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Objectives 

• History of schedules and how designed 

• What is the evidence behind current 

schedules 

• New vaccines, new challenges 

• Future of vaccine schedules: creative 

policies in context of need 



Why are schedules important? 

• Programmatic: framework for delivery of 

vaccines to target population 

• Evaluation of coverage 

• Research and development: Parameters 

for vaccine studies 

• Information and participation of the 

public 



Death reports 

Case reports for 1 subcategory 

Case reports for 2 subcategories 

Case reports for 3 subcategories 

Case reports for >3 subcategories 

Van Panhuis WG, et.al., NEJM 2013 Nov 28 



Smallpox 
(states) 

Rubella 
(states) 

Hepatitis A 
(states) 

Pertussis 
(states) 

Polio 
(states) 

Measles 
(states) 

 

Mumps 
(states) 

Diphtheria 
(122 cities) 

Weeks 
Van Panhuis WG, et.al., NEJM 2013 Nov 28 
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EPI program success around the world 

Vaccine 

Preventable 

Disease 

Global 

cases 

 

 

(2011) 

Estimated 

Global 

Deaths 

 

(2004) 

Global 

Vaccine 

Coverage 

 

(2011) 

 

% Reduction 

from reported 

peak 

Diphtheria 4,880 5,000 84% 95.1% 

Neo Tetanus 4,214 163,000 84% 86.8% 

Pertussis 162,047 254,000 84% 91.8% 

Polio 223$ <1000 84% 99.8% 

Hepatitis B 600,000 75% NA 

Measles 354,820 *164,000 84% 80.5% 

http://www.who.int/immunization_monitoring/diseases/en/  

Prepared by E. Asturias 

2008, § >90% coverage 
$ 2012  





Immunization Schedules in the United 

States and Great Britain -1967-68  

Karzon, DT. Postgrad Med J 45; 147: 1969  



United States Immunization Schedule 2001 



US Child Immunization Schedule 2014 



U.S.A Immunization Schedule Model 

• Published at least annually since 1995 

• Child and adolescent schedules published by 

AAP, AAFP, and CDC in January or February of 

each year 

• Schedules for children 0 through 6 years and 7-

18 years separated in 2007 

• Schedule reflects decisions made at ACIP (Public 

forum for discussion of vaccines) 



1961 – 1st Schedule Published by WHO 
(Report of the technical discussions at the Thirteenth WHA) 

Courtesy of P. Duclos, WHO 



Expanded Program of Immunization 

Founded by 

WHA27.57 

• DTP3 @ 5% 

• No schedule 

• Program and 

personnel support 

 

1974 1980 1984 

• DTP3 @ 20% 

• Primary health 

care based 

 

• DTP3 @ 41% 

• >20 schedules 

• Revision of 

evidence 

needed 



GMC responses to diphtheria and tetanus 

in children receiving  3 doses of DTwP-IPV 

by interval 

Modified from 

Brown GC et al AJPH 1964;79 (7):585 

3 

4 

5 

4 

5 

6 

5 

6 

7 

3 

5 

7 

7 

8 

9 

5 

7 

9 

3 

4 

5 

4 

5 

6 

5 

6 

7 

3 

5 

7 

7 

8 

9 

5 

7 

9 Diphtheria Tetanus 



Tetanus Antitoxin Antibodies 7-13 years 

after Primary Immunization Without 

Booster Doses 

Primary  > 0.01 Au/mL 

2 doses:       65% 

3 doses:       91%  p = 0.006 

Source: Volk et al. Public health Rep 1962;77:185 

Anamnestic response to booster dose 

2 doses inadequate for long term protection 



Number of reported pertussis cases by 

age group in the United States in 2003 

Hopkins RS, Jajosky RA, Hall PA, et al2003. MMWR. 2005;52:55 



Antibodies to PT (LPF) antigen in 

unimmunized infants (ELISA units/mL) 

Van Savage J. J Infect Dis. 1990 Mar;161(3):487-92. 



