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The National Institute for Biological Standards and Control
A key player in the Global Polio Eradication Initiative

WHO Global Polio Laboratory Network
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Sabin live-attenuated OPV strains

Type 1 Type 2 Type 3
Mahoney P712 Leon
(healthy children) (healthy children) (fatal case)
24 in vivo 3 in vitro 20 in vivo
43 in vitro 4 plaque purifications 8 in vitro
1 chimpanzee passage
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Determinants of attenuation in Sabin poliovirus OPV strains
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OPV Production
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Mutation Analysis by PCR and Restriction Enzyme Cleavage
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Next Generation Sequencing (NGS) analysis of OPV strains

Coding region
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Standardization of NGS analysis for the
quality control of OPV




Outline of Collaborative Study

 Objectives:
e Phase One
— Validate NGS as an alternative to MAPREC for type 3 OPV
— 5’ UTR neurovirulent mutation measured by MAPREC — U472C in Sabin 3
e Phase Two
— Validate NGS as an alternative to MAPREC for type 1 and 2 OPV
— Evaluate genetic consistency of mutational profiles of vaccines in the entire viral genome
e Eight participants from Europe (n=6), USA (n=1) and Japan (n=1) including manufacturers (n=4) and
control labs (n=4)

e Study Protocol:
— Determine 472C content in each vaccine sample by NGS in 5 independent determinations (PCR or RNA)
— Use in-house NGS protocols
— Use in-house bioinformatics tools
— Provide raw sequence files
— Raw data re-analyzed at NIBSC and compared to MAPREC data



Collaborative Study OPV samples (PV3)

Sample . L. Result
Code Vaccine Description MAPREC MNVT TgmNVT

3A 05/146 SO+3 Pass Pass Pass

3B 96/578 High MAPREC ref - - -

3C 03/636 SO+3 Fail Fail Fail (20/20)

3D POL3 SO+3 Pass Pass Pass

3E 96/572 Low MAPREC ref - - -

3F 07/676 RSO3 Fail Fail Pass

3G 08/660 RSO3 Pass Pass Pass

3H 08/650 RSO3 Pass Pass Pass

31 06/578 High MAPREC ref - - -

3J 06/568 SO+3 Fail

3K H2328 cDNA-derived Pass Pass Pass
Numbers in brackets indicate number of tests passing or failing over total number of tests performed in different labs if
more than one test was performed




Results - MAPREC (U472C) values summary

Sample Mean SD Min Max Outcome
3K 0.09 0.09 0.00 0.22 Pass
3G 0.35 0.07 0.24 0.41 Pass - Low intra-lab variability
3A 0.50 0.11 0.38 0.63 Pass - Low within-assay variability
3D 0.67 0.07 0.60 0.78 Pass - Values between 0.09 and 3.21
3E 0.75 0.12 0.60 0.89 Pass
3H 0.91 0.23 0.65 1.20 Pass
3l 1.14 0.14 1.06 1.39 Fail
3B 1.18 0.15 0.98 1.33 Fail
3F 1.56 0.22 1.33 1.82 Fail
3) 1.64 0.12 1.55 1.84 Fail
3C 3.21 0.21 2.94 3.42 Fail




NGS laboratory methods

RNA Extraction PCR Strategies PCR Purification m NGS Strategies In-House Analysis

Two-step RT-PCR using SuperScript |V Miseq platform, Nextera

first stand RT synthesis. RT primers XT kit, llumina fastqe, trimmomatic, bwa,
QlAmp Viral RNA Mini polio specific (Neverovand Chumakov ~ QlAquick PCR cartridges, Single samtools, becftools, Q
Kit 2010) purification kit Qubit operator Score > 20

Two-step RT-PCR using SuperScript Il

firststand RT synthesis, KAPA Hifi
MagJET Viral DNA Hotstart ReadyMix for PCR, polio Abgene storage Miseq platform, Nextera CLC Genomic Workbench
and RNA Kit specific primers amplifying nt 186- nt 864 plate Qubit XT kit, two operators (Qiagen)

