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Definition:

A vaccine is a biological preparation that improves immunity to a particular

disease. It contains certain agents that not only resembles a disease-causing

microorganism but it also stimulates body’s immune system recognize the foreign

agents.

History:

•British physician Edward Jenner, who in 1796 used the cowpox virus (Latin

variola vaccinia) to confer protection against smallpox.

•In 1885 the French microbiologist Louis Pasteur and Emile Roux

developed the first vaccine against rabies.
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Vaccines are dead or inactivated organisms or purified products derived from

them. There are several types of vaccines in use. They are:

Types

• Whole-Organism Vaccines(1st Generation )

Killed

Attenuated

• Purified Macromolecules as Vaccines(2nd Generation )

Toxoids

Capsular polysaccharides

Recombinant microbial antigens/Surface antigens

•Conjugate Vaccines

• DNA vaccine ( 3rd Generation )

•FUTURE VACCINE VLP & REASSORTMENT vaccine ( 4th Generation )

(Ref: Kuby, book for Immunology)
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Many of the common vaccines currently in use consist of inactivated (killed) or

live but attenuated (avirulent) bacterial cells or viral particles.

Whole-Organism Vaccines 

 Killed/Inactivated.

Attenuated.

Killed/ Inactivated: Some vaccines contain killed, but previously virulent,

micro-organisms that have been destroyed with chemicals, heat, radioactivity or

antibiotics.

Attenuated: Some vaccines contain live, attenuated microorganisms. Many of

these are live viruses that have been cultivated under conditions that disable their

virulent properties, or which use closely related but less dangerous organisms to

produce a broad immune response.

(Ref: Kuby, book for Immunology)





HUMAN PRODUCTS (Viral) 

Product License History

year Product name description

1969 Measles Approval Of AIK Strain By WHO

1972 tOPV Approval Of Six First Batches By 
WHO

1981 Mumps Hoshino Strain Generously 
Received By Kitasato Institute

1981 Rubella Takahashi Strain Generously 
Received By Kitasato Institute

1981 MMR Prepared Based On Three 
Mentioned Strains

2009 mOPV1 & 
mOPV3

Production Of Three 
Experimental Batches For Each 

Type Under Supervision Of 
IRFDA

2011 bOPV Production Of 5000000 Doses 
Based Upon Ministry Of Health 

Program 



The upstream 
process, begins 

with 
embryonated

eggs brought in 
on a daily basis 
from biosecure

flocks. 

A seed ampoule 
is used to 

inoculate the 
chick eggs 
during the 
inoculation 

phase. 

This is followed by a 3 
day incubation period 

during which the 
virus grows to ensure 

that sufficient 
quantities can 

support further 
manufacturing.

Embryonated

chicken eggs
Inoculatio

n

Incubation

Candling

The allantoic fluid is 
then harvested; a low-

speed clarification 
process follows.

Harvest (pool

allantoic fluid)
After 3 days, all of the eggs are 

candled to make sure there are no 
cracks or contamination; the eggs 

are then chilled to 2° to 8°C to 
constrict vessels and make 

harvesting easier. 

Clarification

Processes of  Egg-Based Vaccine Production

8The BRIDGE, Egg-Based Production ofInfluenza Vaccine:James T. Matthews page 21

http://knol.google.com/k/-/-/3fy5eowy8suq3/uhjh6p/10759lores1.jpg


1st inactivation

The first step in the 
downstream 

process is 
inactivation, which 

involves the 
addition of 
formalin to 

inactivate the 
virus. 

Filtration

Extensive filtration and concentration 
steps yield a  concentrate, which is 

then loaded onto zonal centrifugation 
equipment. 

Concentration

Zonal centrifugation

The first purified 
bulk virus, which is 

recovered from 
the centrifugation 
process, is split in 
a fragmentation 

step by treatment 
with Triton 
detergent. 

Triton fragmentation
Centrifugation2nd inactivation

Ultrafiltration The material is 
then clarified by 
centrifugation to 

remove large 
particulates and 

treated with 
formalin in a 

second inactivation 
step. 

An ultrafiltration
(UF) step is 
followed by 
terminal sterile 
filtration to 
generate one 
monovalent bulk 
concentrate.

