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Why do we test vaccines for neurovirulence?

• Live viral vaccines inevitably mutate during virus growth in cell 
cultures

• What goes up must come down

• Attenuation reduces virus fitness
• Mutations that lead to the loss of attenuation have selective advantage
• Growth in inappropriate conditions can increase virus virulence
• Mutations can occur in protective epitopes, reducing vaccine efficacy

• Manufacturing consistency is a critical part of cGMP
• Neurovirulence test is a key consistency test for live viral vaccines



Oral Polio Vaccine 
(OPV)
• Weakened “attenuated” virus

• Selected from the pre-exiting 
attenuated variants within wild-
type stocks

• Natural route of administration

• Comprehensive immunity

• “Herd” effect through 
transmission to contacts

Dr Albert Sabin
1904 - 1993

Starting from the early 1960s 
used throughout the world
(except in Finland, Sweden, and Netherlands)
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Sabin, A. B., and R. L. Boulger. 1973. History of Sabin attenuated poliovirus
oral live vaccine strains. J. Biol. Stand. 1:115–118.



Passage in cell culture and in 
the gut of vaccine recipients 

leads to the loss of attenuation

Dr. Sabin required vaccine manufacturers to test 
every batch of vaccine for neurovirulence in 

monkeys



Monkey Neurovirulence Test (21 CFR 630)

• Purpose: ensures the genetic stability of the attenuated vaccine virus
• Monkeys screened for the absence of poliovirus antibodies
• Randomized between test and reference groups
• Inoculated into the anterior horns with 106.5 and 107.5 TCID50

• Observed for 17-22 days, sacrificed
• Histological examination of the spinal cord and brainstem 
• Histological lesions score compared between the test and the reference 

groups
• The test performed by both vaccine manufacturer and National Regulatory 

Laboratory



WHO International Collaborative 
Study conducted in the early 1980s 
resulted in the optimized procedure



WHO Monkey neurovirulence test
To measure residual virulence of Sabin strains

• Two groups of monkeys inoculated intraspinally
• 24 test vaccine lot and 24 reference (OPV3)
• 12 test vaccine lot and 12 reference (OPV1 and 2)

• Observed for 17 days for signs of paralysis
• All monkeys sacrificed for histological 

examination
• Lesions in CNS are scored and compared
• Vaccine lot “passes” if lesions are not greater 

than in reference vaccine
• ~200 monkeys were killed to QC one lot of 

trivalent vaccine



Monkey neurovirulence test is a product 
consistency test
• There is no evidence that failure of MNVT leads to unsafe vaccine
• However, it indicates a breach in manufacturing consistency and 

drift of vaccine virus in the direction of higher neurotropism

• MNVT often yields variable results, is very expensive, takes a lot of 
time, requires specialized expertise, and is inhumane 
• Therefore, there was a strong push to find a surrogate test that 

could replace MNVT
• Currently there is an alternative neurovirulence test based on transgenic 

mice
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MAPREC assay for neurovirulent revertants in type 3 OPV
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Regulatory role of MAPREC

• An International Collaborative Studies on MAPREC tests for all 
three serotypes of OPV were conducted in the 1990s 
• WHO Expert Committee on Biological Standardization (ECBS) 

approved MAPREC as an in vitro test of preference for lot release 
of OPV
• WHO recommendation for manufacture and control of OPV 

recommend MAPREC in combination with monkey or Tg-mouse 
neurovirulence test
• If MAPREC is performed rct40 marker test can be omitted 



Why do we need an alternative to MAPREC?

• MAPREC tests only one genomic position 
• A method testing for all potential mutations would be preferable

• MAPREC test requires a highly skilled personnel and specialized 
equipment
• MAPREC requires the use of radioactive isotopes

• An alternative protocol based on fluorescent dyes is available but has a 
lower dynamic range

• Some labs experience over time an unexplained baseline drift 
defined by reference materials
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SNP profiles of OPV3 made form different 
seed viruses
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Comparison of SNP profiles of several OPV products
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Vaccine lot consistency analysis:
Comparison of Lot X with historical baseline

