
1

Prof. Claire-Anne Siegrist, Centre de Vaccinologie, Université de Genève,Suisse
E-mail : Claire-Anne.Siegrist@medecine.unige.ch 

Information to the users

These slides have been prepared for a conference, as a 
support  to an oral presentation. They may not always be 
fully self-explanatory without the accompanying text…

They represent the opinion of their author, on the day of 
their oral presentation. They are posted on the Infovac 
website for educational purposes exclusively.   The author 
declines any responsibility for their potential misuse.

These documents have been prepared under a pdf format 
– which can be viewed or printed with Adobe Reader. 

We hope that you will find these documents of interest.
Your Infovac experts

Prof. Claire-Anne Siegrist
Center for Vaccinology and Neonatal Immunology, University of Geneva

The helpful contribution of Prof. Paul-Henri Lambert is gratefully acknowledged.
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• MEASLES : INFLAMMATORY BOWEL DISEASE 
AND AUTISM  

• HEPATITIS B : MULTIPLE SCLEROSIS

• ALUMINIUM : MACROPHAGIC MYOFASCITIS

• HIB : TYPE I DIABETES

• ANY VACCINE : TRIGGERING OF AUTOIMMUNE 
CONDITIONS 

IMMUNOLOGICAL SAFETY 
OF VACCINATION

ALLEGATIONS

C.A. Siegrist, March 2004

2 POTENTIAL RISKS :

VACCINES :

1. May cause autoimmune diseases, 
through molecular mimicry…

2. May trigger autoimmune diseases 
through non-specific activation of 
preexisting autoreactive cells…

IMMUNOLOGICAL SAFETY OF VACCINATION 
The risks of increasing autoimmunity

C.A. Siegrist, March 2004
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AUTOIMMUNE
DISEASE

Induction of autoreactive 
lymphocytes

AUTOIMMUNITY Autoantibodies Cytokines
Cytotoxic effectors

Cellular targets

Destruction, functional disturbance

SPECIFIC CONDITIONS

GENETIC FACTORS ENVIRONMENTAL FACTORS+

Pathogenesis of autoimmune diseases

1. MOLECULAR MIMICRY

C.A. Siegrist, March 2004

MOLECULAR MIMICRY

Microbial
antigen Host

antigen

Induction of T/B 
lymphocyte 

responses to 
microbial antigens, 
resulting into cross 

reactions to host 
antigens 

C.A. Siegrist, March 2004
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Demonstration of molecular mimicry

Fujinami Science 1985

Freund
Complete
Adjuvant 

Hepatitis B
viral polymerase

Myelin basic protein

A frequently evoked mechanism…
C.A. Siegrist, March 2004

MOLECULAR MIMICRY

1. The frequency of homologous sequences among the 
microbial and human genomes is very high :

Tetanus toxin :  200 peptides with 6 aa, 95 with 7/8 aa

J. Thonnard and PH Lambert, pers. communic.

 
Peptide  

size 

 
Matching level 
(common aa) 

 
Hu. proteins with 
pept. similarity 

6-mer 6/6 209 
 5/6 >11,000 
7-mer 7/7 9 
 6/7 758 
8-mer 8/8 0 
 7/8 95 
9-mer 8/9 8 
 7/9 434 

C.A. Siegrist, March 2004
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MOLECULAR MIMICRY

1. The frequency of homologous sequences among the 
microbial and human genomes is very high :

Tetanus toxin :  200 peptides with 6 aa, 95 with 7/8 aa

Oldstone, Faseb 1998

2. B lymphocytes and antibodies may bind to peptides 
with totally distinct sequences :

5% of antiviral antibodies may bind to a human 
protein !

3. Binding of T lymphocytes to antigenic peptides is 
very permissive :

each T lymphocyte could recognize up to a million of 
different peptides !

C.A. Siegrist, March 2004

MOLECULAR MIMICRY

Microbial
antigen Host

antigen

If molecular mimicry 
and induction of 

autoreactive 
lymphocytes are 

so frequent…

why are autoimmune 
manifestations not 

more frequent ?
C.A. Siegrist, March 2004
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NO autoimmune
disease !

