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Live vaccine:102-5TCID50

Inactive vaccine:10 5-7TCID50

SPF
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(Goodbourn et al., 2000)
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Engineered and clonally selected cell lines 
for higher virus titer, better antigenicity, and lower costs

1.Cell/Virus clone selection

2.Expression of virus receptors in cells

3.Blocking cellsô antiviral response

4. Immortalization of primary cells

5. Serum-free suspension cell culture



Engineered and clonally selected cell lines 
for higher virus titer, better antigenicity, and lower costs
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PK-207/ Porcine Kidney Cell
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New PR (HN1401)
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Higher titer of PEDV through viral clonal selection

P0 P1 P2 P3 P3C3 P4C3 P5C3 P6C3 P7C3 P8C3 P9C3 P10C3

Cells Vero Vero Vero Vero Vero Vero Vero Vero Vero Vero Vero Vero

Ct 14.18 10.05 10.3 6.02 7.79 6.55 ND ND ND ND ND ND

TCID50

(log10)/100u

l

6.33 8 8 10.5 10.33 10.33 9 10 9 10 10 9



Anti-Serum(NT log2)

PED-P0* PED-P4C3* PED-P8* PR**

Antigen PED-P0 5 6 5 0

PED-P4C3 5 6 5 0

PED-P8C3 5 6 5 0

PR 0 0 0 4

* ,**

Anti-Serum r-vaule%

PED-P0* PED-P4C3* PED-P8* PR**

Antigen PED-P0 100

PED-P4C3 100 100

PED-P8C3 100 100 100

PR 0 0 0 100

* ,**



Avian infectious bronchitis
replication in vero-Fusioncell



IBV-28/86 replication in vero-Fusioncell



Canine parvocirus/ A549-C3 A549-C3_6d_C

Canine Parvovirusreplication in cell lines



BHK21/ILTV

ILTV replication in cell lines

BHK21 Mock inf.
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P0 P1 P2 P3 P4 P4E1 P4E2

Cells LMH LMH LMH LMH LMH Egg Egg

ILT-Ct 16.22 14.07 14.1 13.57 13.46

SPF +++ - - -



IBDV



vvIBDV



IBDV

0

1

2

3

4

5

6

7

8

9

P0 P5 P10 P15 P20 P25

TCID50/ml

V504-4 V504-5 V504-9 V504-17 V504-21

















Cytopathic effect of Ma-104 cells infected with 

Rotavirus

35

A B

C D

Cytopathiceffectof Ma-104cells infectedwith Rotavirus. A:Control(OnlyMA-104cell),

B:CPEfor 2 dpi, C:CPEfor 4 dpi, D:CPEfor 6 dpi. * dpi: daypostinoculation
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BSA Standard(˙g/˙L)

KDa M CmCP2 

(PCV2) CP2

CDV H

PEDV S

ɾ 100-800 mg/L(
)200-1000mg/L( )

ɾ SDSpage
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SF9
C1

SF9
C2

SF9
C3

SF9
C4

SF9
C5

SF9
C6

SF9
C7

SF9
C8

SF9
C9

SF9
C10

SF9
C11

SF9
C12

SF9
C13

SF9
C14

SF9
C15

SF9
C16

SF9
C17

SF9
C18

SF9
C19

SF9
C20

mg/L
117 48 131 210 249 165 N N 88 135 66 230 188 145 167 220 213 55 131 207

Hi5
C1

Hi5
C2

Hi5
C3

Hi5
C4

Hi5
C5

Hi5
C6

Hi5
C7

Hi5
C8

Hi5
C9

Hi5
C10

mg/L
221 268 203 244 213 205 188 198 179 232

SF9
C5P1

SF9
C5P2

SF9
C5P3

SF9
C5P4

SF9
C5P5

mg/L
249 256 240 252 244

Hi5
C2P1

Hi5
C2P2

Hi5
C2P3

Hi5
C2P4

Hi5
C2P5

mg/L
268 232 250 242 248



( )

ɾ Ӫ 60- 800 mg/L(
)100- 1000mg/L( )

ɾ SDSpagev Ҡṓῶ Ӫ



Cell lines created for virus production (I)

Cells Function Virus Titer(TCID50/ml)
Vero/207-1
Vero/207-2
Vero/207-3
Vero/207-4
Vero/207-5
Vero/Fusion
Vero/Lysis

(Inflammatory bowel disease)̡
(Infectious bronchitis)̡ (Porcine epidemic diarrhea̡

(Japanese encephalitis)

