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The spread of SARS: A worldwide problem

Severe acute respiratory syndrome was first reported in the Guangdong province of China and quickly spread across the globe. Scientists say a lack of
knowladge about the syndrome and the Chinese government’s initially stow and incomgéete reporting of the disease have mads it mone dificult 1o contain
thi profiem. A look at the spread of 1he disease, 18 couse and how it is baing fought worldwide:

27 countries, 259 deaths: Total number of probable SARS cases*

4,443 people are

Suspucied of g Was China the source?
?;o"é's;“.amr’é The: virus may have orginated
those 259 have. in the Guangdang Province in
died from the dis- mid-November, The province,
eBae, The AUmbers which is densaly populated
change daily as and has humans and animals

Tivingd in close contact,

provided an ideal broading
ground for the new virus. It
ﬂﬁtﬂ'ﬁm. migrated to Hong Kong, 1he
- whate launchi 1 f
ystorions Hness s frst roporiod. ;tr:oggnauw he rest o

more SARS cases
are confirmed or
CASES Mistakenty A sk poceErian
dingnosed 05 SARS Gynadong

are reclassified.

- N ¢ -
In Hawai'i, 5 suspected

cases but no deaths

1. Haua'l woman wha traveled to

Hang Kang in lste Felruary,

2 and 3. Two NEdIEh-cang workers

whe came in contact with her

Wikout Hospital,

4 and 5, Twa Hondllu women wha
taturned to Ok afier a tip 1o
rarharn China In migMarch.

Al five woman have fully recovered
The cause of SARS: A new coronavirus »

Working separdedy, Scientisis in Vancouver and the Centers for Disease Contral and Prevention fully mapped the genome of & brandniw comonvinis, using
viruses isolated from SARS cases in Asia and Canada. Tests on mankeys confirmed that the coronavinis causes SARS, according to the Wodd Health

Organization, The genetc i ion about the 5 coulld lead (0 Mo acturate dagnosiic tests, mane specific troatment and eventually, @ vacsine,
Symiptoms and treatment What is a coronavirus?

Patients recerve reatment similar 10 what would be used for First isolated from chickens in 1937,
cnmmu ired atypical preumaonia of unknoan cause. there ane now about 15 species in this

Traatment egimons inchxbs stibiotics, antiviral agents and
steroids. Prezently, the mest effective treatment regimedn i
unkngnam,

famiy. Comnavinises are what cause
the comimion eokl, Thiy infect not orly
ogs and birds, The name "comna”™
comes from the vinss” distinet crown-
lke spikes,
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» Thie liress usually begins
With @ fover ang o tomparatum
grisater than 1004 degrees oo
companiod by headache, chiks,
digeonvice and body sehes.

» After two to seven days, pa-
tienits ey develig & diy, Hon
pracuctve cough that could
Imad to insutficient aoygen in
the Bilood.

» in 18 percent to 20 percent
of cases, this s pradosy iliness
s seveve enough 4o reuine me
chin'gat ventilatian.

o virsy
> Some patents eperence World Health Ogpaizetion :;::n:: :::‘,. iﬁ;]\:‘n

diatrhea with the onset of 4 1e- pagirps of the SARS comnavirus. wirus fo eater
ver. i cell.




Vaccine

Measles Cases Reported by Month in 2019*

342

Number of Cases

January March May July September November

Month

B Number of Cases
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Mumps Cases as of December 6, 2019
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Immune System: _
that mediate resis

Immunology: Study o
function of the immune

Immunity: |
and their {
Immune Res
response t

UL




Primary lymphc
= Red bone marro
= Thymus

Seconda
= Spleen
= Lymph ne










—— Red Blood Cells —

Lymphocyte

) Monocyte

— White Blood Cells — Eosinophil

Basophil

Neurophil

L— Platelets




Bone Marrow

CHILDREN

= Most bones contain rec
bone marrow




Characteristics
Adaptive

Characteristic | L0 Ll

Species All metazoans Vertebrates only

Specificity Molecular Pathogen
patterns specific
Chronology mmediate Days-weeks
Antigen rrelevant Required
- contact