Experimental autoimmune encephalitis (EAE)

SJL Mouse

Infection (Theiler’s virus)

Anti-myelin lymphocytes

Genetically
predisposed
mice (anti
myelin TcR)

The induction of autoreactive lymphocytes is not 
sufficient to induce autoimmune diseases

Hausmann Curr Opin Immunol 1997; Oldstone FASEB 1998; 
Fugger Curr Opin Immunol 2000; Regner Nature Immunol 2001; Wraith Lancet 2003

Anti-myelin lymphocytes

C.A. Siegrist, March 2004

NO autoimmune
disease !

Experimental autoimmune encephalitis (EAE)

SJL Mouse

Infection (Theiler’s virus)

Anti-myelin lymphocytes

Genetically
predisposed
mice (anti
myelin TcR)

The induction of autoreactive lymphocytes is not 
sufficient to induce autoimmune diseases

Hausmann Curr Opin Immunol 1997; Oldstone FASEB 1998; 
Fugger Curr Opin Immunol 2000; Regner Nature Immunol 2001; Wraith Lancet 2003

Anti-myelin lymphocytes Demyelinating disease(EAE)

ADDITIONAL
CONDITIONS

NEEDED

Demyelinating disease (EAE)

C.A. Siegrist, March 2004
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AUTOIMMUNE
DISEASE

Induction of autoreactive 
lymphocytes

AUTOIMMUNITY Autoantibodies Cytokines
Cytotoxic effectors

Cellular targets

Destruction, functional disturbance

GENETIC FACTORS ENVIRONMENTAL FACTORS+

Pathogenesis of autoimmune diseases

1. MOLECULAR MIMICRY

+2.  ESCAPE FROM REGULATORY MECHANISMS :
Homeostasis (apoptosis)

Regulatory T cells (CD4+ CD25+)     

C.A. Siegrist, March 2004

AUTOIMMUNE
DISEASE

Induction of autoreactive 
lymphocytes

AUTOIMMUNITY Autoantibodies Cytokines
Cytotoxic effectors

Cellular targets

Destruction, functional disturbance

GENETIC FACTORS ENVIRONMENTAL FACTORS+

Pathogenesis of autoimmune diseases

1. MOLECULAR MIMICRY

+2.  ESCAPE FROM REGULATORY MECHANISMS   

+3. ACTIVATION - COSTIMULATION

C.A. Siegrist, March 2004



8

Prof. Claire-Anne Siegrist, Centre de Vaccinologie, Université de Genève,Suisse
E-mail : Claire-Anne.Siegrist@medecine.unige.ch 

SJL Mouse

Infection (Theiler’s virus)

Anti-myelin lymphocytes

Genetically
predisposed
mice (anti
myelin TcR)

The induction of autoreactive lymphocytes is not 
sufficient to induce autoimmune diseases

Hausmann Curr Opin Immunol 1997; Oldstone FASEB 1998; 
Fugger Curr Opin Immunol 2000; Regner Nature Immunol 2001; Wraith Lancet 2003

Anti-myelin lymphocytes

Pre-existing autoreactive lymphocytes, silent, without 
any symptom…

Demyelinating disease (EAE)

ACTIVATION
CONDITIONS

- Injection of Th1-driving
adjuvants or cytokines

danger signals IL-12

- Viral infection (mCMV)

IL-12

C.A. Siegrist, March 2004

TH1

APC

antigen

HLA

CD4

T cell responses to vaccination / infection 

IL-12

Elimination of
intra-cellular 
microorganismsTNF-αααα

IFN-γγγγ

CTL

B cell
Neutralizing

IgG Ab
C.A. Siegrist, March 2004
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TH1

APC

autoantigens

HLA

CD4

T cell responses to vaccination / infection 

cytokines

CTL Elimination of
intra-cellular 
microorganismsTNF-αααα

IFN-γγγγ

Adjuvant
effect

IL-12
Increased

activation of
autoreactive 

T cells !
C.A. Siegrist, March 2004

2 POTENTIAL RISKS :

1. May vaccination cause autoimmune 
diseases ?

2. May vaccination trigger autoimmune 
diseases through non-specific 
activation of autoreactive cells ?

IMMUNOLOGICAL SAFETY OF VACCINATION 
The risks of increasing autoimmunity

C.A. Siegrist, March 2004
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+2.  ESCAPE FROM REGULATORY 
MECHANISMS

+3. ACTIVATION - COSTIMULATION

+

1. MOLECULAR MIMICRY

May vaccination play a causal role in the 
induction of autoimmune diseases ? 

