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Les pasteuriens découvrent I'importance des toxines
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Kitasato et Behring

L'école allemande montre que 'injection de ces
toxines déclenche des anticorps chez I'animal, dont
on peut se servir en thérapeutique
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Ramon en France étudie comment l'injection
d’anatoxine peut améliorer la production d’anticorps
chez le cheval

Gaston Ramon (1886-1963)







Et c’est Glenny qui découvrira I'effet de quelques

THE mﬂET] milligrammes de dérivés d’aluminium

ORIGINAL

PREPARATION OF

ALUM-PRECIPITATED TOXOID
FOR USE AS AN IMMUNISING AGENT

M. BARR, C. G. Porg,

M.5C. LOND., A.L.C. _ Ir.28C. BRIST.

A. T. GLENNY, F. V. LINGGOOD,
B.5C. LOND. B.58C., PH.D. LOND., A.R.C.8.

(Wellcome Physiological Research Laboratories)

Toxoid = anatoxine : une forme altérée*, inactive, d’'une toxine
(*particulierement, a I'époque, par le formaldéhyde)
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Diphtheria

Naresh Chand Sharma’, Androulla Efstratiou?, Igor Mokrousov?, Ankur Mutreja“,
Bhabatosh Das®> and Thandavarayan Ramamurthy>*




Diphtheritic Polyneuropathy

Clinical Analysis of Severe Forms

Michael A. Piradov, MD, PhD, DMSc; Victor N. Pirogov, MD; Lubov M. Popova, MD; Irina A. Avdunina, MD

Table 1. Cranial Nerve Disturbances in 32 Patients
With Diphtheritic Polyneuropathy

Duration of
Cranial Nerves Involvement, wk Frequency™*
IX and X 7-8 32 (100)
VII 7-8 28 (88)
I, IV, and VI 5-7 27 (84)
XI 7-9 27 (84)
XI| 7-8 23 (72)
V 6-7 17 (53)

*Data are given as number (percentage) of patients.
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Medical Images and Health
Sciences

Volume 9 Issue 4, 2025
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Diphtheria Myocarditis: A Case Report ofa 12

years old girl in Garowe - Somali
Ibrahim Yusuf Hassan',2*, Dafa Alla Banga Mahdi?

'Department of Pediatrics, Yashfiin Women and Children’s Hospital, Garowe

City Puntland, Somalia.
’Department of Cardiology, Faculty of Medicine and Health science, University

of Bosaso, Garowe , Somalia.

L [
Figure 2: Chest x-ray of the 12yrs old girl with diotheria myocarditis
showing bilateral upper lung vascular diversion and reticulatons
which suppestive of grade Il pulmonry edema .
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Diphtheria

Naresh Chand Sharma’, Androulla Efstratiou?, Igor Mokrousov?, Ankur Mutreja®,

Bhabatosh Das® and Thandavarayan Ramamurthy®*
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Cette étude a précisé guelles altérations
tridimensionnelles (et immunogéniques) induisait le Journal of Pharmaceutical Sciences 109 (2020) 543-557

formaldéhyde, qui transforme la toxine en anatoxine

Contents lists available at ScienceDirect

Journal of Pharmaceutical Sciences

journal homepage: www.jpharmsci.org

Pharmaceutical Biotechnology

Identification of Formaldehyde-Induced Modifications in
Diphtheria Toxin

Bernard Metz " “*, Thomas Michiels ', Joost Uittenbogaard ', Maarten Danial
Wichard Tilstra ', Hugo D. Meiring ', Wim E. Hennink “, Daan J.A. Crommelin ?,
Gideon FA. Kersten "~, Wim Jiskoot *~



binding site

T-helper
epitope

Figure 10. Illustration of formaldehyde/glycine-induced modifications on diphtheria
toxin (PDB 1TOX). Amino acid residues that have cross-links being confirmed by mass



Diphtérie en France, 1945-2015
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Diphtérie au Canada
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Diphtheria

Annual Epidemiological Report for 2023




Figure 1. Diphtheria cases by country, EU/EEA, 2023
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Figure 2. Diphtheria cases per 100 000 population, by age and gender, EU/EEA, 2023
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Figure 6. Number of cases of diphtheria by vaccination status and age group, EU/EEA countries, 2023
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Importation status

Importation status was available for 210 cases, and of these 71 cases (34%) were reported as imported cases. An
imported case is defined as a case having been outside the country of notification during the incubation period of the
reported disease, and no links to local transmission has been identified. Sixty-nine of the imported cases were caused
by C. diphtheriae, and two imported cases were due to C. ulcerans. Fifty-four (78%) of the imported cases caused by
C. diphtheriae presented with cutaneous disease, while one case (1.5%) presented with respiratory and cutaneous
infection and clinical presentation was unknown for 14 cases (20%). Of the two imported cases caused by C.
ulcerans, one case presented with cutaneous presentation and clinical presentation was unknown for one case.

