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Pertussis deaths: US 1938-40  (N=10,730) 1  
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1. Sako et al  JAMA 1945; 127: 379  “ the exceptionally high mortality which  

pertussis causes in the first half year calls for thorough investigation of the  

possibility of increasing the resistance of young infants to the disease by  

immunizing them shortly after birth…”  



Pertussis hospitalisation under 1 year olds 1994 - 2008 
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Age at death - pertussis 

Australia 1967 to 2009 (n=60) 
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IMMUNIZATION AND ANTIBODY RESPONSE IN THE NEWBORN INFANT 

I.  Pertussis Inoculation within Twenty-four Hours of Birth 

R. WILLIAM PROVENZANO, M.D., † LESLIE H. WETTERLOW, B.S.,‡ AND CHARLES L. SULLIVAN, M.D.§ 

CAMBRIDGE AND BRIGHTON, MASSACHUSETTS 



“Can the practitioner expect an adequate antibody 

response to inoculations given within 24 hours of birth?” 

 

“ What type of antigen should be used – plain pertussis or 

combined diphtheria, tetanus and pertussis?” 

 

“Are the untoward reactions at this age such as to make 

the attempt unacceptable?” 

 

Provenzano RW, Wetterlow LH, Sullivan CL. N Engl J 
Med 1965; 273: 959-965. 



Pertussis-containing vaccine 6 to < 24 hours after birth 

 Group 1   P+P+P @ 3 week intervals then 2xDTP @ 4 week intervals 

 Group 2   3xDTP @1 day, 1 month, 2 months 

 Boosters with DTP  @  12 and 24 months 

 N= 23 

 

 “…the immune response continued to be suppressed in 75% up to 5 months of 
age ….and in about 50% to the age of 15 months....these results suggest the 
possibility that “immunologic paralysis” had been induced by ….. immunization 
on the first day of life…..”  

Provenzano RW, Wetterlow LH, Sullivan CL. N Engl J 
Med 1965; 273: 959-965. 



Provenzano et al 

 Small sample size 

 Plain pertussis vaccine – 20 000 000 000 org/ml 

• Killed by thiomersol 

 Measure pertussis agglutination titres 

 No safety concerns 

 

 Conclusion 

• “pertussis antigen, alone or combined, be used 

cautiously in neonates and that immunisation should 

probably not be attempted under 3 weeks of age” 

 

 

 

 



ACELLULAR PERTUSSIS 

VACCINE TRIALS 

 

40 YEARS LATER  

 



Pediatrics 

2003 

J. Pediatrics 

2007 

J. Pediatrics 

2008 

PIDJ 

2010 

N=317 infants 



Birth Pa vaccine study methods - vary 

 Pa vaccine used 

• DTPa vs Pa 

• Different antigen amounts 

• Timing of dose 

 Timing of serology 

• Laboratory 

 Measurement of concomitant antigen responses 

 Cell mediated immunity 

 

 

 



Recent neonatal trials with acellular pertussis vaccines 

Belloni et al 

ITALY 

Halasa et al 

USA 

Knuf et al 

GERMANY 

Wood et al 

AUSTRALIA 

Vaccine Pa 

Chiron 

DTPa 

Sanofi 

Pa 

GSK 

Pa 

GSK 

Pa antigen 

content 

PT 5ug 

PRN 2.5ug 

FHA 2.5ug 

PT 10ug 

PRN 3 ug 

FHA 3 ug 

Fim 5 ug 

PT 25ug 

PRN 8ug 

FHA 25ug 

 

PT 25ug 

PRN 8ug 

FHA 25ug 

Combination 

vaccine 

Acelluvax DTPa 

Polio 

Hib  

Hep B 

IPV 

Daptacel 

ActHib 

Prevnar 

Infanrix hexa Infanrix hexa 

Prevenar 

Serology 0,3,5,6,12 months 0,6,7,17,18 months 0,3,5,7 months 0,2,4,6,8 months 

Site of ELISA Not stated Vanderbilt, US GSK Belgium GSK Belgium 

Cellular immunity 

measured 

No No No Yes 



Recent neonatal trials with acellular pertussis vaccines 

Belloni et al 

ITALY 

Halasa et al 

USA 

Knuf et al 

GERMANY 

Wood et al 

AUSTRALIA 

Birth Pa DTPa Pa Pa 

1 month Pa 

2 month DTPa DTPa DTPa 

3 month DTPa 

4 month DTPa DTPa DTPa 

5 month DTPa 

6 month DTPa DTPa DTPa 

7 month 

8 month 

11 month DTPa 

Sample size 91 50 100 76 

= serology 



Serology – primary response 

 Pertussis antibodies 

• PT 
• PRN 

• FHA 

• Mother – at birth of infant 

• Infant at varying time points 

 

 Hib, anti-HBs, dip, tetanus 

• Infant – 7 to 8 months old 

-  3 studies only (n= 257 infants) 



Italy 

p=0.006 p=NS 



Germany 



Australia 



Antibody levels two months after 3rd dose of Pa
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USA 

P=0.036 P=0.039 



Summary – primary pertussis response 

 Waning of antibody from birth to 2-3 months old 

 Earlier antibody responses in birth Pa group  

- 3 studies 

- PT, FHA, PRN significantly higher 

 1st dose primes and second dose increase 

 Non significant difference at 7-8 months  

•  2 studies – Australia and Germany 

 Contrary findings with DTPa at birth 

• ?vaccine interference 



Does pre-existing maternal antibody 

influence pertussis antibody responses? 



