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Benefits of Vaccines

• Health

• Education

• Economics

• Equity

• Health Systems

• Global Healthy 
Security

https://immunizationevidence.org

http://immunizationevidence.org
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Health Benefits
Growth, Development, & Nutrition
• Vaccinations positively predicted children’s height, weight, and haemoglobin level in India 

(Bhargava et al. 2011; Anekwe & Kumar 2012)
• Immunization was protective against stunting in Kenya (Gewa & Yandell 2011) 
• Vaccination associated with better child growth in Indonesia (Paknawin-Mock et al. 2000)
• Maternal immunization reduced likelihoods of prematurity and small-for-gestational-age 

births in US (Omer et al. 2011)
Long-term Disability
• Significant sequelae due to bacterial meningitis in Africa (Ramakrishnan et al. 2009)

Herd Effects
• Herd immunity from Rotavirus vaccine estimated in Australia, Belgium, Brazil, El Salvador, 

Mexico, Nicaragua, Panama, Rwanda, United States(Pollard 2015; Patel 2012; Ngabo 2016)
• Herd effect of pneumococcal conjugate vaccine estimated in US (Ray et al. 2006)

Evidence Gaps

How does 
maternal 
immunization 
benefit 
neonatal 
health?

What is the 
value of 
vaccination 
derived from 
herd effects?
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Health Benefits
Demographic Transition
• Immunization associated with reduced child mortality in India (Kumar 2009)
• By reducing child mortality, immunization may reduce birth rates, family size 

(Barnighausen et al. 2008)

Indirect Health Benefits
• Non-specific effect of measles vaccination on overall child mortality in India (Kabir

et al. 2003)
• High coverage of HepB, Polio and Hib vaccines were protective against acute 

lymphoblastic leukemia in US (Pagaoa et al. 2011)

Maternal Health
• Maternal immunization improves maternal and child health (Steedman et al. 2016)

Evidence 
Gaps

What is the 
value of 
vaccination in 
triggering a 
fertility 
decline?

What is the 
anticipated 
value of 
prospective 
vaccines?
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Education Benefits
Cognition
• Childhood vaccination correlates with increased cognitive test scores in the Philippines (Bloom 

et al. 2010)
• Early childhood diarrhea associated with cognitive function in Brazil (Niehaus et al. 2002)
• Pneumococcal meningitis frequently correlates with cognitive impairment (Goetghebuer 2000; 

Ramakrishnan 2009)
• Pneumococcal otitis media associated with lower scores on cognitive ability, speech, language, 

and school performance in United States (Teele et al. 1990)

Educational Attainment
• Measles vaccination associated with increased educational attainment in South Africa 

(Tobenna et al. 2015; Anekwe et al. 2015)
• Maternal tetanus immunization associated with increased educational attainment among 

children in Bangladesh (Canning et al. 2011)
• Diarrhea associated with poor school performance in Brazil (Lorntz et al. 2006)

Evidence 
Gaps

What is the 
value of 
vaccination in 
promoting 
cognitive 
development, 
school 
attendance, 
& educational 
attainment?
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Economic Benefits
Cost-Effectiveness
• Vaccines are an efficient, cost-effective investment    

(Ozawa et al. 2012 [LMICs]; Boujaoude et al. 2018 
[Rotavirus]; Ng et al. 2018 [HPV]; Pasquini-Descomps
2017 [H1N1]; Saokaew et al. 2016 [Pneumococcal]; Szucs
& Pfeil 2013 [Zoster]; Thompson & Odahowski 2014 
[MR])

Cost of Treating Illness
• Vaccines can avert significant costs of preventable illness 

globally (Ozawa et al. 2017; Stack et al. 2011; Ozawa et al. 
2011)

• Economic burden of vaccine-preventable diseases in 
United States (Ozawa et al. 2016; McLaughlin et al. 2015)

Estimated burden of $9 billion ($4.7–$15.2 
billion) for 2015, from VPDs related to 10 vaccines 

recommended for US adults
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Economic Benefits
Poverty
• Vaccine-preventable diseases can cause borrowing and loss of assets (Alamgir et al. 2010 

[pneumonia]; Van Damme et al. 2004 [dengue]; Hendrix et al. 2017 [diarrhea])
• Vaccines can prevent millions of cases of medical impoverishment in 41 LMICs (Chang et al. 

2018; Verguet et al. 2016)
• Immunization can offset the impact of poverty on child survival (Bawah et al. 2009)

Outbreak Costs
• Economic impact of epidemics (Suarez & Bradford 1993 [cholera]; Kirigia et al. 2009 [cholera]; 

Smith et al. 2009 [pandemic flu])

Return on Investment
• ROI $16-44 for every $1 invested in childhood vaccination (Ozawa et al. 2016)
• ROI €4 for every €1 spent to vaccinate healthcare workers against pertussis in the 

Netherlands (Tariq et al. 2015)
• 21% rate of return for childhood vaccination in the Philippines (Bloom et al. 2005)

Evidence 
Gaps

What is the 
value of 
vaccination in 
promoting 
labor force 
participation, 
hours worked
& earnings?

