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Current Influenza (Flu) Vaccines on Market

1945~

Egg-Based Flu Vaccines

2007 (Optaflu)

Cell-Based Flu Vaccines

2013 (FluBlok)

Recombinant Flu Vaccines
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Global market: US $4.4 billions in 2016 CONFIDENTIAL
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Cumulative number of confirmed human cases for avian 
influenza A(H5N1) reported to WHO, 2003-2019 

CONFIDENTIAL
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Incidence of officially reported human cases by month, based 
on onset date from October 2014 (beginning of period 3) to 03 
July 2019
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National Institute of Allergy and Infectious Diseases 
(NIAID)
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John R. Mascola, 
M.D.

Dr. KC ChengDr. David Lindsay

Zika DNA vaccine development: from 
discovery to FDA release for phase I 
trial: 61 days • Site visit of four production trains

• The update of single-use concept 
• Good understand of VRC mission to national need
• Initializing collaboration of HEK-based VLP platform
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Source from: 
N Engl J Med; pp. 2540~2543, 2008

Our choice
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Cell-based 
Vaccine

production

Cell lines

Medium
Vaccine
strains

Upstream 
process
• Single use bioreactor
• Scaling-up strategy

Upstream 
process
• Single use bioreactor
• Scaling-up strategy

Downstream 
process
• TFF
• Chromatography

Downstream 
process
• TFF
• Chromatography

Key elements for cell-based vaccine development
CONFIDENTIAL
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Development history -
Process development of influenza vaccine production 

1st

generation

• Roller bottle technology
• Ultracentrifugation
• benzonase addition

2nd

generation
• Bioreactor with microcarrier technology
• Liquid Chromatography

3rd

generation
• Suspension sMDCK technology
• Improved downstream purification

H5N1 phase I trial completion

H7N9 phase I/II trial completion

High potential for commercial market
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Year 2005-2010

Year 2013-2015

Year 2015~
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Bottle-neck issues:
1. scaling-up
2. antigen quality
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Group 1
15µ HA

Group 2
15µ HA+ Al(OH)3

Group 3
30µ HA

Group 4
30µ HA+ Al(OH)3

SPR 42.2% 39.6% 51.0% 64.6%
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Is it possible to develop suspension MDCK cells?

• 製程複雜且較耗人力
• 消化酶作用機制較難控制
• 製程時間較長

2000 L

微載體

CONFIDENTIAL
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Collaboration with Irvine Scientific (US) 

Influenza is a highly contagious disease that usually results in fever and respiratory symptoms and some severe cases can lead to hospitaliza on and death. In 
response to rapid an genic dri  in influenza viruses, vaccina on is considered as the most effec ve interven on. Tradi onally these vaccines are produced in 
chicken embryonated eggs. However, in the case of a pandemic outbreak, this egg-based produc on system may not be quickly enough to meet the surge 
demand. The limita ons associated with egg-based vaccines are reliable egg supplies, prolonged cul va on periods, and cumbersome opera ons and these 
limita ons resulted in spurred explora on of alterna ves. MDCK cells are widely being considered as an alterna ve host to embryonated eggs for influenza virus 
propaga on.  
  
Cell culture medium without serum supplement is the primary goal to improve product safety because most of vaccines are used for healthy human. Although the 
current availability of hydrolysate-supplemented serum-free media greatly reduced worries related to the serum addi on which concerns many risks associated 
with lot-to-lot varia ons, the undefined components are s ll remaining safety concerns. In this study, we present the successful adap on of influenza H5N1/H7N9 
vaccine produc on from Hydrolysate containing media (Op pro, Invitrogen) to Chemically-defined media (BalanCD, Irvine Scien fic) in a small-scale microcarrier 
cell culture system. The purpose of this study was to evaluate  the feasibility of chemically-defined medium as a cri cal process parameter for developing large-
scale produc on (illustrated on the lower right of  this poster). The results of this study provided a valuable informa on for the future work of process 
development. 

