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kali ditemukan di Amerika Serikat tahun 1981,
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Tahun 1993 ditemukan 49 kasus AIDS dan 144
kasus HIV positif (seluruhnya berjumlah 193
orang) di 12 provinsi. Pada tahun 2000
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Introduction

The word “vaccine” originates from the Latin
Variolae vaccinae (cowpox)

Edward Jenner demonstrated in 1798 prevent
smallpox in humans.

Today the term ‘vaccine’ applies to all biological
preparations

Enhance immunity against disease & either
prevent (prophylactic vaccines)

In some cases, treat disease (therapeutic
vaccines).

Vaccines are administered in liquid form, either by
injection, by oral, or by intranasal routes.

Baxby D (January 1999).
http://phrma-docs.phrma.org/files/dmfile/Vaccines ReportLong 2017.pdf



http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf

Characteristics of vaccines

s Effective protection againts the pathogen

** Must occur without significant danger of actually causing the disease

** The protection that is provided must be long lasting

+* The vaccine must induce the immune responses (e.g CTLs)

*» Neutralizing antibodies must be stimulated in order to minimize reinfection
** The vaccine must be economically feasible to produce

*» The vaccine must be suitable for storage, transport, and use.

DoanT et al, (2013)



Examples of Vaccines by Type

Live-attenuated Measles, Mumps, Rubella,
Varicella zoster

Inactivated Hepatitis A, Influenza, Pneumococcal
polysaccharide

Sinovac

Recombinant sub-unit | Hepatitis B

Conjugate Pneumococcal, meningococcal,
polysaccharide-protein | Haemophlius influenzea type b (Hib)

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA Vaccine FactBook 2013.pdf

U.S. NIH, National Institute of Allergy & Infectious Diseases (NIAID). Vaccine Types. https://www.niaid.nih.gov/research/vaccine-
types.

http://phrma-docs.phrma.org/files/dmfile/Vaccines ReportLong 2017.pdf



http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf
http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf

Vaccines composition

Vaccines are composed = entire disease-causing
microorganism or its components.

From living organisms that have been weakened, under sub-
optimal conditions (attenuation)

Or from genetic modification— effect of reducing their
ability to cause disease

From whole organisms —inactivated by chemical, thermal or
other means

From components of the disease-causing organism—-> specific
proteins & polysaccharides, or nucleic acids

From inactivated toxins (toxin-producing bacteria)

From the linkage (conjugation) of polysaccharides to proteins
(this increases the effectiveness of polysaccharide vaccines in
young children)

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook 2013.pdf



How do vaccines work?

DISEASE-CAUSING
ORGANISM

DISEASE RECOVERY OR DEATH OR
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i
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|
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I
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MEMORY

comparison of the immune response to a diseases-causing organism & to a vaccine

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Cont......
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 —s

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Antibody Destruction of Antigen

ANTIBODY PRODUCTION AND BINDING

ANTIGEN RECOGNITION /—\ (/\;

DISEASE- IMMUNE SYSTEM ACTIVATION ~ ANTIBODY e I LTEN B
CAUSING AGENT PHAGOCYTOSIS

ANTIBODY PRODUCTION AND BINDING
ANTIGEN RECOGNITION

VACCINE ANTIGEN IMMUNE SYSTEM ACTIVATION ANTIBODY ANTIGEN DESTRUCTION BY
PHAGOCYTOSIS

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Vaccines: transforming public health in the
united states

ANNUAL MORBIDITY DISEASES REPORTED CASES
(20" CENTURY) ¥ DECREASE (2013

DIPTHERIA 0

100% M.

SMALLPOX* —a{

100% j
MEASLES —L_m
>99%

MUMPS m
>99%

RUBELLA —-L__m
>99%

POLIO (PARALYTIC) w
>99%

TETANUS —-L_m
96%

PERTUSSIS ——-( 28,639 u.

