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INTRODUCTION

* Vaccines are one of the greatest achievements of putotie health
of the last century.

* A Vaccine is devetoped to prevent or cure a disease, and elicits
an appropriate immune response towards development of

lmmuno togtcat memory to combat infecttons on ﬁttwe

eXposurcs.

e A better understanding of disease process atong with
knowtedge of mode of action, beneﬁts, risks, and }ootentiat
Veat—ttfe impact health of vaccines has gveatty netped in the

development immunizations fov various diseases.



VACCINE

The term Vaccine was coined on Louis Pasteur.

It is a bio logical preparation containing an agent which is similar
to the disease causing organism that pvovides active acquhred

immuni’cy agains’c a particular disease.

Vaccines are generaﬂy pvepaved ﬁfom Live attenuated/ killed
microbes that cause infecﬂon. Sometimes the chemica“y
ineﬁ?ecﬂve toxin or one of the swface antigenic protems are also

MS@O[.

Vaccines can be

— Prophy[acﬁc le., may prevent the effect of future infection by any wild or natural

antigen.

— Therapeutic eg., vaccines against cancer



VACCINATION IMMUNIZATION

* Vaccination is the

o , . * Immunization is a process
administration of anttgemc

or : of making a person
material ie., a vaccine to an f gap |
individual to elicit an tmmune or resistance to a
adapﬁve Immune response disease caus Ing organism,
to apathogen and create typically through scheduled

immunolo gica[ memory

towards prevention of
ﬁttwfe infec’c Lons

administration of vaccine.



VACCINATIONS

* Vaccinations involve the administration of one or more of

vaccines to an individual.

* Vaccination results in deve[opmen‘t of an adaptive immune

response and formaﬁon of memory cells without deve[opment

of disease.
e When the vaccinated individual is later exposed to the live

pat’aogens in the environment, their immune system, can

deshroy them befove they can cause disease.



HOW DO VACCINES WORK?

Innate immunity provides the ﬁrs’t line of defence against 'mvading

patho gens.

It is quick and nonspeciﬁc and its activation of innate immunity (S

necessary towards deve(opment adaptive Immune response.

Adaptive immunity (s the second line of defence and develops Ve[atively
later than innate response, and varied clones of lymphocytes and

antibodies are produced to recognize and combat almost all antigens.

A vaccine (s immunogenic and results in induction of cell-mediated

and humoral immunity. This is the basis of long—term protection.

Vaccination is oﬁen high[igh’ced on

— the generation and pvoducﬁon of antibodies and

— the formaﬁon of memory cells which can quick[y get activated upon subsequent

exposure to the same anﬁgen.



HOW DO VACCINES WORK? HERD IMMUNITY

Vaccines protect the vaccinated populaﬂon as well as the unvaccinated
populaﬁon by decreas'mg the transmission of 'mfection ﬁr‘OWl one person

to another and in this way only limited individuals are at risk.

This sort of unintended decrease in the risk factov is termed as HERD
OR COMMUNITY PROTECTION.

Herd or Communi‘ty Protection to be successﬁd necessitates that
— amajority of the populaﬁon (75—95%)
— Vaccination of particu[ar group playing a key role in spread of disease.

For any vaccination program to be successful It is necessary to develop

Herd protection examp le for measles.



HERD IMMUNITY

HERD IMMUNITY NO HERD IMMUNITY

PATIENT ZERO . Vaccinated

PATIENT ZERO

Path of infection
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VACCINATED PEOPLE PREVENT SPREAD OF WHEN THERE ARE LESS VACCINATED PEOPLE,
INFECTION. THEY ACT AS BARRIER OF THE INFECTION SPREADS RAPIDLY.
INFECTION




HISTORY OF VACCINE DEVELOPMENT

In 7th century India Buddhist monks used to drank snake venom in order to develop immunity against

snake bites.

|

Variolation, the practice of inocu[aﬁng the dried pustu[es of sma“pox into a hea[thy individual, to prevent the in Central
Asia in the second millennium. Which then spread east to China and West to Turkey, Africa, and Europe.

|

n 1798, in England, Edward Jenner inoculated the cowpox virus, Variolae vaccinae, to prevent smallpox in

humans.

