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General aspects of vaccination

 Vaccination has a short history 
when measured against the 
centuries during which man has 
sought desperately to rid himself of 
various plagues and pestilences

 Only in the 20th century.: Routine 
vaccination of large populations 
started

 Despite its relative youth, since the 
time of Edward Jenner vaccination 
has controlled 12 major diseases 

Susan L. Plotkin and Stanley A. Plotkin in Plotkin: Vaccines, 5th ed.,  Saunders 2008

Edward Jenner 

Louis Pasteur 



Vaccination has controlled 12 major infectious diseases 

 At least in parts of the world:

 1. Smallpox

 2. Diphtheria

 3. Tetanus

 4. Yellow fever

 5. Pertussis

 6. Haemophilus influenzae type b disease

 7. Poliomyelitis

 8. Measles

 9. Mumps

 10. Rubella

 11. Typhoid 

 12. Rabies

 In the case of smallpox, the dream of eradication has been 
fulfilled 

 Cases of poliomyelitis have been reduced by 99%

Susan L. Plotkin and Stanley A. Plotkin in: Plotkin: Vaccines, 5th ed.,  Saunders 2008

A typical case of variola major about 7 

days after the onset of rash. (From 

the World Health Organization 

Smallpox Recognition Card )



Historical perspective of surveillance (I)

 Surveillance is the collection, collation and analysis of data

and the dissemination to those who need to know

 William Farr was one of the founders of the modern

concept of epidemiology and health statistics (1837)

 Development of highly relevant health indicators such as global

and specific mortality rates (e.g. children under five mortality rate)

 ―importance of case definition to start with‖

 ‗Nomenclature is of as much importance in this department of

inquiry as weights and measures in the physical sciences and

should be settled without delay‘.

Walker et al. Interpreting health statistics for policymaking: the story behind the headlines. Lancet 2007;369(9565):956-

63. Langmuir AD. William Farr: founder of modern concepts of surveillance. Int J Epidemiol 1976;5(1):13-8. Raska K. 

Epidemiologic surveillance in the control of infectious disease. Rev Infect Dis 1983;5:1112-7.



Historical perspective of surveillance (II)

 In 1951, WHO issued the International Sanitary Regulations, requiring

immediate notification of outbreaks of cholera, yellow fever and plague

 National and international surveillance of communicable diseases was

supported by WHO since the 1960s

 Successful international surveillance is smallpox eradication achieved in

1979

 CDC established surveillances of specific diseases, with a centralized

data collection, evaluation and dissemination across the U.S. states, in

order to improve control of the disease

 In 2005, ECDC was established aimed to strengthen Europe's defenses

against infectious diseases.

 Mission: ―to identify, assess and communicate current and emerging threats

to human health posed by infectious diseases ―

Raska K. Epidemiologic surveillance in the control of infectious disease. Rev Infect Dis 1983;5:1112-7. Henderson DA. The 

eradication of smallpox. Sci Am 1976;235(4):25-33. Krause G. From evaluation to continuous quality assurance of surveillance 

systems. Euro Surveill 2006;11(11):204-5. www.cdc.gov. www.ecdc.eu.int  
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Global online surveillance: H1N1

http://flutracker.rhizalabs.com/flu/by_country.html accessed September 2009

http://flutracker2.rhizalabs.com/cbi/snapshot/page?concept=~fd000a02514fd3b510e41f48ff64800d2527fc1519f054d252db
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Leading Vaccine-preventable Cause of Child Death 
Worldwide (Children <5 Years)
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Centers for Disease Control and Prevention.  Progress in introduction of pneumococcal conjugate vaccine –

Worldwide, 2000-2008.  MMWR.  2008;57(42):1148-1151.

South Africa 2008

Turkey 2009



Increasing scientific interest in pneumococcal surveillance

From the ISI Web of Knowledge, accessed September 2009 

Keywords: pneumococcal and Surveillance

PCV7 available



Increasing scientific interest in pneumococcal surveillance

From the ISI Web of Knowledge, accessed September 2009 

PCV7 available

The availability of a preventive vaccine has created an interest in 

disease surveillance  



From which countries does our current knowledge on pneumococcal 
surveillance come from?
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The wide range of CFRs in pneumococcal meningitis reported from 
Europe: reality or surveillance bias?  
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Isaacman DJ, McIntosh ED, Reinert RR Burden of invasive pneumococcal disease and serotype distribution among Streptococcus pneumoniae 
isolates in young children in Europe: impact of the 7-valent pneumococcal conjugate vaccine and considerations for future conjugate vaccines. 
Int J Infect Dis 2009. in press
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PCV7 introduction into national immunisation programmes (NIPs) in Europe

General recommendation, by region

Risk-based recommendation (RBR)

General recommendation

PCV7 available

PCV7 not available

Source: Reinert, R. R. International Journal Medical Microbiology 2004 & McIntosh et al. Epidemology and Infection 2005 & EUVAC.NET. 

Available at: http://www.euvac.net/graphics/euvac/vaccination/pcv7.html. Accessed June 20, 2009.



