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PREAMBULE

Peste noire

30 à 50 % des Européens 

tués en cinq ans (1347-1352) 

Grippe espagnole (1918)

50 millions de morts 

2,5 à 5 % de la population 

mondiale

Je ne vais pas parler de ça…



Emission

d'un l'agent transmissible à 

partir d'un réservoir

Transmission

de l'agent transmissible

("déplacement" d'un 

individus à l'autre)

Contamination

du nouvel  individus

QU'EST CE QU'UNE MALADIE TRANSMISSIBLE  ?

Maladie qui passe d'une personne ou d'un animal infecté à une 

personne (ou un animal) auparavant non-infectée. 



MODES DE TRANSMISSION ET DE CONTAMINATION

• Directes

• Indirectes

• Par vecteurs

• Iatrogènes



MALADIES A PRIONS - DES MALADIES "MIXTES"

LE KURU : UNE MALADIE TRANSMISSIBLE

Gadjusek Nature 1966 ; Science 1967

Incubation : 18 mois

Evolution : 5/9 mois

Kuru



MALADIES DE CREUTZFELDT-JAKOB

FORMES TRANSMISSIBLES ET NON TRANSMISSIBLES

Formes sporadiques

Apparaissent de façon occasionelles

et sans "raison apparente"

~ 13 000 cas/an dans le monde

Formes génétiques

Formes autosomales dominantes

~ 1000 cas/an dans le monde

(~5-10%)

Formes transmissibles

- Iatrogenes (<1% des cas)

470 cas descrits 

- Formes alimentaires

° Nouveau variant (228 cases)



TRANSMISSIBILITY OF PRION DISEASES

Origins of iatrogenic transmission (470 cases)

Surgical procedures Medical procedures

Dura matter 

grafts /

embolization

Surgical 

instruments *

EEG needles Corneal 

transplants

Growth

hormons

Gonadotropin Packed red 

blood cells

Total 228 4 2 2 226 4 3

142 in Japan

(20 000 

batches/year)

119 in 

France/

1880 

recipients

Risk 

period

Before 1987

Banned in 

1992

Before 1977 

(USA)

Before 1985 

(Fce)

Incubation 

(years)
1.3-30 1-2.3 1.3-27 1.5-27 5-42 12-16 6.5-8.3
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20% of Lyodura use in the US was in nonneurosurgical applications
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TRANSMISSIBILITY OF PRION DISEASES

Origins of iatrogenic transmission (470 cases)

Brown, Iatrogenic Creutzfeldt-Jakob Disease, Final Assessment. Emerging Infectious Diseases, 2012, 18: 901-907

Surgical procedures Medical procedures

Dura matter 

grafts /

embolization

Surgical 

instruments *

EEG needles Corneal 

transplants

Growth

hormons

Gonadotropin Packed red 

blood cells

Total 228 4 2 2 226 4 3

142 in Japan

(20 000 

batches/year)

119 in 

France/

1880 

recipients

Risk 

period

Before 1987

Banned in 

1992

Before 1977 

(USA)

Before 1985 

(Fce)

Incubation 

(years)
1.3-30 1-2.3 1.3-27 1.5-27 5-42 12-16 6.5-8.3

* Prions are resistant to conventional methods of decontamination



ALZHEIMER'S DISEASE

10 DÉCEMBRE 2021

β amyloid protein deposits

Misfolded proteins

Amyloid plaques

Amyloid angiopathy

Duyckaerts C et al. Acta Neuropathol. 2009

Abnormally phosphorylated

Tau proteins

Tangles

Neuropil threads

Neuritic corona of the plaques

Cerebral atrophy



ALZHEIMER'S DISEASE

DIFFERENT FORMS

Sporadic Forms

Appearing at irregular intervals in time

occasional

~ 50 million / year

Genetic Forms

Autosomal dominant forms

~ 1 million / year

(~1%)

Iatrogen forms ?



PROOFS FOR IATROGENIC TRANSMISSIONS 

Methods based on triangulation

How to increase scientific certainty ?

Verifying results requires disparate lines of evidence — a technique called triangulation. 

Studies 

in rodent models 

Studies 

in primates 

Studies 

in humans 

Munafo MR (2018). Repeating experiments is not enough. Nature 553: 399-401



TRANSMISSION OF AMYLOID AND TAU

IN TRANSGENIC RODENTS

HomogenatesHuman AD brain

Transgenic mouse model of amyloid (APP/PS1dE9)

ADCTRL

Transgenic mouse model of Tau (Tau30+/+ )

Gary. Acta Neuropathol Commun 2019. 7.  