Cell_based Inac vated Influenza Vaccine Produc on by 
MDCK Cells Cultured in Chemically-Defined Medium 

 
Alan Yung-Chih Hu1, Tsai-Chuan Weng1, Jenny Bang2, Jessie H.-T. Ni2 
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BalanCD media were evaluated in both sta c and microcarrier cultures for the produc on of H5N1 and H7N9 viral 
vaccines using MDCK cells.  In both cases, we achieved comparable cell growth and virus yield to a commercial 
hydrolysate containing media (Op pro, Invitrogen).  The data presented in this study demonstrate that BalanCD media is 
beneficial alterna ve to cell-based vaccine-manufacturing processes that not only provide higher quality of raw 
materials for stringent regulatory requirements but also lower cost of media shipment with powder-form formula on. 
 

Introduc on 

Conclusions 

Materials and Methods 
WHO candidate vaccine H5N1 (NIBRG-14) and H7N9 (NIBRG-268) strains obtained from the NIBSC, U.K. were grew in 
adherent MDCK cells. The serum-free medium was Op pro (Invitrogen, US); and chemicallly-define medium was BalanCD 
(Irvine Scien fic, US). The microcarriers (Cytodex 1, GE Healthcare) were hydrated in PBS according to the manufacturers’ 
instruc ons. When the cells were grown confluent on microcarriers in 250-ml spinner flasks (Corning, US). The H5N1 and 
H7N9 viruses were separately added with low MOI for virus replica on. Cell coun ng was carried out by the trypan blue 
method. Virus ters were determined by TCID50 assay and hemagglu na on (HA) assay.  
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Results 

 
Figure 1. MDCK cell growth in sta c (T-flask) and dynamic 
                 (microcarriers) cultures. 

 
Figure 2. Viral ters of H5N1 vaccine strain cultured in MDCK cells. 

 
Figure 3. Viral ters of H7N9 vaccine strain cultured in MDCK cells. 

200 L 

Single-use bioreactor 
(small scale) 

5~14 L 

Single-use bioreactor 
(large scale) 

125ml spinner-flask 

Produc on scaling-up sequen al steps 

2013
USA

2015
Spain

Product ion of Inact ivat ed Influenza H5N1 Vaccines from
MDCK Cells in Serum-Free Medium
Ala n Yu n g -Ch ih Hu 1 , Yu -Fe n Tsen g 1 , Tsa i-Ch u an We n g 1 , Ch ie n -Ch u n Lia o 1 , Jo h n so n Wu 1 , Ai-Hs ia n g

Ch o u 1 , Hs in -Ju Ch a o 1 , An n a Gu 1 , Jan ice Ch e n 1 , Su -Ch e n Lin 1 , Ch ia -Hs in Hsia o 1 , Su h -Ch in Wu 1 ,2 , Pe le

Ch o n g 1 ,3 *

1 Vaccine Research and Development Center, National Health Research Institu te s, Zhunan, Taiwan Authority, 2 Institute of Biotechnology, National Tsing Hua University,

Hsinchu, Taiwan Authority, 3 Graduate Institu te of Immunology, China Medical Unive rsity, Taichung, Taiwan Authority

2011

Attached cells:
BalanCD MDCK, BalanCD Vero

CONFIDENTIAL
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The development of sMDCK cells
-- 3rd generation

aMDCK Bank (P62)
DMEM+5%FBS

Direct adapted into SFM

Attached on Cytodex1 microcarriersSerial adapted into M
1 M

edium
 +

 <
0.5%

 FB
S

A
-M

D
C

K
 adapted to free suspension culture

sMDCK Bank (P67)
Freeze medium

Free suspension culture

Serial adapted into M1+M2+M3
sMDCK Bank (P70)
M1+M2+M3

Virus Productivity of aMDCK

HA
(units/ 100ul)

log10  TCID50/ml

H7N9
(RG268)

574.0 7.6

H5N1
(RG14)

612.7 8.6

Virus Productivity of sMDCK

HA
(units/ 100ul)

log10  TCID50/ml

H7N9
(RG268)

996.3 7.9

H5N1
(RG14)

989.0 8.6

Attached MDCK Bank (P62)
(DMEM+5%FBS)

1. Attached on Cytodex1 as 
suspension culture

2. Culture Medium: SFM
3. Doubling time: 30~35 hours

50µm 50 µm

Suspension MDCK  Bank (P70) 
(M1+M2+M3)

1. Free suspension culture
2. Culture Medium: M1 + M2 
+M3
3. Doubling time: 30~35 hours

13
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BalanCD simple MDCK medium from 
Fujifilm Irvine Scientific

14

A suitable cell culture medium for a cell-based vaccine
manufacturing process is critical because it can
significantly affect the overall efficiency, consistency of
production, and reduces contamination risks and
potential inhibitors.