1̡ ƈƁƃʤŰů8

2̡ ƈƁƕʤ107

3̡ ƏƄƃʤŰů8

4̡ ƉƄʤŰů7

Vero-CD150
Vero-CDF

(Canine distemper virus) Ƃƃƕʤ107

ƂƃƕʤŰů7

MA-104/207-1 (Porcine rotavirus) ƏƮƑƕʤŰů8

CHO-207 Mammalian cell expression ASAH2

293F-207 Mammalian cell expression ASAH2

PK-15
PK-15-C1
PK-15-C2
PK-15-C3
PK-15-C4

(Pseudo rabies)̡ (Transmissible 
Gastroenteritis)̡ Porcine circovirustype 2 ̡

. (Porcine parvovirus)̡ (Hog cholera virus)

1̡ ƏƑʤŰů9

2̡ ƓƆƄʤŰů8

3̡ ƏƂƕűʤ106.5

4̡ ƏƏƕʤ108

5̡ ƇƂƕʤ106.5

CEK207 (Infectious bronchitis)

LMH207 (EDS)̡ (Infectious 
Laryngotracheitis)

1̡ ƄƃƒʤŰů7

2̡ ƈƋƓʤŰů7

DF-1-207 (Newcastle disease LaSota) ƇƀşƳƤƲƳʤ210

MSB-1-207 (Chicken infectious anemia) Ƃƀƕʤ107



Cell lines created for virus production (II)

Cells Function Virus Titer

MDBK 207 (Bovine viral diarrhea virus) ƁƕƃƕʤŰů8

MDCK207 (Avian Influenza)

CRFK207 (Canine parvovirus type2aCanine 
parvovirus type2bCanine parvovirus type2c)̡
(Feline Infectious Peritonitis)

1̡ CPV ƇƀşƳƤƲƳʤű8

2̡ ƅƈƏʤŰů8

F81-207 (Canine parvovirus type2aCanine 
parvovirus type2bCanine parvovirus type2c)̡ (Feline 
parvovirus)̡ (Feline herpesvirus)

1̡ CPV ƇƀşƳƤƲƳʤŰů8

2̡ FPV:
3̡ ƅƇƕʤŰů7

BHK21-Fusion
BHK21-Lysis
BHK21-207

(Newcastle disease)̡ (Avian reovirus̡
(Bovine ephemeral fever virus)̡ (Rabies 

virus)̡ Foot and Mouth Disease

1̡ ƇƀşƳƤƲƳʤű8

2̡ ƀƑƕʤŰů7

3̡ ƁƄƅƕʤŰů8



Vaccine Virus strain Antigen production Virus titer(TCID50)
Pseudorabieslive vaccine BathaK-61 Cell culture 10^9
PRRS inactivedvaccine N Cell culture 10^7
PRRS inactivedvaccine S Cell culture 10^7
PRRS inactivedvaccine E Cell culture 10^7.5
PRRS inactivedvaccine W Cell culture 10^7
PRRS inactivedvaccine classical Cell culture 10^7
Porcine epidemic diarrhea live vaccine CV777 Cell culture 10^10 
Porcine epidemic diarrhea inactivated vaccine Wild type KC/14 Cell culture 10^8
Porcine epidemic diarrhea inactivated vaccine Wild type CL/14 Cell culture 10^8
Porcine circovirustype 2 inactivated vaccine Wild type DV/12(2b) Cell culture 10^7.5
Porcine circovirustype 2 inactivated vaccine Wild type DV/12(2d) Cell culture 10^7.5
Porcine Transmissible gastroenteritis live vaccine Cell culture 10^7 
Avian reoviruslive vaccine( malabsorption syndrome) OS161 Cell culture 10^8.5
Avian reoviruslive vaccine (viral arthritis syndrome) S1133 Cell culture 10^9
Avian reoviruslive vaccine (viral arthritis syndrome) 750505 Cell culture 10^9 
Avian infectious bronchitis live vaccine H120 Cell culture 10^7 
Avian infectious bronchitis live vaccine Ma-5 Cell culture 10^6 
Avian infectious bronchitis live vaccine M41 Cell culture 10^6 
Avian infectious bronchitis(nephritis) live vaccine TW-1 Cell culture 10^7 
Avian infectious bronchitis(nephritis) live vaccine TW-2 Cell culture 10^8 
Avian infectious bronchitis(glandular stomachtype) live vaccine Wild type Cell culture 10^8 
Infectious Bursa Disease live vaccine luker Cell culture 10^8.5 
Infectious Bursa Disease live vaccine MB43 Cell culture 10^8 
Infectious Bursa Disease live vaccine 2512 Cell culture 10^8.5 
Infectious Bursa Disease live vaccine medivac Cell culture 10^8 
Infectious Bursa Disease live vaccine Wild type vvIBD Cell culture 10^7 
Infectious Bursa Disease live vaccine Wild type IBD Cell culture 10^8 
Infectious Laryngotracheitislive vaccine Cell culture 10^7 
Newcastle Disease Genotype VII inactivated vaccine TW-V158-VIId Cell culture 10^8 
Newcastle Disease Genotype VII inactivated vaccine TW-V301-VIIe Cell culture 10^8 
Newcastle Disease Genotype VII inactivated vaccine China-V178VIIe Cell culture 10^8 
Avian reovirusinactivated vaccine ( viral arthritis syndrome ) 750505-like Cell culture 10^9 
Avian reovirusinactivated vaccine ( viral arthritis syndrome ) S1133 Cell culture 10^9 
Avian reovirusinactivated vaccine ( viral arthritis syndrome ) 1733 Cell culture 10^8 
Avian reovirusinactivated vaccine ( malabsorption syndrome ) 2408 Cell culture 10^8 
Avian reovirusinactivated vaccine ( malabsorption syndrome ) OS161-like Cell culture 10^8.5 
Fowl adenovirus Serotype IV inactivated vaccine Wild type Cell culture 10^8 
Canine distemper inactivated vaccine 2014 Wild type Cell culture 10^7 
Canine parvovirus inactivated vaccine 2010 Wild type Cell culture 2^10 HAU
Feline infectious peritonitis inactivated vaccine Cell culture 10^9 
Feline Herpesvirusinactivated vaccine 2016 Wild type Cell culture 10^7 
Koi herpesvirusinactivated vaccine 2013 Wild type Cell culture 10^8.5 
Bovine ephemeral fever  inactivated vaccine 2014 Wild type Cell culture 10^8 
Bovine viral diarrhea inactivated vaccine 2019 Wild type Cell culture 10^8 
Bovine enterovirusinactivated vaccine 2019 Wild type Cell culture 10^8 
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Expression of 

