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

NIBSC is…

… WHO Collaborative Centre for Biological 
Standardization

… WHO global Specialized Polio Laboratory
(only 6 such labs in the world)

… WHO Collaborating Centre for Reference & 
Research on Poliomyelitis
(only 5 such centres in the world)
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Sabin live-attenuated OPV strains
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Determinants of attenuation in Sabin poliovirus OPV strains
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Safety testing of OPV
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Mutation Analysis by PCR and Restriction Enzyme Cleavage
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Next Generation Sequencing (NGS) analysis of OPV strains

PV1
PV3
PV2
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Standardization of NGS analysis for the 
quality control of OPV
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Outline of Collaborative Study

• Objectives:
• Phase One

– Validate NGS as an alternative to MAPREC for type 3 OPV
– 5’ UTR neurovirulent mutation measured by MAPREC – U472C in Sabin 3

• 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

• Eight participants from Europe (n=6), USA (n=1) and Japan (n=1) including manufacturers (n=4) and 
control labs (n=4)

• 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
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Collaborative Study OPV samples (PV3)
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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

3A 0.50 0.11 0.38 0.63 Pass

3D 0.67 0.07 0.60 0.78 Pass

3E 0.75 0.12 0.60 0.89 Pass

3H 0.91 0.23 0.65 1.20 Pass

3I 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

3J 1.64 0.12 1.55 1.84 Fail

3C 3.21 0.21 2.94 3.42 Fail

Results - MAPREC (U472C) values summary

- Low intra-lab variability 

- Low within-assay variability

- Values between 0.09 and 3.21 
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NGS laboratory methods
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NGS analysis of OPV strains - background error

1) Plasmid sequenced directly 

2) Plasmid in One-Step RT-PCR reaction

3) Transcription of RNA from plasmid  Transcribed    RNA in 
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
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NGS vs MAPREC (U472C) - correlation

Pearson correlation coefficient Analysis Lab
1 2 3 4 5 6 7 8 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
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Whole-genome NGS analysis of OPV strains
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Passage history of OPV seeds
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NGS analysis of OPV strains – SNP analysis
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NGS analysis of OPV strains – SNP analysis



19

NGS analysis of OPV strains – SNP analysis
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NGS analysis of live-attenuated 
yellow fever vaccines



23

YF-17D is one of the most effective vaccines ever made. In the 73 
years that have elapsed since its development, the vaccine has 

been administered to over 540 million people globally
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NGS Read Coverage - YFV
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Single Nucleotide Polymorphism (SNP) analysis of YFV

Nucleotide genome position
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Single Nucleotide Polymorphism (SNP) analysis of YFV

Nucleotide genome position
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Single Nucleotide Polymorphism (SNP) analysis of YFV
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Mutation in patient’s clinical sample
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Detection by NGS of human enteroviruses in 
sewage and clinical samples
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VP2 2BVP3 VP1 3D2A 2C 3A 3C AAA n

VP4

3B

5’ NCR Capsid proteins Non-structural proteins 3’ NCR

Coding region

PanEV-PCR (≈3,900 nt.)

PanPV-PCR (≈7,400 nt.) 

Generation of RT-PCR products for NGS analysis

VP1-PCR (≈900 nt.)

Random-PCR (≈7,400 nt.)
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Direct detection and identification of PV by NGS – Stool
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Direct detection of PV by NGS - sewage

E-13 CV-A1 E-19 E-29 EV-A76 CV-A24 EV-A91

E-18 E-20 E-17 EV-A90 EV-B82 E-30 CV-B1

CV-A13 EV-B106 E-3 EV-B74 CV-A19 CV-A17 EV-B79

E-21 E-25 CV-A12 E-14 EV-B77 E-26 E-31

EV-B80 CV-A10 E-1 CV-B5 EV-C99 E-33 EV-B107

EV-B86 CV-A22 EV-A89 CV-B3 E-6 CV-A5 E-5

E-2 E-7 EV-B75 CV-A120 CV-A4 CV-A3 E-32

EV-B83 E-24 CV-A9 CV-A11 PV-2 E-12 EV-C96

CV-A8 CV-A20 EV-B88 CV-A114

CV-A22 CV-B4 CV-B2 E-14 CV-A1

EV-C116 E-3 CV-A4 E-21 CV-B5

EV-A76 E-19 E-6 CV-B3 CV-A19

CV-A11 EV-A89 CV-A16 CV-A24 E-13

EV-A71 CV-A13 EV-C99 PV-3 EV-D68

London (UK), September 2016 Karachi (Pakistan), January 2015
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Circulation of EV-D68 in the UK between 2015-2018 vs clinical cases



Reference Materials for Adventitious Virus Detection by Metagenomics

Edward.Mee@nibsc.org nibsc.org
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1st generation reference material

• Candidate reference material containing 25 viruses representing diverse genome types and sizes
• 16 laboratories processed the reagent using various deep-sequencing virus detection assays
• Large variation between-labs in detection efficiency/sequencing rank
• 6 viruses were detected by all laboratories. Remaining viruses were detected by 4-14 participants
• 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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• Reagent available from NIBSC catalogue
• www.nibsc.org/products ref: 11/242-001
• £103 per vial (1ml)
• ~ 400 sold ~800 vials remaining

http://www.nibsc.org/products


36

2nd generation reference material

• Fewer viruses - representing major virus structures
• High titre, defined background
• Lyophilised
• Practical considerations

• BSL2
• Grow to high titre in cells / eggs
• Distinct from vaccine viruses where possible

• Intended uses:
• Development / comparison of AV methods
• Define LOD by spiking into relevant matrix
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Validity criteria
• Include the following vaccines and controls in your test:

• 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.

• Perform 5 independent NGS determinations of 472C content for each reference and test sample.
• Standard deviation 5 independent NGS determinations to be <0.3
• Ratio of NGS values for 472C between duplicate determinations of High MAPREC reference between 0.85 and 1.15.
• 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 ≥1.0, 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 ≥1.0, 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.

Test validity and pass-fail criteria
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