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Webinar Objectives
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• Discuss the burden of pneumococcal disease in Canada

• Review the history of childhood pneumococcal vaccine options in 
Canada

• Discuss the importance of childhood pneumococcal vaccination

• Outline current pneumococcal vaccines for children

http://www.cidcgroup.org/
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• To open the questions pane, tap on the “?” or “Questions”
• To change your audio setting, tap on the “Settings” icon

• Questions will be answered at the end of the presentation

http://www.cidcgroup.org/


Recording and Evaluation

Slides and Video Recording

The webinar Slides and Recording will be archived at: 
www.CIDCgroup.org

Complete the Evaluation Survey at:
https://bit.ly/cidc-ped-pneumo-vaccines

Completion of survey is requested to receive a certificate of 
participation

– all registered participants will receive an email with this link

www.CIDCgroup.org

http://www.icidvirtualcommunities.org/
https://bit.ly/cidc-ped-pneumo-vaccines


Moderator

www.CIDCgroup.org

• Pediatrician, Montreal Children’s Hospital
• Associate Professor, McGill University

Moderator: John Yaremko, MD



Presenter

• Professor and Associate Head

Max Rady College of Medicine, Medical Microbiology and Infectious 
Diseases, University of Manitoba, Winnipeg, Canada

• Director, Canadian antimicrobial resistance alliance-CARA

www.CIDCgroup.org

George Zhanel, PharmD, PhD, FCCP, FCAHS



Title of presentation
umanitoba.ca

Vaccinating our Children: 
Focus on pneumococcal vaccines in Canada

        George G Zhanel

       (Microbiologist/Pharmacologist)

Professor and Associate Head: Department of Medical Microbiology/Infectious

Diseases, Max Rady College of Medicine, University of Manitoba 

Director: Canadian Antimicrobial Resistance Alliance 

(CARA www.can-r.com), Max Rady College of Medicine,   

University of Manitoba, Winnipeg, Canada

ggzhanel@pcsinternet.ca



Winnipeg, CANADA



Rady Health Sciences Center/Max Rady College of Medicine/

National Microbiology Lab, University of Manitoba, Winnipeg, Canada



Canadian Antimicrobial Resistance Alliance 

(CARA)

www.can-r.com

Surveillance/
epidemiology

Rapid
Diagnostics

Mechanisms Treatment/
Prevention

Patient
outcomes

Antimicrobial Resistant Infections



11



Research Funding/Conflicts

NIH/CIHR/NSERC
CFI
Research Manitoba
MMSF

Industry

Achaogen
Allergan
Astellas
Avir/HIKMA
Basilea
Cipher
Daiichi
Ferrer
Galderma
Iterum
Janssen Ortho/Ortho 
McNeill

Industry

Merck/MSD
Nabriva
Novartis
Orbital Diagnostics
Paladin
Paratek
Pfizer
Red Leaf Medical
Sandoz
Sanofi Pasteur
Shionogi
Sunovion
Tetraphase
Theravance
Venatorx
Verity
Zambon
Zoetis



OBJECTIVES
VACCINATING OUR CHILDREN: 
FOCUS ON PNEUMOCOCCAL VACCINES IN CANADA

A. Review pneumococcal disease burden in Canada 

B. Discuss the importance of childhood pneumococcal vaccination

C. Discuss the history of pneumococcal vaccines in Canada 

D. Review pneumococcal vaccines in Canada 



OBJECTIVES
VACCINATING OUR CHILDREN: 
FOCUS ON PNEUMOCOCCAL VACCINES IN CANADA

A. Review pneumococcal disease burden in Canada 

B. Discuss the importance of childhood pneumococcal vaccination

C. Discuss the history of pneumococcal vaccines in Canada 

D. Review pneumococcal vaccines in Canada 



Burden of Vaccine-preventable Diseases in Canada
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Total number and average incidence rates (per 100,000 population) of 
reported vaccine preventable disease cases in Canada by age group, 

2015 to 2019 (n=39,546)1

Total number Overall incidence rate
1 Public Health Agency of Canada. Vaccine Preventable Disease: Surveillance Report to December 31, 2019. Published May 20, 2022. 
Accessed April 19, 2023. https://www.canada.ca/en/public-health/services/publications/healthy-living/vaccine-preventable-disease-
surveillance-report-2019.html
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Streptococcus pneumoniae 
(“the pneumococcus”) ...

the most important respiratory bacteria

Zhanel et al. JAC. 2023; May 3;78(Suppl 1):i2-i7.