86%

http://phrma-
cs.phrma.org/files/dmfile/Vaccines Reportlong 2017.pdf =mallpox has been erodicated worldwide.



http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf
http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf

Persevere: VVaccines can take decades to develop

INFECTIOUS AGENT AGENT LINKED VACCINE LICENSED YEARS
(Disease) TO DISEASE IN ... INU.S.IN ... ELAPSED

-
Measles 1953 1963 10 =0
Hepatitis B 1965 1981 16 )
Human papilloma virus Early '80s 2006
(cervical cancer) to mid-90s 12-25 pw=0
Rotavirus 1973 2006
(diarrheal disease) 33 pr—0
Varicella zoster 19353 1995 42 h—)
(chickenpox)
Pertussis 1906 1948 42 f—)
(whooping cough)
Polio 1908 1955 47—
Haemophilus influenza 1889 1981 92—}
Typhoid 1884 1989 105
Malaria 1893 - 116
Human immunodeficiency virus 1983 — 26

(HIV/AIDS)

!

Covid-19 2020 (in activated vaccines)

'\

Savi



Herd immunity

(herd effect, community immunity, population immunity, or social immunity)

= not immunized, = immunized = not immunized,
but still healthy and healthy sick, and contagious

actBook_2013

.pdf



Vaccine Efficacy (VE)

PROPORTION INFECTED IN THE PROPORTION INFECTED IN
UNVACCINATED THEVACCINATED

=
i

X 100

= INFECTED

= NOT INFECTED
UNVACCINATED

= NOT INFECTED
VACCINATED

PROPORTION INFECTED IIN THE
UNVACCINATED

}
i

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Observed efficacies of some vaccines (maximum

values
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http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf
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Cite as: A. Wajnberg et al., Science
10.1126/science.abd 7728 (2020).

Robust ney ing antibodies to SARS-CoV-2 infection
persist for months

Ania Wajnberg™*, at*>?, Adolfo Firpo*, Deena R. Altman®, Mark J. Bailey', Mayce Mansour’,
Meagan McMahon?, Philip Meade*?, Damodara Rao Mendu*, Kimberly Muellers', Daniel Stadlbauer?,

Kimberly Stone’, Shirin Strohmeier?, Viviana Simon?, Judith Aberg®, David L. Reich®, Florian Krammer>*,
Carlos Cordon-Cardo**

‘Departmeqt of General Internal Medicine, Icahn School of Medicine at Mount Sinai, New York, NY 10029, USA. ?Department of Microbiology. Icahn School of Medicine at
Mount Sinai, New York, NY 10029, USA. *Graduate School of Biomedical Sciences. Icahn School of Medicine at Mount Sinai, New York, NY 10029, USA. *Clinical Microbiology
Laboratory, Department of Pathology, Icahn School of Medicine at Mount Sinai, New York, NY 10029, USA. *Division of Infectious Diseases, Department of Medicine, lcahn

School of Medicine at Mount Sinai, New York, NY 10029, USA. Department of Anesthesiology, Perioperative and Pain Medicine, lcahn School of Medicine at Mount Sinai.
New York, NY 10029, USA.

*Corresponding author. Email: ania.wajnberg@mountsinai.org (A.W.); florian.krammer@mssm.edu (F.K.): carlos.cordon-cardo@mssm.edu (C.C.-C.)

SARS-CoV-2 has caused a global pandemic with millions infected and numerous fatalities. Questions
regarding the robustness, functionality, and longevity of the antibody response to the virus remain
unanswered. Here we report that the vast majority of infected individuals with mild-to-moderate COVID-19
experience robust IgG antibody responses against the viral spike protein, based on a dataset of 30,082
individuals screened at Mount Sinai Health System in New York City. We also show that titers are relatively
stahle for at least a period approximating 5 months and that anti-spike binding t;: iigniﬁcantly correlate
with neutralization of authentic SARS-CoV-2. Our data suggests that more than(90% bf seroconverters
make detectible neutralizing antibody responses. These titers remain relatively e for several months
after infection. gz -




How safe are vaccines?

