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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



Dr Albert Sabin
1904 - 1993

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

Starting from the early 1960s
used throughout the world

(except in Finland, Sweden, and Netherlands)
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Passage in cell culture and Iin
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 10%°and 107° TCID,
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 testvaccine lot and 24 reference (OPV3)
* 12 testvaccine lot and 12 reference (OPV1 and 2)

* Observed for 17 days for signs of paralysis

* All monkeys sacrificed for histological
examination

* Lesionsin 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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Increased neurovirulence associated
with a single nucleotide change

in a noncoding region of

the Sabin type 3 poliovaccine genome
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G. C. Schild*, A. J. Cannt, G. Stanway?,
J. W. Almondt, K. Curreyi & J. V. Maizel Jri

* National Institute for Biological Standards and Control, Holly Hill,
Hampstead, London NW3 6RB, UK

+ University of Leicester, University Road, Leicester LE1 7RH, UK

i Laboratory of Molecular Genetics, National Institutes of Health,
Bethesda, Maryland 20205, USA

Most of the small number of cases of poliomyelitis which occur
in countries where Sabin’s attenuated poliovirus vaccines are used
are temporally associated with administration of vaccine and
involve polioviruses of types 2 and 3 (ref. 1). Recent studies have
provided convincing evidence that the Sabin type 2 and 3 viruses
themselves may revert to a neurovirulent phenotype on passage in
man®®, We report here that a point mutation in the 5' noncoding
region of the genome of the poliovirus type 3 vaccine consistently
reverts to wild type in strains isolated from cases of vaccine-
associated poliomyelitis. Virus with this change is rapidly selected
on passage through the human gastrointestinal tract. The change
is associated with a demonstrable increase in the neurovirulence
of the virus.

LETTERSTONATURE

NATURE VOL. 314 11 APRIL 1985

Table 1 Base at position 472, time of isolation, neurovirulence and temperature
sensitivity of Sabin type 3 vaccine-derived strains of poliovirus
Time of Mean

Base at isolation histological rct

position after lesion marker
Virus 472 vaccination score test*

Sabin vaccine U 0.36 >5.5(rct™)

DM1 8] 24h ND ND
DM2 U 31h 1.58 6.13 (ret’)
DM3 u/C 35h ND ND
DM4t (i 47 h 2.48 5.71 (ret™)
DM38 (2] 18 days ND ND
DM119 C 3-4 weeks 3.34 0.25 (ret™)

Mean histological lesion scores were determined using the standard WHO

neurovirulence test'®. The range of mean histological lesion scores of a type II1
aﬂenuated refer“‘!n bunie iem aiakht tants Aneriad At Aviae tha sact D ueic A2 NT0Q

ND, not detern
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DM4 were dete
was sequenced
RNA, annealin
by the dideoxy
polymerase 1'*.
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Table 2 Base at position 472 of the poliovirus genome
in primary vaccinees

Day post- Vaccinee
vaccination KTl KT2 KT3
1 U * U
2 u/C s U
3 C .
4 C C C

Faecal samples were taken daily from three vaccinated infants less
than 1 yr old, who received vaccine of the same origin as DM (Table 1).
* Isolates of poliovirus type 3 not available.



MAPREC assay for neurovirulent revertants in type 3 OPV

Type 2

Type 3

Domain V of the IRES
elementin poliovirus
genome

>
(@]
Emlmm
@)
>0

>
OO0 OOCHO
OCOOO OO
>0

N
(00)
(D)
>
@ C
(@)