At the end of the 19th century, Louis Pasteur demonstrated of disease-causing organisms could be
weakened (or attenuated) in the laboratory. He first demonstrated the effectiveness of vaccines against

In the early 20th century inactivated toxins were developed as vaccines (toxoids).

By the end of the 20th century several new methods of producing vaccines inc[uding by recombinant organisms, ’oy

conjugation of polysaccharides to carrier proteins, and by the assembly of virus-like particles.




ACTIVE AND PASSIVE IMMUNIZATION

* Active mmunization * Passive immunization
involves the involves the hfansfer of
administration of an Immune components,
Immunogen (o render such as antibodies or

the host more responsive lymp hocytes, or of
to a subsequent immune-ce[l-produc Ing

encounter. tissues.



VACCINES ARE COMPOSED OF EITHER THE ENTIRE DISEASE-
CAUSING
MICROORGANISM OR SOME OF ITS COMPONENTS.

From components of
the disease-causing
organism, such as
specific proteins and
polysaccharides, or

From whole nucleic acids From inactivated

organisms that have toxins of toxin-
been inactivated producing bacteria

From the linkage
(conjugation) of
- polysaccharides to
proteins

From living
organisms that have
been weakened




| TYPE OF VACCINE EXAMPLE

. LIVE, ATTENUATED VACCINES

TOXOIDS/ TOXOID VACCINES
' SUBUNIT VACCINES

POLYSACCHARIDE VACCINES

CONJUGATE SUBUNIT VACCINES
. PLANT BASED VACCINES

n DNA VACCINES

' DENDRITIC CELL (DCS) VACCINES

KILLED OR INACTIVATED VACCINES

BCG, Oral Polio Vaccine, Measles, Rotavirus, Yellow
Fever

Whole Cell Pertusis, Inactivated Polio Virus.

Tetanus Toxoid, Diphtheria Toxoid.

Acellular pertussis vaccine and influenza vaccine

the human papillomavirus (HPV) vaccine, Hepatitis B
vaccines

Meningococcal disease caused by Neisseria
meningiﬁdis groups A, C, W135 and Y, as well as
Pneumococcal disease.

Meningococcus, Haemophilus influenzae type b (Hib)
Avian influenza vaccine in transgenic tobacco
(Medicago), and Ebola Vaccine in transgenic tobacco
(under trails)

Melanoma, HIV,CMV, Cancer, HBV (uder trail)
Sipuleucel-T des igned for the treatment of prostate

cancer



LIVE, ATTENUATED VACCINES

* Live attenuated vaccines are oﬁen modiﬁed forms a

disease-pvoducing (virulent) virus or bacterium.

* Smau 0[086 Of these vaccines are Vequived to 0[6\76[0]0 an

appropmate IMmmune response.

e Conditions such as light and heat which can damages
the live organism or inhibits the division of the organism

in the Ioody (antibodies )can make the vaccine ineffecﬁve.



ATTENUATED VACCINES CONTD....

* The most common method used for attenuation of viruses involves

growing them in a series of cell cultures or animal embryos (mosﬂy chick

emlaryos) :

* With each passage in diﬂ%vent embvyos, the virus starts Veplicaﬁng with

better eﬁficiency in the chick cells than in human cells.

* This form of the virus is still immunogenic in humans, suitable to be used
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LIVE ATTENUATED VACCINES

BENEFITS Immune response is similar to natural infection

Not recommended for use In immune-

compromised individuals and pregnant women.

® Activate both humoral and cell-mediated
immunity.

® L@fe—long immunity poss'dole aftem or 2 doses

BR[O @ Have low storage life and heat labile
® May revert to natural form(e.g. poliovirus)

EXAMPLES Vaccines for Measles, mumps, rubella, varicella,

rotavirus, herpes zoster, influenza, oral

poliovirus (OPV), yellow fever .




KILLED OR INACTIVATED VACCINES

* These contain killed or inactivated pathogen.
* The inactivation is done on using heat or chemicals such as fownaldehyde or formalin

o Dwring nactivation the infectious agent remains immunogenic but loses its a’oiﬁty to

Veplicate.
* These inactivated strains can’t revert to a more virulent form capa’o le of causing disease.