Two-step RT-PCR using AccuScript

RT,Herculase Tag DNA polymerase,

polio specific primers, Two PCRs: nt Miseq platform, Nextera
QlAmp Viral RNA Mini 223-nt 919 (Short), nt 1- nt-7432 (Whole Agentcourt XT kit, Miseq Reagent CLC Genomic Workbench
k] Kit genome sequencing: WGS) AMPure XP Beads Qubit and gPCR  Nano Kit V2 (Qiagen)
One-Step RT-PCR using SuperScript ||
Roche HighPure Viral with Platinum Tag DNA Polymerase, Agentcourt Miseq platform, Nextera
RNA Extraction Kit polio specific primers, WGS AMPure XP Beads Qubit XT V2 kit, two operators Geneious, v 10 Biomatters
Details Not Details Not
Details Not Provided Details Not Provided Provided Provided Details Not Provided Details Not Provided
Instead of PCR, RNA libraries prepared
Roche HighPure Viral using NEBNEXT Ultra [l RNA Library Agentcourt Qubit and Miseq platform, Nextera CLC Genomic Workbench
RNA Extraction Kit Prep Kit For lllumina AMPure XP Beads BioAnalyzer XT kit, Two operators (Qiagen)

Two-Step RT-PCR ,RT: Full length
MagNA Pure LC total c¢DNA, PCR: 2 overlapping PCRs
nucleic acid isolation covering whole genome nt 1-nt 3797 + nt

kit and Kingfisher 3734 -nt 7432, Superscriptlll + Long Agentcourt Qubit and Miseq platform, Nextera CLC Genomic Workbench
4 System Range AMPure XP Beads BioAnalyzer XT V2 kit, two operators  (Qiagen)
Trimmomatic, FastQA,
RT PCR NEB Next Ultra Directional RNA FASTQFilter, FASTQ-
Library Prep Kit (lllumina), Random Screen, BWA, ea-utils,
Priming Approach: First strand: [llumina HiSeq4000 bamtools,
ProtoScript Il RT. NEBNext Q5 Hot Start Agentcourt BioRad Droplet  platform, Cartridges: 300 samtools, bamcount,

MagNA Pure HiFi PCR Master Mix, WGS AMPure XP Beads Digital PCR cycle base quality >= Q30




NGS analysis of OPV strains - background error

1) Plasmid sequenced directly
] 2) Plasmid in One-Step RT-PCR reaction

o 3) Transcription of RNA from plasmid = Transcribed RNA in
T One-Step RT-PCR reaction

4) Transcription of RNA from plasmid = Transfection of RNA
into susceptible cells = Recover virus = Extract RNA -
Extracted RNA in One-Step RT-PCR reaction

NGS Frequency (%)
<0




NGS vs MAPREC (U472C) - correlation

Variance Components 4.00
(as SD)
Analysis Sample Labs Mean Min Max Intra- Inter- Total 3.50
Lab Lab °
In-House 3K 7 0.08 0.03 0.18 0.01 0.06 0.06
In-House 3G 7 0.24 0.18 0.36 0.05 0.06 0.08 3.00 [ ]
In-House 3A 8 0.28 0.18 0.41 0.04 0.08 0.09 b
In-House iD 8 0.40 0.26 0.53 0.06 0.08 0.11
In-House 3E 8 0.63 0.46 0.86 0.16 0.1 0.20 o 250 ‘
In-House 3H 8 0.87 0.68 1.09 0.10 0.14 0.17 =
In-House 31 8 0.98 0.70 1.38 0.09 0.21 0.22 a
In-House 3B 8 0.98 0.73 1.20 0.10 0.16 0.19 ;) 2.00
In-House 3F 8 1.30 0.99 1.66 0.17 0.22 0.28 &)
In-House 37 8 1.33 1.05 1.69 0.13 0.22 0.25 4 ®
In-House 3C 8 2.80 2.40 3.58 0.23 0.40 0.47 1.50 !‘.
NIBSC 3K 8 0.07 0.02 0.23 0.02 0.07 0.08 0 Y
NIBSC 3G 7 0.26 0.18 0.41 0.07 0.08 0.10 .‘
NIBSC 3A 8 0.30 0.20 0.50 0.07 0.09 0.1 1.00 i ’ ¢
NIBSC 3D 8 0.45 0.34 0.67 0.10 0.11 0.15 .e ®
NIBSC 3E 8 0.62 0.47 0.84 0.15 0.13 0.20 o ﬁ.
NIBSC 3H 8 0.90 0.73 1.07 0.14 0.13 0.19 0-30 [ ] .
NIBSC 3B 8 0.99 0.74 1.26 0.13 0.20 0.24 - ' '
NIBSC 3 8 1.02 0.76 126 0.11 0.17 0.21 0.00 8 . , , , , , ,
NIBSC 3F 8 1.32 1.00 1.55 0.16 0.21 0.26 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
NIBSC 37 8 1.33 1.08 1.62 0.16 0.19 0.25
NIBSC 3C 8 2.81 2.44 3.37 0.20 0.34 0.39 MAPREC result
oLabl @Lab? @Lab3 @Lab4 ®Lab5 @Lab6 ©Lab7 @Labs
. . ] Lab
Pearson correlation coefficient Analysis . ) 3 . . 6 ; o overall

