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Types of Vaccine

. Live attenuated (LAV)

— Tuberculosis (BCG)

— Oral polio vaccine (OPV)
— Measles

— Rotavirus

—Yellow fever

. Inactivated (killed antigen)

—Whole-cell pertussis (wP)
— Inactivated polio virus (IPV)

— Subunit (purified antigen)

— Acellular pertussis (aP),

—Haemophilus influenzae type b (Hib),

— Pneumococcal (PCV-7, PCV-10, PCV-13)
— Hepatitis B (HepB)

__ Toxoid (inactivated toxins)

— Tetanus toxoid (TT),
— Diphteria toxoid
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Immune system responses

Humoral response
Based on antibodies and the B cells that produce them

Cell-mediated response
Based on cytotoxic CD8 cells
Mucosal immunity

The above but concentrated in the mucosal membranes
where most transmission occurs



B cell/Helper T cell/Plasma cell
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Antigen /Antibody Connection

Foreign molecules, or antigens, carry
distinctive markers, characteristic shapes
called epitopes that protrude from their surfaces.

O Antigen

Our Immune system has the ability to <§‘>> m Eptope

recognize many millions of distinctive C:‘} @ Antibody
non-self molecules, and to respond by >

producing molecules, or antibodies @
- also cells - that can match and counteract

each one of the non-self molecules. ﬂ:



" S
cell mediated Immunity
T cell-mediated response to viruses

Principal mediator is the CTL

or the activated CD8* T cell

TCR/CD3 +
CD8 ; CTL
IFN-y and TNF-a ‘ y MHC-peptide

Viral infected
Epithelial cell A
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Live vaccines
such as: Mumps, Measles, Rubella (MMR)

Advantages Disadvantages

-Single dose often sufficient to -Potential to revert to virulence
iInduce long-lasting immunity .Contraindicated in

-Strong immune response evoked immunosuppressed patients and
.Local and systemic immunity pregnant women

produced -Interference by viruses or vaccines

and passive antibody
-Poor stability
-Potential for contamination
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Inactivated whole-cell vaccines

Inactivated vaccines are made from microorganisms (viruses, bacteria, other) [ gacreria
that have been killed through physical or chemical processes. These killed | Whole-cell pertussis (wP)

organisms cannot cause disease.
VIRUS
Inactivated polio virus (IPV)

Immune response

B Inactivated whole-cell vaccines may not always induce an immune response and the response
may not be long lived.

M Several doses of inactivated whole-cell vaccines may be required to evoke a sufficient immune
response.



Inactivated vaccines

Advantages Disadvantages
.Stable ‘Need several doses
.Constituents clearly defined -Local reactions common

-Adjuvant needed
keeps vaccine at injection site

activates antigen presenting
cells

-Shorter lasting immunity

-Unable to cause the infection

Immunisation Department, Centre for Infections
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Subunit vaccines

Immune response

B Subunit vaccines, like inactivated whole-cell vaccines do not contain live
components of the pathogen. They differ from inactivated whole-cell vac-
cines, by containing only the antigenic parts of the pathogen. These parts
are necessary to elicit a protective immune response.

Protein-based

Polysaccharide

B This precision comes at a cost, as antigenic properties of the various poten- Conjugate
tial subunits of a pathogen must be examined in detail to determine which
particular combinations will produce an effective immune response within the correct pathway.

B Often a response can be elicited, but there is no guarantee that immunological memory will be
formed in the correct manner.
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Protein-based subunit vaccines

Protein based subunit vaccines present an antigen to the
immune system without viral particles, using a specific, iso-
lated protein of the pathogen. A weakness of this technique
is that isolated proteins, if denatured, may bind to different

antibodies than the protein of the pathogen.

Commonly used protein-based subunit vaccines are the
following:

Protein-based

BACTERIA
Acellular pertussis (aP)

I

VIRUS
Hepatitis B (HepB)

B Acellular pertussis (aP) vaccines contain inactivated pertussis toxin (protein) and may contain
one or more other bacterial components. The pertussis toxin is detoxified either by treatment

with a chemical or by using molecular genetic techniques.

B Hepatitis B vaccines are composed of the hepatitis B virus surface antigen (HBsAg), a protein
produced by hepatitis B virus. Earlier vaccine products were produced using purified plasma
of infected individuals. This production method has been replaced by recombinant technology
that can produce HBsAg without requiring human plasma increasing the safety of the vaccine
by excluding the risk from potential contamination of human plasma.
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Polysaccharide vaccines

Some bacteria when infecting humans are often protected by a polysaccharide (sugar)
capsule that helps the organism evade the human defense systems especially in
infants and young children.

Polysaccharide

Polysaccharide vaccines create a response against the molecules in the pathogen’s
capsule. These molecules are small, and often not very immunogenic. As a conse-
quence they tend to:

1. Not be effective in infants and young children (under 18-24 months),

2. Induce only short-term immunity (slow immune response, slow rise of antibody levels, no
immune memory).

Examples of polysaccharide vaccines include Meningococcal disease caused by Neisseria meningitidis
groups A, C, W135 and Y, as well as Pneumococcal disease.
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Conjugate subunit vaccines

Conjugate subunit vaccines also create a response against the
molecules in the pathogen’s capsule. In comparison to plain BACTERIA

polysaccharide vaccines, they benefit from a technology that i;ggg: elht;li b (Hib)
binds the polysaccharide to a carrier protein that can induce Phetinooocl ¥ '

a long-term protective response even in infants. (PCV-7, PCV-10, PCV-13)

¥

Conjugate

Various protein carriers are used for conjugation, including

diphtheria and tetanus toxoid. Conjugate subunit vaccines, can therefore prevent common bacterial infec-
tions for which plain polysaccharide vaccines are either ineffective in those most at risk (infants) or provide
only short-term protection (everyone else).

