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Development of Sabin live-attenuated OPV strains
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Determinants of attenuation in Sabin poliovirus OPV strains

3225L (1)
11431 (2) 73H (1)

3091F (3)

O_ER ve2 [wvez T wvei Joa B] 2¢ Baflac 3D Aan -,




Poliovirus 5’NTR Domain V Mutations
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Genetic stability of OPV strains
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Quality control of OPV

« OPV prepared by serial passage of wild
poliovirus

« Virus weakened by incorporation of mutations
* Low risk of disease 1:10° doses, VAPP

« Potency: titration in cell culture

« Safety: reversion to virulence




OPV safety testing
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OPV safety testing through time

OPV Production Testing

Until 2002 2002-2013 2013 onwards
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MNVT and TgmNVT for OPV

Feature MNVT TgmNVT

Model Old-world macaques Transgenic mice; modified to
express the human poliovirus
receptor

Inoculation Intraspinal Intraspinal

Number of Doses

Single dose. All serotypes at
the one dose.

Two doses. Doses are
different for each serotype

Scoring the Test

Histological analysis of CNS
tissues.

Clinical scoring of mice.
Eventually reduced to +/- for
paralysis.

Independent Assessment

Scoring of the slides.

Paper-trail only of
randomization and clinical
scores.

Time to complete (to end of
analysis)

Minimum of 8 weeks —
usually closer to 12 weeks.

Minimum of 3 weeks —
usually around 6 weeks.

Demonstration of inoculator
competence

In-line demonstration with
each test with animal validity
scored for each animal

External indicators e.g.
surrogate tests (Inert dye
inoculation). Can be assessed
in-line with histology.




Mutation Analysis by PCR and Restriction Enzyme Cleavage
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High Throughput (Next Generation, or Deep) Sequencing

* High throughput allowing multiplexing

» Allows sequencing of individual molecules,
accurately measuring variant mutations — Single
Nucleotide Polymorphism (SNP)

» Decreasing cost per sample for large amounts of
data

« High efficiency

» Technically simpler and more robust than MAREC

Early research evidence of potential of NGS for OPV

Neverov A and Chumakov K. Massively parallel sequencing for
monitoring genetic consistency and quality control of live viral

vaccines. PNAS, 2010

Sarcey E et al., Quantifying low-frequency revertants in oral
poliovirus vaccine using next generation sequencing. J Virol
Methods, 2017.
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Viral quasispecies
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Nucleotide sequence analysis of viral genomes
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Nucleotide sequence analysis of viral genomes
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High Throughput (Next Generation, or Deep)
Sequencing allows sequencing of individual
molecules, accurately measuring variant mutations —
Single Nucleotide Polymorphism (SNP) at each
genome nucleotide position, creating a unique SNP
profile (molecular fingerprint) for any given virus
preparation that can be compared to that of other
related (e.g. master seed vs working seed vs bulk
produced from the same seed virus) or unrelated virus
preparations (e.g. vaccine bulks from different
seeds/manufacturers) .

Consensus sequence by Sanger sequence analysis



NGS analysis of OPV strains — SNP analysis
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NGS of OPV for the assessment of molecular consistency

Phase 1:
Can NGS be used as a replacement for MAPREC to quantify 5-NTR mutations?




NGS for OPV3 - International Collaborative Study
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NGS of OPV for the assessment of molecular consistency

e Phase 1:

Can NGS be used as a replacement for MAPREC to quantify 5-NTR mutations?

e Phase 2:

Can whole-genome sequence SNP profiles be used as a replacement for NVT eventually removing the need
for animal testing?

This would be useful for both OPV and OPV seeds used for Sabin-IPV production, to monitor not only the
preservation of attenuation mutations but of any other mutations that might affect antigenicity/immunogenicity




Passage history of OPV seeds

Figure 2.2
History of seed virus and reference materials used to produce type 3 OPV from Sabin 3

Figure 2.1
History of seed virus and reference materials used to produce type 1 and type 2 OPV
from Sabin 1.and Sabin 2
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NGS analysis of OPV3 strains
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Whole-genome NGS analysis of OPV

«  Whole-genome NGS analysis demonstrated high consistency in vaccine production of most OPV

products by different manufacturers.