Mery No Yes




Arms of I

Broad range

INNATE IMMUNITY |
Mg B lymphocytes

ADAPTIVE IMMUNITY

Epithelial barriers
Humora

o . Cellular

Time after infection ———
© Elsevier 200




Innate and Adap

= Immunity is the |
or killing foreign si
cancer cells |
Innate imm mecha
functional i
unwantes
Adaptive ir
exposure




Innate

Inborn

First line of defe
Componer

= Physical

= Macrog
cells

» Soluble



Innate

= Physical and

= Skin and mucous
barriers

= Upper re tory tract
and trapp |
= Oil glan
or Kill sc
= Stomach i
= Normal b




= |Inflammation

= Inflammatory react
chemical damage to t

= Tends to v fectic

to immur
= Four sig

n Redn_ ‘
= Inflammz
 harmful




Character_ 1CS

Characteristic llnnate

Species All metazoans Vertebrates only

Specificity Molecular Pathogen
patterns specific
Chronology mmediate Days-weeks
Antigen rrelevant Required
- contact

Memory No Yes




Adaptive -g_: lire

= Antigen

= A substance (molec
foreign and it moun

« It is also /n as an i

= Most anti ' |
complex
or antige

= Some are
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Adaptive [Acquire:

= Antibody

= Antibodies are mole
response to foreign

= |t is spec N antige
= It has




Adaptive [Ace

= Adaptive Immt
= These defenses do
normal cells |
o Immur e system i able tc
sel s .
= Usually
= The in 7




Adaptive [A

= B cells
= Give rise to plas

= Antibodies combi
antigens hence the

= After the binding of ti
cells process the antige
fragments. =
= Tcells
» Do not [
= Differen

= Helper T
immu

- = Cytoto




= Vaccine: Apreparatio _
virus), or their antige
prevention, amelioratior

- Biologic preparation that e

« Generates hum ibody) anc

T-cell) respon: og

= The immune
immune respor
future expc




Paration of microorganisms (e.g., bacterium,
JeNic components administered for the
Blon or treatment of an infectious disease

= Biologic preparation tha

Le '-;hmoral (antibod g/or cellular (cytotoxic or killer
iSponse to eliminate'path@8en or pathogen infected cell

e system is then primed to mount a secondary
Fesponse with strong and immediate protection upon
psure to the pathogen
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Plasma Antibody
Concentration

primary response

secondary response

first exposure
to vaccine

||
second exposure
to vaccine

Time (days)
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Memory: The Two-Edged SWioe




Memory: The Two-Edged SWioe




. Vaccines

Attenuated: M-M-R,
Killed or In tivated: IP
Toxoids: Dip Tetan

Sub-unit:. !
Vector-ba:

DNA: In rest
Peptide

net




. Vaccines

Attenuated: M-M-R,
Killed or In tivated: IF
Toxoids: Dip Tetan

Sub-unit; ‘
Vector-ba

DNA: In rese
Peptide

net




Vaccine Histor

Ref. Hilleman, Nature Medicine, 4, 504, 1998

Edwa Jenner
o 174

- 26
‘:ﬂ‘ | | | | ] ] ] | |
1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980




Histo

-  Smallpox
ertussis
- Polio
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Hepatiti:
Influenz
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1796 - Edward Jenner

No purification!

S ma l “?f_._,}-f: )X

kd : 3
(i 4 / TN /
= U | t‘t‘f“‘ i

Vaccine made from pus o
cowpox patients and milk
maids

Coined the tern

“vaccination”
First recogni
vaccine



Smal 1‘32-- 9)),
Live

17th century Chinese
practice

= Vaccinating with scabs fr
smallpox patients

1796 - Edward Jenner

= Vaccine made fror
COWPOX patlen s
maids .
. Comeq th¢ term
“vaccination

= First recognize
vaccine

of

No purification!



