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Lecture Objectives 

• Review the transition from whole cell to 
acellular pertussis vaccines. 

• Describe the changes in pertussis 
epidemiology over the last seventy years. 

• Explain immunologic responses to acellular 
vaccines that may be contributing to increases 
in pertussis 
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Whole Cell Pertussis Vaccines 
 • Bordetella pertussis first isolated in 1906 

• Formalin inactivated B. pertussis vaccines 
– Developed 1930’s 
– Clinical use 1940’s 

 

• 70-90% effective 
• Duration:  5-10 years 
• Local reactions 
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WHOLE CELL PERTUSSIS VACCINE  
WEARS OFF WITH TIME 

Years since 
vaccine 

Total #  
Exposed 

 Attacks 
 

# infected Percent 
0-3 years   85 18  21% 
4-7 years   61 29 47% 
8-11 years   43 28 65% 
> 12 years   21 20 95% 
       Total 210 95 45% 

Kent County, Michigan outbreak 1960 
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UCLA Study of Side Effects  
Following 15,752 DTwP 

 • Fever > 38°C. (37.4%) 
• Persistent crying (3.1%) 
• Febrile seizures (9) 
• Hypotonic hyporesponsive episodes (9) 

 
• Reports of development delay and chronic 

seizures after DTwP 
 

Cody CL et al.  Pediatrics, November 1981. 
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Claims Filed VICP 1989-2007 

 

Sugarman SD.  NEJM Sept. 27, 2007 
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Dravet Syndrome 
• Severe myoclonic epilepsy and developmental 

delay appearing in infancy 
• 1:20,000 
• Genetic mutations in SCN1A (neuronal sodium 

channel α1 subunit) 
 
 

• Pediatrics, Sept 2011 
– 5/5 “pertussis vaccine encephalopathy” Dravet 
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Pertussis in Japan, 1945-1995 

http://www.azdhs.gov/
http://www.twitter.com/azdhs
http://www.facebook.com/pages/Phoenix-AZ/Arizona-Department-of-Health-Services/114962494972
http://www.youtube.com/azdhs
http://directorsblog.health.azdhs.gov/
http://www.linkedin.com/company/arizona-department-of-health-services


Health and Wellness for all Arizonans 
azdhs.gov 

Whooping Cough or Pertussis 
(Bordetella pertussis) 

• Spread by respiratory 
droplets 

• Incubation period of  
5-21 days 

• Immunity not life-long 
 
 
 
 

Photo from http://www.cdc.gov/vaccines/ed/ciinc/Pertussis.htm 

Presenter
Presentation Notes
Toxin paralyzes respiratory epithelial cellsHumans are the only known reservoir for B. pertussis. The organisms attach to the cilia of the upper respiratory system and are transmitted through coughing and sneezing. After attachment, the organisms release toxins which damage the cilia and cause them to stop moving. Coughing is the body’s reaction to the damaged cilia and may continue for weeks after the organism is gone.  The bacterium is very adept at evading the host defenses, for example the classic lymphocytosis with impaired chemotaxis.Stacey Martin presentation EM photograph
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Antigenic and Biologically Active Components 
of B. pertussis 

 pertussis toxin (PT) 
 filamentous hemagglutinin (FHA) 
 pertactin 
 fimbriae 
 agglutinogens 
 adenylate cyclase 
 tracheal cytotoxin 
 dermonecrotic toxin 

 

11 Stacey W. Martin, MSc. CDC Webinar, May 30, 2012 

Presenter
Presentation Notes
Bordetella pertussis produces a 73-kDa protein,BrkA (Bordetella resistance to killing), which inhibits the bactericidal activity of complement.Stacey Martin, May 2012 WebinarThe pertussis bacterium is composed of numerous antigenic and biologically active components and some important virulence factors are listed here.   The role and the importance of each for infection and invasion of host defenses is not well understood.   The first four listed here are the ones included in the vaccines.  In the United States PT and FHA are in all vaccine formulations, pertactin and fimbriae are not always included.The pertussis bacterium is composed of numerous antigenic and biologically active components and some important virulence factors are listed here.   The role and the importance of each for infection and invasion of host defenses is not well understood.   The first four listed here are the ones included in the vaccines.  In the United States PT and FHA are in all vaccine formulations, pertactin and fimbriae are not always included.

