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Poliovirus Classification

Family: Picornaviridae
(35 genus)

Genus: Enterovirus
(12 EV species & 3 RV)
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Poliovirus : Structure

Single stranded naked RNA
virus

VP1

Icosahedral capsid: 60
copies of VP1, VP2, VP3, VP4
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Poliovirus Eradication challenges
Before Polio vaccines development

Polio kiddies cheer news of successful vaccine., California 1955




Reported Cases (Thousands)

Poliovirus Eradication challenges
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Poliovirus Eradication challenges
Since 50’s

rare in developed countries

endemic in developing countries

1988
350 000 cases/ 125 countries
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Poliovirus Eradication challenges
Since 2017

Last seen 24 Oct 1999 Last seen 10 Nov 2012 It's next

i —_— - | PR . —" 4
Declared eradicated

17 Oct 2019

urce: Adapted from Global Polio Eradication Initiative (GPEI)




Poliovirus Eradication challenges

Possible importation of
WPV1: Malawi, Mozanbiqug

Morbidity and Mortality Weekly Report

Update on Wild Poliovirus Type 1 Outbreak — Southeastern Africa, 2021-2022

Elizabeth Davlantes, MD'; Sharon A. Greene, PhDY; Farrell A. Tobolowsky, DO!; Oladayo Biya, MD'; Eric Wiesen, DrPH'; Fikru Abebe, MDY,
Mesfin B. Weldetsadik, MD?; Vicror A. Eboh, MD?; Mike N. Chisema, MD?; Balbina da Conceigio Mirio, MPHY; Flarian Tinuga®;
Parricia Mupera Bobo, MBChB®; Colline Koline Chigodo, MPH”; Ghanashyam Sethy, MBES, MD¥; Jan-Marcus Hellstrom, MSc¥;
Abdou Moumouni Goundara, MPH®; Mari « Burny, MPI 1%; Jonas C. Mwale, MD®; Jaume Jorba, PhDY; Kokerso 5. Makua, M5!
Wayne Howard, M5c'"; Lerato Seaka muel Okiror, MBChB!'; Andrea Thompson'!; Asma Ali, MD"'; Dhoud Samba, PhD';
Chulemimemales Anho ML Taramba Fabamba 0N 8 ndhans Fasnleal3 Dalose Tasned Famaboone MNLLL Badindine Mannd K4Dhill3,

Previous 12 Months?

https://www.who.int/publicat

ons/i/fitem/global-

vaccineaction-plan-2011.
11 octobre 2022 2020



Poliovirus Eradication challenges
VDPV/cVDPV outbreaks

POURE L. Fays ot zones® signalant des flambdes de polio en Sreulation dérivices d'une souche voccinate (N = 33) — dans le monde,
jorvvicr 2023 -julin 2024

Jan 2023- June 2024:
74 outbreaks in 39
countries

672 AFP cases

http://dx.doi.orq/lO.15585/mmwr.mrr|1”y%%%|i”



http://dx.doi.org/10.15585/mmwr.mm7341a1

Poliovirus Eradication challenges

Nucleotidic divergence in VP1 gene
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Poliovirus Eradication challenges

Sabin strains

_— ~—

Prolonged excretion in un
immunodeficient patient

Multiple transmission
event into the community|

iVDPV \ / VDRV

Accumulation of multiple mutations

l

Acquisition of increased Neurovirulence
& Transmissibility features



Poliovirus Eradication challenges

MENA region:

High rate of consanguineous marriages
High prevalence of autosomal
recessive forms of PIDs.

