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Presenter
Presentation Notes
My name is Scot Shepard.  

I joined Takeda about three years ago specifically to work on the Norovirus CMC program.  Prior to joining Takeda I worked for Amgen where I worked on their manufacturing-of-the-future continuous Antibody manufacturing platform.  Some of you may be aware of that program as it has recently been on several national/international meeting agendas.  

I was attracted to Takeda by the VLP manufacturing technology and the concept of building an innovative and agile vaccine development function within an established large pharmaceutical company.  I work in Vaccines Operations (VO) and report to Rahul Singhvi.

In my current role, I am responsible for execution of the Norovirus CMC program via management of Norovirus TDT (matrix management role) and I am accountable for the drug substance and drug product process development groups in Bozeman, MT (line management role).  

The talk I will give today contains a lot of technical detail. My goal today is to communicate that detail to my CMC colleagues while also providing a clear  and informative message to everyone on the call.  Lets see how I do…




Takeda Pharmaceutical Company Limited 
• Takeda is a research-based global 

pharmaceutical company founded in 1781 
with global headquarters in Osaka, Japan. 

• Takeda is the largest pharmaceutical 
company in Japan with operations in more 
than 70 markets worldwide and 
approximately 31,000 employees. 

• For more than two centuries, Takeda has 
continued its mission to strive towards better 
health for patients worldwide through leading 
innovation in therapeutic and preventative 
medicine. 
 
 

 

Takeda is a Leading Global Pharmaceutical 
Company 

Chobei Takeda I 
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Quotes from Gro Brundland, Jeffrey Sachs, Kofi Annan, Julio Frenck, Bill Gates and others 

Why is Takeda Pursuing a Global Vaccine Business? 
…because it is high-impact, focused on prevention, and driven by innovation  

“The most successful and cost-effective 
health care intervention, second only to 
clean drinking water” 
 
“Vaccines prevent 3-4M deaths / year” 
 
“New vaccines / better global use of 
existing vaccines could prevent another 
4-7M deaths” 
 
“The single most important tool to reach 
the 2000 UN Millennium Development 
Goals” 
 
“We must make this the Decade of 
Vaccines” 
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Noroviruses are currently recognized as the leading 
cause of acute gastroenteritis (AGE) worldwide    
  

 
 

440,000 deaths 
 

2 M hospitalized 
 

25 M clinic visits 
 

111 M episodes of 
gastroenteritis 
requiring only 

home care  

Rotavirusc  

5 

c worldwide children <5 yrs of age 
      Parashar et al, EID, 2003 

According to the CDC, “The perfect human pathogen” 

2016 median 
estimate of 699 
million cases of 
norovirus illness 
Bartsch et al PLoS 2016 

Presenter
Presentation Notes
Noroviruses are currently recognized as the leading cause of acute gastroenteritis (AGE) worldwide. 
According to the CDC, “The perfect human pathogen”
Noroviruses are highly contagious:
As few as 20 viral particles can cause illness; compare to Flu at 1000 particles
Virus is stable on dry surfaces for weeks; survives freezing and moderate heating 
Sanitization of surfaces requires bleach.  Detergents are not very effective.
Alcohol-based hand sanitizers are not effective. Vigorous hand washing with soap and water can reduce the number of particles on hands, etc.
Noroviruses are rapidly and prolifically shed
Cause prolific vomiting and diarrhea
Up to 5 billion infectious “doses” can be shed by a single ill person
Illness sets in 12-48hrs after exposure by ingestion of contaminated foods or water
Can also be caused by airborne transmission (aerosolized particles) which is unusual for enteric ( gastrointestinal) pathogens.  More typical for pathogens that are spread via the airway (nose, throat, sinus, lungs).
Chiplote – 120 Boston College Students infected
Cruise ships - Several incidents on cruse ships where hundreds got sick in a short period
Girl Scout cookies – contaminated bag that held packaged cookies






Norovirus – “The Perfect Human Pathogen”    

 Genetically diverse and environmentally stable 
− Family Caliciviridae; RNA genome of ~7,500 nucleotides 
− High mutation and recombination rates   high genetic variability 
− Non-enveloped virus with one major capsid protein 
− Survives heating and freezing, remains viable on dry surfaces for weeks 
 

