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▪ Incidence des infections pneumococciques

▪ Spectre des infections pneumococciques

▪ Sérotypes du pneumocoque

▪ La résistance aux antibiotiques
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Spectre des infections à pneumocoque de l’enfant
Sévérité de la maladie 
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PrévalencePour chaque cas de 

méningite, il y’a 

approximativement :

Méningites

Bactériémies

Pneumonies

Otites moyennes aigües >X 2,000

X 200

X 20

Adapted from: Pneumococcal Disease. CDC Website. 

http://www.cdc.gov/vaccines/pubs/pinkbook/downloads

/pneumo.pdf. Accessed April 11, 2011.

Note: Based on surveillance before the Introduction of PCV.
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85% of all IPD cases occurred at age ≥5 years
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La niche écologique du pneumocoque : 

le microbiome rhino-pharyngé 

▪ > 700 espèces

▪ Très peu sont impliquées dans les infections

▪ La plus importante…le pneumocoque
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Exposition

Facteurs génétiques

- Local

- Immunologique
-(Inné ou Specificique

Immunité antérieure

- Naturelle

- Vaccinale

Inoculum
Co-infections

- Virus

- Bactéries Caractéristiques de la souche

- Capsule (sérotypes)

- Autres propriétés génétiques

MaladieColonisation
Acquisition 

et durée du portage

Autres facteurs intrinsèques

- Local

- Général
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Sérotypes
◆ Capsule polysaccharidique

• Protège de la phagocytose

• Activité anti-complémentaire

• Support en grande partie de la virulence → action pro-inflammatoire

• > 94  types capsulaires différents définissant les sérotypes, regroupés en 

45 sérogroupes

◆ Le PCV7 « couvrait »  (4,6B,9V,14,18C,19F, 23F) :

• très bien les nourrissons et les jeunes enfants d’Amérique du nord (> 90 

%)

• un peu moins bien les petits Européens

• Encore moins bien les enfants des pays « moins riches » ou « pauvres »

◆ Le PCV13  « couvrait » (1,3,5,6B,7F,19A):

• les enfants plus grands

• les enfants des différents pays « riches », « moins riches » ou 

« pauvres »

Membrane

Polysaccharide

Capsule

Coupe schématique d’un pneumocoque
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Résistance : quelques sérotypes

 CMI péni Macrolides Total 

Sérotypes S I  R S R  

1/3 100% 0% 0% 90% 10% 9 
4* 100%   90% 10%  

9* 10% 40% 50% 50% 50% 10 

18* 100%   90% 10% 15 

14* 15% 40% 40% 40% 60% 35 

23* 15% 20% 65% 20% 80% 62 

19* 45% 50% 5% 40% 60% 67 

6* 40% 40% 20% 40% 60% 89 

15 30% 60% 10%    

NT 60% 30% 10%    

24 65% 30% 5%    

17/12/35/21/37 90% 10% 0%    
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APRÈS LA VACCINATION

▪ IncIdence a diminuée partout de façon plus ou moins importante

▪ Spectre des infections pneumococciques : il a changé
• Répartition des différentes infections
• Augmentation de la proportion des patients présentant une pathologie sous jacente

▪ Sérotypes du pneumocoque
• Bouleversement
• Plus grand chantier écologique depuis l’avènement de l’antibiothérapie

▪ La résistance aux antibiotiques  mais…

M A I S
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1) Ladhani LID Lancet Infect Dis. 2018 ;18:441                                                                        2)  French National Reference Center: http://cnr-pneumo.com/docs/rapports/CNRP2017.pdf

3)  Benshimol Vaccine. 2014 Jun 5;32(27):3452-9; updated                                                          4) Rinta-Kokko Vaccine. 2018;36:1934
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USA 1997 À 2015

Incidence des infections invasives pneumocciques < 5 ans
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Impact of 

PCV 

Efficacy/effectiveness 

against disease
Dependent on

- end-point measured (IPD vs mucosal 

disease)

- Specific vaccine (i.e. different carrier)  

Local epidemiologic characteristics

- Serotype distribution before PCV introduction

- Immunodeficient population (i.e. HIV prevalence)

Vaccination 

uptake  

Efficacy/effectiveness 

against carriage
- Specific vaccine efficacy (i.e. effect of 

carrier)  

Indirect protection
(herd; societal protection)
Especially important for the unvaccinated including 

prevention of early exposure to VT strains

Serotype 

coverage of the 

vaccine
(PCV7, 10, 13)

Antibiotic-

induced 

serotype 

selection

Time after vaccine 

introduction
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Introductioin HICs Non HICs DISCUSSION

Lepoutre et al. Vaccine 2015

FRANCE

Incidence des IPP
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PNEUMOCOCCAL MENINGITIS IN CHILDREN <15 YEARS, FRANCE