* These vaccines generate only shorter length of protection as compared to live vaccines,

usuaﬂy require boosters for inducing long-term immunity.

* Examp les: inactivated polio vaccine and inﬂuenza vaccine (in shot form).
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INACTIVATED VACCINES

BENEFITS These are highly stable
Impact on carriage
There is no replication of the imactivated pathogen
Safe for use in immunocompromised individuals and

pregnant women

LIMITATIONS — CRREEY| immunogenicity, aoyuvan’cs may be
Vequired
[ Multip le primary and booster doses required to

obtain long-’cerm protection

EXAMPLES Whole-cell pertussis , hepatitis A , rabies, Japanese

encep halitis , cholera




TOXOIDS

e Some bacterial diseases are caused ® Inactivation is accompﬁshed loy

loy toxins produced on the treatment formal'm, or loy using
bacterium and vaccines made ﬁrom heat or other methods.

inactivated toxins are called ° Example is tetanus: which is caused
toxoids.

on a neurotoxin (tetanospasmin)
* Toxoids contain an inactivated pvoduced loy Clostridium fetand..

toxin of bacteria.
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TOXOID VACCINES
BENEFITS Vast experience as mature techno [ogy

Non- infecﬁous
Used as carrier proteins due to good

Immuno genic i‘cy

BIVIEARI0NET @ Toxoids can target the toxin not the
the pa‘chogen
® No herd protection

® Priming and Iooosﬁng necessary

IS, IB N Tetanus, d[p htheria, acellular pertussis (as
part of DTaP combination vaccines

Boostrix, Infanrix, Adacel, etc.)




SUBUNIT VACCINES

o Only a speciﬁc protein ﬁr‘OWl a paﬂnogen is isolated and presented as
antigen on its own to provoke an immune response. Examp les : acellular
pertussis vaccine and influenza vaccine are examples of such subunit

vaccines.

* Sub unit vaccines can also be made on genetic engineering e.g., the human
papillomavirus (HPV) vaccine.

* There are two types of HPV vaccine one against two strains of HPV and the
other against fowf.

* From these two strains , a s'mgle viral protein (s isolated, expvessed, and

fmally packaged as virus-like particles (VLPs) .

* As these VLPs are devoid of genetic material they can’t cause illness, but are
Immunogenic. This is the basis of ﬁﬂiuve protection against HPV.



SUBUNIT VACCINE VIA GENETIC ENGINEERING

A gene that codes for a viral antigenic protein (s inserted into a carrier virus, or into

producer ee”s in cu[ture.

The viral antigenic protein is }oroduced in the carrier virus as it divides, or in the

metaboliz ing producer cell.

The results in a recombinant vaccine: the expressed proten will be immunogenic

and will activate immune response towards futwre protection against the target

Virus.

Examp le of recombinant subunit vaccine is the Hepatitis B vaccine.
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SPLIT AND SUBUNIT PROTEIN VACCINES (NATURAL OR

RECOMBINAN T)
BENEFITS Non- infectious

Low reacto genicity

Non- infectious

No or limited innate defence triggers
Less Immunogenic than whole pa’chogenvaccines
For vaccines with low immunogenicity oﬁen

aoij uvants are re quived.

EXAMPLES ]nﬂuenza, acellular pertussis, hepatitis B, human

papiiiomavims , meningococcai B malaria, iaerpes

zoster.




POLYSACCHARIDE VACCINES

Some bacteria are protected on a polysaccharide capsule that helps the
organism evade the human defence systems especia“y n infants and

young children.

Polysacc’navide vaccines create a response aga'mst the molecules in the

pathogen’s capsule.

These molecules are small, and oﬁen not very immunogenic. As a
consequence they tend to not be eﬂ'ﬂecﬁve In 'mfants and young
children (under 18—24 months),

Induce only short-term immunity (slow immune response, slow rise of

anﬁ’oody levels, no immume memory).

Examples of po[ysacchavide vaccines include Meningococcal disease
caused on Neisseria meningiﬂdis groups A, C, Wiss and Y, as well as

PVLQMVW.OCOCC&[ 0“86&86.