The probable country of origin was known for 48 cases (68%) caused by C. diphtheriae. They were imported from
Afghanistan (25), Syria (11), Philippines (2) Tirkiye (2), Eritrea (1), Ethiopia (1), Indonesia (1), Irag (1), Pakistan

(1), Sudan (1), Slovenia (1) and Thailand (1). The two imported cases caused by C. ulcerans were imported from

Croatia (1) and Sudan (1).
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Données francaises, 2002-2025
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Diphtheria in the Former Soviet Union:
Reemergence of a Pandemic Disease Plusieurs pays de I'ex-URSS ont vu une augmentation

des cas de diphtérie dans les années 1990 — avec des
Charles R. Vitek and Melinda Wharton différences marquées entre les classes d’age

Centers for Disease Control and Prevention, Atlanta. Georgia, USA

C-ases per 100 000 Poputsbion
In the years 1990—-1997, -
150,000 cases of .
diphtheria were reported '
in Russia, with more than .
3,000 fatalities 1
0.01

Figure 2. Diphtheria Incidence—United States and
Russian Federation, 1920-1996.



Resurgence of diphtheria Incidence rate/100 000 population
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Figure 3. Diphtheria incidence rate per 100,000 popula-
tion, by age group, Moscow, 1980, 1985, and 1990.
Reported by Ministry of Health, USSR.
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Figure 4. Number of diphtheria cases, by age group, Moscow, 1992 (according to reference 13).



Les ages les plus touchés étaient les enfants et les

Diphtheria in the Russian Federation in the 1990s dultes de moins de 50 ans

Svetlana S. Markina,' Nina M. Maksimova,' 'Diphtheria Epidemiology Branch, Gabrichevsky Institute
Charles R. Vitek,® Erika Y. Bogatyreva,'® of Microbiology and Epidemiology, and *Sanitary-Epidemiologic
and Anatoly A. Monisov’ Surveillance Division, Ministry of Health, Moscow, Russian
Federation; *National Immunization Program, Centers for Disease

Control and Prevention, Atlanta, Georgia

Table 1. Cumulative incidence of, mortality from, and case fatality ratio for diphtheria. by age group. Russian Federation,
1990-1997.

Population in
Age group. 1994 (to nearest  No. of cases,  Cumulative incidence®  No. of fatalities, = Cumulative mortality”  Case fatality

years thousand) 1990-1997 (per 100.000) 1990-1997 (per 100.000) ratio
<l 1,480,000 43] 29.1 33 2.2 77
1-2 3.555.000 2280 64.1 156 4.4 6.8
36 9.121.000 10,673 117.0 342 3.8 3.2
7-14 18,555,000 18.601 100.2 228 1.2 1.2
15-17 6,320,000 7057 111.7 41 0.7 0.6
18-19 4.213.000 3935 034 25 0.6 0.6
20-29 19,703,000 13.366 67.8 72 0.4 0.5
30-39 25.245.000 16.658 66.0 295 1.2 1.8
40-49 18,144,000 18.136 100.0 1172 6.5 6.5
50-59 17,038,000 6577 38.6 460 2.7 7.0
=60 24,771,000 2242 0.1 143 0.6 6.4

Total 148.146.000 99.861 67.4° 2067 2.0 3.0




Russie, 1990

* Adultes > 60 ans : immunité contre la diphtérie acquise lors d’infections
contractées pendant I'enfance, avant la généralisation de la vaccination ;

* Adultes nés dans les années 1940 et 1950 : sensibilité a la diphtérie
- Pas de vaccination au cours des premieres années des programmes de
vaccination

- pas d'immunité naturelle, car la circulation des souches toxigénes avait diminué
apres la mise en place des programmes de vaccination ;

- Ces personnes étaient totalement vulnérables a la diphtérie ; elles représentaient
la plupart des cas graves et des déces.

