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Overview

1. Epidemiology, burden of disease 

2. Current status of global introduction 

3. Impact of PCVs
– Products

– Interchangeability

– Serotype replacement 

4. Gaps in understanding impact

…..in 15 minutes
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PCV in 2000

1 Country
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Pneumococcal conjugate vaccine (PCV)

2000 (PCV7)------ 2009 (PCV10/13)

6
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PCV in 2015

134 Countries
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Pneumococcal mortality rate and absolute deaths

Children 1-59 mo, 2015

335,000 Deaths
(2018 Model) Pneumonia:	264,000

(79.6%)	

Meningitis:	42,000

(12.8%)	

NPNM:	25,000	

(7.6%)

Distribution	by	Syndrome	in	2015

Meningitis

42K (12.8%)

Pneumonia

264K (79.6%)

NPNM

25K (7.6%)
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Few countries without PCV by 2018

Large birth cohort countries

• early in introduction (India-2017)

• not yet introduced (China, Indonesia)



Even in countries using PCV, coverage is incomplete (2015)

Nigeria

< 30%

Pakistan

<50% in large areas
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2016 Global PCV3 Coverage Well Below DTP3

PCV3

DTP3

% Coverage

20161980
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Pneumococal deaths (HIV-uninfected)

Pneumococcal deaths without PCV

Pneumococcal deaths have been falling

PCV has accelerated that pace

2000 - 2015

294,000 (UR: 192,000 - 366,000) 
Spn deaths in 2015

(355,000, including HIV(+) pneumo deaths)

Pneumococcal deaths averted 

250,000
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PCV Countries with Impact Studies (March 2018)
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PCV Product Use, Globally
(March 2018)

Product Gavi
Non-
Gavi

Total

PCV10 12 19 31

PCV13 46 56 102

PCV10 (31)

PCV13 (102)

PCV10 and PCV13 (8)
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PCV Dosing Schedule, Globally
(March 2018)

Dosing
Schedule

Gavi
Non-
Gavi

Total

3+0 51 8 59

2+1 7 50 57

2+1 (57)

3+0 (59)

3+1 (23)

2+1 and 3+1 (1)



15Global Vaccine & Imm’n Research Forum| Bangkok|  20-22 March 2018

Overview

1. Epidemiology, burden of disease 

2. Current status of global introduction 

3. Impact of PCVs
– Products

– Interchangeability

– Serotype replacement 

4. Gaps in understanding impact



Pneumococcal Vaccine Serotype IPD Impact

Kenya PCV10/3+0, < 5 yo

3-5 cases/yr

20-50 cases/yr

http://kemri-wellcome.org/programme/pcvis-2/ Accessed March 20, 2018

http://kemri-wellcome.org/programme/pcvis-2/
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South Africa Effectiveness, PCV13/2+1

Nutrition and HIV 

PCV13 Serotypes HIV (-): 85% (37 to 96)
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Declining Pneumococcal Antibiotic Resistance South Africa

Incidence of Antibiotic Resistant Invasive Pneumococcal Disease (IPD)

in Children <2 years of age (von Gottberg et al. N Engl J Med 2014; 371:1889-1899)

In
ci

d
en

ce
 o

f 
D

is
ea

se
(c

a
s
e

s
 p

e
r 

1
0

0
,0

0
0

 p
e

rs
o

n
-y

e
a

rs
)

Penicillin resistant Multidrug resistant (MDR) Ceftriaxone resistant

Switch to

PCV13

PCV7

Introduced



19Global Vaccine & Imm’n Research Forum| Bangkok|  20-22 March 2018

Gambia PCV13/3+0 impact on pneumonia
MacKenzie G et al Lancet ID 2017

Radiographic Consolidation 

(24% decline, 2-59 mo)

Pneumococcal Pneumonia

(63% decline, 2-59 mo)
Hypoxic Pneumonia

(61% decline, 2-59 mo)

Clinical Pneumonia 

(0% decline, 2-59 mo)
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Fully quantifying PCV value (PCV10/2+1 or 3+1)

