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WHY??
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• From 1-Jan thru 5 December 2019: 1,276 cases in the US
• Most cases since 1992
• >75% of cases linked to outbreak in NY

Source: CDC
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Immunology
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 Immune System: Cells, tissues, and molecules 
that mediate resistance to infections

 Immunology: Study of the structure and 
function of the immune system

 Immunity: Resistance of a host to pathogens 
and their toxic effects

 Immune Response: Collective and coordinated 
response to the introduction of foreign 
substances in an individual mediated by the 
components of the immune system.
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 Primary lymphoid organs
 Red bone marrow
 Thymus

 Secondary lymphoid organs
 Spleen
 Lymph nodes
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CHILDREN

 Most bones contain red 
bone marrow

ADULT

 Present only in the bones 
of:
 Skull
 Sternum
 Ribs
 Clavicle
 Pelvic bones
 Vertebral column
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Characteristic Innate Adaptive

Species All metazoans Vertebrates only

Specificity Molecular
patterns

Pathogen 
specific

Chronology Immediate Days-weeks

Antigen
contact

Irrelevant Required

Memory No Yes



Broad range Highly specific

Humoral

Cellular



 Immunity is the body’s capability of removing 
or killing foreign substances, pathogens, and 
cancer cells

 Innate immunity mechanisms are fully 
functional without previous exposure to an 
unwanted substance

 Adaptive immunity is dependent upon 
exposure to specific antigens
 Antigen:  Any molecule that stimulates an immune 

response
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 Inborn
 First line of defense
 Components:

 Physical barriers
 Macrophages, natural killer cells, antigen-presenting 

cells
 Soluble mediators



 Physical and Chemical Barriers
 Skin and mucous membranes are mechanical 

barriers
 Upper respiratory tract has cilia to remove mucus 

and trapped particles
 Oil glands in the skin secrete chemicals to weaken 

or kill some bacteria
 Stomach is acidic
 Normal bacteria in the intestines and other areas 

out compete potential pathogens
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 Inflammation
 Inflammatory reaction caused by physical or 

chemical damage to tissue
 Tends to wall off infections and increase exposure 

to immune system
 Four signs

 Redness, heat, swelling, and pain

 Inflammatory reaction that persists may become 
harmful
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Characteristic Innate Adaptive

Species All metazoans Vertebrates only

Specificity Molecular
patterns

Pathogen 
specific

Chronology Immediate Days-weeks

Antigen
contact

Irrelevant Required

Memory No Yes



 Antigen
 A substance (molecule) that the body identifies as 

foreign and it mounts an immune response.
 It is also known as an immunogen
 Most antigens are proteins and their structure is 

complex.  Large proteins may have several epitopes 
or antigenic determinants

 Some are glycoproteins, nucleoproteins, or 
polysaccharides.
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 Antibody
 Antibodies are molecules that are produced as a 

response to foreign invaders
 It is specific for an antigen
 It has the capacity to bind to the antigen.
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 Adaptive Immunity
 These defenses do not ordinarily react to our own 

normal cells
 Immune system is able to distinguish “self” from “non-

self”

 Usually take 5 to 7 days to become fully activated
 The immunity may last for years
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 B cells
 Give rise to plasma cells which produce antibodies
 Antibodies combine with and neutralize particular 

antigens hence the term neutralizing antibodies.
 After the binding of the antigen to the antibody, the B 

cells process the antigen by breaking it into tiny 
fragments.

 T cells
 Do not produce antibodies
 Differentiate into 

 Helper T cells – release chemicals [cytokines] to regulate 
immune system

 Cytotoxic T cells – attack and kill virus-infected or tumor cells
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 Vaccine: A preparation of microorganisms (e.g., bacterium, 
virus), or their antigenic components administered for the 
prevention, amelioration or treatment of an infectious disease 

 Biologic preparation that elicits immune response with memory

 Generates humoral (antibody) and/or cellular (cytotoxic or killer 
T-cell) response to eliminate pathogen or pathogen infected cell

 The immune system is then primed to mount a secondary 
immune response with strong and immediate protection upon 
future exposure to the pathogen
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 Follow immune response using antibody titer
 1st exposure – titer rises slowly
 2nd exposure – titer rises rapidly and to a higher 

level
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Vaccine Memory
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Vaccine Memory