Pertussis (1914
Inactivated Bacteri
Whooping cough caused

pertussis, a small gram-ne
bacteria

Vaccine - suspension of killed whole
cells of bacteria —

Whole cell ’ |
licensed in the

- Later combir
and tetanus t

Cultured in liquid
or solid media

Harvest cells
by centrifugation

Resuspend in
buffer or supernatant

Inactivate by mild heat

Formulate in
formaldehyde/thimerasol

Adsorbed on
aluminium adjuvant




An Egyptian stele thought to
represent a polio victim, 18th
Dynasty (1403-1365 BC)

A3D graphical representation of a tightly packed icosahedral poliovirus particle / Credit: CDC/
Sarah Poser

A girl with a deformity of her =
right leg due to polio




Polio Vaccines

Inactivated and Live Attenuated Virt

An Egyptian stele thought to &
represent a polio victim, 18th
Dynasty (1403-1365 BC)

A3D graphical representation of a tightly packed icosahedral poliovirus particle / Credit: CDC/
Sarah Poser

A girl with a deformity of her =
right leg due to polio




Polio Vza

Inactivated and L

Enders successf
Inactivated virus ¢

Oral polio (Live virus

= Less expensive and simp

IPV

Cell Culture Cell Culture

Centrifugation Centrifugation
. Formalin L g 0.22 um
A Inactivation , y filtration




Polio Vac«

Inactivated and Live /

Enders successfully cultiy
Inactivated virus devel

m

M
=
=
(D
- ¢
S
0.
Gl
(D
o |
ﬁ

THE CROWING
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Paul Offit, D,
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Abdominal pain
Dark urine |
Fever

Joint pe -I:‘_

Loss of a

Nausea

.  Weakness



Hepatitis B

Yeast

( 1 9 8 6 ) ~ | Fermentation

RECOMBIVAX-HBS

Aerosil
Adsorption

Butyl Agarose
Ch romatog raphy

KSCN treatment
Sterile filtration
Alum treatment
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.. 1o viral vector monufocture

Protocols using the KIl Centrifuges
EXAMPLES OF VIRUS ISOLATION PROTOCOLS

ADEHOVIRUS - Adenoviidos HDV, MUMPS - Poramyxovisdae
HEPATITIS B - Hapmavirdoe RSY, MULY, MOMLY, AKRMLY — Rfrouindos
HBLY - Hapasviidoe JAPANESE ENCEPHALITIS - Fizviviioe.
INFLUENZA — POLIO

RABIES - Rhapaoiriane VACCINIA - Foxvinane




lon Channel

Capsid

Neuraminidase

Lipid Envelope {Sialidase)

o A

Influenza virus, magnified approximately 100,000
times




Eggs

incubated
for several
days
CWVs Ig:t;’l':l"rfg Flu viruses in
Candidate Vaccine CVVs grown y injected into fluid is egg fluid is Virus antigen Purification
Viruses Chosen in eggs g fertilized g harvested g inactivated is purified " | and Testing
hen’s eggs from eggs (Killed)
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Seasonal risk areas for influenza: November- =7
April (blue), April-November (red), and year-
round (yellow).
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Current and Future Technictl

sanofi pasteur
Egg-based Facility
No bioreactors - 600K eggs/day
100M doses/year
140K square feet
$150M
Existing site and infrastructure

BioProcess
b Technology
rom Clone to Commercial® Ref: J. Trazzino, BIO2010 Consultants




Adjusted Vaccine Efficacy fe

Adjusted Overall Vaccine Eff
70% '

60%
50%
40%
30%
20%
10%

0%




Flexible Facil

- Seqlrus/CSL (Ho
- Growing flu vaccine
Capacity of 200 MM dc ‘
20 MM doses to be made
US HHS contributed $S700MA
> 5g-base
Approved by
- Protein Sc
= Cells from
= Faster than
e How ever,