BalanCD® simple MDCK is commercially-available
animal component-free and chemically-defined MDCK
medium that can be used towards building a robust,
cost-effective, and regulatory-friendly mammalian cell-
based vaccine manufacturing platform. 100L

Fujifilm completes acquisition of Irvine Scientific Sales Company and 
IS Japan, leading companies of cell culture media
FUJIFILM Corporation (President: Kenji Sukeno) announced today that it 
has completed the acquisition of Irvine Scientific Sales Company, Inc. 
(ISUS) and IS JAPAN CO.,LTD. (ISJ), leading companies in cell culture 
media for about US$800 millions    Jun 04, 2018

Two manufacturing sites:
1. California, US 2. Tokyo, Japan

CONFIDENTIAL
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Tumorigenicity in mice

• FDA guidance for industry: 

– Test animals: BALB/c nude female mice

– Age: 8-9 weeks old

– Test cells: 

 Positive control cells (Hela cells)

 Exp cells (No.1-4)

– Cell number: 1x107/1XPBS

– Injection site: between the scapulae 
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Subcutaneous inoculation
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Bioreactor run with cell 
retention on H7N9 virus

18
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1 mL
1x107cells

8X

細胞解凍

20 mL

4 days

120 mL
8X

4 days

700 mL

P70+1 P70+2 P70+3

P70+4P70+5

4 days
8X

4 days

8X

5 days
infection

3 daysHarvest
0.65 μm 

inactivation 

5 L50 L

1 day

downstream

Upstream process development of 50L single-use 
bioreactor
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50 L bioreactor run
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TEM images of H7N9 bulks from sMDCK- and aMDCK-derived cells



Flowchart of generation candidate vaccine viruses

step1 • Collection of specimens and disease/epidemiological data

step2 • Diagnosis, virus isolation in MDCK, primary analysis

step3 • Ferret antisera production

step4 • Thorough antigenic and genetic analysis

step5 • Review and selection of candidate viruses for vaccine use

step6 • Reassortment of high-growth viruses using reverse genetics (full safety testing)

step7 • Evaluation of growth property

step8 • Development of standardized reagents for inactivated vaccines

step9 • Antigenic and genetic characterization of reassortants

農委會
疾管署

預醫所

預醫所
家衛所

協助單位

Vaccine production
24



Timeline for the generation of candidate vaccine viruses by 
reverse genetic technology

25
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HA titer (HAU/50 μL) at each passage TCID50 (Virions/ml)

CVVs V1* V1aM1* V1aM2* V1aM3*

V1aM3E1

* V1aM3*

V1aM3E1

*

NHRI-RG3 4 64 64 256 2048 107.30 107.04

NHRI-RG4 8 64 64 256 2048 107.40 107.04

NHRI-RG5 64 256 256 256 2048 107.51 107.80

NHRI-RG6 64 128 256 256 2048 107.77 107.04

Viral titers of H7N9 CVVs after serial passaging in Vero cells, 
aMDCK cells, and chicken embryonic eggs. CONFIDENTIAL



Plasmids preparationPlasmids preparation

H5 and H7 highly pathogenic avian 
influenza viruses (RG3 viruses)

Highly pathogenic Low pathogenic

Polybasic
cleavage site;

RNSPLRERRRKRGLF

Monobasic 
cleavage site;

RNSPLGETRGLF 

Example: Modified HA gene of 
H5N6 virus 
(A/duck/Taiwan/1702004/2017)

Modified 
HA & NA 

genes 

MDCK- or Vero-
based donor 

viruses

+

MDCK_Passage 1
(6 well plate) 

Vero cells

MDCK_Passage 2 
(T25) 

MDCK_Passage 3 
(T150 for bank)