Sterile filtration

Final product 9
The BRIDGE, Egg-Based Production of Influenza Vaccine:James T. Matthews page 
21
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Cell Culture Based Vaccine Production

virus
(production

seed)

Cell culture Harvest Bulk Purification

FormulationFillingLabelingPackaging











Add



Inoculation

cell

Adjuvant Stabilizer

Preservative

Inspection



centrifugation

filtering

Influenza Vaccines (Tina Kröber, Thomas Jarosch, and Laura Fischer) Max-Planck-Gesellschaft, MünchenVaccines / [edited by] Stanley A. Plotkin, Edward A. Mortimer, Jr.
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• Inactivated exotoxins.

• Capsular polysaccharides.

• Recombinant microbial antigens/Surface antigens.

Purified Macromolecules as Vaccines

(Ref: Kuby, Book for Immunology)
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Inactivated exotoxins/Toxoid

• Toxoids are vaccines which consist of exotoxins that have been inactivated,

either by heat or chemicals. These vaccines are intended to build immunity

against the toxins, but not necessarily the bacteria that produce the toxins.

• Some examples are botulinum antitoxin and diphtheria antitoxin.

Fig:  Modification of toxin to toxoid

(Ref: Kuby,  www2a.cdc.gov)





HUMAN PRODUCTS (Bacterial) 

Product License History

Year Product Name Description

1963 Dt Infant & Adult

1971 P

1971 Dtp
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(Ref: Kuby, book for Immunology)

Recombinant Vaccines:

Fig: Production of vaccinia vector vaccine.



RECOMBINANT PROTEINE 
(HEPATITS B)

• In July 1986, a recombinant hepatitis B vaccine was licensed in the United States. 
This vaccine built on the knowledge that heat-inactivated serum containing 
hepatitis B virus (HBV) and hepatitis B surface antigen (HBsAg) was not infectious, 
but was immunogenic and partially protective against subsequent exposure to 
HBV

• It was determined that the HBsAg was the component that conferred protection to 
HBV on immunization

• To produce this vaccine, the HBsAg or "S" gene was inserted into an expression 
vector that was capable of directing the synthesis of large quantities of HbsAg in 
Saccharomyces cerevisiae.

• The HbsAg particles expressed by and purified from the yeast cells have been 
demonstrated to be equivalent to the HBsAg derived from the plasma of the blood 
of hepatitis B chronic carriers.[16



• The recombinant S. cerevisiae cells expressing HBsAg are grown in stirred tank 
fermenters. The medium used in this process is a complex fermentation medium 
that consists of an extract of yeast, soy peptone, dextrose, amino acids, and 
mineral salts. In-process testing is conducted on the fermentation product to 
determine the percentage of host cells with the expression construct. At the end 
of the fermentation process, the HBsAg is harvested by lysing the yeast cells. It is 
separated by hydrophobic interaction and size-exclusion chromatography. The 
resulting HBsAg is assembled into 22-nm-diameter lipoprotein particles.

• The HBsAg is purified to greater than 99% for protein by a series of physical and 
chemical methods. The purified protein is treated in phosphate buffer with 
formaldehyde, sterile filtered, and then coprecipitated with alum (potassium 
aluminum sulfate) to form bulk vaccine adjuvanted with amorphous aluminum 
hydroxyphosphate sulfate. 

• The vaccine contains no detectable yeast DNA but may contain not more than 1% 
yeast protein..

• In a second recombinant hepatitis B vaccine, the surface antigen expressed in S. 
cerevisiae cells is purified by several physiochemical steps and formulated as a 
suspension of the antigen absorbed on aluminum hydroxide
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DNA Vaccines:

Fig: Use of DNA vaccines raises both humoral and cellular immunity





 Non enveloped
 icosahedral, non-turreted virion with a triple 

capsid structure
 about 80 nm in diameter.
 Segmented linear dsRNA genome
 Contains 11 segments coding for 12 proteins
 Segments size range from 667 to 3,302nt

Rotavirus Reassortment vaccine

Co-infection of cells with different rotavirus strains belonging 
to the same serogroup A, B or C undergo mixing of the 
genome segments (genetic reassortment)

http://viralzone.expasy.org/all_by_species/243.html


• Reassortant technology, which is possible with 
viruses that have segmented genome. 