1.

+2.

+3.

1. Novel type of autoimmune disease ?

2. Modification of known autoimmune diseases ?    
(genetic predisposition, markers, severity)      

3. Retain some of the risks of pathogen-specific
associated autoimmunity ? C.A. Siegrist, March 2004

Do aluminium adjuvants cause  
a new autoimmune disease ? 

1998 : new histological lesion described in France 
inpatients investigated (muscular biopsy) for diffuse 
myalgias

– Cellular infiltration in the periphery of the muscle:
• Macrophages +++
• Associated with lymphocytes

– Size 2-4 mm, in deltoid muscle

– Distinct from other myopathies

= MMF (Macrophagic MyoFasciitis)
Gherardi, Lancet 1998
Gherardi, Brain 2001 

C.A. Siegrist, March 2004
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Microanalytical studies : aluminium 
hydroxide loaded macrophages

Gherardi, Brain 2001

X-ray microanalysis Nuclear microanalysis

Normal aluminium contents outside of the lesion C.A. Siegrist, March 2004

Gherardi, Brain 2001

MMF : a limited inflammatory reaction 
to aluminium containing vaccines

• Lesions similar to physiological responses  
observed in rodents after immunization

• Only at site of immunization
(deltoid, quadriceps…)

• Positive history of immunization
with aluminium containing 
vaccines in “all” patients

• Case-control study :
similar symptoms (myalgias)
as in controls (Chronic Fatigue Syndrome)…

Rat lesion day 21
Gherardi, Brain 2001 

C.A. Siegrist, March 2004



12

Prof. Claire-Anne Siegrist, Centre de Vaccinologie, Université de Genève,Suisse
E-mail : Claire-Anne.Siegrist@medecine.unige.ch 

Aluminium and autoimmune diseases ?

1. A microscopic inflammatory lesion may persist after
immunization (vaccine tatoo).

2. It does not reflect a diffuse muscular disease.  

3. It is not associated to specific symptoms.  

4. The most plausible explanation is that of a sampling 
bias in a mostly vaccinated adult population – among 
which myalgias and fatigue are frequent and non
specific symptoms.

5. There is NO evidence questioning the safety 
of aluminium vaccines.

C.A. Siegrist, March 2004

Is the incidence of type 1 diabetes
increased by immunization ?

From: Karvonen M, Cepaitis Z, Tuomilehto J., BMJ, 1999; 318:1169-72                

Haemophilus influenzae type B (Hib)
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C.A. Siegrist, March 2004
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Childhood vaccination, vaccination timing
and risk of type 1 diabetes mellitus

Case-control study within 4 HMOs (1988-1997) 
(tested vaccines: DTP, DTaP, HepB, Hib, MMR, varicella)

No significant association between any of 
the recommended childhood vaccines and

an increased risk of type 1 diabetes.

DeStefano F, et al. Pediatrics 2001

Finnish Birth Cohort Study : no correlation between 
age at HIB immunization and risk of diabetes

Karvonen M, et al. BMJ, 1999

C.A. Siegrist, March 2004

Hepatitis B and Multiple Sclerosis
France, 1993-99

25 millions Hepatitis B vaccinations 
including 18 millions adults

NO INCREASE IN THE INCIDENCE 
OF MULTIPLE SCLEROSIS

- General population  :    1-3 / 100’000 *
- Hepatitis B vaccinees : 0.6 / 100’000 *

* estimations
C.A. Siegrist, March 2004
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+2.  ESCAPE FROM REGULATORY 
MECHANISMS

+3. ACTIVATION - COSTIMULATION

+

1. MOLECULAR MIMICRY

May vaccination play a causal role in the 
induction of autoimmune diseases ? 

1.

+2.

+3.

