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Family: Picornaviridae
(35 genus)

Genus: Enterovirus
(12 EV species & 3 RV)

Enterovirus C

Poliovirus Classification

PV-1, PV-2, PV-3, CV-A21, CV-A24



Poliovirus : Structure

32 nm 

Single stranded naked RNA 
virus

Icosahedral capsid: 60 
copies of VP1, VP2, VP3, VP4 



Before Polio vaccines development

Poliovirus Eradication challenges

Épidémie à Newyork,1916;  Unité de soins intensifs

Franklin Rosvelt, 1932-45

Polio kiddies cheer news of successful vaccine., California 1955



Inactivated vaccin
Jonas Salk, 1953

Attenuated Vaccin

Albert B, Sabin 1956

Poliovirus Eradication challenges



Poliovirus Eradication challenges

Since 50’s 

rare in developed countries

endemic in developing countries

1988
350 000 cases/  125 countries



Poliovirus Eradication challenges
Since 2017



Poliovirus Eradication challenges

Possible importation of 

WPV1: Malawi, Mozanbique

https://www.who.int/publicati

ons/i/item/global-

vaccineaction-plan-2011-

2020



Poliovirus Eradication challenges

VDPV/cVDPV outbreaks

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

Jan 2023- June 2024: 
74 outbreaks in 39 
countries

672 AFP cases

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


Poliovirus Eradication challenges





doi: 10.1111/j.1749-6632.2011.06379.x

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

MENA region:

High rate of consanguineous marriages 

High prevalence of autosomal 

recessive forms of PIDs. 

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


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

After wild poliovirus eradication,

• Global reduction of poliovirus immunity 

• 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
Prolonged poliovirus excretion is associated with 

Primary immunodeficiency disorders (PIDs) 

Primary Antibody Deficiency: 

Hypogammaglobulinemia, Agammaglobulinemia, Hypergammaglobulinemia

M (hyper IgM)

Combined antibody and cellular immunodeficiency disorders: Severe 

Combined Immunodeficiency Disorder (SCID) , Common Variable 

Immunodeficiency Disorder (CVID), Major Histocompatibility complex 

deficiencies and other disorders . 



The iVDPV excreters are classified into 3 categories:

- Excreters of less than 6 months period

- Prolonged excreters when it’s comprised between 5 years 

and 6 months 

-Chronic excreters when excretion period exceeds 5 years

PV/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 2019.

PV/EV Increased susceptibility in PID

Clinical status Outcome status



PV/EV Increased susceptibility in PID
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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 10-2

mutations/ site/year

DOI: 10.1002/rmv



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

Genetic variability of PV/EV

Mixed Bases +++ Intra-host diversity+++

Mixed bases

43%



Recombination:
Genetic variability of PV/EV

Homologous recombination: 

Both parental RNAs are homologous

The crossovers occur at homologous sites. 

https://doi.org/10.1016/B978-0-12-

816331-3.00002-7

After OPV vaccination, Intratypic recombinaison 

is frequent (20%) (Haddad-Boubaker et al, 2007)

https://doi.org/10.1016/B978-0-12-816331-3.00002-7


cVDPV outbreaks

Recombinant Sabin /EV-C 

coxsackievirus A (CV-A) type 13 (CV-

A13) and CV-A17

DOI: 10.1093/infdis/jis204

Genetic variability of PV/EV



Genetic variability of PV/EV
iVDPV excreters

Intertypic recombination has been found 

occasionally in iVDPVs iVDPV spread

Prolonged iVDPV

asymptomatic excretor 

(Singanayagam et al., 2023)

Excretors with paralysis & fatal outcome

(Guo et al., 2023; Ben Salem et al., 2024)

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



- COVID-19 pandemic: Democratisation of NGS 
sequencing

Apport of NGS sequencing

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

nOPV2: modified Sabin 2 strain

- PV2 identification (cVDPV2, SL2, nOPV2)



Apport of NGS sequencing





Apport of NGS sequencing

Conception specific primers pools nOPV2/ PV/EV:



Multiple variants 

and lineages have been diverged

All iVDPVs were vaccine 

recombinants, 

Modification in Ag sites all along 

the genome

https://www.sciencedirect.com/topics/immunology-and-microbiology/lineages
https://www.sciencedirect.com/topics/immunology-and-microbiology/synthetic-vaccine


6 weeks & 3 months

excretion periods

Apport of NGS sequencing





VDVP1

2009

VDVP3

2016

VDVP3

2019

Apport of NGS sequencing



Apport of NGS sequencing



Patient 2 Patient 3

Apport of NGS sequencing



Patient 2

Patient 1

Patient 3

Possible role of genetic 
and intra-host diversity 
in the prolonged virus 
shedding as well as the 
genesis of virulent 
strains. 



Complete genome characterization provides valuable information

Apport of NGS sequencing

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.



PV/EV surveillance 
of PID in Tunisia

05



• 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 surveillance 

system

•No regular surveillance of poliovirus/enterovirus excretion

in ID patients in Tunisia, until November 2021

PV/EV surveillance of PID in Tunisia



PV/EV surveillance of PID in Tunisia

2003
2012 2014 2019 2021

COVID-19
Nov 2021:

PID surveillance 

WHO Pilot Project

Janvier 2024

Integration of PID 

excretor

surveillance with

AFP surveillance



PID line list
As of 19 May 2025

Included patients: 144

Patients refusing sampling: 4

Died patients: 11

Transplanted patients: 9

CVA2
CVA5 CVB1

CVB2

E11

E13
E19 E21

E25

E6

E9

EVA71
SL1

EV*
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• 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].


