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Whooping Cough….does it matter? 

 Is it really such a big deal? 

 How bad is the disease? 

 Is there much associated morbidity? 

 Does anyone die anymore 

 Is it worth the effort to try to prevent  

outbreaks and further reduce cases? 



Pertussis vaccine….what’s the 
problem? 

 Didn’t we solve the problems with the 

acellular pertussis vaccine? 

 Why don’t we just go back to whole cell 
vaccine? 

 What is the likelihood of a new vaccine? 

 What else do we need to know? 

 How will we get that information? 

 



Isn’t it just a cough? 



Ok, so you cough for a while…. 
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Pertussis is 
under-
diagnosed 



Classical Pertussis Epidemiology 

 Pertussis a disease of infants and young 
children 

 Peak incidence in pre-school aged 
children 

 Most morbidity and nearly all mortality in 
young infants 
 One of the leading causes of infant mortality 

in early 19th century 

 Nearly 50% of children with evidence of 
infection by school entry 



Children 
are still 
dying of 
pertussis 



Infant Pertussis 

 In Canada, a case control study from 1991-

2002  

 all 16 fatal cases of pertussis were infants 
6 months of age or younger 

 15 were 2 months of age or younger 

 mean age 6.5 weeks. 

 Jan-Sept 2010: 4,017 cases, California 

 majority of infant cases <3 months of age 

 9 deaths, all in infants <2 months of age 

 



Pertussis in Infants 



Complications of Pertussis 

Pulmonary 

 Pneumonia 9.4% 

 Atelectasis 3.0% 

Hernia 

 Inguinal  0.4% 

 Umbilical 0.4% 

Neurological 

 Seizures  1.9% 

 Encephalopathy 0.3% 

Weight Loss  1.3% 

Death   0.8% 

IMPACT data, 1991-1997. 1013 hospitalized cases <2 years old 
Halperin et al. Clin Infect Dis 1999 



Pertussis in Infants 



Pertussis causes 
morbidity in 
adolescents and 
adults 



Pertussis in Adults 



Morbidity of Pertussis in Adolescents 

and Adults in Quebec 

          Percent Reporting Complication 

    12-17  30-39  >50 

    n=280 n=129 n=53 

pneumonia 2  5  9 

urinary  

incontinence 0  2  34 

 

De Serres, J Infect Dis, 2000 



What’s the Global Situation 



2010 Pertussis Oubreak: 
California 

 Population 37.6 

million 

 9,477 cases 
(24.2/100,000) 

 Highest rate in 
infants <6 
months of age 

 10 deaths, all 
in infants <2 
months of age 

 



Washington 



Washington State population 6.8 million 

http://www.doh.wa.gov/YouandYourFamily/Illnessan
dDisease/WhoopingCough.aspx 



Minnesota Population 5.3 million 



Pertussis in the UK 



Pertussis, United Kingdom  
population 62.6 million 



Pertussis in England and Wales 



Pertussis in Infants, 
 England and Wales 





Pertussis in Australia 



Pertussis 

Increase observed 

 United States 

 United Kingdom 

 Australia 

 Chile 

 Brazil 

No increase observed 

 France 

 Denmark 

 Sweden 

 Germany 

 Finland 



 Reported cases and incidence (per 

100,000) of pertussis in Canada by year, 

1980 to 2012. 
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Year 

Cases Incidence Rate

Adsorbed 

whole cell 

vaccine (1981-

1985) 

Acellular 

vaccine 

(1997/98) 

Adolescent 

acellular 

vaccine 

(1999-2004) 

Courtesy of Tiffany Smith, CIRID, PHAC 



Reported pertussis cases and crude 

annualized incidence rates (per 100,000 

population) in Canada, 2012. 

454 
(9.82) 

  
332 

(8.57) 

  

55 
(152.35) 

  0 
(0.00) 

  
1 

(2.97) 

  

34 
(3.15) 

  

116 
(9.16) 

  
1031 
(7.63) 

  

1375 
(17.07) 

  

0 
(0.00) 

  

1 (0.68) 

  25  (2.64) 

  

1421 
(187.98) 

  Courtesy of Tiffany Smith, CIRID, PHAC 



Pertussis in Saskatchewan 
2001-2009 

0

100

200

300

400

500

600

200120022003200420052006200720082009201020112012

I
n

c
id

e
n

c
e
 (

p
e
r 

1
0

0
,0

0
0

) 