1. Novel type of autoimmune disease ?                    NO

2. Modification of known autoimmune diseases ?    
(incidence, genetic predisposition, markers, severity)     NO

3. Retain some of the risks of pathogen-induced
autoimmunity ? C.A. Siegrist, March 2004

E Miller, et al, Arch Dis Child 2001;84:227-229

Idiopathic Thrombocytopenic Purpura 
and MMR vaccine

MMR vaccination

Weeks before vaccination Weeks after vaccination

N
um

be
r 

of
 a

dm
is

si
on

s

43-49  37-42  31-36  25-30   19-24  13-18   7-12     <6    0-6 7-12   13-18  19-24  25-30  31-36   37-42  43-49 

RR 3.27
(+ 1/ 30’000)
within 6 wks

C.A. Siegrist, March 2004
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• ITP after MMR vaccine :  ≈ 1 / 30’000
• ITP after measles :          ≈ 1 /   6’000
• ITP after rubella :             ≈ 1 /   3’000

112- 140 
84- 113
56-83
28-55
< 28

112- 140 
84- 113
56-83
28-55
< 28

112- 140 
84- 113
56-83
28-55
< 28

112- 140 
84- 113
56-83
28-55
< 28

Measles incidence

MMR reduces
the risks of

viral induced 
ITP !

Antibodies
to platelets

Live attenuated vaccines retain some 
pathogen-associated features

The risk of 
measles 

remains high 
in CH…

C.A. Siegrist, March 2004

Influenza infections induce exacerbations 
within the following 6 weeks in 

33% of patients with relapsing form 
of multiple sclerosis

De Keyser J, et al J Neurol Sci 1998;159:51-3

INFECTION-TRIGGERED AUTOIMMUNE 
RELAPSES

Influenza immunization protects MS 
patients against infection-driven relapses

C.A. Siegrist, March 2004
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Vaccination and autoimmunity :

what is the evidence ?
1. Vaccines do NOT cause autoimmune 

diseases… and may prevent 
infection-induced diseases !

Group A strep - Rheumatic fever
Campylobacter - Guillain-Barre
Borr. Burgdorferi - Lyme arthritis

C.A. Siegrist, March 2004

2 THEORIES :

VACCINES :

1. May cause autoimmune diseases 
through molecular mimicry…

2. May trigger autoimmune diseases 
through non-specific activation…

IMMUNOLOGICAL SAFETY OF VACCINATION 
The risks of increasing autoimmunity

C.A. Siegrist, March 2004
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+2.  ESCAPE FROM REGULATORY 
MECHANISMS

+3. ACTIVATION - COSTIMULATION

+

1. MOLECULAR MIMICRY

1.

May vaccination play a triggering role of 
preexisting autoimmune diseases ? 

C.A. Siegrist, March 2004
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Clinical studies of the association between 
Multiple Sclerosis or Demyelinating 

Diseases with Hepatitis B Vaccination

C.A. Siegrist, March 2004
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Clinical studies of the association between 
Multiple Sclerosis or Demyelinating 

Diseases with Hepatitis B Vaccination

Immunization Panel of the Multiple Sclerosis Council
for Clinical Practice Guidelines :

- No evidence that hepatitis B, varicella, tetanus or 
Bacille Calmette-Guerin vaccines increase the risk
of MS exacerbations  Rutschmann OT; Neurology 2002

French Ministry commissioned expert meeting 
(September 03) : the analysis of available evidence 
does NOT conclude to the existence of an increased 
risk of MS or MS exacerbations.

C.A. Siegrist, March 2004

Non-specific triggering by immunization ?

Vaccination and diabetes : lack of identified triggering role 
in studies with appropriate controls (vaccines, age).

Vaccination and rheumatoid arthritis : triggering role 
suggested by some series (n=15), but non identified in 
case-control study (GPRD), nor by vaccination of 
patients (VHB, pneumococcus, influenza)

Vaccination and lupus (LED) : triggering role non 
identified in case-control study (GPRD) nor by 
vaccination of patients (TT, VHB, pneumoc., influenza)

Vaccination and MS : lack of identified triggering role in 
multiple studies performed.