Gene Therapy AAV Memory



 Vaccines
 Attenuated: M-M-R, Rotavirus, Varicella, Zostavax
 Killed or Inactivated: IPV, HepA, Flu
 Toxoids: Diphtheria, Tetanus
 Sub-unit: HepB, acellular Pertussis, HPV
 Vector-based vaccine: Canary pox, Adenovirus,
 DNA: In research phase
 Peptide vaccine: Epitope vaccine, peptide immunogens 

(HER-2/neu); 
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1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

1796
Smallpox

1885
Rabies

1923
Diphtheria

1926
Pertussis

1927
Tetanus

1935
Yellow Fever

1955
Polio

1956
Adenovirus

1962
Oral Polio

1963, 1968
Measles

1965
Japanese

encephalitis

1967
Mumps

1969
Rubella

1971, 1978
MMR

1974
Meningococcal

1977
Pneumococcal

14-valent

1981
Hepatitis B

1983
Pneumococcal

23-valent

1986
Hepatitis B

(Recombinant)

1989
Hib Conjugate 

1995
Varicella

1996
Hepatitis A

1996
Hib-Hep B

1996
DTacP

1998
Lyme

1999
Pneumococcal

conjugate

Louis Pasteur
1822 - 1895

Edward Jenner
1749 - 1823

Maurice Hilleman
1919 - 2005        

Jonas Salk
1914 - 1995

Albert Sabin
1906 - 1993

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



 Smallpox
 Pertussis
 Polio
 Hepatitis B
 Influenza
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Protection from Cholera

Picture courtesy of Wellcome Library, London



 1796 - Edward Jenner
 Vaccine made from pus of 

cowpox patients and milk 
maids

 Coined the term 
“vaccination” 

 First recognized use of a 
vaccine

 No purification!



 17th century Chinese 
practice
 Vaccinating with scabs from 

smallpox patients

 1796 - Edward Jenner
 Vaccine made from pus of 

cowpox patients and milk 
maids

 Coined the term 
“vaccination” 

 First recognized use of a 
vaccine

 No purification!

11 Substances in development: Antivirals 
and Vaccines



 Whooping cough caused by B. 
pertussis, a small gram-negative 
bacteria

 Vaccine - suspension of killed whole 
cells of bacteria 

 Whole cell pertussis vaccine first 
licensed in the US in 1914
 Later combined with diphtheria 

and tetanus toxoids (DTP) in 1942

 Lack of purity caused some side 
effects
 Led to the development of 

acellular pertussis (subunit 
vaccine)

Ref. Aunins, Lee and Volkin, in The Biomedical Engineering Handbook, CRC Press, Boca 
Raton, 1995
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 Enders successfully cultivated virus in tissue culture (1949)
 Inactivated virus developed by Salk (1955)
 Oral polio (Live virus) developed by Sabin (1963) 

 Less expensive and simple to use

IPV OPV

Cell Culture

Centrifugation

0.22 um
filtration

Cell Culture

Centrifugation

Formalin
Inactivation

Ref. Salk, JAMA, 151, 1081, 1953 Ref. Aunins, in Encyclopedia of Cell Tech., Ed. Spier, Wiley & Sons, NY, 2000
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 Enders successfully cultivated virus in tissue culture (1949)
 Inactivated virus developed by Salk (1955)

IPV
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•Cutter departed from Salk’s safe production protocols
•Lots of vaccine shipped containing live virus
•40,000 children became ill
•200 permanently paralyzed
•10 died
•Tests for live virus were not sensitive enough



 Abdominal pain
 Dark urine
 Fever
 Joint pain
 Loss of appetite
 Nausea and vomiting
 Weakness and fatigue
 Yellowing of your skin and the whites of your 

eyes (jaundice)

48



Ref. Sitrin et al., in Hepatitis B Vaccines in 
Clinical Practice, Ed. Ellis, R. W., Marcel Dekker, NY, 1993

Yeast
Fermentation

Homogenization

MF

Aerosil
Adsorption

KSCN treatment

MF

UF

Butyl Agarose
Chromatography

XAD Treatment

Sterile filtration

Alum treatment
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Source: CDC

Influenza Season

Adjusted Overall Vaccine Efficacy



 Seqirus/CSL (Holly Springs, NC)
 Growing flu vaccine in canine kidney cells
 Capacity of 200 MM doses in 6 months 
 20 MM doses to be made this year
 US HHS contributed $700MM to facility construction
 ½ the cost ($3.50 for egg-based) of traditional vaccine
 Approved by FDA in May 2016 (4 strain vaccine)