Year 

< 1

1-4

5-9

10-14

15-19

Courtesy of Valerie Mann, Saskatchewan Ministry of Health 

Tdap implemented in 2003 



Pertussis in Saskatchewan 

 2008-April 2010 

 35 lab confirmed cases in infants <1 year 

 5% (2/35) had started immunization on time 

 49% (17/35) were over 2 months of age and were 
unimmunized 

 43% (15/35) were under 2 months of age (too young to 
be immunized) 

 5 deaths 

 4 younger than 1 month 

 1 3 month old unimmunized 

 

 
Courtesy of the Saskatchewan Ministry of Health, 1 October 2010 



BC Pertussis Rates by Year, 2002-2012 

2012 

691 

15.5 



Pertussis Cases in Fraser Health 

(Vancouver, BC), July 2011-July 2013 

July 2013 July 2012 July 2011 
Courtesy of Paul Van Buynder, Fraser Health 



NB pertussis case count, NB and national 

incidence rates (per 100,000), 2000-2012  

Sources. National case data for 2000-2008 was obtained from the Canadian Notifiable Diseases Surveillance 

System, national data from 2009-2011 was obtained from P/T partners by CIRID (PHAC) and is 

preliminary.  NB data source: CDC Branch, Office of the Chief Medical Officer of Health, New Brunswick  

 

Not to be distributed electronically without permission of CDC Branch. 

 

 

Courtesy of Jastej Dhaliwal, NB Health 



Number of doses of pertussis containing vaccine 

according to NB schedule for NB cases 0-18 years 

*Source:  CDC Branch, Office of the Chief Medical Officer of Health, New Brunswick 

Not to be distributed electronically without permission of CDC Branch. 

  

 

 

Courtesy of Jastej Dhaliwal, NB Health 



Reported cases and incidence (per 

100,000 population) of pertussis in Nova 

Scotia by year, 1971 to 2012 
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Pertussis in Nova Scotia, 2012 

 25 cases reported 
(2.6/100,000)  

      # cases 

 <1 year  0 

 1-4 years 5 

 5-9 years 6 

 10-14 years 3 

 15-25 years 0 

 25-39  years 3 

 40-59 years 5 

 >60 years 3 

 3 clusters 

 7 members of a family 
attended event in NB 
where case attended 

 4 of 6 cases not 
appropriately 
immunized 

 6 cases in religious 
community in health 
district close to NB 
unimmunized 

 3 cases unimmunized 
family in area not close 
to NB 

Courtesy of Beverly Billard, NS Health 



Current Pertussis Vaccines 

Whole Cell Pertussis Vaccine 

 Increased rates of local and 
systemic adverse events 

 More difficult to standardize 
production 

 Best WCVs have high efficacy 
than ACV 

 Less expensive 

 Balanced immune response 

 Short duration of protection 

Acellular Pertussis Vaccine 

 Better tolerated because of 
lower rates of adverse events 

 Easier to standardize 
production 

 Lower efficacy than the best 
WCV 

 More expensive 

 Th2 biased immune response 

 Short(er?) duration of 
protection 



Whole cell pertussis vaccine: 
effective, but maligned 

 Where used widely, whole cell pertussis 

vaccines successfully reduced the 

incidence of pertussis by 90-95% 

 Concerns about rare but severe adverse 

effects led to termination of vaccine 

programs in some countries 

 in Japan 2 deaths led to withdrawal of vaccine 

 this led to over  13,000 cases and 41 deaths 

from pertussis 



Acellular Pertussis Vaccines: 
new and improved 

 Intensive research effort in Japan and 

elsewhere to develop vaccine from purified 

antigens of Bordetella pertussis 

 Increasing evidence that the whole cell 

pertussis vaccines did not cause the rare 

severe adverse events but were more likely 
unmasking conditions in abnormal children 

 Acellular pertussis vaccines were associated 
with fewer of the common adverse events 



