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The il nvisible gr

Polio survivors form the largest single group of people
with physical disabilities.

Poli o survivors ar e i nvi

Knowledge about the |late consequences of polio _
(LEOP), and their impact upon the lives of polio survivors
and their families, is almost non existent amongst the
medical profession, policy makers, the community at
large, and indeed the polio survivors themselves.

The LEOP have a dramatic impact on the ability of those polio survivors
affected to maintain their mobility and independence and successfully
undertake the activities of daily living.

There is a high cost to both polio survivors and the health system in trying to
get a diagnosis and adequate treatments.

Thus, the need for in-depth knowledge about the causes and
pathogenesis with the aim of developing effective therapies.




Interest in Poliovirus

We investigate viruses as infectious agents that cause disease in their
host.

Our subjects are the etiology of viral diseases and mechanisms of viral
pathogenensis.

We are interested in Picornaviruses (RNA viruses) whose prototype is
Poliovirus (3 types are known to exist).

Picornaviruses (over 100 types) are estimated to infect billions of humans
per year, causing a vast array of disease syndromes (paralysis,
meningitis, heart disease, hepatitis, common cold, etc.).

Picornaviruses contain a plus-stranded RNA genome that functions as
MRNA as soon as the viral particle enters the cell. The viral proteins,
which are synthesized, recruit cellular factors. Together, they provide a
menu for genome replication and genome encapsidation (i.e. the
formation of new viral particles).
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Picornavirusclassification

Family Genus

Species

Serotypes

Picornaviridae Enterovirus

(>100
serotypes)

Human enterovirus A (17)

Human enterovirus B (58)

Human enterovirus C (19)

Human enterovirus D (3)

CVA-2,3,4,5,6,7, 8, 10, 12, 14, 16;
Enterovirus-71, 76, 89, 90, 91, 92

CBV-1, 2, 3, 4, 5 (incl. SVDV), 6; CVA9;
Echovirus-1, 2, 3,4,5,6, 7,9, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 24, 25, 26, 27, 29, 30, 31, 32,
33;

Enterovirus-69, 73, 74, 75, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 93, 97, 98, 100, 101, 106, 107

CVA-1, 11, 13, 17, 19, 20, 21, 22, 24; Enterovirus-

, 105, 109
Poliovirus-1, 2, 3

Enterovirus-68, 70, 94

Parechovirus

Kobuvirus

Cardiovirus

Human parechovirus (14)
Ljungan virus (4)

Human Aichi virus (1)
Bovine Kobuvirus

Encephalomyocarditis virus (1)
Theilovirus (12)

HPeV-1, 2, 3,5,6,7, 8,9, 10, 11, 12, 13, 14

AiV

animal EMC,;

T h e i Imurin@ sncephalomyelitis virus;
Rat Theravirus;

Human Vilyuisk encephalomyelitis virus;
Human Saffold virus (9)




Pathogenesis of poliomyelitis

In virology, theterm P at h o g eraferssta nsechanisms by which a virus
causes disease in a host organism.

Pathogenetic mechanisms are complex and multi level.

Poliovirus infects humans only, but disease can also be produced
experimentally in primates and transgenic mice.

The human receptor for poliovirus is a protein designed as CD155. It is the
key for pathogenesis as it allows viral entry into cells.

Poliovirus replicates in the oro-gastro-intestinal tract (tonsils, Peyer's
patches?) from which it can migrate to the central nervous system where it
targets motor neurons.

Destruction of motor neurons causes irreversible paralysis or death, a
disease called poliomyelitis.

From: Eckard Wimmer, Stony Brook University, NY - /iip.//www.magm.stonybrook.edu/wimmer/index.shim/
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Pathogenesis of poliomyelitis

invasion of the CNS though the bloodstream and/or retrograde axonal transport
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Pathogenesis of polio

Viruses reside at the threshold between dead and living matter.
Poliovirus is a chemical with a life cycle. Its empirical formula is:

C332,652 H492,388 N98,245 0131,196 I:)7,501 S2,340

Inside the cells, poliovirus expresses the hallmarks of a living entity:
1. Multiplication,

2. Heredity,

3. Variation (mutation of the genome sequence),

4

Recombination (i.e., exchange of genomic sequences with related
viruses such as members of Picornaviridae).

Genetic elements of the viral genome influence neurovirulence.

We will discuss poliovirus multiplication, heredity and variation
with regard to the Post-Polio Syndrome
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Poliovirus RNA genome

Poliovirus genome
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Replication of Poliovirus Genome

Model of poliovirus minus strand RNA synthesis
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Acute/symptomatic enterovirus infections are widely
recognized. Examples include paralytic polio, meningitis,
myocarditis, etc.

Persistent enterovirus infections are documented in
agammaglobulinemic patients. Examples are chronic excretion
of poliovirus after natural infection or vaccination with live
attenuated virus.

Recently, it has been been shown that the incubation period of
polio can span several years.

In fact, polio developed in an immunodeficient woman
who remained chronically infected for 12 years after
vaccinating her child (N Engl J Med. 2011 Jun 16;
364:2316-23).




N Engl J Med 2011, 364:2316-2323 June 16, 2011

Vaccine-Derived Poliomyelitis 12 Years after Infection in Minnesota
Aaron S. DeVries et al.