 Highly contagious 
− As few as 18 particles can cause illness 
− Transmission by fecal-oral and aerosolized routes 
− Ingestion of contaminated foods or water 
− Handling of contaminated objects 
 

 Prolifically shed 
− Up to 5 billion doses of infectious virus can be shed by an ill person over the 

course of a few weeks, most of which is an asymptomatic period 
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Norovirus –The Burden of Disease1    

 One-fifth of all diarrhea cases globally 
 
  Greater than 200,000 deaths annually in kids < 5 years of age living in    
    developing countries 
 
  Principle cause of foodborne disease outbreaks in the United States 
 
  A key health care-acquired infection 
 
  A common cause of travel-associated diarrhea 
 
 
 
 1 Lopman, et al. (2016) PLoS Med 13(4) 
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• The norovirus disease burden is substantial, often causing extensive 
and wide-ranging disruption 1-3 

• Settings where norovirus infection is particularly disruptive 2,3 

 

 

 

 

 

 

 

• The disruptive impact of norovirus-related disease is underestimated 
in outbreak data and national surveillance statistics 4,5 

 

Care 
institutions 

• Long-term health care 
facilities, nursing 
homes 

• Hospitals: ER, in- & 
outpatients 

• Immuno-compromised 

Other 
institutions 
• Nursery, 

school 
• Prisons 
• Refugees (e.g. 

hurricanes) 

Community 
 

• Restaurant, 
food outlet 

• Party, events 

Travelers 
 

• Cruise ships 
• Air, train and 

bus travel 

1. Glass RI NEJM 2009; 2. CDC MMWR 2011; 3. Koo HL J Clin Microbiol 2010; 4. Tam CC Gut 2012; 5. Beersma MF J Clin Microbiol 2012 

Military 
 

• Military camps 
• Deployed 

soldiers 

Disruption due to Norovirus 
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Presenter
Presentation Notes
This slide provides examples of the types of institutions and communities that are impacted by Norovirus outbreaks.  

Most outbreaks of norovirus illness happen when infected people spread the virus to others. But, norovirus can also spread by consuming contaminated food or water and touching things that have the virus on them.
Norovirus is the leading cause of illness and outbreaks from contaminated food in the United States. About 50% of all outbreaks of food-related illness are caused by norovirus. Food can get contaminated with norovirus at any point when it is being grown, shipped, handled, or prepared.
Foods that are commonly involved in outbreaks of norovirus illness are—
leafy greens (such as lettuce), fresh fruits, and shellfish (such as oysters).
But, any food that is served raw or handled after being cooked can get contaminated

Norovirus in Healthcare Facilities
Health care facilities, including nursing homes and hospitals, are the most commonly reported settings for norovirus outbreaks in the United States and other industrialized countries . Over half of all norovirus outbreaks reported in the United States occur in long-term care facilities.
The virus can be introduced into healthcare facilities by infected patients, staff, visitors, or contaminated foods. Outbreaks in these settings can be quite long, sometimes lasting months. Illness can be more severe in hospitalized or nursing home patients compared with otherwise healthy people




Global Economic Impact of Norovirus Illness1 

Model Simulation 1 Annual Economic Burden  
(2013 USD)1 

Direct Health System Costs 2 $4.2 billion 

Societal costs 3 
 

•Total 
 
•Children < 5 years 

 
$ 60.3 billion 

 
$ 39.8 billion 

Cost per illness varied by region and age and was highest among adults ≥ 55 years 

1 Bartsch, SM et al (2016) PLoS ONE 11(4). Model simulation of 233 countries/ areas 
2 Outpatient visits and hospitalization – see reference (1) 
3 Productivity losses due to absenteeism and mortality costs – see reference (1) 
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Presenter
Presentation Notes





− VLPs are engineered and expressed using state-of-the -art 

recombinant protein technologies 

− Stable, icosahedral T3 capsid assemblies (native conformation) 