Sabin strain

—— CGGCUAAUUCUAAC— RNA
472

v
—— GCCGATTAAGATTG—— cDNA
47‘2

v

—— CGECUG >
—— GCCGATTAAGATTG—  ISDNA

]
472

v

—— CGGCUGATTCTAAC—— PCR
—— GCCGATTAAGATTG—— DNA

]
472

GA?TC = HinfI site 1

Revertant strain

—— CGGCUAAUCCUAAC—
4;2

—— GCCGATTAGGATTG——

]
472

— CGGCAUG ——>
—— GCCGATTAGGATTG——

]
472

—— CGGCUGATCCTAAC——
—— GCCGATTAGGATTG——

472

GATC = Mbol site

Separation of restriction digest in PAGE
Mbol

‘A4

Full-length DNA
segment

Cleavage

<+— product
indicating
revertant virus



Proc. Natl. Acad. Sci. USA
Vol. 88, pp. 199-203, January 1991
Medical Sciences

Correlation between amount of virus with altered nucleotide
sequence and the monkey test for acceptability of oral
poliovirus vaccine

(attenuation /type 3 poliovirus/polymerase chain reaction/restriction enzyme analysis)

KONSTANTIN M. CHUMAKOV*, LAURIE B. POWERs*, KEVIN E. NoONANT, IGOR B. RONINSONT,
AND INESSA S. LEVENBOOK*

*Center for Biologics Evaluation and Research, Food and Drug Administration, Bethesda, MD 20892; and Department of Genetics, University of Illinois at
Chicago, Chicago, IL 60612

Communicated by Albert B. Sabin, October 10, 1990 (received for review August 16, 1990)
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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

* [f MAPREC is performed rct,, 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



www.pnas.org/cgi/doi/10.1073/pnas. 1012537107 PNAS | November 16,2010 | vol. 107 | no. 46 | 20063-20068

Massively parallel sequencing for monitoring genetic
consistency and quality control of live viral vaccines

Alexander Neverov and Konstantin Chumakov’
Center for Biologics Evaluation and Research, Food and Drug Administration, Rockville, MD 20852
Edited* by Robert H. Purcell, National Institutes of Health, Bethesda, MD, and approved October 6, 2010 (received for review August 24, 2010)

Intrinsic genetic instability of RNA viruses may lead to the accumu-  uation. MAPREC is currently recommended by the World
lation of revertants during manufacture of live viral vaccines, Health Organization (WHO) for screening of batches of OPV
requirina rigorous qualitv control to ensure vaccine safetv. Each  before thev can be released for use in humans (11. 18).
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S data for type 3 OPV references
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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
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Distance between profilesis 0.1 0.000000
2493 C T proteinvPt 6  Thr lle  0.75001 EPXRY 1.15 [EXERH0.60 0.000000 19.75 2066 20.04
4171 A G protein2C 19 Gl 0.04291 JERLEY 0.18 [MERIEY 0.63 0.844356 313 292
3262 C T proteinVP1 262 Pro 002828 161 0.06 | 166+ 0.37 0.771601 113 160
5206 A G protein3A 65 Ala 002542 1.34% 0.08 124+ 031 0.439196 156 139 093 141 0.89
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* Historical baseline SNP profile is established during first consistency lots manufacture
* Animaltestis also performed
« Each lotis tested 5timesin NGS
 Subsequent lots are only tested in NGS
« Whole-genome SNP profiles are compared to detect possible breaches of consistency



Lot X against historical baseline
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Conclusion: New lot X is acceptable

p-value

0.000000
0.000000
0.844356
0.771601
0.439196
0.302031
0.667086



Lot Y against historical baseline

Nucleotide
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0.07
protein VP1 6
protein 2C 19
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proteinVP1 262

Reference amino acid

Thr
Glu
Tyr
Gln
Ala
Pro

Mutant amino acid

Ile
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Contribution
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New lotY

0.79075 puvAcEES 1.15 0.11

0.02289 eivicES 0.18 0.12
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0.01419 1.17=+ 0.11 1.16+ 0.06
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Conclusion: New lot Y is acceptable
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Lot Z against historical baseline

Nucleotide
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Statistical significance
VS.
Biological significance
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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
* |f the conclusion is that the lot is acceptable, the SNP database is updated



Questions?