* Immune reactions that they induce can cause some
discomfort i

* The vast majority of adverse events are minor & trans |
* These are typically pain injection site, or mild fever

 More serious adverse events occur rarely - risk cannot be
accurately assessed

* Some serious adverse events may be so rare - once in
millions of vaccine doses delivered

* Some individuals may be sensitive to some components or
elements in some vaccines, such as eggs, antibiotics, gelatin

* |tis believed that rare & very rare adverse events are
associated with individual differences in immune responses

e Furthermore, a 10-11 year study of 657,461 children found

that the MMR vaccine does not cause dUtISM &
actually reduced the risk of autism by 7 percent.

* Covid-19 Still developed

Disease Control & Prevention (2018)
March 5, Reuters Updated; 2019 (2019-03-05). "Another study, this one of 657k kids, finds MMR vaccine doesn't cause autism | Montreal Gazette". Retrieved 2019-03-13.



https://nationalpost.com/news/world/the-largest-ever-study-has-shown-the-measles-mumps-and-rubella-vaccine-is-linked-to-lower-rates-of-autism

Common reactions to vaccines
routinely used in several industrialized
countries

BCG (against tuberculosis) 890-95%

Haemophilus influenzae 51504 21004
type b

adults 15%
Measles / Measles, Mumps, v
: =1% diarrhea, headache,
. : ~10% Ty :
Tetanus / Tetanus, diphtheria 50-85% hoaster doses ~10% ~25% irritability and malaise

: o up to 55% imitability and
Pertussis (whole cell} up to 50% up to 50%

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Classification of adverse events following
immunization (AEFI)

Classification Frequency
Very Commaon =1/10

CoOmmon =1/100and =1 /10
uncommon =1/1000and<1/100

rare =1 /10000 and <1 /1 000

Very rare <1 /10 000

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Innate & Adaptive Immunity

* |nnate Immunity/ natural/ native immunity :

Essential for defending againts microbes in the first few hours or days after
infection

Facilitate rapid responses to invading microbes

» Adaptive Immunity/ specific/ acquired immunity :

20

Develops as a response to infection & adapts to the infection

Recognizes & react to microbial & non-microbial substances antigenS)
Stronger & more specialized are capable of eradicating

Enhancing the protective mechanism of innate immunity

> Making them more capable of effectively combating microbes

(Abbas, 2018)



* The innate immunity system :

v’ Maintains physical & chemical defences at epithelial
barriers (skin & lining gastrointestinal & respiratory
tracts - which block microbial entry)

v'The two major types of protecting reactions >
inflammation & antiviral defences

(Abbas, 2018)
21
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Routes of
antigen entry

(Abbas, 2018)

Epithelium

OSSO,
ololo vio“fiolelo%'oloie}

[ S
Dendritic cell- Antigen that
~associated  enters blood
antigen stream '

To circulatidn ‘
and spleen

Blood-borne
mph node antigens are
jects antigen from captured by antigen
=xithelium and presenting cells
nective tissue in the spleen
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Innate & Adaptive Immunity

Microbe :
Innate immunity _Adaptive immunity

* ‘@- f ~ Epithelial

Antibodies

B lymphocytes

& 5 B R4 4 H ; ; \q@l
¥ s - \4; \ ,4"'\ \:'-'\ M A :
. e = i
= gocytes Dendntlc | ' ‘
st cCells Effec
Effector

: | T cells
Mast St : '
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- Ca NKcells ="
. and other & ' | | '

Complement ILCs _ e _

‘*Hours // s neiDays R
0 6 12 % 4 T
Time after infection - ==see - T S

(Abbas, 2018)
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Classes of lymphocytes

/Ar'it_igen recognition : Effector functions

Neutralization
B of microbe,
phagocytosis,
__lymphocyte = complement |
Antibody @ actlvatlf)n» ‘ !
Cytoxifes Activation of
LW, macrophages
omm—
Inflammation
Helper T Microbial antigen
. lymphocyte |~ presented ~ Activation
N g¥e§gtrll?iﬁg-c ol (proliferation and
differentiation)
of Tand B
lymphocytes
Infected cell expressing
— microbial antigen :
Cytotoxic T g illi =
Killing of
lymphocyte infected cell |
(CTL) Ty