• Co infection of cell culture with wild and 
attenuated strains allows the mixing of 
genome segments and isolation of viruses 
containing genetic material from both strains 
es









TRANSMISSION/INCUBATION PERIOD/CLINICAL FEATURES

 Rotaviruses cause acute, often febrile gastroenteritis

 The disease occurs most often in children, but may affect 

other age groups

 In temperate climates most cases occur during 

winter/spring.

 The infection is spread by the faecal–oral route.

 incubation period is 2–3 days.

 Viral excretion in feaces may last for 4–7 days after onset 

of illness.

Rotavirus is highly communicable, with a small      
infectious dose of < 100 virus particles



SYMPTOMS AND SIGNS

Systemic:                         Fever (Often High-Grade)

Local:                              Diarrhea, Vomiting

Vomiting and watery diarrhea can last from 3 to 8 days

Symptoms of dehydration include
•decrease in urination

•dry mouth and throat

•feeling dizzy when standing up



Rotavirus pathogenesis



THERAPY AND PROPHYLAXIS

1. No specific therapy is available

2. but it is often necessary to correct the patients’ fluid–electrolyte 

balance.

Hospitalization may be necessary.

Strict hygienic measures are needed to avoid further spread





Prevention
CDC recommends routine vaccination of infants with either of the two 

available vaccines:

•RotaTeq® (RV5), which is given in 3 doses at ages 2 months, 4 months, 

and 6 months



•Rotarix® (RV1), which is given in 2 doses at ages 2 months and 4 

months.



Rotavirus vaccine development: history 
and current  situation

Rotavirus vaccine studies were initiated in the early 

1980s

“Jennerian” approach



that animal virus strains are often naturally attenuated in 

humans, or can be attenuated by relatively few tissue culture 
passages;

Jennerian” approach

the use of animal rotavirus strains to protect against human viruses in

vaccination strategies relied on the natural attenuation of animal

viruses in humans for safety, as well as for heterotypic immune

responses for protection.



Rotaviruses are primarily classified according to the two 

surface proteins, 

 protease-sensitive protein VP4
 glycoprotein VP7



induce serotype-specific and cross-reactive neutralizing                               
antibodies

VP4 ,VP7



Each rotavirus strain is classified according 

to:

 G (VP7) serotype (define by serology)

 P (VP4) serotype and/or genotype (defined by sequencing),

which is designated within brackets (e.g., G1P1A[8

12 VP7 types (G1–G6, G8–G12, and G20) and 11 VP4 types 

(P1A[8], P1B[4], P2A[6], P3[9], P4[10], P5A[3], P8[11], P11[14], 

P12[19], P[25], and P[28]) have been detected in humans



The rotavirus strains currently associated with the vast majority of illness 

in infants and young children worldwide are G1P1A[8], G2P1B[4], 

G3P1A[8], G4P1A[8], and G9P1A[8].

The Jennerian approach was applied using several animal virus strains 
as vaccine candidates, including:

 rotavirus strains RIT4237 (derived from the bovine rotavirus
NCDV strain, G6P6[1])
 bovine rotavirus strain Wistar Calf 3 (WC3, serotype G6P7[5])
 the rhesus rotavirus (RRV)-derived strain MMU18006 (G3P5B[3])



Segment reassortment [genetic shift]:

Reassortment occurs 
event when two 
similar segmented 
viruses exchange part 
of their genomes 
during a cell co-
infection. This event 
occurs in all 
segmented viruses



RF(Bovine 
strain)

RV4(Human 
strain)

REASSORTANT VIRUS WITH 
VP7 OF  

Human strain



Conjugate vaccine (Haemophilus 
influenzae type b)

• The production of Haemophilus type b conjugate includes the separate production 
of capsular polysaccharide from Haemophilus influenzae type b and a carrier 
protein such as tetanus protein from Clostridium tetani (ie, purified tetanus toxoid), 
CRM protein from Corynebacterium diphtheriae, or outer membrane protein 
complex of Neisseria meningitidis.

• The capsular polysaccharide is produced in industrial bioreactors using approved 
seeds of H influenzae type b.

