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Outline
 Has there been a resurgence of pertussis?
 What are the causes of the resurgence?
 What are mitigation strategies?

 Short term
 Mid term

 What are long term solutions?



Pertussis surveillance
 Pertussis is a notifiable disease in most jurisdictions

 Surveillance is passive
 Underreporting estimated to be 10-1000 fold

 National statistics tend to be misleading
 More reliable data from smaller local or regional reports with better surveillance
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Reported cases and incidence (per 100,000) of pertussis in Canada by year, 1980 to 2012.
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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 

. 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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BC Pertussis Rates by Year, 2002-2012
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Pertussis
Increase observed
 United States
 United Kingdom
 Australia
 Chile
 Brazil

No increase observed
 France
 Denmark
 Sweden
 Germany
 Finland



Smith T, Rotondo J, Desai S and Deehan H, CCDR, 2014 
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Outline
 Has there been a resurgence of pertussis?

 Yes, but….
 Local/regional….not all jurisdictions

 Some just having typical cycling
 What are the causes of the resurgence?
 What are mitigation strategies?

 Short term
 Mid term

 What are long term solutions?



Why is there a resurgence of pertussis?
 Change in the pathogen
 Expected epidemiology; predicted cycles
 Greater awareness and reporting
 Improved surveillance
 Improved diagnostics
 Failure to vaccinate
 Vaccine failure



Bordetella pertussis
 Pertactin deficient strains

 In 2010 California outbreak, 14% of isolates were PRN-
 In 2012 Washington outbreak, 76% of isolates were PRN-



Pertactin deficient strains in Australia

Lam C et al. Emerging Infect Dis, Volume 20, Number 4—April 2014



Pertactin deficient strains
 In Vermont 2011-2013, >90% strains PRN-

 VE estimates same as with PRN+ strains 
 DTaP in children
 Tdap in adolescents/adults

Breakwell L et al, Pediatrics 2016;137(5):e20153973



Pertussis toxin mutations
 ptxP3 mutation

 Associated with increased PT production
 Increase in various locations

 Netherlands increase from 0% of strains in 1989 to 100% of strains in 2004
 Increased virulence noted

 Clonal outbreak in Toronto



Pertussis as a cyclical disease
 Need to review multiple cycles

 Are cyclical peaks higher



Awareness, reporting, surveillance
 Awareness

 Surveys show awareness of pertussis amongst adolescents and adults is low
 Awareness increases during cyclical outbreaks
 Better where there is better surveillance

 Reporting
 Physicians poor at reporting
 Laboratories better
 No evidence for improved reporting (other than related to increased laboratory confirmation)

 Surveillance
 Most systems passive
 Sentinel active systems
 Some efforts to improve surveillance

 Latin America Pertussis Project
 CDC, PAHO, Sabin Vaccine Institute, Ministries of Health in select Latin American countries



Better diagnostics
 PCR increased sensitivity compared to culture
 Serology improved sensitivity amongst adolescents and adults
 Accounts for “blip” in a given jurisdiction (e.g., a reset of the baseline); however offset by underreporting

 Not widely used globally so cannot account for changes where not implemented

Adria DL et al., PLoS One. 2018; 13(4): e0195979. 



Failure to vaccinate



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



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



Pertussis vaccine effectiveness

Schwartz KL et al. CMAJ, 2016



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



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



Outline
 Has there been a resurgence of pertussis?

 Yes, but….
 Local/regional….not all jurisdictions

 Some just having typical cycling
 What are the causes of the resurgence?

 multifactorial
 What are mitigation strategies?

 Short term
 Mid term

 What are long term solutions?



Mitigation strategies
 Short term

 Optimize current vaccine use
 On time immunization
 Missed opportunities
 Decreased exemptions

 Mid term
 Maternal immunization

 Protect the most vulnerable
 Prevent death



Pertussis in England and Wales



Pertussis in Infants,England and Wales



Amirthalingham, Lancet 2014

Vaccine Coverage



Amirthalingham, Lancet 2014

Vaccine Effectiveness



Vaccine Effectiveness

Dabrera Clin Infect Dis 2015



Outline
 Has there been a resurgence of pertussis?
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Options for new pertussis vaccines
 Whole cell vaccine

 Return to old vaccine
 Develop new vaccine

 Change antigens
 Increase, decrease, eliminate, modify

 New adjuvants
 Change delivery system

 Live attenuated
 Other vectors
 Vessicles, microparticles



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



Novel Pertussis Vaccines
 Triple adjuvant

 CpG
 Polyphosphazene
 Host defense peptides



Novel Pertussis Vaccines



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 2012Miller and Grady, Clin Infect Dis 2001Rosenbaum and Sepkowitz Clin Infect Dis 2002Acad Med Science 2005



Summary and conclusions
 Control of pertussis is not optimal
 Increased cases are the result of multiple factors
 Effective strategies to diminish the moribidityand mortality from pertussis are available
 Development of new, more effective vaccines that provide durable protection are needed



Comments and Questions?