BENEFITS

POLYSACCHARIDE VACCINES
* target can be easily identﬁed.

IVARARONEN *  Weak immunogens, activate only a transient

EXAMPLES

anﬁ’oody response thus provide protection for
limited period.

® Limited immunogenicity in infants

® Thereis a decrease in response aﬁer succesive doses,

® There is almost no impact on cawiage

Pneumococcal polysaccharlde vaccine, meningococcal,

polysaccharide vaccine .




CONJUGATE VACCINES

Cory’ugate vaccines are similar to recombinant vaccines
and are made on combination of two d@ﬁfevent

comp onents.

Coats of bacteria which have been chemicaﬂy linked to a

carrier protein is used as a vaccine.

The plece of bacterial coat combined with a carrier

pvote N can genem’ce immuni’cy aga'ms’c ﬁ/t’cwe infecﬁon.

Examples are vaccines for pneumococcal bacterial
infections for use in children are made us ing this

techn lque.



POLYSACCHARIDE CONJUGATE VACCINES

BENEFITS Increased immune response [eading to more
protection in kids.

Provide longer duration of protection as compared to
polysaccharide vaccines due to B-Cell and T-cell
responses.

]mpac‘c on cawiage and transmission.

IV ARaR[e)NE| @ Boosters doses may be required to produce long

term protection.

EXAMPLES Meningococcal C,ACWY, pneumococca[

conjugate vaccine , Haemophilus inﬂuenzae type b.




PLANT BASED VACCINES

These vaccines are pmduced n a plant ’c’nrough genetic engineering and
have a highev thempeuﬁc value to treat many human and animal

diseases.

The target sequence of the selected antigen (s integrated with the vector
loefore Ioe'mg transfewed into the expression system.

The transgene is then expressed in the plants either tlmrough a stable
transformaﬁon system or Hmrough transient transformaﬂon system,
depending on the location where the transgene has been inserted in the

CQHS.

These genes are engineeved in such a way that plants can handle the

downstream processing of these antigenic proteins.

These proteins maintain their activity and eﬁﬂicacy, thus contrilouﬁng to

their via’oiﬁty as subunit vaccines.



PLANT-BASED VACCINES CONTD.....

° Althoug’n many plan‘c—based vaccines such as Avian 'mf [Uenza vaccine in

transgenic tobacco (Medicago), and Ebola Vaccine in transgenic tobacco
have been pmduced but these are still under clinical trials [L. Faye and V.
Gomord, 2010; M. McCarthy, 2014.].

* Till today, there is no plant made vaccine that has been approved to be

marketed for human consumpﬁon.

* Generaﬂy, three main cha“enges n producﬂon and usage of these vaccines
are
— the selection of antigen and p[ant expression host,
— consistency of dosage, and
— manufacturing of vaccines according to Good Manufacturing Practice (GMP)

]OVOC€0[LU"€S.



DNA VACCINES

DNA vaccines use DNA sequences coding for a particu[av antigen.

These DNA sequences are direcﬂy inject in the muscle of the individual

Iaeing vaccinated.

The DNA aﬁer binds itself into the host cells results in the pmducﬁon of
the antigen ﬁr‘OWl the 'mfecﬁous agent. This antigen Ioeing foveign elicits

an immune response.

These vaccines can be easily produced, as the DNA is highly stable and

easy to make copies.

Till date no DNA-based vaccines have been shown to elicit substantial

immune response Vequhred to prevent infecﬁon.

DNA vaccines may be good candidates vaccines against parasitic
diseases such as malaria. However, cuwently, there is no human vaccine

n use against a parasite.



DNA VACCINES

Advantages

* Defined composition

° Non—veplicat'mg pla’gform capalo le of 'mducing T-cell Immunity
* Potential application in development of therapeutic vaccines

* (Construct may code for mu[t'qole epitopes and also inducers of innate

immune responses
Disadvantages
* Poor immunogenicity in humans

* Concerns/issues Vegavding potenﬂal for construct to integrate with

* host genome



DENDRITIC CELL (DCs) VACCINES

Monocytes from the blood (in most cases ﬁrom the individual who
will receive the vaccine) are used to produee immature DCs in
vitro.