http://www.azdhs.gov/
http://www.twitter.com/azdhs
http://www.facebook.com/pages/Phoenix-AZ/Arizona-Department-of-Health-Services/114962494972
http://www.youtube.com/azdhs
http://directorsblog.health.azdhs.gov/
http://www.linkedin.com/company/arizona-department-of-health-services


Health and Wellness for all Arizonans 
azdhs.gov 

PERTUSSIS VACCINE ANTIGENS 
Pertussis toxin (PT) “Lymphocytosis 

promoting factor” 
Filamentous 
Hemagglutinin  
(FHA) 

Mediates adherence 

Pertactin (PRN) Promotes cell binding 
Fimbriae (FIM) Attachment 
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Components of Acellular Pertussis Vaccines 
Product Type PT 

µg 
FHA 
µg 

PERT 
µg 

FIM 
µg 

DIPH 
Lf 

TET 
Lf 

Daptacel DTaP 10 5 3 5 15 5 

Tripedia DTaP 23 23 -- -- 6.7 5 

Infanrix DTaP 25 25 8 -- 25 10 

Pediarix DTaP+ 25 25 8 -- 25 10 

Pentacel DTaP+ 20 20 3 5 15 5 

Adacel Tdap 2.5 5 3 5 2 5 

Boostrix Tdap 8 8 2.5 -- 2.5 5 

Presenter
Presentation Notes
Lf = Limit of flocculation unit
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Pertussis—United States, 1940-2010 
 

Graph from CDC Pink Book, 12th edition 
 

Whole cell pertussis vaccine 2005 Tdap licensed for 
adults and adolescents 

1997 DTaP used for all  
5 childhood pertussis doses 

DTaP used for  
4th and 5th doses 
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Pertussis-Related Deaths, 
U.S. 1980-2009 

Age Group 1980-1989 1990-1999 2000-2009 

0-1 month 38 68 152 

2-3 months 11 16 24 

4-5 months 5 5 2 

6-11 months 7 4 1 

1-4 years 13 2 2 

5-10 years 1 6 3 

11-18 years 0 0 3 

> 18 years 1 2 8 

Total 77* 103 194 

*One with age unknown 

Vitek CR et al. PIDJ, July 2003. 
CDC National Notifiable Disease Surveillance System, 2009 
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Pertussis in California 
as of 7/8/2014 
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 Pertussis Cases, Arizona,  
1994–2013 
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As of 6/23/2014 

1,108 

1,440 

1,068 

Presenter
Presentation Notes
Clinical case definitionA cough illness lasting at least 2 weeks with one of the following: paroxysms of coughing, inspiratory “whoop,” or posttussive vomiting; and without other apparent cause (as reported by a healthcare professional).Laboratory criteria for diagnosisIsolation of B. pertussis from a clinical specimen Positive polymerase chain reaction (PCR) assay for B. pertussis  DNA Case classificationProbable: Meets the clinical case definition, is not laboratory confirmed, and is not epidemiologically linked to a laboratory-confirmed case.Confirmed:A case of acute cough illness of any duration with a positive culture for B. pertussis; OR A case that meets the clinical case definition and is confirmed by PCR; OR A case that meets the clinical definition and is epidemiologically linked directly to a case confirmed by either culture or PCR 
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CDC. National Notifiable Surveillance System, 2011. 
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Acellular Pertussis Vaccines  
Protects Infants 

CDC. National Notifiable Surveillance System, 2011. 
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75% of suspected sources for infant pertussis 
cases were family members 

Mom or Dad 
47% 

Mom 
32% 

Dad 
15% 

Sibling 20% 

Grandparent 8% 

Other 25% 

Bisgard, K. et al. Ped Infect Dis J. 2004;23:985-989. 
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76% of suspected sources* for infant pertussis cases 
were adolescents or adults  