A Health Canada Pathogen of Interest



Pneumococcal Infection: Pathogenesis

Pneumonia

Bacteremia

Otitis media

Transmission of 
pneumococcus from host

Meningitis

Pneumococcal strain 
establishes itself in 

nasopharynx of host

1 Henriques-Normark B et al. Cold Spring Harb Perspect Med. 2013; 2 Larry SM et al. Infect Dis Clin Pract. 2004.



Common Clinical Forms of Pneumococcal Disease            

• Pneumococcal disease is broadly grouped into invasive disease and 

noninvasive (also termed mucosal) disease

• Noninvasive forms of disease may become invasive (eg, pneumonia when 

accompanied by bacteremia)

• Serotype is associated with disease severity and invasiveness
1. Zhanel et al. JAC. 2023; May 3;78(Suppl 1):i2-i7.

2. CDC. Epidemiology and prevention of vaccine-preventable diseases. 11th ed. 2009;217-230.

3. Jansen AG et al. Clin Infect Dis. 2009;49:e23-e29.

4. Lynch and Zhanel. Curr Opin Pulm Med. 2010 May;16(3):217-25.

Pneumococcal

Disease

Meningitis Bacteremia Pneumonia Sinusitis
Acute 

Otitis Media

Invasive-IPD
Noninvasive

(Mucosal)

19

19



The Burden of Pneumococcal Disease in Children

Clinical manifestations of pneumococcal disease differ in children and adults

1 Public Health Agency of Canada. Pneumococcal vaccine – Canadian Immunization Guide. Updated March 22, 2023. Accessed May 6, 2023. 
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-4-active-vaccines/page-16-pneumococcal-vaccine.html; 
2 Public Health Agency of Canada. Invasive Pneumococcal Disease.

Children

Meningitis

Bacteremia/sepsis

Pneumonia

Acute otitis media

Adults

Meningitis

Bacteremic pneumonia

Bacteremia

Nonbacteremic pneumonia



Annual incidence (cases/100,000) of IPD cases in Canada by age group, 2009–2020*

Can Commun Dis Rep 2022;48(9):396–406. https://doi.org/10.14745/ccdr.v48i09a04; 
PHAC [Internet]. 2022; Available from: https://www.canada.ca/en/publichealth/services/publications/vaccines-immunization/2019-highlights-childhood-
national-immunization-coverage-survey.html;

https://doi.org/10.14745/ccdr.v48i09a04


Hospitalization due to Pneumococcal Pneumonia increases with age

McNeil S, Gray S, Zanotti G, et al. Clinical and economic burden of hospitalization due to Streptococcus pneumoniae pneumonia 

in Canada, 2004 to 2009 [Presented at the 8th Annual International Symposium on Pneumococci and Pneumococcal Diseases 

(ISPPD), Iguaçu Falls, Brazil, 11–15 March 2012]. 2012.

CIHI DAD annual incidence of 

hospitalizations in 

Canada 2004/05 to 2009/10 

due to pneumococcal 

pneumonia by age and year 
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Rosini et al. Front Immunol 2020.

Vaccines, Antibiotics and Hygiene Increase Life Expectancy

Fire ? Wheel ?



The Success of Vaccines in the 20th century 

Centers for Disease Control and Prevention. The Pink Book: Course Textbook – 13th Edition (2015). 
Appendix E: Impact of Vaccines in the 20th and 21st Centuries. Available at: 
http://www.cdc.gov/vaccines/pubs/pinkbook/downloads/appendices/E/impact.pdf

JAMA. 2007;298(18):2155-2163. ;   CDC. MMWR August 15, 2014;63(32);702-715.

