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Abstract

Seasonal influenza infection waves occur both in northern and southern hemispheres every year. Despite the differences in
influenza virus surface antigens and virulence of seasonal subtypes, manufacturers are well-adapted to respond to this periodical
vaccine demand. Due to decades of influenza virus research, the development of new influenza vaccines is relatively straight-
forward. Nevertheless, compared to the recent Covid-19 pandemic where a vaccine is not yet available, influenza vaccine
manufacturing would be a major bottleneck for the rapid supply of billions of doses required worldwide. In particular, egg-
based vaccine production would be difficult to schedule and shortages of other egg-based vaccines with high demands also have
to be anticipated. Cell culture-based production systems enable manufacturing of large amounts of vaccines within a short time
frame and expand significantly our options to respond to pandemics and emerging viral diseases. In this work, we present an
integrated process for the production of inactivated influenza A virus vaccines based on a MDCK suspension cell line cultivated
in a chemically defined medium. Very high titers of 3.6 logl0(HAU/100 uL) were achieved using fast growing MDCK cells
at concentrations up to 9.5 x 106 cells/mL infected with influenza A/PR/8/34 HIN1 virus in 1 L stirred tank bioreactors. A
combination of two membrane-based chromatography steps enabled full recovery for the virus capture and up to 80 % recovery
for the virus polishing step, respectively. Purified virus particles showed a homogenous size distribution around a mean diameter
of 80 nm. Based on a monovalent dose of 15 pg hemagglutinin (SRID assay), the level of total protein was 58 ug and the level of
host cell DNA contamination was below 10 ng. Furthermore, all process steps can be fully scaled up to industrial quantities for
commercial manufacturing of either seasonal or pandemic influenza virus vaccines. Fast production of up to 300 vaccine doses
per liter within 4 to 5 days makes this process competitive not only to other cell-based processes, but to egg-based processes as

well.

Hosted file

Manuscript_USP_DSP_IAV_submission_02.pdf available at https://authorea.com/users/399241/
articles/511801-integrated-production-of-an-influenza-a-vaccine-candidate-with-mdck-
suspension-cells


https://authorea.com/users/399241/articles/511801-integrated-production-of-an-influenza-a-vaccine-candidate-with-mdck-suspension-cells
https://authorea.com/users/399241/articles/511801-integrated-production-of-an-influenza-a-vaccine-candidate-with-mdck-suspension-cells
https://authorea.com/users/399241/articles/511801-integrated-production-of-an-influenza-a-vaccine-candidate-with-mdck-suspension-cells

- N =
~
- L |
L] =3 ™~ L
»q -
i A £
o~
] e
- Cl <5
4
<a
~ < |
»
«e
L2 -« L
»
fis) N o =
r T T T T T T T - N r T . 3 T T
g @ Ioagee Ao NI - -
(Jw/r) swnjoa 192 ajqeIn (wrl) so30welp 129
- N 5
~
- |
[ =3 a |
»q e <«
) A .
3 -_1
o -
—=¢ o <
-
-
LS « L
-
]
L2 a L
L ]
< | On
r T T T T % N~ s T T T
o~ o © © A o~ o (=3 =3 =3 o =3
- m o © ~ ©

(501 X Jwys||a2) 9OA

(%) Anngein

-48 24 0 24 48 72 72 -48 24 0 24 48 72
Time post infection (h) Time post infection (h)

-72

- N N
™~ i
m» | - 1
1| 1
1} 1
»e » e
I} 1
)| » |
1| 1
.Lﬁi _fu 18
e e
1} 1
L i L [
o | om '
e - © Fo
< | a < :
<a ! - !
» _.u. -l _.u.
1} 1
* i - 1
I} 1
-« 1 o - | w
[ 1] Ty - HRi
L] [ - 1
I} 1
me i [m) -
— v T N 4R r T T v v v+ N
w © © A o~ o ©o w A el o~ - o
(Ww) auiweinjn (Ww) wnuowwy
rN - N
[~ I
e L} I
I I
I I
L L] LR
I I
] | L 1
I I
% s H L
1o 1[N
I I
| I
I I
| i -« i
to <5 <3 e
= i < |
l | . I
I I
» T -« [l BN
I I
» | - |
I I
» o - ©
L] i » Y
» | L
I
<C - | (@] l
N b
r 2 3 T T T N r T T T T et
o o o o o o o o o o o =
wn < © w

] S
(Ww) asoan|9

< © o~ -
(nw) ayejoe

Time post infection (h)

Time post infection (h)



N | N
|-
2 I 2
| 4
- i <
o~ 1 . “ ~
. -
-e
3 - 3
4 ”
-
g <« on ' 3
* u ;
(@] o L «am e ! ~
L3 - L ~
= (] = 4 . e’ - (] < ] o
S 3 8 S o 8 S S S S 3
(Nw) sjeyedsy (Nw) autuoiyisiy
o N
1 ~ 1 ~
oemd " l_.
< m m -] T Q
o am " " L.
.Yy ot ! s
oo H »
om 1 om
to ——— = ——+————§0o
[ i 1 r
- 1 <me
@ 3 - 8
- 4™ "
<a
“ 3 < on H 3
R o n i
@ 1Y = " R
] e ] e ] = e ] @ < ~ o
« & < 2 & 3 S 38 S S s o
(Ww) aujuepy (Ww) auionajosi
o o
N N
ud o e "
= e -} Al.m {
- -«
Jﬂf 3 ¥ =
R
- _eom
- °
- wo|
L] -e I
= 3 - LS
- 4m "
» <a
- $ <« ea -
- <« om i
< L} o O« m o i ~
Ladl N < L N~
© w M © o~ 0 e v 2 0 o
w) ajewen EE R SRS
(Ww) syewesnio (Ww) surone