No evidence for non-specific triggering…
C.A. Siegrist, March 2004
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Vaccination and Guillain-Barré : triggering role identified 
after tetanus vaccine (6 wks).  Hyperimmunisation ?

Exceptions to the rule ?

Abeyagunawardena, Lancet 2003

1.84 (1.3-1.7)   1.21 (0.8 – 1.8)
(0-6 mo)          (7-12 mo)

Slight increase of the 
relative risk of relapse 

within 6 months

63 rechutes 96 rechutes63 relapses 96 relapses

Men C vaccination and nephrotic syndrome :
- Young children immunized during national campaign
- 24 months study period

C.A. Siegrist, March 2004

The risk of unbalancing an 
autoimmune condition by 

vaccination may not be zero, 
but it is very low…

C.A. Siegrist, March 2004
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Vaccination and autoimmunity :

what is the evidence ?
1. Vaccines do NOT cause autoimmune 

diseases… and may prevent 
infection-induced diseases !

2. Vaccines do NOT significantly 
increase the risks of exacerbations…

and prevent from infection-triggered 
autoimmune relapses

C.A. Siegrist, March 2004

Influenza infections induce exacerbations 
in 33% of patients with multiple sclerosis

De Keyser J, et al J Neurol Sci 1998;159:51-3

INFECTION-TRIGGERED AUTOIMMUNE 
RELAPSES

Influenza immunization protects MS 
patients against infection-driven relapses

Which is the best choice for the patient ?

Which is the easiest choice for the 
physician in charge ?

C.A. Siegrist, March 2004
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THE IMMUNOLOGICAL SAFETY 
OF VACCINATION IS HIGHER 

THAN EXPECTED !

Which mechanisms prevent 
• Th1 responses (e.g. to live vaccines) 
from triggering autoimmune diseases?

C.A. Siegrist, March 2004

The non antigen-specific effects of vaccines 
are essentially : 
- time-limited (days)
- localised to regional draining lymph 

nodes (exception : live vaccines)

- controlled by regulatory mechanisms
(e.g. CD4+ CD25+ T cells)

Example : 
BCG vaccine in patients with 
MS : no relapses triggered !

Ristori G, et al.   Neurology 1999 0

4

8

12

16

0 2 4 6 8 10
TIME (days)

1 2

3

C.A. Siegrist, March 2004
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What are the risks ?

Vaccination and autoimmunity…

The risks are those of 
COINCIDENTAL associations. 

This risk is high and 
it is increasing !

C.A. Siegrist, March 2004

0-14

0-4

Age groups

In
ci

de
nc

e 
 / 

10
0 

00
0 

pe
r 

ye
ar

Calendar year
1991 1993 1995 19991997

Incidenc in childhood diabetes
in Switzerland :

4x increase within 10 years
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1950 1960 1970 19901980 2000

0-4 YRS OLD
BOYS

Schoenle EJ et al., Diabetologia, 2001, 44:286-289 

From 4.5 to 16.4 / 100´000

C.A. Siegrist, March 2004
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11-15y4-6y18-24mBirth    1      2       4    6      12     15

DTP

Polio

MMR

Hep B               

dTDTP

HIB

Hep B     

Polio          

DTP

Polio

MMR

HIB     

Hep B     

TYPE I DIABETES

The risks of coïncidence

C.A. Siegrist, March 2004

20-40y11-15y

DTP

Polio

Hep B               

dTDTP

HIB
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Vaccine fears prevent Switzerland from 
reaching its public health objectives

• Diphtheria : Elimination YES
• Tetanus : No neonatal tetanus YES
• Poliomyelitis : Elimination YES
• Pertussis : Incidence < 1/100’000 NO !
• Measles : No death NO !

Incidence < 1/100’000 NO !
• Rubella : No cases during pregnancy NO !

No congenital rubella NO !
• Mumps : Incidence < 1/100’000 NO !
• Hepatitis B : No new carriers (-80%) NO !

C.A. Siegrist, March 2004

Vaccination, allergy and 
autoimmunity : 

what is the evidence ?

The risk of COINCIDENTAL 
associations is increasing !

COINCIDENTAL associations 
challenge the future 

of vaccination
C.A. Siegrist, March 2004