Candidate vaccine virus
 Growth property (HA & TCID50 titer)
 Antigenicity (HI titer)
 Immunogenicity 
 Genetic stability (gene sequence)
 Biosafety 

 Pathogenicity in ferret & egg embryo
 Plaque-forming ability without trypsin

Candidate vaccine strain

Reverse genetics and
Viral amplification

Reverse genetics and
Viral amplification

Characterization/VerificationCharacterization/Verification

Candidate vaccine virus preparation using synthetic 
HA& NA plasmids and reversed genetics

Viral strain H5N1 1st H7N9 H5N6

NHRI-RG1

A/Guangdong/17SF0
03/2016

NHRI-RG3

A/Hong Kong/
125/2017

NHRIR-G4

A/Guangdong/
SP440/2016

NHRI-RG5

A/Taiwan/1/
2017

NHRI-RG6

aMDCK 612 574 689 128 256 256 128

sMDCK 989 996 1409 1024 1024 1024 1024 27

Spent one year still could not received 
H5N6 wide type virus from the Council of 
Agriculture

CONFIDENTIAL



Growth properties of reassortant H5N6 and H7N9 viruses in aMDCK and 
sMDCK cells

28

CONFIDENTIAL



Mouse serum
Alum (30 mg) AddaVax

Antigens
NIBRG-

268
NHRI-
RG3

NHRI-
RG4

NHRI-
RG5

NHRI-
RG6

NIBRG-
268

NHRI-
RG3

NHRI-
RG4

NHRI-
RG5

NHRI-
RG6

NIBRG-268 508.0 160.0 89.8 285.1 144.9 579.7 237.8 237.8 320.0 359.2
NHRI-RG3 113.1 71.3 25.2 127.0 80.0 118.9 118.9 88.3 176.7 118.9
NHRI-RG4 142.5 63.5 80.0 201.6 80.0 160.0 107.7 262.5 289.8 131.3
NHRI-RG5 142.5 80.0 25.2 226.3 44.2 201.4 118.9 118.9 262.5 118.9
NHRI-RG6 80.0 71.3 20.0 113.1 88.3 118.9 131.3 80.0 195.0 160.0

HI activity of mouse serum against the 1st

and 5th wave H7N9 viruses

29Virology 511 (2017) 135–141.

Viruses Pathogenicity CELD50

Wild type H7N9 (A/Taiwan/1/2017) HPAI <1.7E+02 TCID50

NHRI-RG2 (A/Anhui/1/2013) HPAI >2.50E+07 TCID50

NHRI-RG3 (A/Guangdong/17SF003/2016) HPAI >4.45E+06 TCID50

NHRI-RG4 (A/Hong Kong/125/2017) LPAI >1.06E+07 TCID50

NHRI-RG5 (A/Guangdong/SP440/2017) HPAI >4.45E+07 TCID50

NHRI-RG6 (A/Taiwan/1/2017) HPAI >4.45E+06 TCID50

Chicken embryo lethality test

CONFIDENTIAL
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Plaque-forming ability of H7N9 reassortant viruses in MDCK 
cells with or without trypsin

CONFIDENTIAL
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Medium cost estimation in the USP

aMDCK
(H7N9)

aMDCK
(H7N9)

sMDCK
3rd DSP

egg_based

Medium Opti-Pro
BalanCD 
MDCK

BalanCD
simple

HA titer 438.1 512.0 1160
Medium required 
ratio
(medium 
usage/harvest 
volume) 3.1 3.1 2.0
one dose required HA 
(ug) 15 15 15
downsteam recovery 
rate 0.3 0.3 0.7

US $ /dose 3.5x2 1.51x2 0.22x2 0.5~0.8

1L= ~200 doses
1000L= ~200,000 doses
Based on 30 µg/dose

US Patent filed (#62248954 )
PCT Patent filed （ WO2017072744 (A1) ）
ROC Patent filed （ TW201726911 (A) ）

16X reduction

Suspension MDCK-33016 cells
Serum-free medium
150 millions/year
US$ 1 billions
Holly Springs, USA

Suspension MDCK-Sky cells
Serum-free medium
140 millions/year
US$ 337 millions
Andong, S. Korea 

SK Chemical

Segirus

31
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