Figure 1. Available data on the worldwide consanguinity rate, with obvious high consanguinity in the Middle Eastern countries.

doi: 10.1111/j.1749-6632.2011.06379.x
UL

https://doi.org/10.1080/1744666X.2020.1801422



https://doi.org/10.1080/1744666X.2020.1801422

Poliovirus Eradication challenges

Up to date, rare community spread of iVDPV : only three iVDPV circulation

Paralysis Case and encephalitis developed. The case was
Contact Spread of . .
Recombinant | ranNSMISSIOr

Vaccine-derived 4N

- : ) Vaccine My
Poliovirus, Spain POhOV]I'US m - ool %

journal homepage: www.alsevier.com/locate/vaceine

1 w7 . b . 1

To the Editor: The World Health

Organization Polio Eradication Initia- M]nnesota

Concurrent outbreaks of circulating vaccine-derived poliovirus types 1
and 2 affecting the Republic of the Philippines and Malaysia, 2019- |,~;,:u
2021

After wild poliovirus eradication,

* Global reduction of poliovirus immunity Patients with Primary

Immunodeficiencies Are a
Reservoir of Poliovirus and a
Risk to Polio Eradication

OPEN ACCESS

Edited by:

* Improvement of PID health conditions

IVDPV excreters will constitute a significant risk for poliovirus re-emergence
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PV/EV Increased susceptibility in PID

Published in final edited form as:
Vaceine. 2015 March 03; 33(10): 1235-1242. doi:10.1016/j.vaccine.2015.01.018.

Prolonged poliovirus excretion is associated with

Immunodeficiency-related vaccine-derived poliovirus (iVDPV)
cases: A systematic review and implications for polio
eradication

SUPPLEMENT ARTICLE

Immunodeficiency-related vaccine-derived poliovirus (iVDPV)
cases: A systematic review and implications for polio

eradication Poliovirus Excretion Among Persons With

Primary Immune Deficiency Disorders:
Summary of a Seven-Country Study Series

Jean Guo?’, Sara Bolivar-Wagersb, Nivedita Srinivas®, Marisa Holubar®, and Yvonne
Maldonado?

Hypogammaglobulinemia, Agammaglobulinemia, Hypergammaglobulinemia
M (hyper IgM)

. Severe
Combined Immunodeficiency Disorder (SCID) , Common Variable
Immunodeficiency Disorder (CVID), Major Histocompatibility complex
deficiencies and other disorders . i



V/EV Increased susceptibility in PID
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The IVDPV excreters are classified into 3 categories:
- when it's comprised between 5 years
and 6 months

- when excretion period exceeds 5 years
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V/EV Increased susceptibility in PID

According to Macklin et al. (2020), 149 cases of iVDPV (with or without AFP)
were reported to the WHO from 1961 to 20109.

= Paralyzed

® asymptomatic

Clinical status Outcome status



PV/EV Increased susceptibility in PID

H prolonged excreter

B Chronic excr
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Genetic Variability
of PV/EV




Genetic variability of PV/EV

PV/EV, as with all RNA viruses, are in a constant process of evolution

driven by different mechanisms: .

1- Generation of point mutations followed by genetic drift and selection:

absence of proof-reading/repair mechanism.
Based on VP1 region, the mutation rate of WPV/ EV/ cVDPV: 1-3 10

mutations/ site/year

DOI: 10.1002/rmv



Genetic variability of PV/EV

the mutation rate of iVDPV: 2— 6 10-2 mutations/ site/year

[1,2]:

A higher proportion of mixed-base nucleotide sites in iVDPV sequences.
Extensive antigenic divergence from the OPV strains in iVDPV sequences.

Multiple viral lineages observed in iVDPV sequences.

circulating VDPV using genetic information. Genetic characteristics distinguishing between cVDPV and iVDPV include

Global Polio Laboratory Network

Guidance
Paper §

Reporting Vaccine
Derived Polioviruses
(VDPVs)

Mixed Bases +++ EEEE) |ntra-host diversity-+++

G

|

\4

C G/T G C

Mixed bases
43%




Genetic variabilit

Homologous recombination:

y of PV/EV

Recombination:

Both parental RNAs are homologous

The crossovers occur at homologous sites.