° Longitudinal follow-up (every 6 months)

° Functional impact (Behavior evaluation, EEG)

° Cerebral atrophy  (MRI every 3 months)

° Neuropathological impact

Hippocampus &  sus-

jacent cortex
6.25µL/site

10% weight/volume

• CTRL: n=6 

• AD: n=6 

Parietal cortex

Control brain

AD brains

Homogenates

Young animals

3.5 years

5 years

Gary. Encephalopathy induced by Alzheimer brain inoculation in a non-human primate. 

Acta Neuropathologica Communication 2019. 7.  

TRANSMISSION IN YOUNG MOUSE LEMUR PRIMATES ?

Experimental design



COGNITIVE IMPAIRMENTS IN AD-INOCULATED ANIMALS

Two-way ANOVA; Bonferroni post-hoc test; n=6/group

Long-term memory

 AD brain homogenate inoculation progressively leads to 

learning and long-term memory impairments

Gary. Acta Neuropathol Commun 2019. 7.  
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GRAY MATTER ATROPHY IN THE AD GROUP

Gary. Acta Neuropathol Commun 2019. 7.  



NEURONAL LOSS IN THE AD GROUP

Gary. Acta Neuropathol Commun 2019. 7.  

Control Alzheimer



CTRL: 0% AD: 100%

SPARSE AMYLOIDOSIS IN THE AD GROUP

Gary. Acta Neuropathol Commun 2019. 7.  



TAU PATHOLOGY IN THE AD GROUP

Gary. Acta Neuropathol Commun 2019. 7.  

CTRL: 0%; AD: 40% (2/5)



PROOFS FOR IATROGENIC TRANSMISSIONS 

Methods based on triangulation

How to increase scientific certainty ?
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in rodent models 

Studies 
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SUSPICION OF IATROGENIC TRANSMISSION OF AMYLOID

Contamination by dura matter grafts after cerebral surgery

• 2006: Preusser. Journal of Neurology Neurosurgery and Psychiatry 77: 413-416.

• Kovacs et al. Acta Neuropathol. 2016

• Frontzek, K. Swiss Med Wkly. 2016

• Hamaguchi, Acta Neuropathol. 2016

• Induction of clinical signs : Cerebral haemorrhages

• Herve et al. 2018



SUSPICION OF IATROGENIC TRANSMISSION OF AMYLOID

Contamination by dura matter grafts after embolization

• Parodid cavernous hemangioma: at 2 and 6 yearsEmbolization with dura matter

• Banerjee et al. 2019

• At 27, 31, 33, 35 years: Haemorrhages

Biopsia



SUSPICION OF IATROGENIC TRANSMISSION OF AMYLOID IN HUMANS

Contamination by surgical intervention

• Jaunmuktane. Evidence of

amyloid-beta cerebral amyloid

angiopathy transmission

through neurosurgery. Acta

Neuropathol 2018. 135: 671-

679.

Surgery Head trauma Haemorrhage Death



SUSPICION OF IATROGENIC TRANSMISSION OF AMYLOID IN HUMANS

Contamination with growth hormone

• Presence of Aβ and tau in injected c-hGH (Duyckaerts et al. 2018, Purro 2018)

• Amyloidosis in iatrogenic persons inoculated with growth hormone

• Who died from Creutzfeldt-Jakob disease (Jaunmutkane, Nature. 2015)

• Who died from other causes (Ritchie, Acta Neuropathologica, 2017)

• Amyloid plaques, amyloid angiopathy (and Tau ?)



PRION AND ALZHEIMER'S DISEASE 

Cases of iatrogen transmission

Dura matter 

grafts

Surgical 

instruments

EEG needles Corneal 

transplants

Growth

hormons

Gonadotropin Packed red 

blood cells

Alzheimer 22 8 0 0 39 0 0

Preusser, 2006 

Frontzek, 2016

Kovacs

2016

Hamaguchi, 

2016

Herve, 2018

Banerjee, 2019

Jaunmuktane, 

2018

Jaunmuktane, 

2015

Duyckaerts, 

2018

Ritchie, 

2017

Cali, 

2018 

72 

cases
4 cases

Haemorrhages

8 cases

Haemorrhages

Surgical procedure Medical procedures

Dura matter 

grafts

Surgical 

instruments

EEG needles Corneal 

transplants

Growth

hormons

Gonadotropin Packed red 

blood cells

Prion 228 4 2 2 226 4 3

470 

cases

142 in Japan

(20 000 

batches/year)

119 in 

France/

1880 

recipients

Only 5 years of studies: No doubt on future (exponential) increase of cases reported for AD 



PUBLIC HEATH ISSUES

CURRENT POTENTIAL RISK ?