In-House | 0.997 | 0.979 | 0.994 | 0.994 [ 0.990 | 0.995 0.995 0.992 0.996
NIBSC | 0.996 | 0.984 | 0.995 | 0.993 | 0.996 | 0.996 0.991 0.993 0.996




Whole-genome NGS analysis of OPV strains




Passage history of OPV seeds

ﬁ?s:fr);z 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 1and type 2 OPV
from Sabin 1 and Sabin 2

WHO Technical Report Series No. 980, 2014




NGS analysis of OPV strains — SNP analysis
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NGS analysis of OPV strains — SNP analysis
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NGS analysis of OPV strains — SNP analysis

Coding region 15.0% -
5" NCR '| Capsid proteins = Non-structural proteins II3 NCR 12.5%
3B
O—— [ w2 [wes [ wver J2aes] 2c  Pallac [ 30 Fasa 10.0% -
[ =
vpa % 7.5% -
PanPV-PCR (7,400 nt.) ? 50% -
2.5% -
1Ak 3 _.L b m o A WA o
0-0% =T Ll L] v: T L ] Ll Ll v T Ll 1
Samples analyzed OPV sample 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
) ) ) ) Nucelotide genome position
RNA extraction High Pure Viral RNA kit (Roche)
15.0% -
cDNA-PCR synthesis Whole-genome Pan-PV PCR
12.5% -
Library preparation Nextera XT reagents 10.0% -
) ; 5 7.5% -
NGS MiSeq Nextera™ XT kit v2 o
Y 5.0% -
Data analysis Geneious R10 2.5% -
Mapping to Sabin reference
0.0% - N J 1 o T 7 1 T -

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500

Nucleotide genome position




SNP (%)

15.0%
12.5%
10.0%
7.5%
5.0%
2.5%
0.0%

15.0%
12.5%
10.0%
7.5%
5.0%
2.5%
0.0%

15.0%
12.5%
10.0%
7.5%
5.0%
2.5%
0.0%

0

o

500

o

500

500

Whole-genome NGS analysis of OPV strains — PV2
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Whole-genome NGS analysis of OPV strains — PV2

N (;) o N

PV2 vaccine bulk 1

—

w

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

R W (’:\) | I P

Q)

6000 6500

g

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

7000 7500

PV2 vaccine bulk 2

{1).

6000 6500

1)

7000 7500

PV2 vaccine bulk 3

——

e P L@ roa | A

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Nucleotide genome position

Ny

6000 6500

7000 7500




NGS analysis of live-attenuated
vellow fever vaccines
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NGS Read Coverage - YFV
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Single Nucleotide Polymorphism (SNP) analysis of YFV
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Single Nucleotide Polymorphism (SNP) analysis of YFV
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Single Nucleotide Polymorphism (SNP) analysis of YFV

+99/832-NIBSC N3C64 ®N3F32 @P3B16 4 160VF-Brazil mIPVE-Russia
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Detection by NGS of human enteroviruses in
sewage and clinical samples




Generation of RT-PCR products for NGS analysis

Coding region

5" NCR Capsid proteins Non-structural proteins ;3" NCR

| | 1
3B

O———— | ve2 | vpP3 vpl  |2A [2B| 2¢  [3A|| 3c 3D FARA |

VP1-PCR (=900 nt.)

PanEV-PCR (=3,900 nt.)

PanPV-PCR (=7,400 nt.)

Random-PCR (=7,400 nt.)