20152013201120092007200520032001 2017

2017 

estimate

N=1872

Ouldali et al. Lancet Infect Dis. 2018 Sep;18(9):983-991. Updated



ALL CAUSE PNEUMONIA IN CHILDREN <15 YEARS, FRANCE
N=12,567

44% decrease until May 2014

7% increase since June 2014

Ouldali et al. JAMA Pediatr. 2019 Feb 4. doi: 10.1001/jamapediatrics.2018.5273



SEVERE PNEUMONIA IN CHILDREN <15 YEARS, FRANCE

Pneumonia with pleural effusion, n=673 Hospitalized pneumonia, n=4273

Ouldali et al. JAMA Pediatr. 2019 Feb 4. doi: 10.1001/jamapediatrics.2018.5273



19

Greenberg et al. JID 2016. Nasopharyngeal pneumococcal carriage during childhood

community-acquired alveolar pneumonia: Relationship between specific serotypes

and co-infecting viruses
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Impact of the Sequential PCV7/PCV13

Introduction to the NIP on Pneumococcal OM, Children < 24m

Initiation, substitution 

PCV7 by PCV13

Rate Reduction 

2014-2015 vs. 2004-2008
87% (82 – 90%)

35% (5 – 55%)

92% (81 – 96%)

98% (95 – 99%)

Ben-Shimol et al, CID 59:1724-32 , 2014, updated
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SOUTHERN ISRAEL, 2004-2015*
Overall OM  (pneumococcal and non-pneumococcal) incidence
in children < 24m with MEF culture
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Rate Reduction 

2014-2015 vs. 2004-2008

Ben-Shimol et al, CID 59:1724-32 , 2014, updated
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SEROTYPE 19A
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% 2006->2010 2015->2018

N=3498 N=2755 p

Sex M 52.8% 52.4% 0.7

Mean Age (months) 13.5 ± 5.0 13.6 ± 5.0 0.2

Day care center 41.1%  57.3% <0.001

History of AOM 56.1%  52.4% 0.016

Otitis prone children 19.5%  14.5% <0.001

Antibiotics 3 months

before

47.3%  37.2% <0.001

Fever ≥38.5 59.4%  54.6% <0.001

Otalgia 74.3%  65.5% <0.001

Otorrhea 8.4%  6.8% 0.018

Conjunctivitis 25.3%  28.2% 0.011

AOM 2006->2010 VS 2015->2018

CLINICAL CHARACTERISTICS

Cohen R Vaccine. 2015; 22:5118 Updated



N (%) Otorrhea

n=48 Sp

Sp carriers 

n=1439 Sp

PCV13 +6C* serotypes 15 (31.3)* 115 (8)*

19F 3 (6.3) 48 (3.3)

19A 3 (6.3) 31 (2.2)

3 8 (16.7) 15 (1)

Non PCV13 serotypes 33 (68.7)** 1324 (92**)

15BC 2 (4.2) 188 (13.1)

23B 5 (10.4) 153 (10.6)

11A 4 (8.3) 144 (10)

35B 3 (6.3) 91 (6.3)

21 2 (4.2) 90 (6.3)

23A 2 (4.2) 78 (5.4)

10A 3 (6.3) 69 (4.8)

24F 3 (6.3) 42 (2.9)

16F 3 (6.3) 31 (2.2)

Other non PCV13 serotypes 5 (10.4) 255 (17.7)

N = 470

%

No Otopathogens 53.4

Otopathogens 46,6

NT H. influenzae 48,4

Alone

(73)

Mixt

(27)

S. pyogenes 34,7

Alone

(83)

Mixt

(17)

S. pneumoniae 27,9

Alone

(60)

Mixt

(40)

Levy C PLoS One. 2019 Feb 1;14(2):e0211712  Cohen R Vaccine. 2015; 22:5118 Updated

AOM WITH SPONTANEOUS OTORRHEA

*PCV 13 does not contain serotype 6C and is not indicated for the prevention of serotype 6C disease
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Involvement of S pneumoniae in OM evolution: 
the disease continuum model of pathogenesis

Dagan et al et al, lancet Infect Dis
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Sample 2009, 2013 to 2018 : 250 infants of 6-8 month-old; 2012 : 563 infants of 6-8 month-old ; 2011 : 250 infants of 
6-8 month-old ; 2010 : 562 infants of 6-8 month-old; 2008 : 496 infants of 6-8 month-old

Significant increase between 2017 and 2018 (p<.05)
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SEROTYPE DISTRIBUTION
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DISTRIBUTION OF IPD BY CLINICAL ENTITIES

44

1082 IPD from 2011 to 2016

Levy C CID March 2019

35% in total IPD 

cases

Meningitis

Pneumonia

Bacteremia without source

Other IPD

After PCV13 implementation



DISTRIBUTION OF IPD BY CLINICAL ENTITIES
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1082 IPD from 2011 to 2016

Levy C CID March 2019

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2011	(n=235) 2012	(n=178) 2013	(n=189) 2014	(n=158) 2015	(n=170) 2016	(n=152)

Meningitis
Pneumonia

Bacteremia without source

Other IPD

29%

42%

20%

8%

32%

19%

36%

12%

After PCV13 

implementation
… 5 years



ALL SEROTYPES WERE ABLE TO INDUCE ALL CLINICAL PRESENTATIONS, 

HOWEVER... 