Anti-LPF (PT) by Age for Infants Who Received 2, 

4, 6 m + Extra Dose of DTP at 3.5 Days of Age (°) 

P < 0.05 

Baraff et al Pediatrics 1984;73:37 

Response 4 vs. 3 doses Influence of high vs. low 

Cord blood anti-LPT 



Age-specific incidence of lab-confirmed 

pertussis for infants born 1996 & 2007 by 

pertussis doses before disease. Sweden 



Pertussis Cases and Incidence per 100 000 Person-Years 

in Unvaccinated Infants 0 to 2 Months of Age and 

Vaccinated Children by Age Group and Number of Doses 

Gustafsson et al. Pediatrics 2006 

Age 

Doses 0       1-2      2-3     After 3     

Need for 

Booster at 

Age 5-6 y 



Seroconversion rates by age in developing 

countries after measles immunization 

Country Seroconversion (%) by age in months Reference 

5 6 7 8 9 10 11 12 

Haiti 45 71 77 84 94 95 100 Halsey 1985 

Ivory Coast 84 95 Breman 1975 

Kenya 60 90 67 100 93 100 MoH 1977 

Kenya <50 40 93 90 93 94 100 100 EPI 1979 

Latin 

America 
58 69 82 85 92 89 92 PAHO 1982 

Nigeria 64 89 Ruben 1973 

Rhodesia 71 94 Burrowes 1976 

South Africa 23 45 57 *86 71 *86 *80 Dick 1975 

* Less than 10 children studied 

Adapted from Halsey NA. Pan Am Health Org 1983; 4-13. 



Early waning of maternal measles antibodies in 

era of measles elimination in Flanders, Belgium 

Leuridan E et al. BMJ 2010;340 



Responses  to 2 schedules of measles vaccine of infants 

from mothers with natural vs. vaccine induced immunity 
H.F Pabst.  Vaccine 1999; 17:182 
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Countries given 1 vs. 2 doses of MCV in their 

routine immunization schedules (2010) 

Venezuela 

2000-2001 

2416 cases 

Africa Outbreaks 

2012 

Congo        1,650 

Ethiopia      3,552 

Kenya         2,452 

Zambia     13,150 

Europe Outbreaks 

2012 

England     2,016 

France     15,514 

Italy            5,178 

MCV1 & MCV2, no SIAs (40 member states or 21%) 

MCV1 & regular SIAs (59 member states or 31%) 

MCV1, MCV2 & regular SIAs (57 member states or 28%) 

Single dose (1 member state or 1%) 

MCV1, MCV2 & one-time catch-up (36 member states or 19%) 



Global routine immunization coverage with 

3 doses DTP and unimmunized surviving 

infants by year 

Brown DW.  Open ID Journal. 2011 (5) 115 



Countries with DTP based vaccines 

recommended at 6, 10 and 14 weeks 

DTP recommended at 6, 10 and 14 weeks 
Source: WHO IVB database, October 2005 

Courtesy F. Cutts 

2, 4 ,6 

3,5, 12 

2,3,4 + 12 



Age distributions for administration of EPI 

vaccines in children aged 18–35·9 months 
Clark and Sanderson. Lancet 2009; 373: 1543 

2.5     4.5        8 m 



Diphtheria and tetanus anti-toxin concentrations in 129 

children by 4 year of age from London after different 

schedules 
GMC for Diphtheria 

Ramsay ME et al. BMJ (302) 1991 



 

• Maternal antibodies interfere 

with response in early and short 

interval schedule at 6, 10,14 wk 

• 2, 4 and 6 month schedule 

preferable 



Seroconversion to IPV vaccine to different 

doses and schedules in the Americas 2007 

Cuba Guatemala 

2, 4, 6 months 

Cuba IPV Study Group N Engl J Med. 2007;356:1536-44. 

Asturias EJ. J Infect Dis. 2007;196 (5):692-698 



Anti-Hib PRP-T responses (> 1.0 μg/mL) in Finish 

infants to different vaccination schedules 

Age in months 
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Kurikka. J Pediatr.1996 Apr;128(4):524-30 



57% 

1% 

15% 

1% 

26% 

Percent of children by schedule globally 

3+0

2+1

3+1

2+0

None



Duration of serologic responses to Hib (anti-PRP > 

mcg/mL in different countries with different schedules 

Courtesy of Haijeh & Fine. SAGE 2012 



Incidence of Hib disease in the UK 

http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/HaemophilusInfluenzaeTypeB/ 



2 Dose Primary Pneumococcal Conjugate 

Vaccine Schedules 

• Immunogenicity:  

• UK: 2 doses at 2 & 4 mos = 2, 3, and 4 mos 

• US: 94%-100% > 0.15 mcg  

 

• Efficacy of 7 valent: 
• U.S. CDC:    94% (95% CI = 84-98%)  

• NC Kaiser (1 or 2 doses):  86% (95% CI = 0-100%) 

• Canada (>1 dose):  92% (95% CI = 83-96%)   

• Norway (3, 5, 12 mo): 0.05 (IRR 95%CI=0.02-0.14) 

CDC MMWR. 2004; 53:177-178 

Black S, et al. PIDJ 2000;19:187 

Deceuninck. 2010; 29 (6):1 

Vestrheim et al. Vaccine 2010;28:2214 



Responses to 2 +1 

vs. 3 + 1 doses of 

10v PHiD-CV 

vaccine in Sweden 

and Slovakia 2008-

2009. 