The advent of conjugate subunit vaccines heralded a new age for immunization against diseases caused by
encapsulated organisms such as meningococcus, Haemophilus influenzae type b (Hib) and pneumococcus.

WHO recommends that children receive Haemophilus influenzae type b (Hib) and pneumococcal conjugate
vaccines. In addition, the meningococcal A vaccine introduced in Africa is also a conjugated subunit vaccine.



Conjugation

Conjugate vaccine

/

Polysaccharide linked to
carrier protein

Carrier
““ protein

Polysaccharide
(sugar) coating

Conjugation i1s the process of attaching (linking) the
polysaccharide antigen to a protein carrier (e.g. diphtheria or
tetanus) that the infant’s Immune system already recognises in
order to provoke an immune response

Immunisation Department, Centre for Infections
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IMMUNE RESPONSE @ SAFETY AND STABILITY @
* Must determine which combination * Have no live components,
of antigenic properties will produce no risk of inducing the disease.

an effective immune response with

®
the correct pathway. Safer and more stable than LAVs.

* Aresponse may be elicited, but Excellent stability profile
with no guarantee that memory will

form for future responses.

Less strong immune response
compared to LAVs
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Pathogenic exotoxin Harmless preparation (tfoxoid)
Chemical
Site related to modlficmio:

pathogenicity

B w P cEpiopes

Toxoid vaccines

Toxoid vaccines are based on the toxin produced by certain bacteria (e.g. tetanus

. : BACTERIA

or diphtheria). Tetanus toxoid (TT)
Diphtheria toxoid

The toxin invades the bloodstream and is largely responsible for the symptoms

of the disease. The protein-based toxin is rendered harmless (toxoid) and used
as the antigen in the vaccine to elicit immunity.

To increase the immune response, the toxoid is adsorbed to aluminium or calcium salts, which serve as
adjuvants.
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IMMUNE RESPONSE @ SAFETY AND STABILITY @
* May require several doses and ® Vaccine cannot cause disease it
usually need an adjuvant. prevents.
‘ .
Not highly immunogenic Very rare local and systemic
reactions.

® Usually stable and long lasting.

Excellent stability profile
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*Recombinant vaccines are those in which genes for desired antigens
are inserted into a vector, usually a virus, that has a very low virulence.

*The vector expressing the antigen may be used as the vaccine, or the
antigen may be purified and injected as a subunit vaccine.

*The only recombinant vaccine currently in use in humans is the
Hepatitis B Virus (HBV) vaccine, which is a recombinant subunit
vaccine

«Hepatitis B surface antigen is produced from a gene transfected into
yeast cells and purified for injection as a subunit vaccine.

*This Is much safer than using attenuated HBV, which could cause lethal
hepatitis or liver cancer if it reverted to its virulent phenotype.

*Recombinant DNA techniques can also be used to make safer
attenuated pathogen vaccines....
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Foreign DNA

region of interest
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Recombinant Vector VVaccines

Vaccinia Gene from pathogen . . .
promoter—__g y -Genes encoding significant
TK gene gene

Ag’s from pathogens may be
;,-j‘;;,_,_j; transferred to attenuated
— —/  viruses/bacteria

Transfectnon\/ \/lnfectlon VeCtOrS IﬂClUde
vaccinia, polio, adenoviruses

Salmonella, BCG
strain of M. bovis, oral Strep

BUdr selection Other vectors may prove to
i be safer

Recombinant vaccinia [ —
vector vaccine || I‘_\ m‘ /

Recombinant
plasmid

Tlssue culture cells|

L
Homologous recombination




DNA Vaccine

DNA vaccine is DNA sequence used as a vaccine.
This DNA Sequence code for antigenic protein of pathogen.

As this DNA inserted into cells it is translated to form antigenic
protein. As this protein is foreign to cells , so immune response

raised against this protein.

In this way ,DNA vaccine provide immunity against that

pathogen.
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HOW DNA VACCINE IS MADE

.~,,m>&x-az‘L'-=x1iu~<
Viral gene
Recombinant DNA
Technology Expression
plasmid

Plasmid with foreign gene
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Plasmid DNA
Purified

Ready to use
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HOW DNA VACCINES WORK

{ 1

| b o

[
=, }

Muscle Cells Plasmid DNA



Mechanisms
= Processing and presentation of encoded antigen by MHC class I

Specific response by stimulation of CD8+ T cell (CTL)

= processing and presentation of encoded antigen by MHC classII

- Specific response by stimulation of humoral response by B cell CD4+ T
cell



Model of DNA vaccine-induced

AW\ Immune responses by Antigen
presenting cells (APC) such as

VAR /-\ Dendritic cells (DC)
Somatic

Cell i ’ !
(29, g
Bt B! |
it

okines

Immune complex
bound to Fe-
receptors on APC

cytokines



Advantages of DNA vaccine:
-Non pathogenic potential

-Construction and testing the expression can be achieved within a matter of
weeks

-Growing a large batch plasmid is also quick

-Low expense of generating expression vector
-Supercoiled circular DNA is stable and easily purify
-High temperature stability

-DNA vaccination has the long-live gene expression sustain

Disadvantages of DNA vaccine:
-Possibility of integration into host genome

-Generation of anti-DNA antibodies
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