* Jeunes adultes :
- vaccinés dans leur enfance mais pas de rappel pour renforcer I'immunite ;

- Ces adultes étaient sensibles a la diphtérie mais conservaient une certaine
memoire immunologique vis-a-vis de la toxine diphtérique ; les cas graves et les
déces etaient rares dans ce groupe.



Post COVID 19 resurgence of diphtheria in Kano, Nigeria:
analysis of 18,320 cases

Muhammad Adamu Abbas,*® Abubakar Labaran Yusuf,” Hassan Adam Murtala, Aisha Adam Abdullahi Adam Muhammad Murtala,*
Jordi Bertran Torrelles,” Muktar Hassan Aliyu, and Hamisu Mohammed Salihu®*
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Fig. 2: Diphtheria Epidemic Curve In Kano, Nigeria, February 2022 to April 2024 The bars represent the absolute number of diphtheria



10.04

La mortalité touchait particulierement les
jeunes enfants lors de cet épidose
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Fig. 4: Case Fatality Rate (CFR) of Diphtheria by Age Group (in Years). Barplot illustrates the CFR for diphtheria across four age groups: 0-4
years, 5-14 years, 15-24 years, and >>25 years. Sample size: n = 18,320 cases; 828 deaths. Biological replicates: 1. Statistical test: p = 0.039
(Binomial regression model assessing linear trend in CFR across ordinal age groups). Data source: Kano State Centre for Disease Control
surveillance database.
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Q sur la transmission, impact qui devrait étre faible,
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Cet impact est peut-étre lié au fait gu’il n’y a pas que
la toxine diphtérique dans les différents vaccins, mais
de nombreuses autres protéines de C. diphtheriae

Vaccine 37 (2019) 3061-3070

Contents lists available at ScienceDirect
accine

Vaccine N,
% 1

journal homepage: www.elsevier.com/locate/vaccine

Proteomics of diphtheria toxoid vaccines reveals multiple proteins that | R
are immunogenic and may contribute to protection of humans against | @&
Corynebacterium diphtheriae

Jens Méller ¢, Max Kraner®, Uwe Sonnewald °, Vartul Sangal ¢, Hannes Tittlbach ¢, Julia Winkler ¢,

Thomas H. Winkler ¢, Vyacheslav Melnikov', Roland Lang?, Andreas Sing", Ana Luiza Mattos-Guaraldi,
Andreas Burkovski "



Russia 1
Russia 2 (344)

(363) Brazil
\(130)

Bulgaria
(324)
Les vaccins anti-diphtérie de
différents pays sont des « soupes »
de nombreuses protéines — avec
des différences notables de
composition d’un pays a l'autre




[Human Vaacines 5:5, 36 May 2006]; B2008 Lande: Ricacience

En France, les populations pour lesquelles les taux
d’anticorps sont les plus faibles sont les seniors : faute
de rappels dans les décennies précédentes.

Research Paper

Antibodies to tetanus, diphtheria and pertussis among healthy adults
vaccinated according to the French vaccination recommendations

Odile Lounay,'? Christine Toneatti,* Claire Bernéde ® Elisabeth MNjomkepo,® Karine Pefitprez, 2¥ Annie Leblond,® Sylvie
Lornaudie,” Catherine Govjon B Marie-Moelle Ungeheuer,® Faiza Ajona,® Christion Rocourt, 19 Jean Beytout,'T Christian
Chidiac, "2 Damien Bovhour, '3 Didier Guillemor* 4% and Micole Guise®*
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Figure 1. Concentrations of antibodies to diphtheria and tetanus toxoids. [4) Concentrations and geometric mean concentrations of anti-TT antibodies,

including 95% confidence intervals, by age group. (B) Concentrations and geomelric mean concenirafions of antiDT antibodies, including 95% cenfidence
intervals, by age group.