• A crude intermediate is recovered from fermentation supernatant, using a cationic 
detergent. The resulting material is harvested by continuous-flow centrifugation. 
The paste is then resuspended in buffer, and the polysaccharide is selectively 
dissociated from disrupted paste by increasing the ionic strength



• The polysaccharide is then further purified by 
phenol extraction, ultrafiltration, and ethanol 
precipitation. 

• The final material is precipitated with alcohol, 
dried under vacuum, and stored at − 35°C for 
further processing



• Tetanus protein is prepared in bioreactors using approved seeds of C tetani. The crude toxin is recovered 
from the culture supernatant by continuous-flow centrifugation and diafiltration. Crude toxin is then 
purified by a combination of fractional ammonium sulfate precipitation and ultrafiltration. The resulting 
purified toxin is detoxified using formaldehyde, concentrated by ultrafiltration, and stored at more than 
2°C up to 8°C for further processing.

• Conjugate preparation is a two-step process that involves:

• – activation of the Hib capsular polysaccharide and

• – conjugation of activated polysaccharide to tetanus protein through a spacer.

• Activation includes chemical fragmentation of the native polysaccharide to a specified molecular weight 
target and covalent linkage of adipic acid dihydrazide.

• The activated polysaccharide is then covalently linked to the purified tetanus protein by carbodiimide-
mediated condensation using 1-ethyl-3(3- dimethylaminopropyl)carbodiimide.

• Purification of the conjugated material is performed to obtain high-molecularweight conjugate molecules 
devoid of chemical residues and free protein and polysaccharide.

• Conjugate bulk is then diluted in an appropriate buffer, filled into unit-dose and/or multidose vials, and

• lyophilized.



Virus-like particle–based vaccines
• Traditional viral vaccines rely on attenuated virus strains or inactivation of 

infectious virus. Subunit vaccines based on viral proteins expressed in 
heterologous systems have been effective for some pathogens but have 
often had poor immunogenicity due to incorrect folding or modification.[

• Virus-like particles (VLPs) are designed to mimic the overall structure of 
virus particles and, thus, preserve the native antigenic conformation of the 
immunogenic proteins. VLPs have been produced for a wide range of 
taxonomically and structurally distinct viruses and have unique potential 
advantages in terms of safety and immunogenicity over previous 
pproaches

• Attenuation or inactivation of the VLP is not required; this is particularly 
important as epitopes are commonly modified by inactivation 
treatments.[

• However, if a viral vector (eg, baculovirus) is used as the expression 
system, inactivation may be required if the purification process cannot 
eliminate residual viral activity



• For a VLP to be a realistic vaccine candidate, it needs to be produced in a safe 
expression system that is easy to scale up to large-scale production] and by an 
accompanying purification (and inactivation) process that will maintain native 
structure and immunogenicity and that will meet the requirements of today's 
global regulatory authorities.

• A number of expression systems have been demonstrated to manufacture 
multimeric VLPs,

• including the baculovirus expression system (BVES) in Sf9 and High Five cells, 
Escherichia coli, Aspergillus

• niger, Chinese hamster ovary, human function liver cells 4, baby hamster kidney, 
transgenic plants (potato,

• tobacco, soybean), S. cerevisiae, Pichia pastoris, human embryonic kidney 293 
(HEK293), and lupin callus

• with yields ranging from 0.3 to 10 μg/mL or as high as 300 to 500 μg/mL with E. 
coli and HEK293 (purified)

• The BVES has proven quite versatile, demonstrating the capability of preparing 
vaccine candidates for papillomavirus, feline calicivirus, hepatitis E virus, porcine 
parvovirus, chicken anemia virus, porcine circovirus, SV40, poliovirus, bluetongue 
virus, rotavirus, hepatitis C virus, human immunodeficiency virus (HIV), simian 
immunodeficiency virus, feline immunodeficiency virus, Newcastle disease virus, 
SARS coronavirus, Hantaan virus, influenza A virus, and infectious bursal disease 
virus.[



• The HPV type 16 major 55-kDa capsids protein, L1, when produced in certain recombinant 
expression systems such as S. cerevisiae, can form irregularly shaped VLPs with a broad size 
distribution. These HPV VLPs are inherently unstable and tend to aggregate in solution. The 
primary challenge of HPV vaccine formulation development was the preparation of aqueous 
HPV VLP solutions that are stable under a variety of purification, processing, and storage 
conditions. 