The First European Communicable Disease  Epidemiological Report

Reporting systems for invasive pneumococcal disease 

Based on The First European Communicable Disease  Epidemiological Report

Editors: Andrew Amato-Gauci and Andrea Ammon, Stockholm, 7 June 2007 

European Centre for Disease Prevention and Control, updated by R. R. Reinert; 11-2007

Compulsory

Voluntary

Obligatory

No data

Malta

Type of System



Reductions in the incidence of IPD in children < 2 
yrs in Germany

Rückinger et al. Vaccine 2009



Pneumococcal mortality rate 

O’Brien at al. Lancet 2009



A challenge for the vaccine producers:
Hyper-recombination, diversity, and antibiotic resistance in pneumococcus

 Pneumococcal strains show 
evidence of past 
recombination with other 
pneumococci and with 
related species

 “ non vaccine serotypes may 
derive an ecological 
advantage from the removal 
of their competitors “

 General tolerance for foreign 
DNA, suggesting a hyper-
recombinant state

Hanage WP, Fraser C, Tang J, Connor TR, Corander J. Hyper-recombination, diversity, and antibiotic resistance in 

pneumococcus. Science 2009;324(5933):1454-7.

PCV7 vaccine strains 

show an association to 

cluster 2 (OR 1.87)
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Fluctuations of Pneumococcal 7-valent Vaccine 
Serotypes Over Time



Invasive pneumococcal disease in children due to 
serotype 19A in EUROPE , 2006-7

No data

< 2 %

> 2 to 5%

>5 to 10%

>10 to 15%

>15 to 20%

> 20%

Rendi-Wagner et al. J Antimicrob Chemother 2004;53:826–31; Vergison et al. Pediatrics 2006;118:e801–9; Motlova et al. Epidemiol Infect 2009;137(4):562-9; Harboe et al. Vaccine 2008;26:3765–71; Hanage et al. Infect Immun 2005;73:431–5; Varon & Gutmann. Centre National de Réference des Pneumocoques (CNRP) 

Rapport d'activité 2007, epidemiology 2006. 2007; Van der Linden and RR Reinert. Effects of the National Immunization Program for Prevenar (PCV7) on IPD in children in Germany. (Personal communication) 2008; Zissis et al. Eur J Pediatr 2004;163:364–8; Meszner Z, Laszlo S. Prospective evaluation of the incidence of 

IPD (invasive pneumococcal disease), the serotypes and resistance of Streptococcus pneumoniae isolates in hospitalised Hungarian children <5y. Two years observational study. European Society for Paediatric Infectious Disease; Valencia, Spain; 2006; Pantosti et al Microb Drug Resist 2003;9(Suppl 1):S61–8; van der 

Ende A. Epidemiology of invasive pneumococcal disease i nthe Netherlands, June 1, 2004 to June 1, 2007. Report 2008. Dept of Medical Microbiology and the Netherlands Reference Laboratory for Bacterial Meningitis, Center for Infection and Immunity Amsterda, Academic Medical Center Amsterdam, the Netherlands; 

Vestrheim et al. Vaccine. 2008;26:3277; Grzesiowski et al. Infectious Diseases Society of America; San Diego, CA; 2007; Serrano et al. Clin Microbiol Infect 2004;10:652–6; Simurka P, Dluholucky S, Trupl J, Hupkova H. Invasive pneumococcal disease in children up to 5 years of age in Slovakia. Detsy Lekar 2005;2:19–23; 

Paragi et al. Vaccine 2003;21:4708–14; Barricarte et al. Clin Infect Dis 2007;44:1436–41; Kronenberg et al. J Clin Microbiol 2006;44:2032–8; Mühlemann K. Pneumokokkenerkrankungen 2006, Bundesamt fuer Gesundheit, Bulletin 49 07. 2007; Yalcin et al. Eur J Pediatr 2006;165:654–7; Sleeman KL et al. J Infect Dis 

2006;194:682–8, Pantosti et al. The future of pneumococcal vaccination Florence 23th April. 



CRM = Diphtheria CRM197

PD = Haemophilus influenzae-derived protein D, nontypeable H. influenzae carrier for all serotypes except 18C (tetanus toxoid) and 

19F (diphtheria toxoid)

Post introduction surveillance can support the development of new vaccines 
adressing the changing epidemiology of pneumococcal disease 

CRMPCV71 4 9V 14 18C6B 19F 23F 1 5 7F 3 6A

19APD, TT

DT
PCV102 4 9V 14 18C6B 19F 23F 1 5 7F 3 6A

CRMPCV133* 4 9V 14 18C6B 19F 23F 1 5 7F 3 6A

19A

19A

1. Prevenar. Summary of Product Characteristics. 

2. Health Canada. Available at: http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/phase1-decision/drug-med/nd_ad_2009_synflorix_119056-eng.php. 

Accessed April 19, 2009. 