What are the 
costs and 
benefits of 
reaching 
hard-to-reach 
populations?
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Equity Benefits
Gender Inequity
• Girls benefited from greater reductions in child mortality from measles vaccination 

(Koenig et al. 2001)

Wealth Inequity
• Vaccination has greatest benefit amongst the poor (Chang et al. 2018; Bawah et al. 

2010; Johannsen et al. 2015 [pneumococcal]; Rheingans et al. 2012 [rotavirus]; 
Bishai et al. 2003 [measles])

• Immunization was the most equitably distributed child health service across wealth 
quintiles in 54 countries (Boerma et al. 2008)

Health Inequity
• Vaccines are critical for immunocompromised children (Shigayeva et al. 2016 

[pneumococcal]; Madhi et al. 2005 [pneumococcal]; Ramakrishnan et al. 2010 [Hib])

Evidence 
Gaps

What is the 
value of 
vaccination in 
reducing
social and 
economic 
inequities?
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Health systems benefits
Vaccines Alleviate Health Systems Pressure
• Vaccine introduction reduced hospital admissions (Burnett et al. 2017; Ngabo et al. 

2016)
Health Systems Strengthening
• Polio eradication efforts delivered other health benefits, strengthened health 

systems (Cochi et al. 2016)
• Polio and measles/rubella program infrastructures leveraged during pandemic 

H1N1, Ebola outbreaks (Andrus et al. 2016; Shuaib et al. 2014)
Synergies With Other Health Services
• Vaccinations in early infancy provides an opportunity for developmental screening 

(Olusanya 2009)
• Introduction of HPV vaccine in Rwanda provided additional health services to all 

school-children (Torres-Rueda et al. 2016)

Evidence 
Gaps

What is the 
value of 
vaccination in 
strengthening 
health 
systems?

What is the 
value of 
vaccination in 
improving 
access to 
health 
services?
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Global health security benefits
Health Security
• Global immunization controls emerging disease outbreaks and spread of 

disease across national borders (Andrus et al. 2010)

Antibiotic Resistance
• Vaccination reduced the rate of antibiotic and multi-drug resistant strains of 

pneumococcal disease in South Africa (Von Gottberg et al. 2014)
• Vaccines reduced antibiotic use in Israel and the United States (Fireman et 

al. 2003; Degan et al. 2001)

Evidence Gaps

What is the 
value of 
vaccination in 
controlling the 
development 
of 
antimicrobial 
resistance?
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Conclusions
• A large and growing literature demonstrates the 

significant and multiple types of health and 
economic benefits associated with vaccines

• Significant additional work remains to further 
characterize and communicate the value of vaccines

• Research demonstrating the benefits of vaccines can 
be a powerful tool to influence policies



Thank You!

Sachiko Ozawa, MHS, PhD
University of North Carolina at Chapel Hill

ozawa@unc.edu

Ozawa et al. Vaccines Work Infographic (2012). 
https://www.trendhunter.com/trends/vaccines-work-infographic

mailto:ozawa@unc.edu
https://www.trendhunter.com/trends/vaccines-work-infographic


The Role of Vaccines in the 
Prevention of Antimicrobial 

Resistance

Kent E. Kester, M.D.
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Antimicrobial Resistance (AMR): A Global 
Healthcare Emergency

• Resistance to antibiotics
– Resistant bacteria/fungi account for >2 million infections and >23,000 deaths/year in the United States 

(CDC 2013)
– A predictable biologic process (example of Staph. aureus—originally sensitive to penicillin and now 

commonly resistant to β-lactam antibiotics)
– Some bacteria are intrinsically resistant to many antibiotics (e.g., Acinetobacter); use of broad-spectrum 

antibiotics (in ICUs) selects for these bacteria contributing to healthcare-associated infections
– Continued emerging resistance by Klebsiella, E. coli, Pseudomonas, and N. gonorrhoeae

• Highlighted by limited pipeline of novel antibiotics
– AMR crisis often simplistically reduced to a lack of antibiotics
– Key factors: Cost of new antibiotic development, risk of inducing resistance, challenging clinical trial 

requirements, label indications (organism vs. syndrome), antibiotic stewardship, market, etc.
– Pew Antibiotic Pipeline Study: http://www.pewtrusts.org/en/research-and-analysis/issue-

briefs/2014/03/12/tracking-the-pipeline-of-antibiotics-in-development

http://www.pewtrusts.org/en/research-and-analysis/issue-briefs/2014/03/12/tracking-the-pipeline-of-antibiotics-in-development


CDC 2018



AMR Priority Pathogen Lists
CDC Priority Pathogens

• Urgent Threats
– C. difficile
– Carbapenem-resistant enterobacteriaceae (CRE)
– N. gonorrhoeae

• Serious Threats
– A. baumanii
– Resistant camplyobacter
– Fluconazole-resistant Candida
– Extended spectrum β- lactamase (ESBL) GNRs
– Vancomycin-resistant enterococcus (VRE)
– Resistant typhoidal/non-typhoidal salmonellae
– Resistant Shigella
– MRSA
– Resistant penumococcus
– Resistant TB (MDR TB/XDR TB)

• Concerning Threats
– Vancomycin-resistant Staph. Aureus
– Erythromycin-resistant Group A streptococci
– Clindamycin-resistant Group B streptococci

WHO Priority Pathogens



Rappuoli, et al. Nature 2017;552:165-167



What role can vaccines play to 
reduce/prevent AMR?