VPDI:
Per 105

75
210

27111,381
1143
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Prevnar13™

7F
19A

Pneumococcal Conjugate Vaccines:
10 & 13 Valent came 10 years after 7-valent
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Proportion of IPD represented by serotypes in 

vaccine formulations, by region

22

Johnson HL, et al. (2010) Systematic Evaluation of Serotypes Causing Invasive Pneumococcal Disease among Children Under Five: The Pneumococcal Global 

Serotype Project. PLoS Med 7(10): e1000348. doi:10.1371/journal.pmed.1000348



Product Comparison Results: Vaccine Type IPD

Prior PCV7 

Use

Number of Studies: Range of Point 

Estimates

No N=4 87 to 93%

Yes N=2 77 to 96%

Prior PCV7 

Use

Number of Studies Range of Point 

Estimates

No N=1 82%

Yes
N=9 65 to 100%

Vaccine Impact on PCV10/13-Type Disease by Product and Previous PCV7 Use:

PCV10: (n=6) PCV13: (n=10)

Results:

• Both products similarly reduced (directly and indirectly) IPD caused by the 

serotypes within each vaccine



Product Comparison Results: ST3 IPD

Number of Studies: Range of Point 

Estimates

N=3

• No or low Impact (n=1)
• Increase (n=2)*

N=1 Case Control**

-354 to  29% 

29% (NS)
-194 to -354%

8% (NS)

Number of Studies Range of Point 

Estimates

N=7

• Impact (n=2)

• No or low Impact (n=5)

N=2 Case Control*

-35 to 85%

68 to 85%

-35 to 41% (NS)

0 to 26% (NS)

Vaccine Impact on ST3 Disease by Product and Previous PCV7 Use:

PCV10: PCV13:

Results:
• PCV10 showed no impact on ST3 (not included in the vaccine), but limited data
• PCV13 had inconclusive results

*Includes n=1 ineligible 4-dose study that was reviewed by SAGE 
WG (Germany, Weinnberger 2016)

*Both Finland
**Ineligible 4-dose study that was reviewed by SAGE WG (Brazil, 
Domingues 2014)



Product Comparison Results: ST19A IPD

Number of Studies: Range of Point 

Estimates

N=2

• No or low impact (n=2)

N=5 Case Control*

-54% to no change

-54% to no change

29 to 82%

Number of Studies Range of Point 

Estimates

N=8

• Impact (n=8)

N=6 Case Control*

68 to 100% 

68 to 100%

67 to 94%

Vaccine Impact on ST19A-Type Disease by Product:

PCV10: PCV13:

Results:
• PCV10: only effectiveness (i.e., case-control) studies indicate some protective direct effects

─ Indirect effects studies suggest no change or increase in 19A disease
• PCV13: all studies showed protective effects (both direct and indirect)

*n=1 ≥2 doses, n=4 ≥1 dose; Includes indirect cohort 

studies
*n=3 ≥2 doses, n=3 ≥1 dose; includes indirect cohort 

studies



Outcome
Vaccine 

Serotypes in 
Common

Serotypes in PCV13 and not in PCV10

ST6C
ST3 ST6A ST19A

Immunogenicity Impact with both 
products

Favors PCV13 Impact with both
products but 
Favors PCV13

Impact with both
products but 
Favors PCV13

Evidence not 
available

NPC Impact with both 
products

No Impact with 
either product

Impact with both 
products; Declines 
more pronounced 
with PCV13

PCV10 Impact not 
demonstrated.
Favors PCV13

Limited data for both 
products

IPD Similar impact with 
both products

Impact not 
demonstrated for 
either product

Impact with both 
products; data 
limited

Limited data but 
Favors PCV13

Some impact with 
PCV13 but data 
limited; No data for 
PCV10

Overall Impact with both 
products

Impact not 
demonstrated for 
either product

Impact with both 
products

Limited data but 
Favors PCV13

Insufficient evidence 
to compare products

Product Comparison: Overall Conclusions
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What about Catch-up Schedules?
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Catch-up concept
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1 year

RULE OF THUMB:

If a 1 dose catch-up across 3 age groups can 
accelerate the impact of a 3 dose programme 
by 1 year then its similarly efficient