Durability of Vaccine-Induced Immunity Against Tetanus
and Diphtheria Toxins: A Cross-sectional Analysis

Erika Hammarlund,' Archana Thomas,' Elizabeth A. Poore,” lan J. Amanna,” Abby E. Rynko,' Motomi Mori,** Zungiu Chen,' and Mark K. Slifka'

_‘Divisiﬂn of Neuroscience, Oregon National Primate Research Center, Department of Molecular Microbiology and Immunaology, Oregon Health & Science University, *Najit Technologies, Beaverton,
“Binstatistics Shared Resource, Knight Cancer Institute, and *Division of Biostatistics, Department of Public Health & Preventive Medicine, Oregon Health & Science University, Portland
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La décroissance
des anticorps
contre la diphtérie
est plus lente

>
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& Cette décroissance tres lente explique sans doute
gu’on ait tres peu de diphtérie chez les personnes
0.5 i 1 nées (et donc vaccinées) en France — méme sans que
Oo% les rappels recommandés a I'age adule aient été faits.
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Pneumocoque et sa capsule




Vaccin polysaccharidique Conjugaison liaison covalente

{3

N

Polysaccharide Polysaccharide Immunogenic Conjugated
antigens antigens carrier protein vaccine




Ada 2001

Les vaccins
polysaccharidiques
conjugués permettent
d’avoir une réponse TCD4
et B, et donc une

« collaboration » B-T,
fondation d’'une mémoire
immunologique



Contents lists available at ScienceDirect

International Journal of Biological Macromolecules

journal homepage: www .alsevier.com/locata/ijblomac

Review

Cross reacting material (CRM197) as a carrier protein for carbohydrate

conjugate vaccines targeted at bacterial and fungal pathogens

E.A. Khatuntseva, N.E. Nifantiev

Laboratery of Glycoconjupate Chemistry, N, DL Zelinsky lnstible of Organic Chemstry, Ruzstan Academy of Sciences, Moscow, 119991, Russia

* La recherche sur la vaccination anti-toxine diphtérique a permis d’identifier des anatoxines
gui ne résultent pas d’une action chimique (comme historiguement) mais d’'une mutation

La plus aboutie : CRM197

e Mutation = processus plus simple a maitriser : immunogénicité plus stable

* Ce type d'anatoxine est devenu intéressant comme protéine de conjugaison aux antigenes
polysaccharidique (pneumocogque, méningocoque ...)

profil de sécurité bien connu ;
les épitopes T étaient déja validés chez I'homme ;
important recul clinique pour les autorités réglementaires

cette famille d’anatoxine diphtérique a de nombreuses lysine = sites de conjugaison pour les
polysaccharides



Table 1

Human pathogen glycans targeted by CRM197-bazed conjugate glycovaccines which have been licensad or are under development.

Entry  Human pathogen’ Location™ Glyean structure”
1. A baumannii EPS aPse-{2—6)-fDGIc
1
l
]
— 311Gl 1 -3 gD GalM Acl | —
2 B. psendomallei, B. malla CPS + 3 )-b-deoxy-fI-manno-Hep-( 1 —
2
Al
3. B. pseudomallei, B. mallei Lps —+ A )-b-deoryanlTal-{ | —3)- OG-0 1 —
4. C. jejuni serotype H523/36 CPs +31-aDGal-(1—2)-6-deoxy-3-Me-g-D-aliro- Hep-{ | = 3)-fDGlcN Ac-{ 1 —
246
PMeQyNH, O
5. C. jejuni serotype H314 CPs —+ 3)-b-deaxy-f-D-ido-Hep-( 1 —4)-FGleNAc-{1—
|
Pibey i NH )0
6. C. jejuni serotype HE15 CP3 —+ 3oL Ara( | —3)-b-deoxyme-L-gulo-Hep-[ 1 —
3
1
1
al.Araf
7. C. albicans CWPS —+ 3G e 1 — 30 DG 1 — 3 DG le= 1 —3)- DG 1 —
f
1
1
ADGle
8. C. difftcile CWPSPS 1 vd)-aLRha-{ 13- #0406 e- T s DG - L0 2 - DMGle- 1 -0 PO H-00
3
1
1
al.Rha
9. C. difftcile CWPS PS —+ 6D Gle- 1 —3)-fDGalNAc -( | —4)-aDGle-{ | —4)-fDGalMAc-{ | —3 j-aDMan-{ 1-0F0,H-0O—
I 3
1
HDGe
10. C. difftcile CWPS PS OPOH-0—
I 1
]
v )-aDGleNAC-(1 <3 laDGleMAc-( 1 —2)-GroA
11. E eoli O157:H7 LPS v e DG G 1 —2 2 DMGal-{ 1 — 3 - Gle-( | —
2 3
1 N
1 |
aldGle aldGleM A
12 H.influenza serotype a CP3 —+ -GG e | —= [ p-Dr-ribito]-5-0P 0 H-C—
13. H. influenza serogype b CPS AR b 1= 1)-Deribitol- 5-CHPO H O
14 K. pneumoniae CPS