Time post infection (h) Time post infection (h)

Time post infection (h)

N N
<« <a
L8 L3
uq o e - IR
- 3 o«(n ls
» 4eonm
< 4 eom
on S T S
-« 4a
<= <«
L ) -
<me Fo o«
-« -
m )
P e e =1 ¥ T v T r o
R R RN g 8 8 § & °
(w/sqio1) 19 BaioL (%) siie2 anoydody
R R
» -
L3 L3
» Le - L2
L) 23 on 23
- <o m
» 4
= r - r
-» »
e e
“« o 4 n [ ]
< L b | [ 1) F
- o 4m ®
A. T T T ° T T T T T - o
(1 001L/NWH)*Bo)) 12313 YHE =

(%) s1122 pajoaju|

Time post infection (h)

Time post infection (h)



72

72

e -»
» < » 2
o< g Y g
e R
NS EERNIONNNR
-« o - o
B o D o
AW_E\mySLoIV :_Muohn_\,.c._._w ((Qw/Bu)/NVH) YNa/VHE
B . R
adq =3 - e
o n - <o
//////////////ﬂ SN\ ////////J/////////////// B
« I-‘ o . =d
- L - <m
*» - <4 -
» Mo -« Mo
» -
. ] ‘ ]
» Y L Bi
| -
< n e« o (@) e ~

(qwy6rl) uiayoud |ejo )

o
(Tw/Bu) vNQ Ie3oL

Time post infection (h)

Time post infection (h)



A

uv ab8280 nm (mAU),——

o

UV abszgonm (MAU),——

—
(@)
(o)
o

1000

500

100+

—
(&)
o
(@)

1000

500

100

SXC (capture)
Flow-through + wash Elution 900
Purified
influenza 1600
Impurities virus \
E 1300
I
1 1
| T
s LR (100
20 40 60 80 100 120
Volume (mL)
Pseudo-affinity with SCMA (polishing)
Flow-through + wash Elution - 900
Purified 1600
influenza ;
virus \
1300
No notable impurities or :
virus in flow-through L o 100
25 50 75 100 125 150

Volume (mL)

Light scattering signal (mV),—

Light scattering signal (mV),—

1100

180

160

140

120

1100

180

160

140

120

Conductivity (mS/cm),--

Conductivity (mS/cm),--



A

SEC fingerprint (clarified virus harvest) DCS fingerprint (clarified virus harvest)

15 |
| 100+ B i oy 100
| Impurities i :5 12 E ;\3
—~ r I — ~
x 80 B 2 = 80 This work
~ Influenza b 9 2 =
E 60F virus [ ”n o 60-
o [ )] = )
X Ao 6 = o Previous process
2 40¢ o @ 2 40 (Marichal-Gallardo et al., 2017)
® aon §F 5
3 20r :-' ’ b \ 3 3 © 20
YR 6.) ‘ ‘
0 5 10 15 20 25 30 35 ~— 60 80 120 200 300 500
Volume (mL) Apparent hydrodynamic particle diameter (nm)
SEC fingerprint (SXC eluate) 15 | DCS fingerprint (SXC eluate)
100+ ; : = 100
| ! 112 E <
8ol | = £ g
g % ] 2 =
o 9 >
E 607 pyrified g g 60" This work
< influenza 16 g @
& 40p virus . o % 40- 4 Previous process
© E © o] (Marichal-Gallardo et al., 2017)
3 20 38
=
b i)
I

0 5 10 15 20 25 30 35 60 80 120 200 300 500
Volume (mL) Apparent hydrodynamic particle diameter (nm)

Hosted file

Table_01.pdf available at https://authorea.com/users/399241/articles/511801-integrated-
production-of-an-influenza-a-vaccine-candidate-with-mdck-suspension-cells

Hosted file

Table_02.pdf available at https://authorea.com/users/399241/articles/511801-integrated-
production-of-an-influenza-a-vaccine-candidate-with-mdck-suspension-cells


https://authorea.com/users/399241/articles/511801-integrated-production-of-an-influenza-a-vaccine-candidate-with-mdck-suspension-cells
https://authorea.com/users/399241/articles/511801-integrated-production-of-an-influenza-a-vaccine-candidate-with-mdck-suspension-cells
https://authorea.com/users/399241/articles/511801-integrated-production-of-an-influenza-a-vaccine-candidate-with-mdck-suspension-cells
https://authorea.com/users/399241/articles/511801-integrated-production-of-an-influenza-a-vaccine-candidate-with-mdck-suspension-cells