 Protein Sciences (Rockland County, NY)
 Cells from caterpillars
 Faster than egg-based systems
 However, 5-10X the cost of egg-based vaccines.
 Can make 5MM doses this year but expects to sell only 

900,000
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 Small-scale (<10 L)
 - Flasks  (T-flasks, Erlenmeyer, Spinners)
 - Roller Bottles

 Mid-scale (10 - 250 L)
 - Roller Bottles (automated handling)
 - Nunc Cell Factories and Costar Cell cubes
 - “Small” continuous stirred reactors
 - Wave Bioreactors
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Inoculum Prep  

P-1 / TFR-101

T-Flask (225 mL)

P-2 / RBR-101

Roller Bottle (2.2 L)

P-5 / SBR1

First Seed Bioreactor (1000 L)

P-6 / MP-101

Media Prep

P-7 / DE-101

Steri le Fi ltration

P-9 / MP-102

Media Prep

P-10 / DE-102

Sterile Fil tration
P-8 / SBR2

Second Seed Bioreactor  (4000 L)

P-11 / PBR1

Production Bioreactor (15000 L)

P-12 / MP-103

Media Prep

P-13 / DE-103

Sterile Filtration

S-001

S-002

3.64 L/batch 

S-003

S-011

S-012

S-013

S-014

S-015

S-016 S-017

945.69 L/batch 

Vent-4S-018

S-019

S-020

S-022

S-021

S-023

3798.91 L/batch 

Vent-5

S-025

S-024

S-026

S-027

S-028

Vent-3

P-14 / V-101

Surge Tank

S-030

15185.02 L/batch 

P-17 / V-103

Centri fugation Pool  Tank

P-20 / V-107

Storage

S-029

P-21 / DF-101

Diafil tration

S-043

S-044

S-041

P-24 / C-102

IEX Chromatography

P-25 / V-109

IEX Pool Tank

IEX-Equil

IEX-Wash

IEX-WFI

IEX-El

IEX-Strip

IEX-Waste

12594.01 L/batch 

S-049

Amm. Sulfate

P-26 / C-103

HIC Chromatography

P-27 / DE-106

Dead-End Fil tration

P-30 / V-110

Storage

P-31 / DF-102

Diafiltration

P-32 / DE-107

Final Pol ishing Filtration

P-33 / DCS-101

Freeze in 50L Plastic Bags

S-050
1345.25 L/batch 

HIC-Equil

HIC-Wash

HIC-El

HIC-Reg

HIC-Waste

9743.99 L/batch 

S-051

S-172

S-056

S-058 S-057

S-060

S-059

761.97 L/batch 

S-061

S-062
Final  Product

761.97 L/batch 

IEX-Rinse

P-15 / DS-101

Centrifugation

P-16 / DE-108

Polishing Fi tler

S-031

S-033

S-032

S-035

S-034

P-3 / BBS-101

Bag Bioreactor (20 L)

S-004

15.15 L/batch 

S-05

S-006

Bioreaction   

Primary Recovery  Protein-A 

 IEX Chrom   HIC Chrom  

 Final Filtration   

P-4 / BBS-102

Bag Bioreactor (100 L)

S-007

59.11 L/batch 

S-008 S-009

S-010

235.91 L/batch 

P-18 / C-101

PBA Chromatography

ProtA-Waste

46590.92 L/batch 

ProtA-Reg.

ProtA-Elut.

ProtA-Wash

ProtA-Equi il .

P-19 / DE-109

Pol ishing Fitler

S-037

S-039

 Chemical Virus Inactivation 

P-28 / V-108

HIC Pool Tank
P-29 / DE-105

Viral Exclusion Filtration

S-052

1142.85 L/batch 

S-053

S-054

Viral Exclusion   

S-055

S-036

P-22 / V-111

Virus Inactivation P-23 / DE-110

Polishing FIl ter

S-045

S-046

S-048

767.59 L/batch 

S-047

S-038

3836.66 L/batch 

S-042

767.42 L/batch 

S-101

S-102
S-103

S-104
S-105

P-34 / MP-104

Media Prep

S-025b

S-024b

P-35 / DE-104

Sterile Filtration

S-026b

S-028b

S-027b

S-106

S-107 S-108

S-109

S-110
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Images: Copyright Sanofi Pasteur , Amgen,
and New York Times