• Dura mater is not used anymore

• Growth hormon is not used anymore

• Cerebral surgery
• Procedures for prion patients

• Identification of patients at risk for having a prion disease before they undergo 

surgical procedures.

• Increased procedures for surgical tools desinfection (World Health 

Organization (WHO), 1999)

• https://www.cdc.gov/prions/cjd/infection-control.html

• Procedure for Alzheimer patients ? 

• Today is there an identification of patients at risk for having AD before surgery?

• Increased procedures for surgical tools desinfection 

• Wisdom: Exclude from donor programs patients with amyloid/tau lesions.

(Duyckaerts, Curr Opin Neurol. 2019; 32: 266-271)

https://www.cdc.gov/prions/cjd/infection-control.html


PUBLIC HEATH ISSUE

PATIENTS WHO HAD AT-RISK PROCEDURES IN THE YEARS ~1980

• Follow-up of patients

• Surgery
• Cerebral surgery in general 

• Dura mater graft

• Non neurosurgical use of dura mater (~20% use of Lyodura)

Brooke FJ, Boyd A, Klug GM, Masters CL, Collins SJ (2004)

Lyodura use and the risk of iatrogenic Creutzfeldt-Jakob disease in Australia. Medical Journal of Australia 180: 177-181.



ORIGINE PERIPHERIQUE DES CONTAMINATIONS ?

Intra-péritonéale : 

Cluster de Abeta proche 

des vaisseaux

Eisele,  PNAS, 2009; J Neurosc, 2014

Voie % efficacité Dilution

Intra-cérébrale 100% 1:10

Intra-peritonéale 100% >1:10

Intra-veineuse 0% 1:100

Intra-oculaire 0% 1:10

Orale 0% 1:10

Intranasale 0% 1:10



RISQUES DE CONTAMINATION POUR LE PERSONNEL DE LABORATOIRE ?

Contamination chez les modèles cellulaires et animaux

intracérébrale Intrapéritonéale intramusculaire intraveineux Oral/voie

aériennes

A-beta ++ Oui Pas de 

données

0/6 0/6

Tau ++

(2,5 µl)

2x100µl
1 week 

interval

Pas de 

données

Pas de 

données

?

Synucléine ++ ? + souris 

transgéniques

+/- souris 

transgéniques

+/- souris 

transgéniques



ACCÉLÉRATION DE L'AMYLOÏDOSE APRÈS INJECTION 

D'HOMOGÉNATS SANS AMYLOÏDE DETECTABLE

Cerveau APP23

Riche en plaques
Homogénats

Noyaux préformés

APP-/-

Pas d'amyloïde

1 j

30 j

+

0

Mesures biochimiques de l'amyloïde
Première transmission

8 mois
Deuxième transmission

+

0

A
P

P
-/

-

APP23: Modèle 

d'amyloïdose

Ye et al,

Nature Neuroscience, 2015



ORIGIN



Protéine

malconformée

Nucléation

Fragmentation

Propagation dans le cerveau

Noyau
Incorporation de 

protéines natives
Formation d’un 

agrégat

Nouveaux 

noyaux

HYPOTHESE PRION

MÉCANISMES DE NUCLÉATION/PROPAGATION
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Nucléation
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Protéine

native
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Etape

limitante
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o
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g

a
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TempsTemps de latence diminué

Addition de noyaux

Noyaux

exogènes

préformés

HYPOTHESE PRION

MÉCANISMES DE NUCLÉATION/PROPAGATION



HYPOTHESE
SYNTHESE D'AMYLOÏDE EN REPONSE A UNE SOUFFRANCE CELLULAIRE

Eisele YS, Duyckaerts C (2016)

Propagation of Abeta pathology: hypotheses, discoveries, and yet unresolved questions from 

experimental and human brain studies. Acta Neuropathol 131: 5-25.



L'HYPOTHESE IMMUNOLOGIQUE

ARIA

ARIA-H: Microhemorrhages Patient with dura matter graft 
(Banerjee 2019)



CONCLUSION

• Identification de transmission iatrogene de lésions associées à la maladie 

d'Alzheimer

• Angiopathie amyloïde iatrogène

• Autres formes possibles 

• Risque associé aux greffes de dure mère et d'hormone de croissance est 

derrère nous

10 DÉCEMBRE 2021

Angiopathie iatrogène



PERSPECTIVES

"OUTILS" POUR ÉTUDIER LES MALADIES NEURODÉGÉNÉRATIVES

10 DÉCEMBRE 2021

Inoculation de cerveaux Alzheimer module les synapses et la tauopathie

Explication de l'hétérogénéité de la maladie d'Alzheimer

° Atteinte differentielle des synapses

° Explication de l'épilepsie liée à la maladie d'Alzheimer
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