Disease
20th Century Annual 

Morbidity
2013 Reported Cases % Decreases

Smallpox 29,005 0 100%

Diphtheria 21,053 0 100%

Pertussis 200,752 28,639 86%

Tetanus 580 26 96%

Polio (paralytic) 16,316 1 >99%

Measles 530,217 187 >99%

Mumps 162,344 584 >99%

Rubella 47,745 9 >99%

Congenital Rubella 
Syndrome (CRS)

152 1 99%

Haemophilus
influenzae 

20,000 (est.) 31§ >99%

25

http://www.cdc.gov/vaccines/pubs/pinkbook/downloads/appendices/E/impact.pdf


Vaccination Is A Cost-effective Way to Save Lives

Immunization program Cost saving per $1 spent

Influenza for adults ≥ 65 years of age $45

Measles, mumps, rubella for children $16

Pneumococcal polysaccharide for adults ≥ 65 
years of age

$8

Diphtheria, pertussis, tetanus for children $6

Public Health Agency of Canada. Canadian Immunization Guide. Cost Benefit of Vaccines. Updated September 1, 2016. Accessed April 19, 2023. 
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-1-key-immunization-
information



Conjugate Pneumococcal Vaccination is Cost-Effective
(Canada 2005-2015)

Wilson MR et al 2020  Infect Dis Ther
https://doi.org/10.1007/s40121-020-00294-6

± Between January 2005 and December 2015 inclusively

PCV use in Canada is estimated to have saved ~$1.8 Billion dollars over 11 years±



Vaccination Coverage Among 2-year-old Children in Canada

Percentage of 2-year-old children vaccinated before their second birthday, 
childhood National Immunization Coverage Survey, 2013, 2015, 2017 and 2019

Estimates for the varicella vaccine are not shown for 2013 and 2015 due to data quality concerns.
Public Health Agency of Canada. Highlights from the 2019 childhood National Immunization Coverage Survey (cNICS). Published December 22, 2020.
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Worldwide Deaths Attributable/Associated With 
Antimicrobial Resistant Infections

(By Pathogen – 2019)

Naghavi et al. Lancet Infect Dis 2022
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Pneumococcal Vaccines: What We’re Preventing

Canadian retrospective study from 1991 to 1998 

(before introduction of the first conjugate pneumococcal vaccine in 2001)

• 2040 IPD cases in children

- 71% in children <3 years of age

• In children 6–11 years of age

- Incidence rate of pneumococcal meningitis: 19.4/100,000

- Incidence rate of pneumococcal bacteremia: 94.8/100,000

- Incidence rate of pneumococcal pneumonia requiring hospitalization: 
2.5/1000

• Annually, average 15 IPD-related deaths in children > 5 years of age

.
McClure CA et al. Can J Infect Dis Med Microbiol. 2006.



S. pneumoniae and Capsules 

• Capsules aid in colonization and avoid the 

immune response

• Antibodies can be raised using capsular 

antigens and are the basis for classification 

(serotyping)

• > 100 pneumococcal serotypes are known 
- a subset causes the majority of disease

• Vaccines target the most common serotypes 
causing invasive pneumococcal disease (IPD) 
and pneumococcal related diseases 
(pneumonia)

 
Zhanel et al. JAC 2023;78 (Suppl 1):2-7. 



Conjugated* Pneumococcal Vaccines in Canada
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Incidence of IPD in Children After Introduction of 
PCV7 and then PCV13 in British Columbia

Incidence of IPD in British Columbia from 2002 to 2015 by age

I
Vadlamudi NK et al. PLoS One. 2020.

0

30

In
ci

d
en

ce
 p

er
1

0
0

,0
0

0

50

60

2002

40

20

10

PCV7

0 – 2 years

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

PCV13

Type

Overall
PCV7
PCV13
PPV23
NonPCV13
NVT

0

15

25

30

2002

20

10

5

PCV7

3 – 5 years

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

PCV13



Rates of Pneumococcal Conjugate Vaccine (PCV7-type)  

Invasive Pneumococcal Disease among Adults,                                  

US 1998/99-2006

Centers for Disease Control. Available at: http://www.cdc.gov/vaccines/pubs/pinkbook/downloads/pneumo.pdf. 
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Nat Rev Microbiol 2021;19:287-302



How Could Pneumococcal Vaccines Reduce Resistance

(PCV-7, PCV-10, PCV-13, PCV-15, PPSV23)

Direct Effects

- reduce pneumococcal infection (co-infection)...patient benefit

- reduce outpatient/emerg Visits

- reduce hospitalization

- reduce mortality (infectious and non-infectious)

- reduce antibiotic Rx – antibiotic resistance...