Large scale (> 250 L) engineered systems.
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Chinese Authorities Continue Work To Identify Cause Of Pneumonia 
Outbreak In Wuhan
BloombergQuint: China Pneumonia Outbreak Widens to 59 Amid Hunt for Source
"A pneumonia outbreak in China that's infected 15 more people doesn't appear to be 
spreading from human to human, officials said, after ruling out SARS as a potential cause 
of the mysterious disease. As of Sunday morning, 59 people had been diagnosed with 
pneumonia, the cause of which is unknown, the Wuhan Municipal Health Commission said 
in a statement late Sunday. That’s up from 44 on Friday..." (Gale, 1/6).
Reuters: Chinese authorities say viral pneumonia outbreak is not SARS, MERS or bird flu
"Chinese healthcare authorities in Wuhan said an outbreak of viral pneumonia was not 
Severe Acute Respiratory Syndrome (SARS), Middle East respiratory syndrome (MERS), or 
bird flu, and that they were still working to identify the cause and source..." (Li/Woo, 
1/5).
STAT: Experts search for answers in limited information about mystery pneumonia 
outbreak in China
"...The infections are linked to a large seafood market where it is believed some exotic 
animals were also sold for consumption. The World Health Organization has said little 
about the outbreak beyond that it is in close contact with China authorities on the 
issue..." (Branswell, 1/4).
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Images: Copyright Sanofi Pasteur , Amgen,
and New York Times

Large scale (> 250 L) engineered systems.
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73Source: Xcellerex, Sartorius, 
Pall
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“Predictions are difficult to make, especially about the future”

Yogi Berra
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 Vaccine developers are currently under immense 
pressure as the uptake of vaccines falls in many 
countries as a result of negative comments in 
press stories or misinformed social media 
exchanges.

 This decreasing appreciation of the benefits and 
the AEs associated with vaccination programs has 
converged to create the anti-vaxer movement.

 As a consequence, rubella, mumps and especially 
measles are re-emerging even though we once 
thought they were on the path to eradication.

Adapted from: A.Wildfire, Contract Pharma, Nov/Dec 2019
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 The public needs to be better informed about 
the relevant risk & benefit analyses as they 
have lost their historical knowledge regarding 
vaccine preventable diseases.

 It is largely due to childhood vaccination 
programs with wider public health programs 
that led to smallpox being eradicated and 
polio on the verge of extinction.

Adapted from: A.Wildfire, Contract Pharma, Nov/Dec 2019
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 The success of vaccination is troublesome as it 
is difficult to celebrate the absence of a 
disease.

 This is in sharp contrast to the acceptance and 
appreciation of antimicrobials as they cure a 
tangible, frequently visible illness.

Adapted from: A.Wildfire, Contract Pharma, Nov/Dec 2019
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"The Earth is round, gasoline is flammable, and 
vaccines are safe and effective, all the rest are 

dangerous lies.“

Roberto Burioni, MD, PhD
Vita-Salute San Raffaele University
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“ It is hard to un-ring a bell”

Paul A. Offit, MD
CHOP



+1.267.893.6777

dgross@padrugdiscovey.org
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 Develops in response to microbial contact
 Recognizes features of specific pathogens
 Immunologic memory
 Humoral and cellular arms:

 Humoral immunity: antibodies
 Cellular immunity: cytotoxicity

 Characteristic of vertebrates



Risk &
Safety

Benefit to
Patients



 Drugs

 Pre-clinical
 Toxicology in rodent and 

something else
 Hepatic microsome for CYP 

enzyme metabolism
 Safety pharmacology (CNS, 

cardiovascular, respiratory 
studies ICH S7)

 Carcinogenicity (Ames Test)

 Clinical
 Drug-drug interactions
 Food-drug interactions for oral 

administration
 Effect on QT/QTc & arrhythmic 

potential
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 Drugs

 Pre-clinical
 Toxicology in rodent and 

something else
 Hepatic microsome for CYP 

enzyme metabolism
 Safety pharmacology (CNS, 

cardiovascular, respiratory 
studies ICH S7)

 Carcinogenicity (Ames Test)

 Clinical
 Drug-drug interactions
 Food-drug interactions for oral 

administration
 Effect on QT/QTc & arrhythmic 

potential

 Biologics

 Pre-Clinical
 Toxicology in relevant animal 

species
 Very difficult learning curve at 

the moment
 Don’t always get NOAEL (No 

Observed Adverse Event Level)