The monocytes are loaded with antigen and induced to mature
into APCs and then 'mﬁased back into the patient.

The ﬁrs‘c DC vaccine, designed for the treatment of prostate
cancer, was licensed in 2010 (Sipuleucel-T).

DC vaccines oﬁev an personalized appvoach towards development
of ‘chevapeuﬁe vaccine and represent a speeialised method of
vaccination that is evmfenﬂy limited to aggressive cancers, and the
treatment of serious, intractable infeeﬁons.



ADVANTAGES AND DISADVANTAGES OF DC
VACCINES

Advantages :

* Individualised appvoac’n to thempeuﬁc vaccine development

* Can induce potent T-cell responses

e (Clinical responses can be achieved

Disadvan’cages:

Expensive (these vaccines ’cypica”y use auto logous DCs) with
sop’nistica‘ced (ogisﬂcs
Mature DCs rap 'Ldly lose via’aiﬁty and ﬁmcﬁon aﬁev injection

Diﬂ'ﬁicult to achieve clinica“y suﬁcient levels of circulaﬁng anﬁgen—speciﬁc
Teells.



COMPONENTS OF AVACCINE

* Vaccines include a vartety of ingredients including antigens,
stabilizers, adjuvan’cs, antibiotics, and preservatives.

o They may also contain residual on—produc’cs ﬁom the
pvodueﬁon process.

* Knowing the precise composition of each vaccine can be
helpful when investigating adverse events  following
immunization (AEFls) and for selecting alternative products
persons with aﬂergies or who have had an adverse event
known or suspected to be related to a vaccine component.



COMPONENTS OF AVACCINE

* ANTIGENS are the components derived ﬁfom the structure of disease-

causing organisms, which are Vecognized as 'foreign’ by the immune

system and trigger a protective immmune response to the vaccine.

* STABILIZERS are used to help the vaccine maintain its eﬁfecﬂveness
during storage. Stabilizing agents include MgClz (for OPV), MgSO4 (for

measles), lactose-sorbitol and sorbitol-gelatine.

* ANTIBIOTICS Trace amounts appear in vaccines, for examp[e, MMR
vaccine and 1PV each contain less than 25 micrograms of neomycin per
dose (less than 0.000025 g). Persons who are known to be allergic to
neomycin should be closely observed aﬁer vaccination so that any aUevgic

reaction can treated at once.



COMPONENTS OF A VACCINE contd...

* PRESERVATIVES are added to multidose vaccines to prevent
bacterial and ﬁmgal growth fov example Thiomersal,
Formaldehyde, or Phenol derivatives

* ADJUVANTS are a highly heterogeneous group of compounds

which enhance the immune response. There are several
hundred diﬁfeven‘t types of aoyuvan’cs that are Ioeing used or
studied in vaccine ’cec’/mology



EXAMPLES OF ADJUVANTED VACCINES

SNo. |Adjuvanted Vaccine Type of Adjuvant
1. Hepatitis A Aluminium salt
2, Hepatitis B Aluminium salt

3. Diptheria, Tetanus, acellular Pertusis, | Aluminium salt
combinations (DTap or Tdap)

4 |Haemophilus influenza type b (Hib) | Aluminium salt

Human Papilloma Virus Aluminium salt or ASO4 ( aluminium

salt and monophospholipid A).

6. | Pneumococcal conjugate Aluminium salt

7. |)Japanese encepphalitis Aluminium salt

8.  |HiNiinfluenzae MF 59 (oil in water emulsion)

From VACCINE FACT BOOK 2012



AN IDEAL VACCINE SHOULD BE ....

GOOD IMMUNE RESPONSE

* Both Cell Mediated Immunity and antibody responses.
* Immunity is long lived

* Single dose

SAFETY

* Danger of reversion to virulence, or Severe disease in 'meuno—comprised

STABILITY

o nganisms in the vaccine must remain viable in order to 'mfec’c and
Veplica’ce in the host

* Vaccine preparaﬂons are therefore very sens itive to adverse stovage
conditions

EXPENSE
. Cheap to prepare
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