3. Scott DA, et al. Vaccine. 2007;25:6164-6166.

*Investigational vaccine, positive opinion by CHMP Sept 25th 2009
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Progress in Global Measles Control and Mortality 
Reduction, 2000-2007

 Despite the availability of a safe and effective vaccine since 1963, 
measles has been a major killer of children in developing countries 

 At the World Health Assembly in 2008, all World Health Organization 
(WHO) member states reaffirmed their commitment to achieving a 90% 
reduction in measles mortality by 2010 

 This WHO-UNICEF comprehensive strategy for measles mortality 
reduction focuses on 47 priority countries

 The strategy's components include

 Achieving and maintaining high coverage (>90%) 

 Ensuring that all children receive a second opportunity for measles 
immunization 

 Implementing effective laboratory-supported disease surveillance

 Appropriate clinical management for measles cases. 

Source: Progress in Global Measles Control and Mortality Reduction, 2000—2007, MMWR 57 2008 



Progress in Global Measles Control and Mortality 
Reduction, 2000-2007

Source: WHO and  Progress in Global Measles Control and Mortality Reduction, 2000—2007, MMWR 57 2008 
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Progress in global measles control and mortality 
reduction, 2000-2007

WHO region

% coverage with 1st dose of 

measles vaccine

Decrease in measles deaths 

2000-07

Proportion of 

estimated global 

decrease attributable 

to region/priority 

countries (%)2000 2007 No. %

Africa 56 74 350,000 89 63

America 92 93 -

Eastern 

Mediterranean
73 84 86,000 90 16

Europe 91 94 -

South-East Asia 61 73 99,000 42 18

Western Pacific 86 92 18,000 73 3

Total 72 82 553,000 74 100

47 priority 

countries
58 72 533,000 73 96

Source: MMWR 57, 2008



Southern Baveria, Germany

www.zugspitzland.de 



Ongoing measels outbreak in Southern Baveria, Germany

Source: Bernard et al. Eurosurveillance 2008

“A total of 92 cases (97%) were 

unvaccinated. Two cases (aged 23 

months and 16 years…) had 

received one documented dose of 

measles vaccine before exposure. 

No case had received two doses”



Vaccine refusal, mandatory immunization, and 
the risks of vaccine-preventable diseases

 Vaccine refusal not only increases the 

individual risk of disease but also increases 

the risk for the whole community

 Result of substantial gains in reducing 

vaccine-preventable diseases

Omer SB, Salmon DA, Orenstein WA, deHart MP, Halsey N. Vaccine refusal, mandatory immunization, and 

the risks of vaccine-preventable diseases. N Engl J Med 2009;360(19):1981-8.

 Memory of several infectious diseases has faded from the public 
consciousness 

 Risk–benefit calculus seems to have shifted in favor of the 
perceived risks of vaccination in some parents' minds

 Major reasons for vaccine refusal in the United States are

 Parental perceptions and concerns about vaccine safety 

 Low level of concern about the risk of many vaccine-preventable diseases



H. influenzae  serotype B

H. influenzae is responsible for 

significant morbidity and mortality 

worldwide, particularly in children 

under 5 years of age 

In the pre-vaccine era, 95% of serious 

disease was attributable to one 

serotype b (Hib)

World Health Organization : Haemophilus influenzae Type b (Hib): Fact Sheet. Online. December 2005. Available at: 

http://www.who.int/mediacentre/factsheets/fs294/en/  and Haemophilus influenzae Type b (Hib): Conclusions and Recommendations from 

the Immunization Strategic Advisory Group. Weekly Epidemiologic Record 2006; 81(1):1-12. 

Electron micrograph of 

Haemophilus influenzae
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Routine use of Hib conjugate vaccines has resulted in a 
remarkable decline in Hib disease 

Source: CDC MMWR 27, 1998
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Countries that have introduced Hib vaccine 
and infant Hib coverage, 2006

Morris et al. Haemophilus influenzae type b conjugate vaccine use and effectiveness. Lancet Infectious diseases 2008



From vaccine efficacy to effectiveness

Efficacy Effectiveness

Schumacher, M. GP Canada 2003 Bejing 2009
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Vaccine-type IPD cases prevented directly and indirectly, USA, 2003

Direct VT IPD cases prevented in 2003

 (1998-1999 average number of VT IPD 

cases in children aged < 5 years) X (2003 

PCV coverage with 3 doses [68.1%]) X 

(PCV7 effectiveness for VT IPD (93.9%)

Indirect VT IPD cases prevented in 

2003

 (1998-1999 average number of VT IPD 

cases of VT IPD cases across all age 

groups – 2003 number of VT IPD cases 

across all age groups) – (2003 direct VT 

IPD cases prevented)

MMWR Morb Mortal Wkly Rep 2005; 54: 893-897



Reduction of « all cause » childhood mortality by vaccination:
Clinical trial in The Gambia with PCV9
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Conclusions

 Despite its relative youth vaccination has controlled 
12 major communicable diseases

 The availability of solid surveillance data has 
accelerated the introduction of vaccines into 
National Immunization Programs

 But also vice versa: the availability of vaccines 
helps us to gain knowledge of infectious diseases

 Importance of surveillance for policy makers
Evidence-based recommendations

 Disease surveillance & Vaccines: a productive 
marriage