PCV type and serotypes

Pneumonia

N=340

% [95% CI]

Meningitis

N=335

% [95% CI]

Bacteremia without 

an identified source

N=301

% [95% CI]

Other IPD

N=106

% [95% CI]

PCV13+6C (n=372) 58.1 [52.9;63.1] 21.5 [17.4;26.0] 13.2 [9.9;17.0] 7.3 [4.8;10.4]

Non-PCV13 (n=710) 17.5 [14.7;20.5] 35.9 [32.4;39.6] 35.5 [32.0;39.1] 11.1 [8.9;13.7]
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ALL SEROTYPES WERE ABLE TO INDUCE ALL CLINICAL PRESENTATIONS, 

HOWEVER... FOR PCV13 SEROTYPES

PCV type and serotypes

Pneumonia

N=340

% [95% CI]

Meningitis

N=335

% [95% CI]

Bacteremia without 

an identified source

N=301

% [95% CI]

Other IPD

N=106

% [95% CI]

PCV13+6C (n=372) 58.1 [52.9;63.1] 21.5 [17.4;26.0] 13.2 [9.9;17.0] 7.3 [4.8;10.4]

1 (n=111) 91.9 [85.2;96.2] 3.6 [0.1;9.0] 0.9 [0.02;4.9] 3.6 [0.1;9.0]

19A (n=91) 45.1 [34.6;55.8] 25.3 [16.7;35.5] 16.5 [9.5;25.7] 13.2 [7.0;21.9]

7F (n=47) 57.4 [42.2;71.7] 25.5 [13.9;40.3] 14.9 [6.2;28.3] 2.1 [0.5;11.3]

3 (n=42) 54.8 [38.7; 70.2] 16.7 [7.0;31.4] 21.4 [10.3;36.8] 7.1 [1.5;19.5]

19F (n=39) 23.1 [11.1;39.3] 48.7 [32.4;65.2] 25.6 [13.0;42.1] 2.6 [0.06;13.5]
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ALL SEROTYPES WERE ABLE TO INDUCE ALL CLINICAL PRESENTATIONS, 

HOWEVER... FOR NVT WITH HIGH AND LOW DP

PCV type and serotypes

Pneumonia

N=340

% [95% CI]

Meningitis

N=335

% [95% CI]

Bacteremia without 

an identified source

N=301

% [95% CI]

Other IPD

N=106

% [95% CI]

Non-PCV13 (n=710) 17.5 [14.7;20.5] 35.9 [32.4;39.6] 35.5 [32.0;39.1] 11.1 [8.9;13.7]

High disease potential* (including 

serotypes 8, 12F, 24F, 33F, n=252)

27.8 [22.3;33.7] 31.3 [25.7;37.5] 32.1 [26.4;38.3] 8.7 [5.6;12.9]

Low disease potential* (including 

serotypes 15A, 15BC, 23B, 16F, 

n=173)

9.8 [5.8;15.3] 38.7 [31.4;46.4] 39.9 [32.5;47.6] 11.6 [7.2;17.3]

48* Using the classification of Balsells et a. Plos One 2017 Levy C CID March 2019



Distribution des méningites à pneumocoque 

en fonction de la présence de facteurs de risque

Cohen R. Vaccine 2016

44%

INTRODUCTION INFECTIONS INVASIVES PNEUMONIES PORTAGEOTITES CONCLUSIONS
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44%

51%

Le nombre de patients 

ayant un FDR et

une méningite à 

pneumocoque est resté 

stable après l’introduction 

des PCVs.



Les sérotypes vaccinaux 

(PCV13) ont diminué de 

68% dans cette population

Prévalence de méningites à pneumocoque avec facteur de risque 

par sérotype

INTRODUCTION INFECTIONS INVASIVES PNEUMONIES PORTAGEOTITES CONCLUSIONS
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Introduction HICs Non HICs DISCUSSION

Efficacy against

IPD

Efficacy against

carriage

Remarks

4  

6B   Cross protection against 6A

9V  

14  

18C  

19F   Cross protection against 19A IPD for PCV10

23F  

1  

5  

7F  

3  

6A   With 6B, cross protection against 6C

19A  

Worldwide, the implementation of PCV — with adequate coverage —

has been followed by a decrease in PD
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TRAITEMENT ORAL HICs Non HICs DISCUSSION



CONCLUSIONS

▪ Incidence des infections pneumococciques à 
• La surveillance doit se poursuivre

▪ Spectre des infections pneumococciques : il a changé
• Répartition des différentes infections
• Augmentation de la proportion des patients présentant une pathologie sous jacente

▪ Sérotypes du pneumocoque
• Bouleversement
• Plus grand chantier écologique depuis l’avènement de l’antibiothérapie

▪ La résistance aux antibiotiques 

M A I S
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