Adults 
56% 

Children 
5-9 years  7% 

Adolescents 20% 

Young Children  
0-4 years   17% 

                                          *N =219 Bisgard, K. et al. Ped Infect Dis J. 2004;23:985-989. 
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CDC Emphasis on Tdap  
to All Contacts of Infants 

• Family members are 
source in most of 
newborn cases 

• Cocooning 
• Everyone around infant 

needs Tdap 
• 2012:  Give Tdap to 

pregnant women if not 
already received 

 

Presenter
Presentation Notes
CDC backs pertussis vaccinations to protect mothers, babies�The CDC's Advisory Committee for Immunization Practices is now recommending all pregnant women be vaccinated against pertussis, or whooping cough, to decrease the number of cases in infants. The recommendation calls for vaccination during the late second or third trimester.
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Possible Reasons for More Pertussis 

1. Waning immunity after acellular vaccines 
2. Whole cell vaccines gave better immunity 

than acellular 
3. Bordetella pertussis strain change  
4. Local collections of unvaccinated and 

susceptible children and adults 
 

Plotkin SA.  Clinical Infectious Diseases. 
 March 15, 2014 
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Liang.  ACIP June 2013 
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CDC: Tdap for Every Pregnancy 
• Waning pertussis antibodies after Tdap 

– Rapid decrease over 1 year 
– Cord blood antibodies within 2 year Tdap not high 

• Average 2 children per woman in US 
– Only 5% have > 4 children 
– Only 2.5% have intervals between babies of < 12 

months 
• Active transport of IgG starts about 30 weeks 
• Safe 

 

MMWR Feb 22, 2013;  

Presenter
Presentation Notes
Only 2.6% women vaccinated during pregnancy (2012) Liang. ACIP Oct 2012Vaccine Safety Datalink ACIP June 2013 Liang 7.2% live births mom have received TdapTdap 75% effective in first year, but effectiveness rapidly wanes Liang ACIP June 2013in contrast to12.5% adults (2011 NIHS)HCP 27% (2011 NIHS)
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Pertactin Negative  
Bordetella pertussis in the U.S.  

Total 
isolates 

Pertactin 
negative 

% 

Historical isolates, 
1935-2009 

666 1 0.0015% 

2010 CA outbreak 33 4 12% 

US 2010-2012 385 144 37% 

2012 Washington 
state outbreak 

216 157 73% 

Pawloski LC, et al.  Clinical and Vaccine Immunology.  February 2014. 
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Pertactin Negative B. pertussis (BP) 
Does Not Change Disease Severity 

• No difference in severity of illness between 
pertactin positive and negative infants 

• Pertactin NEG infants more likely to be 
diagnosed later (p=0.04) 
– Pertactin POS:  9.9 days 
– Pertactin NEG:  14.6 days  

• Infants who had one or two DTaP vaccines had 
less severe illness and fewer complications 

 
Bodilis H and Guiso N. EID. March 2013 

Presenter
Presentation Notes
Plotkin CID March 15, 2014:  Denmark has low incidence of pertussis and uses a vaccine with only PT,  but two-fold higher than in other countries
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BP Nasal Challenge at 7 Months 

Baboons Results 

Uninfected Sick and shed BP for 30 days 

Previous BP 
infection 

Not ill, did not shed BP 

DTwP at 2, 4, 6 
months 

Not ill, shed BP for 18 days 

DTaP at 2, 4, 6 
months 

Not ill, lower # of BP but shed 
BP for 35 days & easily spread 
BP to unvaccinated baboons 

Warfel JF et al.  Proceedings of the National 
Academy of Sciences of the U.S., January 14, 2014. 
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Current Efforts to Control Pertussis 
• Surveillance 
• Diagnosis BP early, treat, prophylaxis 
• Vaccinate 

– One Tdap for every teenager and adult. 
– Tdap for pregnant women in every 

pregnancy 
– Cocooning  
– Develop better pertussis vaccine. 
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