«  Whole-genome SNP profiles were highly consistent between vaccine products from the same

manufacturer.
» Different vaccine seeds and associated products were found to contain unique SNP profiles.

« Vaccine products from manufacturers using the same vaccine seed were found to contain common
SNPs unique to that seed but also manufacturer-specific SNPs often associated with the cell substrate

used for vaccine production (e.g. monkey kidney vs vero vs human diploid cells).

« These results suggest that whole-genome NGS analysis has a great potential as a QC test for OPV
measuring vaccine production consistency and potentially replacing neurovirulence testing using

animals




Mutations in OPV3 lots made from Japanese seed
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Collaborative study to support Phase 2

Aim of the Study:

» The primary aim of this study is to establish reference reagents to be used in NGS methods to monitor the consistency

of production of OPV and the characterization of virus bulks used for the manufacture of sIPV prior to virus
inactivation.

» The objective is to establish reference reagents suitable for measuring MAPREC-specific single mutations and/or
whole genome sequence analysis.

» The study will also focus on providing appropriate test formats and bioinformatics analytical processes for establishing
assay validity criteria.

» Overall, the study will provide further scientific assessment of NGS as a replacement test of animal NVTs for vaccine
lot release.




Concordance between SNP profiles generated by MHRA and Lab 6
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Whole-genome analysis of yellow fever vaccines

Passage level
0 Asibi
176 17D
195 170D Low Il
04 17D-204
| S'UTR  C prM/M E NS1 NS2A NS28 NS3 NS4A NS48 NSS 3' UTR
28 CohTi:se B
RF 145 RF 505 = = a N N = -
= ‘ i § § § 8 8 8 8 8§ 8 8 8 8 8 8 3 8 8 8¢83¢§8
230 AML YF-1 RFISS — — — — — —
It I ) 1
21 RF Lot 1028 AML YF-18 RF1290 RF1815 RF1847 RF760
o () ) (TR ]
m T A . N 6 different PCR reactions standardized to run
i 1 . -
- P A AsEs & 5 i s on single thermal profile
PR30 i INPESSIS YRR S35
e $ $2 Vi ABGIPA S1— 2
m2 PRy H i ABSY (] YFS/10-11 Fragment 1: 1-2005 Fragment 3: 3498-5506 Fragment 5: 6900-9100
- v ; s‘ Aes:;w Asszls e IYF)
& [Sta[nlgrm R f s !
H 1
= ol e ;
i 3 2 i
i “‘f;, cﬂ(iln 13&272 112185 1%‘@ 21377 seed(LF)
[YF-VAX! P pedenny ) - . .
28 & (' - § Manddacuref SUR Copaiar gk NSL__NS24NS28 A3 $EAA NS4a Nes 3 UTR Approximately equimolar concentration of 6 PCR
(RKHYF] [CRUCELL-YF] soad - T L Lt Ll EYEFEYCC"™™DQ r rrrrr— reactions mixed in a single tube and sent for Miseq
% § § 8§ 8§ 8§ 8§ 8 8 88 B g g egze
m 600103 (1952) (**39)
— Passages contaminated by avian
m 6613 (1966) (*48) loukosis virus ) .
vese r&sages"gem";mmmm
% [CBRAZL ?| g.‘F) Master seed
7503-2 (1975) (**51) S2 Woﬂ(n%(seed .
E Rlél WMLM Institute, Gﬁ&al\y Fragment 2: 1749-3725 Fragment 4: 5249-7278 Fragment 6: 8749-10862
283 Lol 774(1942) ("40) : A Rocky Mountain Laboratory, USA
5 456 ChuceLLVF Fim,
e P3(1962) (1) _‘ i RKIYF  RKI yellow fever vaccine
H - H “EP  Eggpassage
% NI st $2("54)
102 {1984) ("42) 18-A H
: : Viss
» ssstos‘_gsznsess("ﬂ) sus|?75-l~---------: ((vLFl ]
7 § § g
e




Single Nucleotide Polymorphism (SNP) analysis of YFV
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