− Diameter of about 40 nanometers; Mass of about 10 mDa  

− No viral genetic material, can not replicate and are thus non-infectious 

− Expression level is high using a scalable manufacturing platform 

− Well-behaved, stable during purification and long-term storage 
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Takeda’s Norovirus Antigens are Virus-Like-Particles 



1Vinje J et al. J Clin Microbiol 2015; 2 Glass et al., NEJM 2009;361:1776-85 

Norovirus Classification2 

GI 

GII 

GIII 

GIV 

GV 

Noroviruses are classified 
into 7 genogroups and 
>25 human genotypes1  

Different Norovirus 
genotypes contain largely 
conserved VP1 capsid 
protein structures 

Molecular models of a conserved 
Norovirus  structural protein that 
highlight amino acid differences. 
Courtesy of GI Para, NIH. 

Multiple genotype-specific 
sequences are combined 
into a single synthetic VP1 
capsid protein 

Molecular model of a synthetic protein 
containing antigenic determinants 
from three Norovirus genotypes. 
Courtesy of GI Para, NIH. 
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Example of VLP Design – The GII.4 Consensus VLP  

Presenter
Presentation Notes
Now I am going to talk about Norovirus diversity and how Takeda designed the synthetic VLPs. 
Looking at the leftmost panel  you see the Noroviruse “family tree” – Noroviruses are a genetically diverse group of single-stranded non-enveloped RNA viruses belonging to the family Calciviridae.
Noroviruses can be genetically classified into five different genogroups (GI, GII, GIII, GIV, and GV), which can be further divided into different genetic clusters or genotypes. For example, genogroup II, the most prevalent human genogroup, presently contains 19 known genotypes.

An ideal vaccine would confer protection against all genotypes in the vaccine as well as providing cross-protection against other known as well as emerging genotypes.  Inducing and maintaining cross protection as viruses mutate is a difficult challenge for  vaccines.  Using Flu as an example, that is why a new flu vaccine is made every season.  

Looking at the middle panel - The picture shows the VP1 proteins that are unique to each of three genotypes: Houston, Minerva and Lorenz. The colored regions highlight the parts of the VP1 molecules that are unique. 

Looking at the right most panel -   you see a model that contains all three colors shown in the middle panel.  This is a representation of Takeda’s GII.4 VLP.  Using advance protein engineering, immunogenic sequences from three viruses were combined into one synthetic CONSENSUS VP1 capsid protein to create a single antigen designed to confer protection against three different genotypes. And although many contributed in significant ways, I think it bears mentioning that Chuck Richardson (former VP of CMC now retired) conceived of the idea and Joel Haynes (Sr. Director Discovery) designed the Consensus VP1 amino acid sequence based on three GII.4 strains that were circulating in 2006. Ross Taylor AD of DS PD led construction of the synthetic gene sequence and did all of the enabling protein expression and purification development.   Its amazing to me that the GII.4 CONSENSU VLP exists in the native T3 structure and they are very well expressed, readily purified and are stable in solution.  Solution stability by Tom Foubert. It’s a significant achievement and an excellent example of how  contemporary scientific innovation can enable vaccine development. Please keep in mind that there are no Norovirus cell culture systems and there are many Norovirus genotypes.

We often have discussions about manufacturing efficiency.  Combining antigenic sequences from three viruses into one synthetic capsid is a good example of truly moving the “manufacturing efficiency needle, if you will”.  



 



Presentation 

Prefilled 
Syringe (i.m.) 

Virus-Like Particles Antigens (VLPs) 

Conformationally correct synthetic viral capsids 

Adjuvant (TBC) 

Potential to improve breadth of protection and to 
stimulate longer lasting immunity 

Native capsids  
single strain 
immunization 

Engineered capsids 
 multi-strain immunization 

with a single antigen 

N
or

ov
iru

s 
VL

Ps
 

Takeda NoV 
Vaccine 

E.g.  Takeda’s GII.4 
Consensus Strategy 

Epitopes from three different 
norovirus GII.4 strains on one VLP 

Aluminium 
Hydroxide 

  

Included in vaccine 

Immuno-active adjuvants     
(e.g. MPL)   

Under investigation 

 The inclusion of immuno-
active adjuvants is being 
evaluated and will be driven 
by clinical results  
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Takeda’s Norovirus Vaccine Approach 

Presenter
Presentation Notes
This slide describes the composition of the vaccine.  There are two VLP antigens  making it a bivalent vaccine by definition but since the GII.4 VLP is a consensus of antigenic determinants from three genotypes, the vaccine actually includes antigenic determinants from four wild type strains.   