N
uc

le
ot

id
e

Ba
se

M
ut

at
io

n

G
en

e

Am
in

o 
ac

id

Re
fe

re
nc

e 
am

in
o 

ac
id

 M
ut

an
t a

m
in

o 
ac

id

C
on

tr
ib

ut
io

n

H
is

to
ric

al

N
ew

 lo
t X

p-
va

lu
e

Lo
t 1

.1

Lo
t 1

.2

Lo
t 1

.3

Lo
t 1

.4

Lo
t 1

.5

Lo
t 2

.1

Lo
t 2

.2

Lo
t 2

.3

Lo
t 2

.4

Lo
t 2

.5

Lo
t 3

.1

Lo
t 3

.2

Lo
t 3

.3

Lo
t 3

.4

Lo
t 3

.5

Lo
t 4

.1

Lo
t 4

.2

Lo
t 4

.3

Lo
t 4

.4

Lo
t 4

.5

Lo
t 5

.1

Lo
t 5

.2

Lo
t 5

.3

Lo
t 5

.4

Lo
t 5

.5

Lo
t X

.1

Lo
t X

.2

Lo
t X

.3

Lo
t X

.4

Lo
t X

.5

Distance between profiles is 0.1 0.000000
2493 C T protein VP1 6 Thr Ile 0.75001 12.99 ± 1.15 20.47 ± 0.60 0.000000 12.19 12.91 12.74 12.88 12.58 14.26 14.68 14.40 14.53 14.40 13.41 13.94 14.11 14.25 14.19 12.04 12.55 12.68 12.50 12.57 11.15 11.38 11.44 11.59 11.34 21.30 20.59 19.75 20.66 20.04
4171 A G protein 2C 19 Glu 0.04291 3.28 ± 0.18 3.34 ± 0.63 0.844356 3.77 3.26 3.11 3.24 3.12 3.27 3.27 3.23 3.26 3.31 3.70 3.10 3.50 3.14 3.56 3.24 3.29 3.12 3.33 3.15 3.11 3.22 3.23 3.16 3.29 4.43 2.93 3.13 2.92 3.28
3262 C T protein VP1 262 Pro 0.02828 1.61 ± 0.06 1.66 ± 0.37 0.771601 1.69 1.64 1.56 1.60 1.69 1.68 1.62 1.60 1.58 1.60 1.53 1.69 1.60 1.59 1.54 1.51 1.69 1.58 1.74 1.50 1.59 1.64 1.66 1.62 1.61 1.13 1.60 2.01 1.55 2.03
5296 A G protein 3A 65 Ala 0.02542 1.34 ± 0.08 1.24 ± 0.31 0.439196 1.37 1.39 1.36 1.37 1.38 1.27 1.34 1.29 1.28 1.33 1.25 1.37 1.61 1.40 1.54 1.25 1.31 1.28 1.35 1.26 1.33 1.32 1.36 1.31 1.30 1.56 1.39 0.93 1.41 0.89
3723 A G protein 2A 116 Gln Arg 0.02442 1.17 ± 0.11 1.30 ± 0.27 0.302031 1.26 1.10 1.14 1.11 1.07 1.06 1.07 1.09 1.07 1.07 1.02 1.36 1.05 1.39 1.01 1.20 1.32 1.21 1.31 1.17 1.24 1.18 1.26 1.21 1.23 0.95 1.21 1.60 1.18 1.54
3640 C T protein 2A 88 Tyr 0.01980 2.29 ± 0.12 2.35 ± 0.29 0.667086 2.75 2.27 2.16 2.25 2.17 2.17 2.31 2.28 2.33 2.34 2.10 2.19 2.20 2.26 2.29 2.29 2.38 2.39 2.37 2.32 2.17 2.34 2.32 2.30 2.29 2.87 2.24 2.16 2.25 2.21

• Historical baseline SNP profile is established during first consistency lots manufacture
• Animal test is also performed
• Each lot is tested 5 times in NGS

• Subsequent lots are only tested in NGS
• Whole-genome SNP profiles are compared to detect possible breaches of consistency



Conclusion: New lot X is acceptable

Lot X against historical baseline
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Distance between profiles is 0.1 0.000000
2493 C T protein VP1 6 Thr Ile 0.75001 12.99 ± 1.15 20.47 ± 0.60 0.000000
4171 A G protein 2C 19 Glu 0.04291 3.28 ± 0.18 3.34 ± 0.63 0.844356
3262 C T protein VP1 262 Pro 0.02828 1.61 ± 0.06 1.66 ± 0.37 0.771601
5296 A G protein 3A 65 Ala 0.02542 1.34 ± 0.08 1.24 ± 0.31 0.439196
3723 A G protein 2A 116 Gln Arg 0.02442 1.17 ± 0.11 1.30 ± 0.27 0.302031
3640 C T protein 2A 88 Tyr 0.01980 2.29 ± 0.12 2.35 ± 0.29 0.667086



Conclusion: New lot Y is acceptable

Lot Y against historical baseline
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Distance between profiles is 0.07 0.000000
2493 C T protein VP1 6 Thr Ile 0.79075 12.99 ± 1.15 7.44 ± 0.11 0.000000
4171 A G protein 2C 19 Glu 0.02289 3.28 ± 0.18 3.30 ± 0.12 0.776733
3640 C T protein 2A 88 Tyr 0.01676 2.29 ± 0.12 2.34 ± 0.09 0.295683
3723 A G protein 2A 116 Gln Arg 0.01419 1.17 ± 0.11 1.16 ± 0.06 0.767156
5296 A G protein 3A 65 Ala 0.01117 1.34 ± 0.08 1.38 ± 0.05 0.189924
3262 C T protein VP1 262 Pro 0.00917 1.61 ± 0.06 1.66 ± 0.01 0.002605