A 44-year-old woman with long-standing common variable immunodeficiency who
was receiving intravenous immune globulin suddenly had paralysis of all four limbs
and the respiratory muscles, resulting in death. Type 2 vaccine-derived poliovirus
was isolated from stool. The viral capsid protein VP1 region had diverged from the
vaccine strain at 12.3% of nucleotide positions, and the two attenuating substitutions
had reverted to the wild-type sequence. Infection probably occurred 11.9 years
earlier (95% confidence interval [Cl], 10.9 to 13.2), when her child received the oral
poliovirus vaccine. No secondary cases were identified among close contacts or
2038 screened health care workers. Patients with common variable
immunodeficiency can be chronically infected with poliovirus, and poliomyelitis can
develop despite treatment with intravenous immune globulin.

We thank the following persons for their efforts during this project: Richard Danila, Kristen Ehresmann, Sara Lowther, Claudia
Miller, and Elly Pretzel at the Minnesota Department of Health; Gregory Armstrong, Jane Iber, Olen Kew, Eric Mast, Steven
Oberste, Mark Pallansch, and Jane Seward at the Centers for Disease Control and Prevention; Vicki Carlson, Karen Ferrara,
Gary Kravitz, and Doris Nordbye at the United Hospital and Clinic; Anita Guelcher, Chris Hendrickson, and Lisa Ide at the
University of Minnesota Medical Center, Fairview; and John Modlin at the Dartmouth Hitchcock Medical Center.


http://www.nejm.org/toc/nejm/364/24/

Pathogenesis of PPS

In contrast to paralytic polio, the origin of PPS is
unclear.

Different factors have been blamed for: the aging
process, the distal degeneration of the residual
enlarged motor neurons that are proper of polio,
and chronic inflammation.

It has been proposed (but not proven) that
persistence of mutated PVs may cause the
progressive neuromuscular damage seen in
PPS.




Poliomyelitis: CNS areas infected Bglioviruses
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Lateeffectsof polio: progressionfrom poliomyelitisto PPS

Death of spinal motor Residual enlarged spinal motor Distal degeneration of
neurons following neuron that is innervating axonal sprouts or loss
infection with poliovirus increased numbers of muscle cells of entire motor units

- \

i Neurological
Paralytic _
poliomyelitis and functional
recovery

Onset 8 Years 8-35 Years > 15 Years



The PostPolio Syndromemultiple factors in pathogenesi

( PERSISTENT VIRAL REPLICATION: \

- Virus-induced cell damage

- Chronic inflammatory response
- Immune-mediated injury

- Decreased expression of

neurotrophic factors

DISTAL DEGENERATION HYPOTHESIS:

- Distal degeneration of axonal
sprouts in enlarged motor units

and/or
- Loss of entire motor

units




We investigated whether

persistent poliovirus infections

were associated with

the late consequences of polio




METHODS
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Bioinformatics: design oprimersfor detecting PVs
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Different genomic regions have been investigated:

A5 6 U TchPverleaf and entry into ribosomes)
A5 6 UVR2 (entry into ribosomes-capsid proteins)
A3Dpol (RNA polymerase)



Methods:amplification of the 3Dpol regio
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Immunofluorescencef polioviruses usinglifferent antibodies

Cell cultures infected with different enterovirus types
Antibody
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Procedures for detecting polioviruses in pgsblio patients

RTFPCR, CPE, antige
expression, cytokines

1

co-culture with
humancelllines

|

&
leukocyte <
separation as

Primarycell culture




CAN POLIOVIRUS BE DETEC(
IN PPS PATIENTS?



PPS patients (n = 81)

Age Years from APP

Male/Female N ~
(years, MNSD) (years, MNSD)

0.36 57.4N7.3 53N7.0

Controls(n=76)

Blooddonors(n=26); neurologicpatientswith non-infectious,autoimmune,
or neoplasticdiseasgn=11); family membersof PP Satients (n=39)

Age

Male/Female

(years, MNSD)
0.67 39.7+£13.4



=
[
>
&
O
[e
al
O
e
=
=
®
al
)
)
)
O
<
Y
@)
S
>_

Year of Acute Paralytic Poliomyelitis
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Age at onset of Acute Paralytic Poliomyelitis

Age at the onset of APP
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Age ofthe investigated PP$atients
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PV genome fragment in PRftients (n=81)
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Poliovirus genome fragments in control subjects (n=7/¢€

Family members of Pathologic controls

Blood donors (0/26) PPS patients (2/39) (1/11)

No. positive: 3/76 (1,3%)




PVdetection inprimary cultures from PPS patients:
skeletal muscle & nerve

PV antigen
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PV detection in primary cultures from PPS patients:
duodenal epithelial cells

Polio-1 ' | 3Dpol (630bp)
3Dpolfragment ;

DC1 DC2 PV1
LL patient (Chat strain)




PVantigensin the AV3 cell line caultured with
leukocytes of PPS patients

PV antigen

- L L/

Uninfected cells ReferencePV1(Chat strain)
C | D

PPS (RR strain) PPS (LL strain)



Detection of PV1 in a PPS patient 74 years after A

PATIENTL
1933: acute paralytic polio
2007: detection of PV1 in CSF and leukocytes
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PVs obtained from PPS patients: sequenced genome reg
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Multiple mutations and deletionshave beendetectedin the 5 UTR
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