DTaP vaccines are all LESS REACTOGENIC 

compared to whole-cell vaccines 

Reaction 
DTaP3 

Bio 

DTaP3 

SB 

DTP 

PMC-US 

DT 

Bio 

Swelling 7 9 26 6 

Tenderness 4.6 4.6 30 4.5 

Irritability 30 30 50 30 

Fever 

  >38 4.3 7.2 41 3.4 

  >40 0.029 0.036 0.24 0.044 

Cry >3 hrs 0.066 0.044 0.4 0 

HHE 0.007 0 0.067 0.044 

Cyanosis 0 0 0.015 0 

Seizure 0 0.007 0.022 0 



DTaP vaccines are all IMMUNOGENIC 

compared to whole-cell vaccines 

Ag 

DTaP5 

PMC-Can 

DTaP2 

SB 

DTP 

PMC-US 

DTaP3 

Bio 

DTaP3 

SB 

PT 49 60 1.9/1.2 94 51 

FHA 34 111 8.7/5.2 53 147 

PRN 116 0.6 13/9.9 137 274 

FIM 351 0.8 15 -- -- 



DTaP vaccines are all efficacious 

Vaccine Efficacy* (%) 95% CI 

DTaP PMC 5c 85 81-89 

DTaP SB 2c 

DTwP 

59 51-66 

DT  -- -- 

48 37-58 

DTaP 3c Biocine  84 76-90 

DTaP 3c SB 

DTwP 

84 76-89 

DT -- -- 

36 14-52 

Sweden 

Italy 



Passive Reporting System 
Alberta, Canada 
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Passive Reporting System 
Alberta, Canada 
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Pertussis controlled in children 
but outbreaks amongst 
adolescents and adults: 
Tdap Products 

 Adacel™  

 Sanofi Pasteur 
 PT 2.5 g 

 FHA 5 g   

 PRN 3  g 

 FIM 5  g 

 Dip 2 Lf 

 Tet 5 Lf 

 AlP04 1.5 mg 

 2-phenoxyethanol 

 Boostrix™ 

GlaxoSmithKline 

 PT  8 g 

 FHA 8 g 

 PRN 2.5 g 

 Dip 2.5 Lf 

 Tet 5 Lf 

 Al0H 0.3 mg 

 2-phenoxyethanol 



Tdap: Well-tolerated 
Local Adverse Events 
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Halperin, Vaccine 2000 



Tdap: Immunogenic 
Comparison of antibody responses of Swedish 

infants and Canadian adolescents, 12-17 years of 
age, and adults, 18-54 years of age 

  2, 4, 6 mo Tdap 

Antigen Sweden I Sweden II Adolescents Adults 

PT 49.4 51.6 181 139 

FHA 39.1 57.0 333 333 

PRN 116 134 362 269 

FIM 351 352 1471 930 
 

 



Tdap: efficacious 
APERT Study 

 Randomized controlled trial 
 ap (GSK: PT/FHA/PRN) vs HAV 

 15-65 years of age 

 Monitored from cough of 5 days duration 
 Culture, PCR, acute/convalescent serology 

 ap vaccine was effective in preventing 
culture/PCR positive pertussis in adolescents 
and adults 

 Control arm (HAV) n=1390 provides prospective 
population-based data 

 3.7-4.5 cases/1000 person years 
 ~800,000-1,000,000 cases annually in the US 

Ward et al. NEJM 2005 



ACIP Recommendations 

Adolescents 
 All adolescents should receive single 

dose of Tdap in place of Td 

(preferred age 12 yrs) 

 If already received Td, can still give 

Tdap 
 5 year interval recommended 

 Less is acceptable 



ACIP Recommendations 

Adults 
 All adults should receive single dose of Tdap in 

place of Td 

 HCWs with direct patient contact should receive 

Tdap as soon as possible 
 Intervals since previous Td as short as 2 years are acceptable 

 HCWs without direct patient care should receive at their next 
10 yr interval (encouraged to get it sooner) 

 Institutions should provide Tdap for HCWs 

MMWR 2006;55(RR17) 

Supported by the Healthcare Infection  

Control Practices Advisory Committee (HICPAC) 



No effect on deaths in young infants: 
Intervention Strategies 

 Potential strategies being explored to improve 

protection of young infants include 

 Neonatal immunization 

 Pre-conceptual immunization of women 

 Targeted immunization of adults in close 

contact with newborns (cocoon strategy) 

 Maternal immunization 

 



Rationale for Maternal Immunization 

 This absence of protection leaves open a 

window of susceptibility in the newborn 

 Vaccinating women during pregnancy offers 
the possibility of protecting infants from birth 

until immunity is induced by active 

vaccination 

 



ACIP: October 24, 2012 

ACIP recommends that providers of prenatal 

care implement a Tdap immunization program 

for all pregnant women.  Health-care 

personnel should administer a dose of Tdap 
during each pregnancy irrespective of the 

patient’s prior history of receiving Tdap.  If not 
administered during pregnancy, Tdap should 

be administered immediately postpartum. 



Recommendations: UK 



Will immunizing more cohorts 
with more doses work? 