virus receptors 

in cells



Principles

ɾ Receptors on cell surface are the keys for the virus to enter the 
cell.

ɾ Virus cannot enter cells without the receptors.

ɾ Thus, expression of the necessary receptors may make cells 
susceptible to virus infection.



FcɔReceptor IIA gene (956bp)

ɾFc receptor (FcR)

- a multigene family of integral membrane glycoproteins

- mediated entry of infectious dengue virus immune 
complexes into monocytes/macrophages

- is hypothesized to be a key event in the pathogenesis of 
complicated dengue fever

- FcRIA (CD64, 73kDa) and FcRIIA (CD32, 40kDa)



FcrRIIA/poDNA3.1( -) recombinant plasmid sequencing



BHK-21 cells expressing the FcgR IIA receptor 
allows higher Dengue virus replication

Lane1-4:BHK-21 with FcgIIA receptor
Lane 5: BHK-21 

BHK-21 with FcgRIIA                 BHK-21

Plaque formation



S

back

NC

Cell control

-Positive control

(positive serum + virus) 

-Viral back titration

(virus 10X serial dilution,)

-Negative control

(Normal serum, no virus)

-Cell control

(no serum and virus)

1:10  20    40        80     160    320   

Sample No. 91076 (DEN2)

Titer >1:320



ɾ FcRII: Dengue virus

ɾ CD46: Canine distemper virus



CDV  Vero 

CDV  Vero 



№  Vero Vero-CD150 Vero-F 

ᴍ      MEM   MEM TPCK-TV MEM 

TPCK-TV 

MEM 

TPCK-TV 

Ct-1 14.26 ND ND 

Ct-2 ND        13.36 17.7 ND 

Ct-3 21.19       15.64 25.06 11.02 

    Note   ***  

 

Vero Vero-CD150 Vero-F

None CD150 CDV-F

None pDisplay pcDNA3.1

P40 P9 P8



/

№  A B C E 

ᴍ MEM 

TPCK-TV 

MEM 

TPCK-TV 

MEM 

TPCK-TV 

MEM 

TPCK-TV 

Cells Vero-F Vero-F Vero-F Vero-F 

Ṑ  

 

             

TCID50(log10)/mL 

32 

3 

CPE 90%         

6.9 

32 

3 

Death 70% 

7.4 

100 

2 

CPE 90% 

7.4 

3 

2 

Death 70% 

5.7 

Note  **  **   

 



 P0  P1  P2  P3  P4 

Cells  Vero  Vero  Vero-F  Vero-F Vero-F 

Ct  15.59 14.26 13.36 11  ND 

TCID50 (log10)/ml  6.5   ND 6.9 7.4 7.4 

Note    *  *  

 



 P3 P4 P5 P6 P7 P8 P9   

Cells  Vero-F Vero-F Vero-F Vero-F Vero-F Vero-F Vero-F 

Ct  11 ND ND ND ND ND ND 

TCID50 

(log10)/ml  

7.4 7.4 7.1 7.3 7 7.4 7.4 
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