Direct detection and identification of PV by NGS - Stool
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Direct detection of PV by NGS - sewage

London (UK), September 2016 Karachi (Pakistan), January 2015

EMCV-A22 mCV-BA mCV-B2 mE14  mCV-AL mE13 ECV-Al EE-19  EE-29  EEV-A76 ECV-A24 mEV-A91
WEV-C116 ME-3  mCV-A4 mE-21  mCV-BS WE18 WE20 WE-17  EWEV-AS0 MEV-BS2 ME-30 ECV-B1
WEV-A76 ®E19  mEG  mCV-B3  mCV-ALQ ECV-A13 mEV-B106 mE-3 mEV-B74 mCV-A19 ECV-Al7 mEV-B79
BCV-All HEV-AS9 M CV-AL6 = CV-A24 o E-13 mE21 mE25 mCV-Al2 mE-14  EEV-B77 mE-26 mE31
EV-A71 mCV-A13 = EV-C99 | o pv-3 EV-D63 WEV-B80 WCV-A10 ME-1 ECV-B5 mEV-C99 ME-33  WEV-B107

WEV-B86 mCV-A22 mEV-A89 mCV-B3 m®E-6 mCV-A5 E-5
WE-2 W E-7 EV-B75 m CV-A120 i1 CV-Ad CV-A3 E-32

EV-B83 E-24 CV-A9 CV-All | &= PV-2 E-12 EV-C96

CV-A8 CV-A20 ' EV-B88 = CV-All4




Circulation of EV-D68 in the UK between 2015-2018 vs clinical cases
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15t generation reference material

e Candidate reference material containing 25 viruses representing diverse genome types and sizes
16 laboratories processed the reagent using various deep-sequencing virus detection assays

e Large variation between-labs in detection efficiency/sequencing rank

e 6 viruses were detected by all laboratories. Remaining viruses were detected by 4-14 participants
e Viruses detected least frequently corresponded to those not detected by qPCR

* 6 non-target viruses were reported by three or more participants (serum origin?)
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7 Contents lists available at ScienceDirect = )
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Development of a candidate reference material for adventitious virus @Cmssmk
detection in vaccine and biologicals manufacturing by deep
sequencing

Edward T. Mee®*, Mark D. Preston”, CS533 Study Participants', Philip D. Minor?,
Silke Schepelmann*®

e Reagent available from NIBSC catalogue
e www.nibsc.org/products ref: 11/242-001
e £103 per vial (1ml)
e ~ 400 sold ~800 vials remaining



http://www.nibsc.org/products

2"d generation reference material

 Fewer viruses - representing major virus structures
e High titre, defined background

 Lyophilised

e Practical considerations .
e BSL2 virion sizes ~20 — 200 nm
e Grow to high titre in cells / eggs . . Feline leukaemia virus (enveloped)
e Distinct from vaccine viruses where possible

 Intended uses: Ca"'“e Parvovirus

InfluenzaA  Simian Rotavirus

* Development / comparison of AV methods HSV1 | Adenovirus (enveloped) fenveloped) s

e Define LOD by spiking into relevant matrix W A AR



MTA with donor
I Source and bank I Characterise and bank virus
YV
. g . Minimise diversity of target
I Plaque orLD pu”f'cat'on I Exclude non-target viruses
YV
| Expansion |
YV
I Nuclease digestion I Reduce host and non-encapsidated NA
YV
. . Enrich complete viral particles
I DenSIty gradlent /| TFF I Further reduce background NA
YV
| Monovalent bulk stocks |
YV
. “ys . Stabilise, ensure consistency
| Fill, lyophilise, characterise | Facilitate shipping
YV
I Collab ti tud I Determine fitness for purpose
ollaborative study Snapshot of current methods
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Test validity and pass-fail criteria

Validity criteria
* Include the following vaccines and controls in your test:
e cDNA-derived vaccine with 0% 472C.
* Low MAPREC reference or validated reference with similar 472C content.
* High MAPREC reference or validated reference with similar 472C content in duplicate.
* Test vaccines.
* Negative RT-PCR control if applicable.

e Perform 5 independent NGS determinations of 472C content for each reference and test sample.

e Standard deviation 5 independent NGS determinations to be <0.3

e Ratio of NGS values for 472C between duplicate determinations of High MAPREC reference between 0.85 and 1.15.
e Ratio of NGS values for 472C between Low MAPREC reference and High MAPREC reference <1.0.

Pass/fail decision:

1. If ratio of NGS values for 472C between test vaccine and NGS reference* is <1.0, vaccine passes.

2. |If ratio of NGS values for 472C between test vaccine and NGS reference is 21.0, vaccine fails.

3. If vaccine fails, the test can be repeated once and combined results used for pass/fail decision. If ratio of NGS values for 472C
between test vaccine (average value between the two tests) and NGS reference is <1.0, vaccine passes. If it is 21.0, vaccine fails.

* Based on similar 472C content with WHO IS for MAPREC, both Sample 3H (vaccine 96/650) and 3B/I (96/578, High
MAPREC reference are suitable NGS references for this purpose.
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