Table 1 (congnued)

Entry Human pathogen™ Location™ Glycan structure”
—3)-fMGaly 1 = 3)-aDGalA-( | —2)-aLRha-(1—2)-aLRha-{ 1 —2}-aLRha-{1 —
1
T
4
alRha
15 M. cotarrhaliz serotypes A/B/C LPS alGal-{ | —a)-fDGal-{ | —d)-alGle-{ | —2)-FDGe-{ | —6)-alGle-( | —5)-akldo-(2—8)
3 4
T T
1 2
FDGle aKdo
16. M. wiberculosis LP3 shi-alMan-{ |6 j-alMan-{ 16 -zl ban-| | —8)-aDMan-( 1 6 }-aDMan-( 1 —
2 2
1 1
alAraf 1 —5-alkAraf | —5)aDAraf 1 —5-aDAraf alhan
3
f
1
alDAra 1 —5j-alAral
17. N meningifidic (all LPS ak.do
immunotypes, including PPEIN 2
MenB) 1 1
< 4
—aMEleMAc—{ 1 —=2)-alMHep-( | =3 FaDHep( 1 —5)-aKdo-( 2—6)-F
4
T
2
aDNeu (2—3)-ADGal-( | =4} fDGlcNAc-(1 —3)-ADGal-( 1 —4)-fDGle
18. N. meningitidic serogroup A CPS +fi)-aDhanMAc-( 1 —OPOH-O—s
(MenA) 304
Ohe
19. N. meningitidis serogroup C CPS + & -aDNeuS Ag-{2—»
(MenC) 78
i
Ac
0. N. meningitidis serogroup W CPS e )= DGl 1 —+d m M eus Ac-(2—
(Men'W) T
A
2L N meningifidic serogronp X CPS +d Ja MGleN Ac-{ | —OPOHO—
(MenX)
22 N meningifidic serogronp Y CPS —+ i = D Glope-{ | —4 D NeuSA - 2—
(Men Y) T
T
Ac
23 5. paratyphi A Lps PPEMN
P 1
= 4
2-aDMan-( 1+ j-aLEha-{ 1<+ 3 j-alGal-( 142 )-aMElo- 102 )-aldGal-{ 13 j-aMGlo-( 1+ 3 l-aHep-{ 123 )-Hep-[ 1+ 5 -aK do
3 3 ] 2 [ 7
i t 1 f 1 1
1 Ae 1 1 1 1
al)Par aDGle n @GN Ac aldGle Iep
24 5. byphi CPS —+4-alGalN AcA(l—
3
Ae
as. 5. yyphimurium LPS



Table 1 {contnued)

Entry Human pathogen”

Glyean structura”

31

5. feomert zerotype 2A

5. femert zerotype 6

5. aureus zeTotype 5

5. mureus zeTotype 8

5. agaloctize serotype la
(Group B 5. serotype [a,
GESIa)

5. agaloctioe serotype Ib,
(Group B 5. serotype Ib,
GBSIh)

5. agalactize serotype 11

(Group B 5. serotype I1, GBSID

5. agaloctioe serotype 111
(Group B 5. serotype 11,
GESID

5. agaloctioe serotype IV
(Group B 5. serotype IV,
GR3IV)

5. agaloctioe serotype V

(Group B 5. zerotype V, GBSV)

5. pneumonia serocype 1

PPEN

-

P

12-aDMan-{1—4)-al Bha-{1 =3 )-aDGal-( [—4)-alDGle-{ 1—-2)-aDGal-{ 1 —3)-aDGle-( 1—+3)-aHep-{1—3)-Hep-{1 —+5)-aKdo
k1 3 a 2 f 7

¥ t t 4 ¥ "
1 Ac 1 1 1 1
allAle alGle Jpy  alGleMAc al}ile Hep
+2}-aLRha-{1—2}-aLRha-{1 -3 }-aLRha-{ | -3 - fDGlcMAc-{ | —d)p-aDGle-{ 1 —+2)-aDGal-{ |+ 3 j-aDMGle-( 1 —+3)-aHep-( 1 — 3 }-aHep-{1
34 4 L] 1 3 7 4
T T T T T T 1
DA 1 Ac 1 1 1 P
alile al}ile alGleMAz  aDGleNAc]] —TlaHep