After OPV vaccination, Intratypic recombinaison
Is frequent (20%) (Haddad-Boubaker et al, 2007)

Tableau 2
Fréguenoes et types de recombinants retrouwveéEs.
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https://doi.org/10.1016/B978-0-12-816331-3.00002-7

Genetic variabilit

cVDPYV outbreaks

Recombinant Sabin /EV-C

coxsackievirus A (CV-A) type 13 (CV-
Al13) and CV-Al7

y of PV/EV
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Genetic variability of PV/EV

Para'ysis Case and cncephalitis developed. The case was

IVDPV excreters Contact Spread of [7=ich ot sepio

and was therefore monitored at least

Recombinant monthly until the boy died. Sampling

Vaccine-derived was conducted, coinciding with his
visits to the hospllul to receive ther-

Intertypic recombination has been found Poliovirus, Spain ,p, v immuncglobuin s globuin

To the Editor: The World Health - ’-“ ) His contacts were sudied,
Organization Polio Eradication Initia- environmental s _‘_"‘ f”_ sNeS. was "‘A

occasionally in iVDPVs iVDPV spread

SUTR FliCapwd PN capead P Nce<capeil JUTK =
o = w— qu—_}v‘:;-—-—:% \u N
MR I wm [ w [ ow [ae] x [ x] _ ®  }aum p SL1

N . VDPV-3 /
" M m ' Tttt T \ \\”J\/V
L~ ST o s g sty )\l(\
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Nucleotide position

Prolonged iIVDPV

Excretors with paralysis & fatal outcome
(Guo et al., 2023; Ben Salem et al., 2024)

asymptomatic excretor

(Singanayagam et al., 2023)



https://www.nature.com/articles/s41467-023-39094-0#auth-Anika-Singanayagam-Aff1-Aff2
https://www.nature.com/articles/s41467-023-39094-0#auth-Anika-Singanayagam-Aff1-Aff2
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Apport of NGS sequencing ¢

Global Polio Laboratory Network
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Apport of NGS sequencing

- COVID-192 pandemic: Democratisation of NGS
sequencing

- PV2 identification (cVDPV2, SL2, nOPV2)
NOPV2: modified Sabin 2 strain

%%”
HiFi { ‘y.»- ‘;.-‘-- e
(D53N) —&" & ‘

https://doi.org/10.1038/s41586-023-06212-3




Apport of NGS sequencing

All
negative

Repart non-

o

LZOE positive cell
culture

enterovirus

Kon-Zabin-like or type 2 positive
PanPV positive and Sabin
Mvu, any wild Py positive, or
type 2 pasitive

Seguence

Complete VPL

Selected
PV izolates

Whole-genome
sEquenting

panE'l.l'rSalrh-
Ouadruplex
PanPy
gty
WPVl
Serotype 2
AFRWPVE
SONAS WIPVE
nOPV2

Presumptive
Sabin-fike

Sabin-like

pankEV positive

Other assays

Repart Non-polio
entErovires

negative

nOPY2

VDPY1
VDPY3

Whole-genome
seguencing

Report Sabin-like

Non-Sabin-like

Seguence
Complete VP1

Global Polio Laboratory Network



Our PCR strategy

Polio Sequencing
Consortium

Capsid Proteins Mon-structural Proteins

P4

VP2

VP3 VPl 24 | 2B 2C 34| 3B ac £

Pan-Enterovirus RT-PCR (primers for A+C enteroviruses, inc. nOPV2)

nnnnnnnnnnnnnn

¥
(e
- |
[}

VP1 PCR Nest

- DreamTag PCR Master Mix
- Barcoded primers
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Apport of NGS sequencing

Amplification and next generation sequencing of near full-length human
enteroviruses for identification and characterisation from clinical
samples

