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Introduction

• 1981/85: Fluid wP vaccines replaced by a 
poorly-protective adsorbed wP formulation in 
Canada
– Resurgence of pertussis and moving cohort effect 

• 1997/8: aP vaccine replace wP vaccine

• 2004: Adolescent Tdap booster program
– National goal: ↓ pertussis incidence among 10-

19-year-olds to at least the levels observed 
among 1-4-year-olds
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aP, acellular pertussis
Tdap: tetanus toxoid, reduced diphtheria toxoid, and aP vaccine
wP, whole-cell pertussis

Skowronski et al., 2002, The Journal of Infectious Diseases; Public Health Agency of Canada, 2007, CCDR



Introduction
• More recently…

– Significant waning of aP-
vaccine-induced protection
• Impact of aP priming

– Recent epidemics in Canada
• Increased incidence 

amongst pre-teens 10-14-
years-old primed with aP 
vaccine
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Chit et al., 2018, PLoS ONE; Chambers et al., 2014, CCDR; Chief Medical Officer of Health, 2014, New Brunswick Department of Health



Objective

• Assess the population impact of the adolescent 
Tdap program in BC and Quebec:

– Compare the incidence of pertussis notifications and 

hospitalizations among individuals 15-19-years-old 

during periods before and after introduction of the 

adolescent Tdap booster program
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BC, British Columbia



Methods

• Design
– Time-series analysis of pertussis incidence (1995-2017)

• Study population
– Cases meeting the national definition for confirmed pertussis

• Analysis
– Incidence rates derived by age group and study period
– Use of incidence rate ratios (IRR: incidence in 15-19-year-olds/incidence in <1-year-olds) to 

account for natural variation in pertussis cyclical peaks over time

* Rates of hospitalization assessed between 2000 and 2016 for the 15-19-year-old age group. 
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Methods
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RESULTS
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Figure. Pertussis incidence rates in British Columbia by age group, 1995-2017
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Figure. Pertussis incidence rates in Quebec by age group, 1995-2017
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Figure. Pertussis incidence rates by age (single year) during pre- and post-Tdap periods in British Columbia
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Figure. Pertussis incidence rates by age (single year) during pre- and post-Tdap periods in Quebec
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Figure. Pertussis incidence rate ratios for 15-19-year-olds vs <1-year-olds during pre- and post-Tdap periods in BC

Pre-Tdap  
space

wP-primed 

Post-Tdap
(partial capture)

wP-primed

Post-Tdap
(full capture)

wP-primed

Post-Tdap
(full capture)

Increasingly 
aP-primed

BC



15

Figure. Pertussis incidence rate ratios for 15-19-year-olds vs <1-year-olds during pre- and post-Tdap periods in QC
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Discussion
Adolescent Tdap booster program:
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– IRRs significantly halved 
during the 2009-2012 post-
Tdap period

– IRR increase during the 2013-2017 post-Tdap 
period among increasingly aP-primed 15-19-
year-old adolescents

– Pertussis incidence among adolescents 15-
19-years-old lower than other pediatric age 
groups (pre- and post-Tdap)

– Low risk of pertussis hospitalization among 
adolescents 15-19-years-old (<1/100,000 
throughout the study period)*

Choi et al., 2016, BMC Medicine; Cherry, 2006, PIDJ; Amirthalingam, 2013, Arch Dis Child; Diavatopoulos and Edwards, 2017, Cold Spring Harb Perspect Biol; Skoff and Martin, 2016, JAMAPed)
* BC data source: Canadian Institute of Health Information [creator](2018): Discharge Abstract Database (Hospital Separations). British Columbia Ministry of Health [publisher]. Aggregate Data Report. MOH (2018). Quebec data source: Direction de 
la gestion des données et des outils de diffusion de l'information statistique (2018). Maintenance et exploitation des données pour l'étude de la clientèle hospitalière (MED-ÉCHO). Ministère de la Santé et des Services sociaux.



Limitations

• Increasing PCR use in Quebec
– Not the case for BC (PCR widely used since 

1998) and similar patterns observed

• Indirect impact of adolescent pertussis 
vaccination (e.g. on infants) not 
considered:
– Anticipated to be small
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Warfel at al., 2014, PNAS; Van Hoek et al., 2013, PLoS ONE; Skowronski, 2012, CID

Birth cohort 

2017 0

2016 0 1

2015 0 1 2

2014 0 1 2 3

2013 0 1 2 3 4

2012 0 1 2 3 4 5

2011 0 1 2 3 4 5 6

2010 0 1 2 3 4 5 6 7

2009 0 1 2 3 4 5 6 7 8

2008 0 1 2 3 4 5 6 7 8 9

2007 0 1 2 3 4 5 6 7 8 9 10

2006 0 1 2 3 4 5 6 7 8 9 10 11

2005 0 1 2 3 4 5 6 7 8 9 10 11 12

2004 0 1 2 3 4 5 6 7 8 9 10 11 12 13

2003 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

2002 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

2001 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

2000 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1999 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1998 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1997 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1996 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1995 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1994 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1993 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1992 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

1991 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

1990 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

1989 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

1988 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

1987 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1986 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1985 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

1984 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

1983 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

1982 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

1981 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

1980 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

1979 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

1978 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

1977 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

1976 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41

Calendar Year  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Study period

Priming of 15-19 year 

olds

Whole-cell priming Acellular priming Adolescent booster received

Age of cohort by year

Pre-Tdap Pre-Tdap Post-Tdap

Transition period

Post-Tdap

Implementation

completed

Post-Tdap

Implementation

completed

Whole-cell priming Whole-cell priming Whole-cell priming Whole-cell priming
Acelullar priming

Transition period

Figure. Study periods 



Conclusion
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• Adolescent Tdap booster program in BC and Quebec

– Relative reduction of pertussis incidence among teens 15-19-years-old
• By about half in the post-Tdap full capture period compared to the pre-Tdap baseline period 

– Absolute impact on pertussis disease burden likely minimal given lower pertussis incidence 
and risk of serious outcomes among 15-19-year-olds
• May have averted a moving cohort of increased susceptibility among individuals primed in the 1980s and 1990s 

with adsorbed wP vaccine, but this effect remains speculative

– Recent signal of diminished benefit among increasingly aP-primed 15-19-year-old individuals

• Warrants further monitoring and better understanding to inform potential program adjustments
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