Siegrist  Vaccine 2003; 21: 3406-3412 



 
Mothers given DTPw  

Compare levels at 2 months old with 

Post  immunisation at 7 months old 

 

 

Anti-PT response post DTPa = non sig 

 

 

 

 

 

 

  



Summary – Birth Pa trials 

 Italy 

• No data 

• “no correlation was observed” 

 USA 

• “no impact of maternally derived pre-existing 

antibodies ….. on infant responses… although pre-

existing pertussis antibody levels were low” 

 Germany 

• No data 

 Sydney 

• lower antibody levels when combined group data  

 



dTpa booster responses 

How important is baseline maternal antibody level? 

Antibody 

GMC 

EL.U/ml 

Belloni 

et al 

ITALY 

Halasa 

et al 

USA 

Wood et al 

AUSTRALIA 

Kirkland et al 

CID 2009 

Leuridan et al  

PIDJ 2011 

Gall et al 

AJOG 

PT 4.5 9 5.1 109 54 28 

PRN 4.6 27 5.5 254 587 333 

FHA 16.6 11 13.6 227 913 104 

Kirkland et al Clinical Infectious Disease 2009;49:584-7 

Leuridan et al PIDJ 2011; 30: 608-9 

Gall et al AJOG 2011;204:334.e1-5 

Birth Pa trials 



Siegrist  Vaccine 2003; 21: 3406-3412 



Does birth pertussis vaccine interfere 

with primary concomitant antigen 

responses? 



Concomitant antigen responses – birth group  

Belloni et al 

ITALY 

Halasa et al 

USA 

Knuf et al 

GERMANY 

Wood et al 

AUSTRALIA 

Concomitant 

antigen 

responses 

 

Not measured 

Hib same LowerGMC and  

% > 0.15ug/ml 

Lower Group 1 

only 

Hepatitis B same Lower 

Note: HBV was control 

Lower 

Note: all given HBV 

Diphtheria lower Same same 

Tetanus same same same 

Summary –potential vaccine interference 



Hepatitis B surface antibody response at age 8 months - Australia 

anti-HBs 

GMC 

 10-100 

% 

101-1000 

% 

>1000 

% 

Group 1 and 2 

n=39 

409 12 62 26 

Group 3 

n=15 

747.7 0 73 27 



How safe is the birth dose of pertussis 

vaccine?  

 



Reactogenicity - Germany 



Reactogenicity - Australia 

Reactogenicity at 6 months age by group
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Does birth pertussis vaccine influence 

immune persistence and responses to 

booster vaccines? 



Italy 

P=0.006 P<0.0001 



Germany 

 N=66 

 Mean age 13.7 months and given Infanrix hexa 

Nil significant difference in pertussis booster response between groups 

 

Lower response to Hib in birth group 

Knuf et al J Pediatr. 2010 Apr;156(4):675-8. 

 



Australia 
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What about cell mediated immunity? 

 



T cell immunity is important for pertussis protection 

 Mouse models – Mills et al 

 Pertussis – survive intracellularly 

 Pa vaccines infancy = Th1 predominance > Th2 

 

 

 

 

 



Cytokine response to pertussis antigens 

Neonatal vaccination drives Th2 polarised memory development 

Th2  

Th1  



Questions arising from these findings 

• will Th-memory responses remain sufficiently Th2-

polarised to influence injection-site responses at 

subsequent booster? 

 

• will strongly Th2-polarised memory against 

pertussis antigens influence host responses to 

pathogens at infection sites? 

 

• are the group potentially “at risk” of atopy? 

 

 

 



Can we do it? 

 

What can we expect from birth 

pertussis vaccination? 



Some evidence that 1 dose may be protective 



What can we expect? – Australian hospitalisation rates 

Age 

Equivalent anti-PT levels 2 months earlier with Pa at birth 

Possible shift rates by 2 months  

Ho
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“….adequate antibody response to inoculations given 

within 24 hours of birth?” 

•YES  - given up to 5 days after birth 

•? what is adequate 

 

“ What type of antigen should be used – plain pertussis or 

combined diphtheria, tetanus and pertussis?” 

•Monovalent Pa 

 

“Are the untoward reactions at this age such as to make 

the attempt unacceptable?” 

•No  

 

Provenzano RW, Wetterlow LH, Sullivan CL. N Engl J 
Med 1965; 273: 959-965. 

 

 

More data needed 

 

 



Current NHMRC funded multicentre trial - underway 

Maternal dTpa 

<5 years 

No maternal 

dTpa <5 years 

Pa at birth 

n= 110 

No Pa at birth 

n=110 

Pa at birth 

n=110 

No Pa at birth 

n=110 

SEROLOGY – birth, 6 weeks, 10 weeks, 6 and 8 months 

CMI – 10 weeks and 8 months 

N=349 to date 



Safety data so far...... 

Solicited adverse events days 0-2 
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Birth vaccination is well established 

 WHO EPI schedule – OPV, BCG, Hep B 

 Healthcare contact at birth 

 Immunologically 

• ACTIVE antibody and CMI production 

•  vs passive antibody 

- Neonatal tetanus = maternal immunisation  

 

 ? Combination HepB-Pa vaccine – potential 

 ? 5 vs 3 component Pa vaccine 

 ? cost effectiveness 

 ?parental and physician attitudes 

 

 

 



Summary 

 Monovalent Pa studies to date (n=317) 

• Earlier pertussis antibody 

• Concomitant antigen responses – reduced but ?significance 

• Th2 polarised responses early 

• Safe 

• No hyporesponsiveness 

 

 Key Questions 

• Influence of maternal antibody 

• Vaccine interference and hyporesponsiveness 

• How effective? 
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