+Sh-akdo
4

T

el

akdo

2 }-aLRha-(1—+2)-aLREha-( 1 —+4)-fDGalA-(1 — 3 -FDGalN Ac-{ | 3 -DGle - | = 3 -aDGle-( 1 —+3)-aDGle-(1—3)-aHep-( 1 =3 )-Hep-( 1= 5)-akKdo

i4 2 ! A
1 1 1 1
OAc 1 | PEIN

n  aDGal-{l—2}-alal SDGalMAe1—T-aHep
+4)1-FDManN AcA-{ 1 —d)-alFucNAc-( 1 3 - fDFucMNAc-{ 1

1

+3 1D ManN AcA-( ] +]:I-alil:i"u-:,Nﬂ-:.-q'. »3p-aDFucK Ac-(1—
4

Ac
+41-FDGal- 1 —4)-FDGle-{ 1 —
3
T
|
alMeuMNAc-{2—3)-ADGal-( 1 =4 ADGlcNAC
w0 Gal-( 1) STGE - 1
3
T
1
alMNeuNAc-{2— 3} ADGal-( 1—3)-fDGIeNAc
—2)-FDGal{ 1 —41EDGIN Ac-{ | —3)-FDGal-{ | —4 )} fDGle-{ | —3)-FDGle-{1—
| ]

T T
1 1
alMeuMNAc SDGal

w6 ARG N Acel | —3 - DGalel | —ed)fDG e ] —
4

1
aDNeuNAc-{2—3)-fDGal
+4)-FDG e 1 —+4)-FDGal-{ 1 —+4}-FDG -1
i

alMeuNAc-{2—3 ) ADGal-( 1 —4)-gDGIeN A
—+4)-FDGle | —=4)-fDGal-{ | —4)-FDGle-{| —
[ K]

T 1
1 1

aDNeuNAc-{2—+3}#DGal-(1 +4)1-DGlcNAe  #DGle
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Elimination du tétanos maternel

et néonatal en Amérique latine
et dans les Caraibes



Inhibitory

La toxine tétanique est une
Interneuron

neurotoxine qui inhibe
I’action des neurones
inhibiteurs

Motor
Neuron

proteolytic

cleavage of
@ VAMP/' VAMP  GABA or Glycine
- inhibition of
neurotransmitter
exocytosis

@ disulfide bond @

cleavage, release
of LC subunit

disulfide-linked uninhibltgd
@ heterodimeric acetylcholine
Tetanus toxin release

@ sustained muscle @ @

contraction; spastic
paralysis

Stala 2026 Muscle Cell
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High-Throughput IgG Epitope Mapping of Tetanus Neurotoxin:
Implications for Inmunotherapy and Vaccine Design

Salvatore G. De-Simone 1%°*(), Paloma Napoleao-Pégo 2, Guilherme C. Lechuga %, Joao P. R. S. Carvalho %3,

Larissa R. Gomes ", Sergian V. Cardozo 4 Carlos M. Morel 112, David W. Provance, Jr. 12
and Flavio R. da Silva 12
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Tétanos en France

Nombre de cas et de
déces
~8-Décés (Source .| INSERM CépiDC)
500 - —a—Cas déclarés (Source - SpF, déclarations obligatoires)
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Tetanus
Annual Epidemiological Report for 2023




Figure 1. Tetanus cases by country, EU/EEA, 2023
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Figure 2. Tetanus cases per 100 000 population, by age and gender, EU/EEA, 2023
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Au contraire de la diphtérie, le tétanos
est en Europe une maladie plutot des
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Source: Country reports from Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, France, Greece, Hungary, Iceland, Ireland,
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Fig. 1. Age group/sex specific average annual notification (a) and hospitali-
sation (b) rates. Based on notifications of tetanus with an onset date between
July 1, 1993 and June 30, 2002 and hospitalisations of tetanus with a separa-
tion date between July 1, 1993 and June 30, 2002. The cumulative percentage
of notifications (a) and hospitalisations (b) is also shown.



Les seniors sont

n=77 n=59 n=25 n=14 n= progressivement devenus la
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Fig. 2. The proportion of deaths caused by tetanus between January 1, 1964
and December 31, 2003, by age group. The total number of deaths (n) is
indicated for each period.
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Tetanus in Italy 2001-2010: A continuing threat in older adults (!)mssmm
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Giovanna Alfarone®, Silvia Declich?, Maria Cristina Rota*“
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Fig.2. Incidence of notified tetanus cases by age group and gender, Italy 2001-2010.



