production

Purification and Testing**

* The virus fluid undergoes multiple purification
steps and a special chemical treatment to
ensure the virus is inactivated, or “killed.™”

* The virus is split by chemically disrupting the

whole virus. concentrate to determine amount and yield
of the virus to ensure concentrate is adequate
JUNE-OCTOBER for immunization.
t $ + t t e — - -3 t +

* Viral fragments from all three strains are col-
lected from different batches, and combined
upon completion of quality control tests.

* Manufacturers and the FDA test the vaccine

Filling and Packaging

¢ Upon FDA approval and licensing, the
vaccine is released for distribution in time
for immunization.

carefully inspected before labels are applied
to show the vaccine batch, lot numbers and
expiration date.
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* Manufacturers begin filling the doses into * Each lot must be specifically “released” by :

vials and syringes, which are then sealed and the FDA before manufacturers can ship. |
JULY-DECEMBER . P )
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Shipping
* Jaccine shipments typically begin in August/
September and continue into Novernber.

*'Nith CDC's support, partial shipments are
sent early in the season to all customers to
ensure broad access for high-risk patients.

AUGUSTNOVEMEBER; BEYOND AS NEEDED

¢ Depending on viral yields and virus activity,
additional doses may be released and distrib-
uted into December and beyond to support
late season immunization,
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Vaccination

* The CDC recommends particular high-risk
populations at risk for influerza and related
complications to be immunized every year.
Other persons who with to reduce their risk
for influenza may choose to beimmunized.

* |Immunization generally begins in October or
as soon as vaccine becomes available and
continues through the influenza season which
typically ends in March,

¢ Immunity develops approximately two weeks
following vaccination.!

OCTOBER AND BEYOND
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Live Attenuated Organism

* Attenuation means “reducing virulence” while
maintaining the capability of transient
growth and immunogenicity

* Can be produced by passing the microbe through

unnatural host, unnatural media, or exposure to
harsh chemical for a long period

The virus no longer
grows well in human
cells (it is attenuated)

and can be used
as a vaccine

>

(o)<

The pathogenic virus is
isolated from a patient
and grown in human
cultured cells

>
L) e @
J{ 1N O @ y

9 Immunobiol 7ed.(© G rland Science 2008)

The virus acquires many
mutations that allow
it to grow well in
monkey cells

The cultured virus
is used to infect
monkey cells
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Live Attenuated Organism

Attenuated vaccines elicit a vigorous long-
lasting immune response from a single dose

They can induce cell-mediated immune
response

Attenuated pathogens can mutate and revert
virulent forms

Rational attenuation




Live Attenuated Organism

Disease Remarks

Polio (Sabin polio) safe in immunocompromised
Measles 80% effective
Viruses
Mumps
Hep. A Also Killed vaccine

Bacteria Tuberculosis BCG vaccine



Toxoid

* Modified bacterial exotoxins. Toxins treated
with iodine, pepsin, ascorbic acid, or
formalin to reduce toxicity while retaining
immunogenicity

» Toxoids generate neutralizing antibodies

* Diphtheria toxoid, tetanus toxoid



Toxoid

2%

Diphtheria bacteria Diphtheria
emitting toxin toxin

- modified

Tetanus bacteria Tetanus
emitting toxin toxin

Diphtheria

toxoid

Tetanus
toxoid

1 TETANUS AND DIPHTHERK
- T0X0IDS ADSORBED

* forage 7 years and older

+ Dosage: 0.5 mL. Rx ON/
 Soreat 2°to 8° C (36° to 46°)
 Miby: MassBiologics
+ biston, MA 02130

U5, License 1779

+ Ditr: Akorn, Inc.

+ lake Forest,

i 160045 SYAKORN
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Combined vaccine DTPw-HE ©
Vaccin combiné DTPw-HB
Vacuna combinada DTPw-HE




Toxoid

QLo

v

Antibody response

Y

oo

Primary Natural Secondary
Vaccination | antibody | . : antibody
infection
response response
Toxoid Toxin Acquired
immunity

v

Time

A

Memory cells formed




Conjugate

* Polysaccharide capsule conjugated with
toxoid to stimulate CD4* cells and generate
memory cells

* HiB (+tetanus toxoid), PCV (+diphtheria
toxoid)



Conjugate
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Conjugate

b Polysaccharide
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Conjugate

Haemophilus influenzae type b (Hib)

Bacteria

Polysaccharide molecule
nked to a protein carrier

Hib Conjugate Vaccine

Hiberix"

Haemophitus infuenzae typed
;'&ccnne (Hib)

| 1dose for reconstitution

hj.: LM. Storage : +2°C/+8C

63K Biologicats s.a.
Rxensart-Belgium

“soline diluent for reconstitufion?
“ntstérile pour reconstitution 4%

ente estéril para reconsitirl ™
#eldosis (0.5 ml)
ee.: LM. (0.9% wiv NoCl)

Bologicals s.a. Rixensart - B
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Conjugate

Incidence rate of
invasive Haemophilus

influenzae type b (Hib)
among U.S. children
under 5 years of age

b
o

Rate (per 100,000 children)
=

1989 1990 1991 1992 1993 1994 1995

Figure 19-5b
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



Conjugate
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Prevnar 13%, comprising polysaccharide antigens conjugated to a carrier protein,
elicits a T cell-dependent immune response

s
I only

NOC 0005-1971-02

Preumococcal 13-volent Conjugate Voccne
(Diphtheria (RM:g7 Protein)
Prevyiar 13
10 One-Dose (0.5 mL)
Disposable Syringes
FOR IU‘TWUSCM USE ONLY




You are now able to:
v'Realize the significance of immunization
v' Describe how vaccines work

v'Distinguish between different types of
vaccines