• By treating the HPV VLPs through a process of disassembly and reassembly, the stability and 
in vitro potency of the vaccine are enhanced significantly. In addition, the in vivo

• immunogenicity of the vaccine was also improved by as much as approximately 10-fold, as 
shown in mouse potency studies



The expectations for phase 1 cGMP applications include the 
following[32

• ]:

• – Personnel with adequate education, experience, and training to perform function, including cGMP

• training.

• – Written quality unit responsibilities with appropriate training to disposition components, procedures,

• assays, batches, and investigation of deviations.

• – Adequately designed facilities and utilities, including HVAC design to minimize contamination;

• appropriate water source; and quality and basic procedural controls to prevent contamination and mixups.

• – Appropriate equipment for intended function that is properly designed, maintained, calibrated, and

• operated per written instructions.

• – Appropriate qualification and controls to assure safety of product (eg, viral clearance, toxin inactivation).

• – Written component and raw material controls including established acceptance criteria, appropriate

• disposition, and traceability.

• – Written production records and procedures that include records of components and equipment, changes

• to procedures and processes, and microbial control records where appropriate.

• – Aseptic processing performed under adequate conditions by trained personnel.

• – Written test procedures performed under controlled conditions using scientifically sound analytical

• methodology with specified acceptance criteria. Laboratory instrumentation should be operated per

• written procedure, maintained, and calibrated.

• – Qualified safety testing (eg, sterility, endotoxin).

• – Packaging to protect product from contamination and controlled labeling operations designed to prevent

• mix-ups.

• – Adequate and documented storage and shipping controls to ensure the integrity of the product



Seed lot system

A seed lot system is a system according 

to which successive batches of a 

product are derived from the  same 

master seed lot at a given passage level. 

For routine production, a working seed 

lot is prepared from the master seed lot. 

. 



Seed lot system

The final product is derived from the 
working seed lot and has not 
undergone more passages from the 
master seed lot, Which to be 
satisfactory with respect to safety and 
efficacy. 



Master seed lot

A culture of a virus distributed from a single 
bulk into containers in a single operation in 
such a manner as to ensure uniformity,

to prevent contamination and to  ensure 
stability. A master seed lot in liquid form is      
usually stored at  below - 70°C. 

A freeze-dried master seed lot is stored at a 
temperature known to ensure stability.



Working seed lot

A culture of a virus derived from the 
master seed lot and intended for use in 
production.  

Working seed lots are distributed into 
containers and stored as described.



Testing Requirements for the Release of Recombinant 
Hepatitis B Vaccine



Vaccine Development 
Opportunities

• Cholera

• Dengue

• Enterotoxigenic Escherichia coli

• Hookworm

• HIV

• Leishmaniasis

• Malaria

• Shigellosis

• Tuberculosis

• Chikungunya

• Adenoviruses

• Ebola/Marburg

• Herpes simplex viruses

• Respiratory syncytial virus

• Staphylococcus aureus

• Streptococcus A, B

• Lyme disease



Vaccine Product Cost

• $/dose

• Bulk* 0.10-2.00

• Fill/finish[†] 0.60-1.20

• Syringe fill[‡] (optional) 0.90-1.20

• Total cost[§] 0.70-4.50



Typical bioreactor used in vaccine manufacturing



Single-use bioreactor for cell culture



Tissue culture technology for viral 
vaccine production:

SPF Egg Fibroblast Culture Production &Control

Characterization Of Cell Used For Control And      

Production Of Vaccine



Basic production of live attenuated viral 
vaccine (upstream & downsteram) 

Inoculation & Harvesting Of Viral Vaccine   

(MMR.OPV)

Isolation & Characterization Of Cell Line

Isolation & Identification Of Viral Particle

Production Of High Quality Calf Serum

Production And Calibration Of National Serum

Production And Calibration Of Antiserum



ASEPTIC FILLING

Media Fill:

Process And Control

Type Of Media

Control Test

Worst Case

Reading The Result



THANK YOU FOR YOUR 

ATTENTION

For any questions or suggestions
please contact:

amohammadi@rvsri.ac.ir