Cette incidence chez les
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Fig. 3. Percentage of subjects with protective, partially protective and non-
protective tetanus antibody levels, by age-group, Italy.



Seroprevalence of Tetanus Antibodies Among
Adults Older Than 65 Years

Kumar Alagappan, MD*
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Jon Falck, MD*

Felix Silverstone, MD+
Robert Silverman, MD*

Méme chose dans cette étude
aux USA : les taux d’Ac anti-
tétaniques sont beaucoup plus
faibles chez les seniors

1996

Figure.
Tetanus antibody levels for patients older than 65 years
compared with ED health care workers aged 25 to 40 years.
The level considered protective is .17 1L
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A POPULATION-BASED SEROLOGIC SURVEY OF IMMUNITY TO TETANUS
IN THE UNITED STATES

PETER J. GERGEN, M.D.; M.P.H., GERALDINE M. McQUILLAN, PH.D.;, MICHELE KIELY, DR.P.H.,
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Figure 1. Age-Specific Prevalence of Immunity to Tetanus According to Racial and Ethnic Group in the NHANES Il Popu-
lation, 1988 to 1991.

Ces différences de taux
d’anticorps selon I'age sont
encore plus marquées dans
certaines ethnicités



Et comme dans d’autres
pays, les seniors sont les
plus touchés par le
tétanos
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Figure 3. Age-Specific Prevalence of Immunity to Tetanus, Cas-
es of Tetanus, and Deaths from Tetanus in the United States,

1989 to 1990.
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Research Paper

Antibodies to tetanus, diphtheria and pertussis among healthy adults
vaccinated according to the French vaccination recommendations

Odile Lownay, '~ Christine Teneoiti,* Claire Bernéde,? Elisabeth Mjomkepo,® Karine Pefifprez, 29 Annie Leblond ® Sylvie
Lornaudie,” Catherine Govjon B Marie-Moelle Ungeheuer,® Faiza Ajona,® Christion Rocourt, 19 Jean Beytout,'T Christian
Chidiac, "2 Damien Bovhour, '3 Didier Guillemor* 4% and Micole Guise®*
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Figure 1. Concentrations of antibodies to diphtheria and tetanus toxoids. [4) Concentrations and geometric mean concentrations of anti-TT antibodies,
including 95% confidence intervals, by age group. (B) Concentrations and geomelric mean concenirafions of antiDT antibodies, including 95% cenfidence
intervals, by age group.



Durability of Vaccine-Induced Immunity Against Tetanus
and Diphtheria Toxins: A Cross-sectional Analysis

Erika Hammarlund,' Archana Thomas,' Elizabeth A. Poore,” lan J. Amanna,” Abby E. Rynko,' Motomi Mori,** Zungiu Chen,' and Mark K. Slifka'

_‘Divisiﬂn of Neuroscience, Oregon National Primate Research Center, Department of Molecular Microbiology and Immunaology, Oregon Health & Science University, *Najit Technologies, Beaverton,
“Binstatistics Shared Resource, Knight Cancer Institute, and *Division of Biostatistics, Department of Public Health & Preventive Medicine, Oregon Health & Science University, Portland
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Autres vaccins



Safety, immunogenicity, and efficacy of a Clostridioides difficile @1 @

toxoid vaccine candidate: a phase 3 multicentre,
observer-blind, randomised, controlled trial

Guy de Bruyn, David L Gordon, Theodore Steiner, Paul Tambyah, Catherine Cosqrove, Mark Martens, Ehab Bassily, Eng-Soon Chan, Dhaval Patel,

Josh Chen, Julian Torre-Cisneros, Carlos Fernando De Magalhdes Francesconi, Richard Gesser*, Robert Jeanfreau, Odile Launay, Thelma Laot,
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B Perprotocol analysis
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CLOVER (CLOstridium difficile Vaccine Efficacy tRial)
Study: A Phase 3, Randomized Trial Investigating the
Efficacy and Safety of a Detoxified Toxin A/B Vaccine in
Adults 50 Years and Older at Increased Risk of
Clostridioides difficile Infection

