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Abstract

Viral surrogates to screen for virus inactivation (VI) can be a faster, cheaper and safer alternative to third-party testing of
pathogenic BSL2 (Biosafety Level 2) model viruses. Although the bacteriophage surrogate, @6, has been used to assess low
pH BSL2 VI, it has not been used for evaluation of detergent-mediated VI. Furthermore, 6 is typically assayed through host
cell infectivity which introduces the risk of cross-contaminating other cell lines in the facility. To circumvent contamination, we
developed an in-house RT-qPCR (reverse transcriptase quantitative polymerase chain reaction) assay for selective detection of
active 6 from a population of live and dead phage. The RT-qPCR assay was used to evaluate ()6 inactivation in cell culture
fluid of monoclonal antibody and fusion protein. Complementary @6 infectivity was also conducted at a third-party testing
facility. The @6 RT-qPCR and infectivity data was modeled against VI of three BSL2 viruses, X- MuLV, A- MuLV and HSV-1
in corresponding therapeutics. Both @6 methods demonstrate that any VI agent showing @6 clearance of [?] 2.5 logs would
demonstrate complete BSL2 VI of [?] 4.0 logs. Compared to BSL2 virus testing, this in-house O6 RT-qPCR tool can screen VI

agents at 5% the cost and a turnaround time of 2-3 days versus 4-7 months.

Hosted file

VI Phage Manuscript.pdf available at https://authorea.com/users/406120/articles/516912-
establishing-a-surrogate-model-for-inactivation-of-enveloped-viruses-to-screen-viral-
clearance-conditions-during-biotherapeutics-process—development


https://authorea.com/users/406120/articles/516912-establishing-a-surrogate-model-for-inactivation-of-enveloped-viruses-to-screen-viral-clearance-conditions-during-biotherapeutics-process-development
https://authorea.com/users/406120/articles/516912-establishing-a-surrogate-model-for-inactivation-of-enveloped-viruses-to-screen-viral-clearance-conditions-during-biotherapeutics-process-development
https://authorea.com/users/406120/articles/516912-establishing-a-surrogate-model-for-inactivation-of-enveloped-viruses-to-screen-viral-clearance-conditions-during-biotherapeutics-process-development

A. Phage inactivation

Inactivation Quenching inactivation
. 1.5 hr 0.5 hr
. Detergent/ 16 x Dilution |
s
. |
. . |
B. Phage RT-qPCR assay
Phage recovery Removal of inactivated phage
Overnight 4 3hr
. (\ ] =
PEG . A
| precipitation Phage pelltet * N RNase
| Centrifugation resuspension  Protease / PMA RNase quenching
| Proteinase K intercalating digesting Salt + EDTA
digesting into RNA RNA
V nucleocapsid
RNA quantification from intact phage
Amplification Plot
3hr . 0.5hr+25hr
Control, VI Load -
Extraction of RNA cDNA synthesis + 8 [Vl Pool; Triton X . o -
_— c / /
from intact phage particles Q. /
RT-gPCR @ L / Threshold /
L [ Threshold T~ ade ]
] (X
= 16.4 26.9
[
C. Phage infectivity assay T Teyee
Serial dilution of phage-spiked sample Plating phage with host cell Counting plaque forming units
2 hr 3hr 5 days
3 Day 5, 20-25°C
imL imL 1mL 1mL 1mL 1mL imL 1mL 1mL 1 mL P. syringae 1mL g_almt_ple ___ Result(PFU) PI_\age
g E E B B BEE B B B 8 (LBLP20) Phage ;,r ;on Rep 1Rep 2 Average P;ﬁ?' L
72 hr, 20-25°C . diltion Plate - 7" ™" (PFUmL)
~ inTsB 10
i} 10
m l‘ “ l l H u { H m 102 Different dilutions
L { L 10 mL molten TSA 107 showed comparable
Phage 107 102 10° 104 10% 10% 107 10% 10® Saline  (Tryptic SoyAgar) 10
control 45 C [ 5
TSB (Tryptic Soy Broth) N 10.5
Room temperature - 137
o 10%

A B
6= 504
-
© 409 ® Slope=-3.139
i - _ Target 5 e = 10(-1/Slope) o
S _ LRVy;s=4.0 -g 304
% Threshold 2 0
2= LRVphage pcr=2.5 %
— >
- O 104
0 T T T T O-W
Triton X-100 DDM 10x LDAO 10x LDAO 1x 10° 10" 102 10% 104 10° 10° 107 108 10°
Detergents Phage concentration,
gqPCR w/o PMA [Phage] (PFU/mL)
gqPCR PMA

Virus Infectivity (X-MuLV)



A mAb, X-MuLV B Fusion 1, A-MuLV C Fusion 1, HSV-1
>

S 10 Z Zz

k3] £ 10 ‘R?2=073 = ° ‘R2=0 88
€° L T 8 e

S ¢ = : € :

2 sl > © B2

=} _:l Gt TR L >|

i 2 :, ‘e %)
> 0 o <o . — s >I 0 . — .
¥ -2 LRV2 : 4 GE J 1 2 3 afr J 1 2 103 4
— - ;

Phage gPCR LRV phage gpcR LRV phage gPCR

D E
- LRVphage gpcr=2.5

o
1

IS
1

N
1

Least Squares Mean,
LRV virys Infectivity

o

mAb Fusion 1Fusion 11
LRVphage gpcR X-MuLV A-MuLV  HSV-1
Protein-Virus

= mAb, X-MuLV « Fusion 1, HSV-1 ¢ Fusion 1, A-MuLV

10 :
LRyPhage Infectivity=2-5
2 87
S Complete
B inactivation
L 6- AN
= R?=0.93 PR
E 8 i LRVyiue=4.00
> 4- ................................................ Bocoooes
> ' '
% \ ’
2' RN .nt
L T : T T 1
0 6 8

2
I-RVPhage Infectivity
Complete clearance
Triton X-100 Ecosurf DDM
mAb, X-MuLY = A A N
Fusion 1, HSV-1 e e S
Fusion 1, A-MuLV o o o o



I—RVPhage Infectivity

8- Complete inactivation

0 = T T T
0 2 4 6
I—RVPhage gPCR

Complete clearance
Triton X-100 Ecosurf DDM
mAb . A A -
Fusion2 e ®
o o o

Fusion 1 .