“antimicrobial stewardship” ...community benefit

Indirect Effects - Herd Immunity

- reduced spread of resistant serotypes (clones) 

...world benefit

Micoli et al. Nat Rev Microbiol 2021;9:287-302.; Buchy et al. IJID 2020;90:188-196.;

Golden et al. JAC 2019; 74(Suppl 4):39-47.; Jansen. Hum Vaccine Immunother 2018;14(9)2142-2149.
 Lipsitch, M. & Siber, mBio 2016; 7, e00428-16.



Annual Incidence of Invasive Disease Caused by 
Penicillin-Nonsusceptible Pneumococci in 

Persons Two Years of Age or Older, 1996 to 2004

Kyaw MH et al. N Engl J Med 2006;354:1455-1463.

US data



OBJECTIVES
VACCINATING OUR CHILDREN: 
FOCUS ON PNEUMOCOCCAL VACCINES IN CANADA

A. Review pneumococcal disease burden in Canada 

B. Discuss the importance of childhood pneumococcal vaccination

C. Discuss the history of pneumococcal vaccines in Canada 

D. Review pneumococcal vaccines in Canada 



There Are Two Different Types of Pneumococcal 
Vaccines 

1 Public Health Agency of Canada. Pneumococcal vaccine: Canadian Immunization Guide. Updated March 22, 2023. Accessed April 19, 2023. 
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-4-active-vaccines/page-
16-pneumococcal-vaccine.html; 2 Summary of National Advisory Committee on Immunization (NACI) Statement of February 2023: Public 
Health Level Recommendations on the Use of Pneumococcal Vaccines in Adults, Including the Use of 15-Valent and 20-Valent Conjugate 
Vaccines. Published February 24, 2023. Accessed April 19, 2023. https://www.canada.ca/en/public-health/services/immunization/national-
advisory-committee-on-immunization-naci/public-health-level-recommendations-use-pneumococcal-vaccines-adults-including-use-15-
valent-20-valent-conjugate-vaccines 

Pneumococcal polysaccharide vaccines 
(PPSV)

Partially purified pneumococcal capsular polysaccharide

PPSV23

Pneumococcal conjugate vaccines 
(PCV)

Pneumococcal capsular polysaccharides                               
conjugated to a protein

PCV7, PCV10, PCV13, PCV15, PCV20

https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-4-active-vaccines/page-16-pneumococcal-vaccine.html
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-4-active-vaccines/page-16-pneumococcal-vaccine.html
https://www.canada.ca/en/public-health/services/immunization/national-advisory-committee-on-immunization-naci/public-health-level-recommendations-use-pneumococcal-vaccines-adults-including-use-15-valent-20-valent-conjugate-vaccines
https://www.canada.ca/en/public-health/services/immunization/national-advisory-committee-on-immunization-naci/public-health-level-recommendations-use-pneumococcal-vaccines-adults-including-use-15-valent-20-valent-conjugate-vaccines
https://www.canada.ca/en/public-health/services/immunization/national-advisory-committee-on-immunization-naci/public-health-level-recommendations-use-pneumococcal-vaccines-adults-including-use-15-valent-20-valent-conjugate-vaccines
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Pneumococcal Vaccines Approved by Health Canada 

42

Pneumovax 23

(PPSV23)

Pneumococcal 

Polysaccharide Vaccine

≥2 years of age

For vaccination against 
pneumococcal disease 
caused by those 
pneumococcal types 
included in the vaccine

Prevnar 20

(PCV20)

Pneumococcal 

conjugate vaccine

≥6weeks of age

For the prevention of 
pneumonia and invasive 
pneumococcal disease 
caused by 20 
Streptococcus
pneumoniae serotype

Vaxneuvance

(PCV15)

Pneumococcal 

conjugate vaccine

≥6 weeks of age

For the prevention of 
invasive disease caused 
by 15 Streptococcus 
pneumoniae serotype

Prevnar 13

(PCV13)

Pneumococcal 

conjugate vaccine

≥6 weeks of age

For the prevention of 
pneumonia and invasive 
pneumococcal disease 
caused by 13 
Streptococcus
pneumoniae serotype

Adapted from Zhanel et al JAC 2023.