Conclusion: New lot Z is acceptable

Lot Z against historical baseline
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Distance between profiles is 0.04 0.001
2493 C T protein VP1 6 Thr Ile 0.63017 12.99 ± 1.15 10.43 ± 0.14 0.0000
4872 A G protein 2C 253 Glu Gly 0.12053 0.96 ± 0.64 0.49 ± 0.01 0.0011
4925 G A protein 2C 271 Asp Asn 0.07370 0.51 ± 0.50 0.14 ± 0.01 0.0004
4884 A G protein 2C 257 Asp Gly 0.05943 0.65 ± 0.41 0.33 ± 0.02 0.0002
4171 A G protein 2C 19 Glu 0.03074 3.28 ± 0.18 3.24 ± 0.05 0.5946
3723 A G protein 2A 116 Gln Arg 0.02792 1.17 ± 0.11 1.24 ± 0.03 0.0050
3640 C T protein 2A 88 Tyr 0.02760 2.29 ± 0.12 2.35 ± 0.07 0.1443
5296 A G protein 3A 65 Ala 0.01637 1.34 ± 0.08 1.32 ± 0.05 0.3895
3262 C T protein VP1 262 Pro 0.01356 1.61 ± 0.06 1.61 ± 0.03 0.7642



Statistical significance 
                             vs.
                       Biological significance



Mutations 
present in 
acceptable 
OPV3 lots 
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537 G A non-coding 14.05 3723 A G protein 2A 116 Gln Arg 7.47
699 C T non-coding 1.67 3723 A G protein 2A 116 Gln Arg 1.82
713 A G non-coding 25.02 3956 A G protein 2B 45 Ile Val 92.76
773 G A protein VP4 11 Gly Ser 4.92 4054 G A protein 2B 77 Pro 4.30
858 A G protein VP4 39 Asn Ser 2.78 4171 A G protein 2C 19 Glu 4.43
876 A G protein VP4 45 Asp Gly 2.14 4202 G T protein 2C 30 Asp Tyr 5.58
898 A G protein VP4 52 Lys 14.34 4872 A G protein 2C 253 Glu Gly 8.84

1341 G T protein VP2 131 Cys Phe 6.51 4883 G A protein 2C 257 Asp Asn 2.93
1485 T C protein VP2 179 Leu Pro 4.49 4884 A G protein 2C 257 Asp Gly 6.19
1537 C T protein VP2 196 Ile 4.31 4925 G A protein 2C 271 Asp Asn 3.54
1681 T C protein VP2 244 Val 5.63 4935 A G protein 2C 274 Gln Arg 3.95
1699 G A protein VP2 250 Val 98.36 5075 G T protein 2C 321 Gly Cys 5.94
2440 A T protein VP3 226 Arg 95.62 5137 C T protein 3A 12 Ile 3.66
2493 C T protein VP1 6 Thr Ile 96.38 5296 A G protein 3A 65 Ala 2.72
2504 G T protein VP1 10 Ala Ser 3.41 5473 T C protein 3C 15 Ile 6.78
2696 A G protein VP1 74 Thr Ala 7.97 5476 T C protein 3C 16 Val 6.34
2702 G C protein VP1 76 Glu Gln 2.08 5767 T C protein 3C 113 Tyr 98.25
2703 A G protein VP1 76 Glu Gly 3.34 5787 C A protein 3C 120 Thr Asn 4.73
2731 C T protein VP1 85 Val 4.74 5832 T C protein 3C 135 Ile Thr 97.94
3256 G T protein VP1 260 Met Ile 4.08 6001 A G protein 3D 8 Pro 4.97
3262 C T protein VP1 262 Pro 2.03 6178 C T protein 3D 67 Ile 1.04
3278 T C protein VP1 268 Trp Arg 2.47 6421 C T protein 3D 148 Tyr 98.36
3353 T C protein VP1 293 Ser Pro 98.57 6505 T A protein 3D 176 Ile 98.27
3357 A G protein VP1 294 Glu Gly 99.10 6760 A T protein 3D 261 Arg Ser 95.44
3640 C T protein 2A 88 Tyr 2.87 6819 G T protein 3D 281 Cys Phe 4.91
3700 C T protein 2A 108 Asp 98.40



Pass-Fail decisions based on wg-SNP Profiling

• During the establishment of OPV production first several batches of 
vaccine should be tested in animals as well as by generating whole-
genome single-nucleotide polymorphism (SNP) profiles by HTS

• new manufacturer or major change in production conditions, new seed virus, 
etc.

• After consistency of manufacture is established, only HTS can be 
performed
• If a breach of consistency is detected:

• Careful review of the specific sequencing data should be conducted
• Based on the results, animal testing may be recommended
• If the conclusion is that the lot is acceptable, the SNP database is updated 



Questions?