All ongoing trials employ an IM formulation of the vaccine.  LigoCyte also developed a dry powder  intranasal formulation , but that is not currently in trials. Often referred to simply as Alum, Alhydrogel is a wet suspension of Aluminum Hydroxide salt.  VLPs are adsorbed to Alum after they are purified.  Alum is in the vaccine because it forms a depot at the site of injection that activates antigen presenting cells while also providing a concentrated source of antigen at the same site. Alum is  in all of the Norovirus formulations currently under development by Takeda.

MPL or Monophosphoryl lipid A is the Lipid A portion of Salmonella sp LPS.  MPL was developed by a small company in MT (Ribi Immunochem, Hamilton MT) that was acquired by GSK.  Takeda has a license to use MPL in the Norovirus vaccine. 
Takeda is currently evaluating MPL in an older adult population where immune system senescence may play a role in Norovirus vaccination efficacy.  MPL is not included in the formulation being developed for healthy adults aged 18-49 years or in the formulations currently being tested in four different pediatric populations.  


MPL  is included in licensed vaccine formulations and has been administered to hundreds of thousands of subjects. 
(MPL is made by mild acid hydrolysis of LPS, followed by mild base treatment and chromatographic purification,  that reduces toxicity but retains potent immunomodulatory activity).  
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Commercial-scale Manufacturing  

• Protein expression 
– Common platform for all Norovirus VLPs 
– Small footprint, single-use stirred-tank reactor  
– Serum-free media, suspension culture 
– Standard BSL-1 / Grade D recombinant protein facility 
 

• Protein purification 
– Chromatography and UF/DF steps performed with 

automated, disposable flow path skids  
– Bulk purified antigen stable long-term prior to Alum 

adsorption 
– VLPs characterized using contemporary protein 

analytical methods 
 

• Manufacturing operations 
– Standard, multi-product, multi-host Mfg facility  

– VLP productivity supports global supply from one small-
scale Mfg train 

– Drug product manufacturing successfully scaled to meet 
global demand 
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Representative VLP Purity Data  

Attribute Specification Scale-Down Model  
(N=3) 

Commercial Scale  
(N=4) 

Product Purity  
Test 1 ≥ 90% 100 100 

Product Purity  
Test 2 ≥ 90% 98 99 

Host Impurity  
Test 1 ≤ 10 µg/mg ≤ 0.52 < 0.001 

Host Impurity  
Test 2 ≤ 10 ng/mg ≤ 0.96 ≤ 0.001 

Host Impurity  
Test 3 ≤ 10 ng/mg ≤ 0.063 ≤ 0.001 

Process Impurity  
Test 1 ≤ 100 µg/mg Not tested < 0.14 

Process Impurity  
Test 2 ≤ 100 µg/mg Not tested < 0.02 

Process Impurity  
Test 3 ≤ 10 µg/mg Not tested < 0.24 

• Commercial scale VLPs are highly purified; similar results for other VLPs 

• Results from a 1/20th scale development model are comparable to full scale  
 16 



Amino acid sequence 

Quaternary Structure Oligomers Tertiary/Secondary Structure Primary Structure 

VLP aggregates 

Micron Sub-micron Nanometer Ångström 

VLP Characterization Toolkit 

Laser Diffraction 

Electrophoretic mobility 
Micro Flow Imaging 

FFF-MALS 

SEC-MALS 
Batch MALS 

DLS 
Cryo-TEM 

FTIR Spectroscopy 
Fluorescence Spectroscopy 

UV Spectroscopy 
DSC 

Mass Spectrometry 
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VLP   1   (red)  
VLP   2  (yellow) 

VLP 1 and VLP 2 adsorbed to  
adjuvant 

 Transmission Electron Microscopy can distinguish 
between VLPs with different primary structures 