 Recent outbreaks from US and Australia suggest better 
protection from wP compared to aP 

 Observed with even a single dose of wP in the series 

 duration of protection from aP may also be less than 

from wP 

 Not observed in all countries; may be related to prior 
level of pertussis circulating and population levels of 

natural immunity 

 Hypothesized related to immune response stimulated 

 wP Th1/Th17 response 

 aP Th2 response 



Percentage of pertussis PCR tests with a positive result in the study 

population by pertussis vaccine type for the first 4 doses received 

between 1 and 24 months of age, January 2010 to December 2011. 

Klein N P et al. Pediatrics 

2013;131:e1716-e1722 



DTaP and Tdap: 
Short duration of protection 



Baboon Model of pertussis 

 Mouse models have been useful but 

limited since the animals don’t 

develop pertussis 

 Baboons develop classical symptoms 

and paroxysmal cough 

 Useful for studying transmission and 

infection, pathogenesis, and 

immune response 

 



Biocontainment unit for airborne 

transmission studies.  

Warfel J M et al. J Infect Dis. 

2012;206:902-906 



aP vs. wP vaccine in baboon 
model 

 Disease 

 wP prevents 

 aP prevents 

 Colonization 

 wP prevents 

 aP does not prevent 

 Transmission 

 wP prevents 

 aP does not prevent 

 



The effect of vaccination or convalescence 

on colonization and leukocytosis.  

Warfel J M et al. PNAS 

2014;111:787-792 



aP does not protect against colonization 

following natural transmission.  

Warfel J M et al. PNAS 

2014;111:787-792 



Infected aP vaccinees can transmit 

pertussis to naïve contacts.  

Warfel J M et al. PNAS 

2014;111:787-792 



What have we learned from the 
baboon model to date? 

 Characteristics of the immune response 

 strong induction of interleukin-6 (IL-6), IL-23, and 
transient expression of IL-1β. 

 implicated in the differentiation of IL-17-producing T 
cells (Th17 cells) and stimulation of innate γδT cells 

 significant increases in nasopharyngeal IL-17 and 
cytokines and chemokines downstream of IL-17 

immune responses. 

 IL-17- and IFN-γ-secreting cells in convalescent 
but not naive animals. These cells are long-lived, 
having persisted at 2 years post-infection.  

 CD4+CD95+ T cells, consistent with the induction of 
Th17 and Th1 memory responses to B. pertussis. 



Novel Pertussis Vaccines 



Novel Pertussis Vaccines 

 Triple adjuvant 

 CpG 

 Polyphosphazene 

 Host defense peptides 



Challenges to developing a new 
pertussis vaccine 

 Costly 

 Better understanding of the disease, transmission, 
and immunity needed 

 Regulatory pathway is complex 

 Most advances over last 20 years have been with 

bridging to efficacy studies from the 1990s 

 New field efficacy studies will be difficult 

 Vaccines that produce protection through different 
immune mechanisms won’t be able to be bridged 

 Lack of reagents in any case 



Is there a role for a human 
pertussis challenge model? 

 Human Challenge Experiment 

 The deliberate infection of human 

volunteers with a pathogenic strain of a 
virus, parasite, bacteria or fungus. 

 Used to study the pathogenesis, 

transmission and disease course of a 
particular infectious agent and to test the 

efficacy of candidate prophylactic or 
therapeutic agents. 

Kalil et. al. Future Microbiol 2012 

Miller and Grady, Clin Infect Dis 2001 
Rosenbaum and Sepkowitz Clin Infect Dis 2002 

Acad Med Science 2005 



Principles of pathogen selection 

 The pathogen is well-characterized 

 The disease is self-limiting in healthy individuals, 

and/or 

 A rescue therapy is available to bring the 

participant back to good health 

 The pathogen is approved by FDA CBER/Health 

Canada BGTD for use in humans 



Bordetella pertussis:  
Uses of a human challenge model 

 Incubation period 

 Early clinical manifestations 

 Pathogenesis 

 Nature of the immune response (innate and 
adaptive) 

 Transmission 

 Protective antigens 

 Strain contribution to pathogenesis 

 Diagnostic tests 

 Chemoprophylaxis and therapy 

 Regulatory pathway for novel vaccines 



CCfV  
Challenge Unit 



Summary and Conclusions 

 Pertussis causes significant morbidity and mortality 
globally, despite widespread vaccination 

 Outbreaks are being described in many but not all 

countries; in Canada, outbreaks are occurring 
regionally 

 Multiple factors including duration of protection of 

acellular pertussis vaccines, timing of boosters, and 
suboptimal vaccine coverage amongst certain groups 
contribute to local outbreaks 

 Novel strategies may be required to control pertussis 

while developing new and better pertussis vaccines. 
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Comments and Questions? 