Sonia R Isaacs L’Z, Ki Wook Kim i=2’ Junipearl X Cheng 3, Rowena A Bull 3=4, Sacha Stelzer-Braid 2’3, Fabio Luciani

i . . . T =
34 William D Rawlinson 3% Maria E Craig 1%+

Conception specific primers pools nOPV2/ PV/EV:

lllumina COVIDSeq Test Assay Workflow
Workflow Overview

=3 3|8j8 3

INUATNUAINUAT DA INDA - = ‘
COVIDSEQ COVIDSEQ COVIDSEQ COVIDSEQ Tag & /
Anneal Program FSS Program PCR Program Tag PCR Programs

SAFE STOPPING POINT SAFE STOPPING POINT




Virus Research 334 (2023) 199177

Contents lists available at 5S¢
Virus Research

Journal homepage: www.elsevier.com/locate/virusras

Genetic characterization and molecular evolution of type 3 vaccine-derived %5
polioviruses from an immunodeficient patient in China

The patient was a 7-month-old boy born on 7 October 2012, in Yichun, Jiangxi Province,
China. A total of three OPV vaccinations were given. The last vaccination was given on 20
February 2013, and the remaining vaccination dates were unknown. The child developed
symproms of paralysis on 19 May 20132 and then immediately went to the hospital for
treatment. Tests revealed that the child's immune function was lower than normal, and
the Jiangxi Provincial and National Polio diagnosis experts group diagnosed the child as a
case of iIVDPV. A total of 15 stool specimens for virological examination were obtained
from 30 May 2013 to 12 April 2014 at approximately monthly intervals. Finally, the child
died on 18 April 2014.

Multiple variants
and lineages have been diverged

All iVDPVs were vaccine
recombinants,

Modification in Ag sites all along
the genome
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https://www.sciencedirect.com/topics/immunology-and-microbiology/lineages
https://www.sciencedirect.com/topics/immunology-and-microbiology/synthetic-vaccine

Apport of NGS sequencing

nature communications

Article
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Asymptomatic immunodeficiency-
associated vaccine-derived poliovirus
infections in two UK children
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Asymptomatic immunodeficiency-
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PV/EV surveillance of PID in Tunisia
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Apport of NGS sequencing

Complete genome characterization provides valuable information

for the patient management and treatment

as well as rapid detect of potential epidemic strains

establishment of an efficient public health responses for any VDPV

emergence and spread.
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PV/EV surveillance
of PID in Tunisia




PV/EV survelllance of PID in Tunisia

. Last Paralytic case due to WPV: 1992

Last detection in asymptomatic case: 1994

*No epidemic due to cVDPV

No WPV importation but it is still possible

*Good vaccination covarege & performant AFP survelllance
system

*No regular surveillance of poliovirus/enterovirus excretion

In ID patients in Tunisia, until November 2021
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PID line list
As of 19 May 2025

Included patients: 144

Patients refusing sampling: 4
Died patients: 11
Transplanted patients: 9
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Conclusion




« The prolonged excretion and evolution of PVs in patients with Primary
Immunodeficiency (PID) pose major concerns for the Global Polio Eradication
Initiative (GPEI).

* in-depth genetic characterization of complete genomes of the excreted PV/EV

strains adds new genomic data and knowledges, on the limited global PV/EV

excretion.

« Studies showed Huge genomic diversity, Multiple variants and lineages that have
been diverged for rapid adaptation to new environments and resistance to host

immune stress.

« Complete genome characterization provides valuable information for the patient
management and treatment as well as establishment of an efficient public health

responses for any VDPV emergence and spread.
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Pleconaril antiviral is a 3C protease inhibitor, developed by Pfizer [58] against picornaviruses including most

Enteroviruses and Rhinoviruses.

The safety of Pleconaril was proved in adults [60] and pediatric population such as children [61] and neonates
|62-63] for enteroviral and Rhinoviral treatment. Nevertheless, pleconaril resistant strain against Echovirus 11
was identified in immunocompromised patient and it was also resistant to intravenous immunoglobulin, used in
combined treatment [64]. Thus, further investigation was suggested since multiple factors such as immunity

status may play a role in the development of resistant strains [64].