Regulatory T lymphocyte

Responding T lymphocyte

3
£

Suppression of
lymphocytes

| ——
Hegulatory
J lymphocyte




Specificity, memory, & contraction of adaptive
Immune responses

e

Serum antibody titer

Antigen X

Primary
anti-X
response

/Plasma cells

+ Antigen[Y

- anti-Y ,;-)}'C
response Y«

Secondary = Memory

anti-X B cells
response Ve
Plasma

. cell

. Memory
Primary

B cells

(Abbas, 2018)



Adaptive immune responses to extracellular
microbes

Neutralization|

Opsonization and
Fc receptor-
mediated
phagocytosis

Helpe‘? T cells
(for protein
antigens)

Phagocytosis — A b
of C3b-coated
bacteria

7 Antibody
Complement ﬁfgg
activation 8 Inflammation ol

X
— by
Bacterial lysis ’
Various Antibody
cytokines response
Macrophage

activation =
phagocytosis and
bacterial killing

IFN-y

Presentation of
protein antigens

Inflammation

Adaptive immune responses to extracellular microbes, such as bacteria, & their toxins consist of antibody production & the activation of
CD4+ helper T cells. Antibodies neutralize & eliminate microbes & toxins by several mechanisms. Helper T cells produce cytokines that
stimulate B cell responses, macrophage activation, & inflammation.



Active & passive immunity

Microbial jSpecificity:lMemory‘
antigen
(vaccine Infection
or infection)
S8 R
_Active % ~ “Recovery | Yes Yes
immunity \ Days or | | (|mmun|ty)
| weeks
Serum (antibodies)
from immune ;«;f ~Infection |
|nd|V|duaI | % _
Passive ; é’k: | ‘ = : ‘ Yes No
. . ~ =N N 3 ecovery '
M Administration (immunity)
of serum to ‘ ‘ 5
uninfected
individual

(Abbas, 2018)



Vaccine safety surveillance &
evaluation

Since vaccines are typically administered to healthy
individuals, tolerance for adverse events is much lower

Most governments mitigate the investigation of possible
adverse events following immunization (AEFIs)

Before a vaccine is licensed, it is carefully studied for all
possible harmful effects

Testing proceeds in a stepwise approach
Safety is first evaluated in animals.

If there is no evidence of harm in animals, testing can begin
in a small number of humans.

If there is no evidence of harm in humans, testing proceeds
to increasing numbers of human subjects.

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



In humans, testing proceeds in

D

D

D

NdsSe
NdsSe

NdSE

three phases:

clinicaltrials involve a few dozen
| involve 50 — hundreds
Il involve thousands or tens of

thousands Of subjects.

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Vaccine injury compensation systems

Vaccine injury compensation systems - to rapidly award
suffer injury from properly produced & administered vaccines

Designed as no-fault systems, that do not require proof of
negligence on the part of the manufacturer (e.g. from
improper design)

As such, punitive damages cannot be sought unless a
manufacturer can be shown to have been grossly negligent

In addition to providing protection from legal action against
vaccine manufacturers, vaccine injury compensation systems
also provide protection for healthcare providers

In the absence of protection, healthcare providers might be
unwilling to provide immunization services

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Storing & transporting vaccines

Once manufactured, vaccines - packaged, stored &
delivered = in appropriate conditions.

Most vaccines require a strict cold-chain to maintain their
stability = under refrigeration.

Exposure to temperatures outside - can reduce the
effectiveness of the vaccine.

Maintaining the cold-chain can be challenging in countries
that lack a reliable infrastructure

So researchers are working on vaccines that do not need to
be refrigerated or can be out of refrigeration temporarily.

Kristensen, 2016; Isanaka S, et al. 2017
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