Curtis J. Donskey, Erik R. Dubberke.” Nicola P. Klein.® Elizabeth G. Liles." Katarzyna Szymkowiak,® Mark H. Wilcox.® Jody Lawrence,” Salim Bouguermouh,®
Haiying Zhang,” Kenneth Koury.? Ruth Bailey,® Helen M. Smith,? Stephen Lockhart,” Erik Lamberth,” Warren V. Kalina,® Michael W. Pride.? Chris Webber,?
Annaliesa S. Anderson.® Kathrin U. Jansen.® William C. Gruber.® and Nicholas Kitchin™ on behalf of the CLOVER (CLOstridium difficile Vaccine Efficacy tRial)
Study Group
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0.0060 <

Vaccine efficacy: 31.0% (96.4% CI -38.7 to 66.6)
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Pourguoi ces echecs des vaccins anti-C. diff ?

* Parce que les vaccins ne suscitent pas d’IgA anti-toxine ?

* Parce que les personnes ont une mauvaise réponse vaccinale ?
- Immunosenescence
- immunodépression

e Parce gu’il y n'y a pas que les toxines dans la vie ?
- Dysbiose persistante
- Colonisation persistante
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Table 1

Output of loose stools and treatment with antibiotics and IV fluids for 22 vaccinees and 15 controls with moderate to severe ETEC illness

Vaccinees Placebo recipients p-value

Value Range Value Range
Mean no. of loose stools 6.8 2-15 9.7 3-39 0.04*
Mean total weight of loose stools 840 389-2033 1147 5064508 <0.05*
No. of subjects who received early antibiotics 16/22 (73%) 12/15 (80%) 0.07¢
Mean time to antibiotics 63 30-120 51 21-120 0.04°
No. of subjects who received 1V fluids 3/22 (14%) 6/15 (40%) 0.03¢
Mean time to receipt of IV fluids 36 25-48 29 20-47 <0.05¢

 Statistical tests used: longitudinal analysis.
b Statistical tests used: Wilcoxon Rank sum.

¢ Statistical tests used: Chi-Square.
d Statistical tests used: Kurskell-Wallis.



100 4= 1

(o)
o
1
'

'

[

-h o).
o o

% Subject Disease Free
N
o

o

I 1 1

0 7 14

Time to Onset (hour)

Fig. 3. Time to onset of diarrheal disease. The time to onset of diarrhea is
shown for 22 vaccinees (solid line) and 15 placebo-recipients (dashed line)
who met the definition of moderate to severe ETEC illness (p=0.001). No
new onset of ETEC illness was seen after 80 h.



	Diapositive 1 Vaccins anti-toxines tétanus, diphtérie, C. difficile, …
	Diapositive 2 D’où vient-on ?
	Diapositive 3 D’où vient-on ?
	Diapositive 4 D’où vient-on ?
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12 Diphtérie
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16 Toxine diphtérique
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20 Diphtérie en France, 1945-2015
	Diapositive 21 Diphtérie au Canada
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25
	Diapositive 26
	Diapositive 27 Données françaises, 2002-2025
	Diapositive 28
	Diapositive 29
	Diapositive 30
	Diapositive 31
	Diapositive 32
	Diapositive 33 Russie, 1990
	Diapositive 34
	Diapositive 35
	Diapositive 36
	Diapositive 37
	Diapositive 38
	Diapositive 39
	Diapositive 40
	Diapositive 41
	Diapositive 42
	Diapositive 43
	Diapositive 44
	Diapositive 45 Pneumocoque et sa capsule
	Diapositive 46
	Diapositive 47
	Diapositive 48
	Diapositive 49
	Diapositive 50
	Diapositive 51
	Diapositive 52 Tétanos 
	Diapositive 53
	Diapositive 54
	Diapositive 55
	Diapositive 56
	Diapositive 57 Tétanos en France
	Diapositive 58
	Diapositive 59
	Diapositive 60
	Diapositive 61
	Diapositive 62
	Diapositive 63
	Diapositive 64
	Diapositive 65
	Diapositive 66
	Diapositive 67
	Diapositive 68
	Diapositive 69
	Diapositive 70
	Diapositive 71
	Diapositive 72
	Diapositive 73 Autres vaccins
	Diapositive 74
	Diapositive 75
	Diapositive 76
	Diapositive 77 Pourquoi ces échecs des vaccins anti-C. diff ? 
	Diapositive 78
	Diapositive 79
	Diapositive 80
	Diapositive 81