1 J
X -
1




sanofi pasteur
Egg-based Facility
No bioreactors - 600K eggs/day
100M doses/year
140K square feet
$150M
Existing site and infrastructure

BioProcess

b Technology
Ref: J. Trazzino, BIO2010 Consultants

rom Clone to Commercial®
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Bioreactor Tec

= Small-scale (<10
= - Flasks (T-flasks,
= - Roller Bottles

= Mid-scale (10 - 250 L)
- Roller Bottles (automated il
- Nunc Cell F: and Costz i |
- “Small” co = i

- Wave Bic
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Emerging

Chinese Authorities Continu 3

Outbreak In Wuhan ‘
BloombergQuint: China Pneumonia O
"A pneumonia outbreak in China that'’s inf
spreading from human to human, officials s
of the mysterious disease. A unday morn
pneumonia, the cause of w nown, the
in a statement late Sun n 44 on F
Reuters: Chinese auth
"Chinese healthcare _,
Severe Acute Respirato
bird flu, and that the
1/5).
STAT: Experts search
outbreak in C
“...The infectio

o ‘+.

th



Global Examples 6f Emerging and
Re-Emerging Infectious Diseases

Antimicrobial- Enterovirus D68 Cryptosporidiosis  Epgla virus disease Diphtheria . MERS-CoV
resistant thoeats West Nile E. coli0104:H4 | prug-resistant malaria Akhmeta virus
- CRE virus R P Rift Valley fever
-MRSA F N T . l:f
- C. difficile o, Typhoid fever
- N. gonorrhoeae el T ok P SFTSV
H3N2v influenza gy % L = bunyavirus
Cyclosporiasis E. coli
E. coli 0157:H7 R 0157:H7
Measles s H10NS8
Human influenza
monkeypox H7Ng
Listeriosis influenza
Bourbon
H5N1
2uu;i:-l|j1sm speis i
influenza SARS
Adenovirus 14 Eilrlf,ash
Anthrax Hend
bioterrorism vl?tr:sm
Chikungl:mya ™ Enterovirus 71
g:rnt%ﬂ;l:; Dengue : Hurnan n:lonkeypox
syndrome Zika virus = : pEEe—— i 5 Ebola virus disease
Yellow fever Marburg MDR / XDR tuberculosis Zika virus
Human African trypanosomiasis” Cholera hemorrhagic fever Plague

© Newly emerging © Re-emerging/resurging @ “Deliberately emerging”| .
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*Resds lilke s Rabeet Lodlum theiller | This B & grest bosk. ™
WASHINGTON POST
Ebola virus disease Diphtheria , MERS-CoV

"t est e zr.-ouém:m / Drug-resistant malaria g
ey vensa oS = 7 >
v influenza o =
Cyclosporiasis = N Da 2 5 &
E.c SR X - = 157
Measles O3 Cra (N 9o ’
te— . b AT
monkeypox »‘-,.@' 0.0 O S0 Y N
Listeriosis A / i T fo A% nf
Bourbon e R Qe
4 . SRS vl s
/ : : » re nflue
7l o s
% al
virus
g /\ . i
7

Global Examples of Emerging and
Re-Emerging Infectious Diseases

Coming

Placuc

Ihe Collapse of Global Public Health

LAURIE GARRETT

Aew Vil Tiswes Bestaclling Asthor of TME COMING PLAGLUE

Laurie Garrett

| et
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Building Total:

/ GMP Bioprocess Wing:
~104,000 ft2

Academic Wing:
~48,000 ft?