ACIP Recommendation – Parity for PCV15 and 20

43ACIP June 21-23, 2023 Presentation Slides | Immunization Practices | CDC

https://www.cdc.gov/vaccines/acip/meetings/slides-2023-06-21-23.html


Invasive S. pneumoniae serotypes in Canada 2018-2022

Golden et al. PHAC 2023.



Schellenberg et al. JAC 2023.

Vaccine Coverage of Serotypes Over Time, Age Region and Gender

(SAVE 2011-2020) 



NACI March 2023.



NACI 2023.

PCV-15 for Pediatrics in Canada

- Currently no efficacy or effectiveness data available for PCV-15 

- Immunogenicity used to infer effectiveness (vs PCV-13)

- Basis for regulatory authorization was the demonstration of 
comparable safety and immunogenicity (non-inferiority for 
serotypes common to PCV-13 and superiority for two additional 
serotypes 22F and 33F) in relation to PCV-13 vaccine

- Immunogenicity measured by:
- total antibody levels (IgG to serotype)
- functional (neutralizing) antibody levels (OPA)



The Role of Immunogenicity in SPN Vaccine Development

1. 1. Pollard AJ, Bijker EM. Nat Rev Immunol. 2021;21(2):83-100; 2. Plotkin et al. Correlates of protection. In: Plotkin SA, Orenstein WA, Offitt PA, et al. Plotkin’s
Vaccines, 7th edition. Elsevier, 2018;35-38. 3. Song et al. J Infect Chemother. 2013;19(3):412-425; 4. Gruber M, Marshall V. Regulation and testing of vaccines. In:                                   Plotkin
SA, Orenstein WA, Offitt PA, et al. Plotkin’s Vaccines, 7th edition. Elsevier;  2018;1547-1565. 5. WHO. https://www.who.int/publications/m/item/WHO- TRS-1004-
web-annex-9  6. WHO. https://www.who.int/publications/i/item/WHO-IVB-13.01 7. Siber et al.  Vaccine. 2007;25(19):3816-26.;                                                                                  8. Andrews et 
al. Lancet Infect Dis. 2014;14(9):839-846.; 9. Voysey et al. Clin Infect Dis. 2018;66(6):913-920.

https://www.who.int/publications/m/item/WHO-


PCV 15 Non-inferiority Assessment by IgG GMC Ratio

30 Days Post-dose 3; 13 Shared Serotypes

IgG = Immunoglobulin G; GMC = geometric mean concentration; PCV15 = pneumococcal conjugate vaccine, 15 -valent; PCV13 = pneumococcal conjugate vaccine, 13-valent; CI = confidence 

interval; Error bars indicate 95% Cis aNarrowly missed non-inferiority for serotype 6A (lower bound of the 95% CI = 0.48)

GMC Ratio
(PCV15/PCV13)

PCV15 (N=858)

a

Ig
G

 G
M

C
 (

µ
g/

m
L)

▪ Non-inferiority requires the lower bound of the 2-sided 95% CI for IgG GMC ratio (PCV15/PCV13) to be > 0.5 (1-sided p-value <0.025)

▪ At 30 days post-dose 3, PCV15 was non-inferior to PCV13 for 12/13 shared serotypes based on IgG GMC ratio

Banniettis N. Pneumococcal Polysaccharide 15-Valent Conjugate Vaccine (V114, VAXNEUVANCE): Pediatric Clinical Development Program. Advisory Committee on Immunization Practices; 

February 24, 2022; Atlanta, GA Vaxneuvance Product Circular. MSD, Hong Kong, 2023

Pediatric



NACI 2023.