Reconstruction from TEM images showing differences  
between VLP  1 and  VLP 2 

Cryo-TEM Micrograph Reconstructions 
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Cryo-TEM GI.1 and GII.4 VLPs  

GI.1 VLP GII.4 VLP 

Dependent on vaccine-specific amino acid sequences, particle shapes may vary   
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Manufacturing Reproducibility:  
SEC-MALS1 

The majority of the nanoparticle 
population  (97-98%) is 
monodisperse (10mDa) with 2-3% 
of the population existing in a 
dimeric state (20 mDa). 
 
 
1 SEC-MALS = size exclusion chromatography – 
multi angle light scattering 

Results Fitting 

  
  

Molar Mass 1 Molar Mass 2 LS UV RI 

time (min) 
22.0 23.0 24.0 25.0 26.0 

M
ol

ar
 M

as
s 

(g
/m

ol
) 

6 7.0x10 

6 8.0x10 

6 9.0x10 

7 1.0x10 

7 2.0x10 

7 3.0x10 

20 



Manufacturing Reproducibility:  
Peptide mapping 

When digested with a mixture of proteases and then analyzed by mass spectrometry, the 
resulting VLP “fingerprint” was reproducible demonstrating consistent protein sequence 

21 

Presenter
Presentation Notes

Peptide mapping is an identity test or fingerprint for proteins.  This method employs enzymatic digestion of VP1 molecules followed by peptide separation by reversed phase HPLC with mass spec detection.  We have identified nearly 100% of the peptides and see excellent “fingerprint” reproducibility from batch to batch.

Then read the slide bumper sticker
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Manufacturing Reproducibility:  
intact mass analysis 

• The VLPs are composed of a reproducible distribution of four capsid protein species  

• The species vary based on minor differences in the N- or C- terminal regions  

Amino acids 1-540 

Amino acids 4-540 
Amino acids 1-535 

Amino acids 4-535 

Presenter
Presentation Notes
This data shows another form of mass spectrometry analysis.  Here intact molecules are separated, instead of being digested prior to separation as is the case for peptide mapping, and the individual masses of each isoform is measured.  

Read the bumper sticker.
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Summary: Takeda’s Norovirus VLP Technology  

• Norovirus is highly contagious and is the leading cause of acute gastroenteritis 
worldwide.  There are hundreds of millions of cases of illness each year with 
up to 200,000 deaths in children < 5 years of age.  

• Takeda’s norovirus vaccine candidate is based on synthetic ~40 nm VLPs 
manufactured by a proprietary platform process that is highly portable and is 
designed to fit in standard recombinant protein facilities. 

• Tens of millions of highly purified VLP dose equivalents have already been 
produced at commercial scale.  

• VLPs have been characterized by a suite of advanced particle and protein 
analytical methods. 

• Drug product manufacturing for multiple formulations is operating at 
commercial scale at a sustainable cost-of-goods. 

• Takeda’s VLP manufacturing platform can be applied to multiple norovirus 
strains and other VLP-based vaccine candidates. 
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Thank you 


	Engineering Conferences International
	ECI Digital Archives
	6-15-2016

	Improving global human health through norovirus virus-like particle manufacturing
	Scot Shepard
	Recommended Citation


	Improving Global Human Health through Norovirus Virus-like-particle Manufacturing �
	Chapter 1
	Takeda is a Leading Global Pharmaceutical Company
	Why is Takeda Pursuing a Global Vaccine Business?�…because it is high-impact, focused on prevention, and driven by innovation 
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Chapter 1
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Chapter 1
	Commercial-scale Manufacturing 
	Representative VLP Purity Data 
	VLP Characterization Toolkit
	Cryo-TEM Micrograph Reconstructions
	Cryo-TEM GI.1 and GII.4 VLPs 
	Manufacturing Reproducibility: �SEC-MALS1
	Manufacturing Reproducibility: �Peptide mapping
	Manufacturing Reproducibility: �intact mass analysis
	Chapter 1
	Summary: Takeda’s Norovirus VLP Technology 
	Thank you