Figure 2. Manufacturing Wing of the NCTM

Figure 1. Mational Center for Therapeutics Manufacturing, designed and built based on Flexible
Manufacturing Criteria

Figure 4 A downstream processing suite developed as part of Project GreenVAX at NCTM.
GreenVAX uses tobacco rather than egg-based vaccine technology.
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The Future of Yaccin

- Vaccine developer:
pressure as the uptal
countries as a result of
press stories or misinfor
exchanges. |

. This decreas
the AEs ass
converged to

- As a consec
measlé o

L. o




The Future of Vaccines

The public need:

the relevant risk €

have lost their histori
vaccine preventable dis

It is largely ildhe
programs

that led to

polio on the




The Future of Yaccines

The success of

is difficult to cele
disease.

This is in s}
appreciati
tangible,




The Future of Yaccines

"The Earth is rot
vaccines are safe an
dange







dgross@padrugdiscovey.org
+1.267.893.6777




Dermatology
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Adaptive .’Q‘!'-.' :

Develops in ri
Recognizes feat
Immunologic me

- Cellule
Characte




Risk & Benefit to
Safety Patients




- Drugs

Pre-clinical

Toxicology in rodent and
something else
Hepatic microsome for CYP
enzyme metat
Safety p
cardiovas
studies IC

Carcinoge



Differences Betwe
' l, o¢ .

- Drug -

i
h—

Pre-clinical

= Toxicology in rodent and
something else

Hepatic microsome for CYP
enzyme metabe

Safety pharm
cardiovascula

studies ICF

Carcinogeni

Clinical
! Dr S iv




Potential Saf

Inherent toxic
Tox1c1ty 0 1mpu

Toxicity intere
com po

Toxicity |

rS Yol '




Toxicity Assessmis

. “Relevant’

= An animal species
article activity, e.g.,

response arter vaccina
= |deally, s ild be se
organ ] !

= One rel
= Except

= Non-hui



Toxicity Assessment: ROA/DOSIRE

Route of administ

should correspor
ROA and dose(s), e.

. Total numbe
number o
= [“N plus 17]




Clinical Drug Developm

IND/ = - Phase | - First-

CTA = 20-100 normal
= Determine safef
Phase lla/llb - Theray
= 100-300 patients
= Evalu ficacy
Phase II




Clinical Drug Developm

IND/ = - Phase | - First-

CTA = 20-100 normal
= Determine safef
Phase lla/llb - Theray
= 100-300 patients
= Evalu ficacy
Phase II




Clinical Drug Developm

IND/ = - Phase | - First-
CTA = 20-100 normal
= Determine safet
Phase lla/llb - Thera
= 100-300 patients
= Evalu ficacy
- Deteri e range and
Phase II nfirm
1 Possibly 60-70,000 for a vaccine
NDA/ "

wma/ =
BLA : '?h N

nar




CLINICAL POPL
DEVELOMEN

ROTATEQ® : Rotavi
patients in the pivota

ZOSTAVAX
in the piv




EVALUATING A VAC

Sources: Clemens et
Le i

Phase I: Well-to_lerated and

kT \

Phase Il: Well-tole |
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EVALUATING A VAC:

Phase lll: Well-tolerated and




EVALUATING A VACK

An Efficacy tria
measurement of p

Efficacy- 1
against

Protective Effi




Methodolog)

Future F

Effector Host Immunity &  Manufacturing
Antigen Composition  Adjuvants Mechanisms Clinical Design Platforms

o

Drift & respor Synergistic effector
rift & function
2 Immunity
lismatch ; ’ Host response
ismatch omarkers Hypothesis testing

Biomarkers (CoP)



. Macrophages and dendritic cells

phagocytize pathogens and release
; _ ~ - cytokines, which stimulate the
Tissue Nl N inflammatory reaction.

——

1. Injured tissue cells and mast cells
release histamine which causes
capillaries to dilate and increases
blood flow.

blood clot

4. Blood clotting walls off 3. Neutrophils and monocytes (which become
capillary and prevents macrophages) squeeze through the
blood loss. capillary wall and phagocytize pathogens.