PCV-15 for Pediatrics in Canada

Conclusion (PCV-15 vs PCV-13):

- The available evidence suggests that the vaccines had
comparable immune responses for the 13 shared serotypes

- The immune response to the two additional serotypes (22F, 33F) and 
for serotype 3 (2 fold) was higher after PCV-15 compared to PCV-13 

- Safety profile comparable

- Studies reviewed by NACI showed that PCV-15 can be administered 
concurrently with other routine pediatric vaccines



NACI 2023.

- NACI recommends that PNEU-C-15 vaccine may be         

used interchangeably with PNEU-C-13 vaccine in 

children less than 18 years of age

- A pneumococcal vaccine series may be started or 

completed with either vaccine

NACI Summary



Serotype 3 in Canada, 2010-2018

Adapted from: Public Health Agency of Canada. National laboratory surveillance of invasive streptococcal disease in Canada. Annual Summary 2018 and 2014.
IPD incidence rates: from Public Health Agency of Canada, Notifiable Disease online charts: https://dsol-smed.phac-aspc.gc.ca/notifiable/charts?c=cc

Hammerchmidt et al. Infect Immun.2005;73(4653-4667.

Age Group 
(PHAC 2019)

Serotype 3

All ages 12%

< 2 years 7.5%

2-4 years 11.2%

5-14 years 9.0%

>= 65 years 13%

https://dsol-smed.phac-aspc.gc.ca/notifiable/charts?c=cc


Serotype 3...The Sugar Coated Killer !

1. Serotype 3 strains synthesize capsular polysaccharides in a different                                  
way than other S. pneumoniae1

2. This change in pathway results in:
o An abundant amount of capsular polysaccharide giving rise to large 

mucoid colonies2, 3

o A polysaccharide that is not covalently linked to peptidoglycan and 
can be easily released during growth1

3. Both of these features are related to serotype 3’s high virulence as 
they protect the bacteria from phagocytosis, inhibit opsonization by 
complement, and allow it to escape the neutrophil extracellular 
traps.1, 3

1. Choi et al. Clin Vaccine Immunol. 2015 Dec 16;23(2):162-7. 

2. Poolman et al. Vaccine. 2009 May 21;27(24):3213-22.

3. Sugimoto et al. BMC Res Notes 10, 21 (2017).
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Infants & Children on 3+1 Dosing Regimen: 
PCV20 vs PCV13

14 Serotypes met non-inferiority in PD3 in terms of responder %

Missed 6 serotypes: Serotypes 1, 3, 4, 9V, 23F, 12F



CONCLUSIONS
VACCINATING OUR CHILDREN: 
FOCUS ON PNEUMOCOCCAL VACCINES IN CANADA

A. Pneumococcal disease burden is high in Canadian children 

B. Both PCV15 and PCV20 offer advantages vs PCV13

C. PCV15 covers 22F and 33F and also increased immunogenicity versus

serotype 3  

D. PCV20 provides ~ 20% greater coverage than PCV15

E. NO current NACI recommendation…ACIP says use either one 



Question & Answer Period

On a computer, submit your text 
question using the Questions pane 

www.CIDCgroup.org

NOTE: On a mobile device, tap on the “?” 
or “Questions” to open the questions pane

http://www.cidcgroup.org/


Vaccinating Our Children: 
Focus on pneumococcal vaccines in Canada

Evaluation: https://bit.ly/cidc-ped-pneumo-vaccines
Or https://docs.google.com/forms/d/1gkyvQ0wa4TzAJLUtPYbkVlDzwe3xNA1xyIn_WswhOTk

Slide Set, Video recording at: www.CIDCgroup.org

This educational program is made possible through the support of Merck Canada
The opinions expressed in this webinar are those of the presenter and do not necessarily reflect the views of CIDC or its partners

Thank you for participating!

www.CIDCgroup.org

https://bit.ly/cidc-ped-pneumo-vaccines
https://docs.google.com/forms/d/1gkyvQ0wa4TzAJLUtPYbkVlDzwe3xNA1xyIn_WswhOTk
http://www.cidcgroup.org/
http://www.cidcgroup.org/
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