 

 

 
Silfverdal SA. Pediatr Infect 

Dis J. 2011, 30. 



Response to the PCV13 group after dose 2 

and PCV13/PCV7 after the toddler dose 

Esposito S. Clin Vaccine Immunol. 2010; 17(6): 1017–1026 

 



Current issues with immunization 

schedules 
• Special populations 

• Optimization after introduction and 

post-marketing evidence 

• Safety concerns 

• Goal oriented approach vs. rule of law 

40 



Special considerations for conjugate 

vaccine schedules (Hib & PCVs) 

von Gottberg A (GERM-SA) Vaccine. 2012;30(3):565-71 

Ladhani S. Clin Microbiol Infect. 2010;16(7):948-54 

South Africa 

Hib<5 years from 0.7 to 

1.3/100,000 (2003 to 2009).  

51% “vaccine failures” 

HIV (+) in 34% 

Underlying condition UK 

n=220 

Other 

n=38 

Prematurity (<37wk) 6 18 

Malignancy 4 4 

Congenital 5 5 

Other 3 8 

Total 16 32 

Risk Factors for Hib vaccine 

Failure in 12 EU countries 

 (IBIS-EU) 



Trend of Hepatitis A incidence rates and cases 

of hepatic failure due to HAV in Argentina pre 

and post 1 dose HAV program 

Modified from 

Vizzotti C. Ministry of Health Report to SAGE 

Republic of Argentina 

• 95-99% effective 

• HA IgG >10 mU/mL in 93% (4-5y) 

• Herd protection 

 



Estimates of Rotavirus Deaths Averted versus 

Excess IS deaths (Patel et. al. GACVS report) 

Rotavirus Deaths 

Averted 

 

Intussusception 

Deaths 

 

15 week age 

restriction  

 

-150,500  

(63,500 to 197,000) 

221  

(146 to 328)* 

No age 

restriction 

 

-200,000  

(98,500 to 264,000) 

499  

(329 to 741)* 

* Range based on lower and upper limits of  risk, respectively 

No age 

restriction 

(vs. age 

restriction) 

49,500 additional 

rotavirus deaths 

averted 

278 additional IS 

events caused 





Parent´s concerns HIC 

• Crowding of schedule 

• Immune “overload” 

• Best age for immunity 

Parent´s preference for IPV 

vs. OPV Guatemala (n= 270) 

Asturias EJ, unpublished. 2009 

64%       72%      38%    IPV preference 



Postvaccination seizures among 12- to 23-month-

olds according to vaccine received: VSD study 

population, 2000–2008. 

Klein N P et al. Pediatrics 2010;126:e1-e8 

4-6 year olds (2nd MMR) 



Risk of febrile seizures in children following trivalent 

inactivated influenza vaccine in the Vaccine Safety 

Datalink Project, 2010–2011 

Alison  Tse et al Vaccine, Volume 30, Issue 11, 2012, 2024 - 2031 



Are alternatives available to the 

current immunization schedule? 

• Community of parents 

• Alternative vaccinators and anti-

vaccine movement 

• Community of health providers 

•  e.g. Dr. Bob Sears 

• ACIP and scientific community defined 

48 





Rates of consistent users of alternate schedules 

according to birth month, 2003-2009, Oregon, USA 

Robison S G et al. Pediatrics 2012;130:32-38 

©2012 by American Academy of Pediatrics 

Variable Consistent 

shot limiters 

Non-limiters 

Number shots per visit 1.5 3.2 

Number of visits < 9 m 4.2 3.2 

Completion HepB @ 9 m 28% 92.1% 



US recommended Catch-Up schedule 2014 



From Tradition to Best Practice 

• Need primary series consistent with practice 

Ages for best immunological fit 

Ages for best protection according to epidemiology 

• 2 doses in the first year probably sufficient 

• Boosters > 12 months are crucial for novel 

vaccines and long term protection 

• Schedules will need to address safety and 

crowding to ensure future confidence 



Thank you! 

Lake Atitlan - Guatemala 