Stephan Flasche
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Cumulative Cases Prevented 

v. Birth Cohort Only

U5

U2

U1Impact magnitude and 

efficiency varies by 

pneumococcal (NP) prevalence
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Should we be concerned about 

serotype replacement?
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Rates of invasive pneumococcal disease among 

children <5 years, PCV7 era, ABCs 1998-2007
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Slide courtesy of Cynthia Whitney, CDC
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Rates of invasive pneumococcal disease among 

children <5 years, PCV7 era, ABCs 1998-2007
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19A

19A (2007 vs. baseline)

11 cases/100,000

+312% (+178,+511)



Non-Vaccine Type IPD Increased after PCV-7 Introduction 

Feikin & Kagucia, et al. PLOS Med

Above dotted line = 
increase in disease

Dotted line = baseline disease at time of introduction

Stabilizes after 
about 5 years

Pooled Global Analysis 



What is the net effect? 
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Net effect: despite 
replacement disease, 
there is substantial 
overall decline in 
pneumococcal disease

Pooled Global Analysis: 
Feikin & Kagucia, et al. PLOS Med

50% Decline in total IPD after PCV-7 Introduction



Serotypes in PCV10/13 Era

Balsells et al. PLoSOne 2017: 12(5):e0177113

22F

12F

33F

24F

15B/C

23B

10A

38

+60 types

• Early PCV10/13 Use

• Global Update Starting 
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Product

Serotype & Carrier Protein Preservative Shelf life Size
Gavi
Price

1 3 4 5 6A 6B 7F 9V 14 18C 19A 19F 23F Months
Cm3
Per

dose
dose

PCV10
1μg 
PD

3μg 
PD

1μg 
PD

1μg 
PD

1μg 
PD

1μg 
PD

1μg
PD

3μg
TT

3μg 
DT

1μg 
PD

2-phenoxyethanol 36 2.4 $3.05

PCV13
2.2μg 
CRM

2.2μg 
CRM

2.2μg 
CRM

2.2μg 
CRM

2.2μg 
CRM

4.4μg 
CRM

2.2μg 
CRM

2.2μg 
CRM

2.2μg 
CRM

2.2μg 
CRM

2.2μg 
CRM

2.2μg 
CRM

2.2μg 
CRM

2-phenoxyethanol
24 3 $2.95

PCV10 – Synflorix:
• Carrier Proteins: protein D from non-typeable

Haemophilus influenzae (PD) (NTHi), Tetanus 
Toxoid (TT), Diphtheria Toxoid (DT) 

PCV13 – Prevenar-13:
• Carrier Protein: CRM197 a non-toxic 

mutant of diphtheria toxin (CRM) 

Programmatic Considerations
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PCV interchangeability/mixed PCV regimens

• Impact Could Go Either Way
• (+) Carrier suppression avoided

• (+) Differences in amount of antigen

• (-) B-cells not primed by same carrier

• Few Studies (n=4)

PCV7-Primed PCV10-Primed PCV13-Primed

PCV10-Boosted Immuno (Finland) N/A Immuno (UK)

PCV13-Boosted N/A IPD (Canada/Quebec)
Immuno (Czech Rep)

N/A
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PCV Interchangeability Acceptable

UK Example: PCV13 +  PCV10 v. PCV13

• PCV13 somewhat more 

immunogenic (GMC, OPA, %>0.35)

• Clinical impact likely not observable

• ? Relevance as new products 

licensed

– Switching will be time limited

– One birth cohort 

– In setting of high PCV use

• ? Strategic applications

PCV13

PCV10

GMC

PCV10

PCV13

GMC

Both products boosted for 

types not in PCV10

Truck et al PIDJ 2016
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10- year horizon

• Introduction continues at pace
• Coverage enhanced, especially in high need areas
• Additional products on market reduce prices
• Serotype replacement is limited

• Countries continue investment in PCV
• Maximum health benefit is accrued
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• Failure to Achieve Optimized Impact

• Serotype Replacement Substantial

• Subnational Inequity Persists

• Supply Challenges

• Weakened country commitment

• Withdrawal of PCV

Alternative Scenario for 10- year horizon
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Gaps and Way Forward

❖ Quantify the full impact of PCV
❖ Next Generation Vaccines

❖ Serotype Replacement Magnitude
❖ Serotype Distribution in New Era

❖ Optimizing Dosing
❖ Reservoirs of Colonization and Disease
❖ Product Preferences
❖ Coverage, coverage, coverage