 Clinical
 PK and bioavailability but not 

metabolism
 Concomitant use (vaccines) 
 Off-target incorporation of 

material (DNA Vaccines)
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 Inherent toxicity of the vaccine
 Toxicity of impurities/contaminants
 Toxicity due to interaction of 

components
 Toxicity linked to the immune 

response induced
 Unknown unknowns  (Black Swans)
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 “Relevant” animal species

 An animal species susceptible to respond to the test 
article activity, e.g., development of an immune 
response after vaccination
 Ideally, species should be sensitive to the pathogenic 

organism or toxin

 One relevant animal species in general is sufficient
 Exceptions on a case-by-case
 Non-human primates not generally necessary

 Group size dependent on the animal model
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 Route of administration (ROA) and dose 
should correspond to clinically intended 
ROA and dose(s), e.g., oral, SC, IM, Nasal

 Total number of doses equal to or exceed 
number of clinically administered doses
 [“N plus 1”]

 Episodic dosing, e.g., weeks between doses
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 Phase I – First-into-Human
 20-100 normal healthy volunteers
 Determine safety and tolerability

 Phase IIa/IIb – Therapeutic Exploration
 100-300 patients
 Evaluate efficacy
 Determine dose range and adverse events (AEs)

 Phase III – Therapeutic Confirmation
 1,000 to 15,000 patients
 Verify efficacy, monitor AEs and effect in usual therapy 

and special populations
 Phase IV – Post-Approval

 Postmarketing surveillance
 Monitor long term risks and benefits, outcomes and 

pharmacoeconomics
 Phase V

 Postmarketing studies (Potentially thousands of 
patients)

 New indications: “Megatrials”

IND/
CTA
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 Phase I – First-into-Human
 20-100 normal healthy volunteers
 Determine safety and tolerability

 Phase IIa/IIb – Therapeutic Exploration
 100-300 patients
 Evaluate efficacy
 Determine dose range and adverse events (AEs)

 Phase III – Therapeutic Confirmation
 Possibly 60-70,000 for a vaccine
 Verify efficacy, monitor AEs and effect in usual therapy 

and special populations
 Phase IV – Post-Approval

 Postmarketing surveillance
 Monitor long term risks and benefits, outcomes and 

pharmacoeconomics
 Phase V

 Postmarketing studies (Potentially thousands of 
patients)

 New indications: “Megatrials”

IND/
CTA

NDA/
WMA/
BLA 



 ROTATEQ® : Rotavirus vaccine- 70,000 
patients in the pivotal trials worldwide

 ZOSTAVAX® : Shingles vaccine- 68,000 patients 
in the pivotal trials worldwide.
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Promising vaccine candidate

Phase I:  Well-tolerated and immunogenic in healthy adults?

Yes
No

Phase II:  Well-tolerated and immunogenic in the target population?

Yes No

Phase III:  Well-tolerated and efficacious in the target population?

Sources: Clemens et al. JAMA 1996;275:390-7
Levine MM. British Medical Bulletin 2002;62:1-13

IND
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Phase III: Well-tolerated and efficacious in the target population?

Subset assessed for immunogenicity

Antibody level may link with protection = 
CORRELATE OF PROTECTION

Yes

Phase IV: 
Assess effectiveness

No

Sources: VacciNews 2002;1(6):1-4   Clemens et al. JAMA 
1996;275:390-7

Levine MM. British Medical Bulletin 2002;62:1-13
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 An Efficacy trial provides a more direct
measurement of protection

 Efficacy- the protective effect of a vaccine 
against the target disease

Protective Efficacy = 1- incidence of disease in vaccinees
incidence of disease in nonvaccinees X 100%

Sources: VacciNews 2002;1(6):1-4  Clemens et al. JAMA 1996;275:390-7
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mast cell

histamine

cytokines

Skin

Tissue

2. Macrophages and dendritic cells
phagocytize pathogens and release 
cytokines, which stimulate the
inflammatory reaction.

injured tissue

pathogen

macrophage

neutrophil

monocyte

dendritic
cell

4. Blood clotting walls off
capillary and prevents
blood loss.

3. Neutrophils and monocytes (which become
macrophages) squeeze through the
capillary wall and phagocytize pathogens.

blood clot

Capillary

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