• Direct effect
– Vaccines that specifically target pathogens associated with AMR (e.g., MRSA, 

Pseudomonas, Klebsiella, etc.)
– Challenge: Very specific targets gives limited                                                         

market

• Indirect effects
– Prevention of bacterial/viral diseases that                                                        

cause clinical syndromes for which antibiotics 
are frequently prescribed (e.g., influenza, 
pneumococcus, Haemophilus, etc.)

Rappuoli, et al. Nature 2017;552:165-167



DHHS PACCARB: Vaccines as a key element 
in the response against AMR

2017 top recommendations for incentivizing the 
development of vaccines against AMR:

– Additional funding for vaccines that prevent 
viral/bacterial infections that drive antibiotic use

– Optimize regulatory interactions (FDA, CDC/ACIP, etc.)
– Incentivize vaccine update (e.g., education, 

reimbursement strategies, etc.)

Other recommendations:
– Analysis of cost/societal impacts associated with new 

vaccine development (generate value evidence)
– Enhanced surveillance to measure antibiotic use for 

vaccine-preventable diseases (generate value evidence)
– Financial incentives to encourage development of 

vaccine directed against pathogens with high rates of 
AMR (R&D)



European Responses
• Reduction of antibiotic use by preventing 

bacterial infections
– Increased use of conjugate pneumococcal vaccines

• Reducing antibiotic misuse by preventing viral 
diseases

• Prevention of spread of AMR pathogens by 
vaccination (e.g., pertussis and Hib vaccines)

• Improved AMR surveillance
• Enhanced funding for early research in 

epidemiology and immunology of AMR 
pathogens and healthcare-associated infections



Mathematical Modeling to Assess Impact 
of Vaccines on Antibiotic Resistance

• Limited published data (Atkins KE, et al. Lancet Infect Dis 2018: e204-e213)
• Focus on S. pneumoniae and S. aureus
• Significant gaps in models

– No consideration of reduction in co-infections (e.g., post-influenza bacterial pneumonia)
– Limited international data (different societal healthcare factors)
– Need to assess more pathogens in the context of existing or potential vaccines
– No incorporation of economic outcomes

• This can be an important element in generating value evidence for vaccines 
and their role in preventing AMR



Other Initiatives
• CARB-X: BARDA/International partnership

– Focus on development of antibiotics and vaccines for AMR
• Chatham House: Value of Vaccines in the Avoidance of AMR

– Generation of value evidence
• BMGF: Childhood pneumonia prevention

– Generation of value evidence; advocacy and communication
• Wellcome Trust: Evaluation of likelihood of 

development/deployment of vaccines on the WHO AMR list
– Generation of value evidence

• WHO/UN Interagency Coordination Group: WHO AMR Global 
Action Plan
– Communication and advocacy



Vaccines for AMR: What is Needed?
• Economics: Modeling the healthcare costs associated with AMR

– How these costs would be reduced as a result of vaccine development and use

• Awareness: Better recognition that vaccines, along with the development 
of new antibiotics and antibiotic stewardship, are a key element in the 
fight against AMR

– Data that shows the impact of existing vaccines on AMR (direct and indirect impacts)
– Modeling of health/economic benefits of enhanced investment in vaccines with 

communication to policy-makers

• Research & Development
– Challenging business case for AMR vaccines
– Priority pathogens: Assess the ability to induce broader immune responses
– Regulatory: How best to include impact on AMR in clinical development/clinical trial 

design?



Summary
• There is a clear role for vaccines in the fight against AMR 

pathogens
• R&D Challenges: Investment, markets, impact data, 

regulatory, etc.
• Policy Challenges: Better utilization of existing vaccines, 

regulatory, direct/indirect impact on AMR, etc.
• Evolving convergence around many of these aspects

– R&D efforts for novel vaccines are essential
– Data generation and communication/advocacy for the role of vaccines 

in AMR is equally important



Dr. Kimberly M. Thompson 
NVAC Meeting, September 12, 2018

Kid Risk, Inc.
www.kidrisk.org

http://www.kidrisk.org
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 Complexities associated with modeling polio vaccine 
benefits

 Control vs. eradication
 Economic benefit estimates
 US investments in polio control and elimination
 Global Polio Eradication Initiative

 Building economic cases for vaccination
 Completion of polio eradication
 Other vaccine-preventable diseases

© 2003 Brad Veley. All rights reserved.



 Positive stranded RNA virus 
 Three serotypes (1, 2, 3)
 Live polioviruses (PV)
 Wild (WPV)
 Oral (OPV) vaccine (attenuated)
 Vaccine-derived (VDPV), OPV-related

 Inactivated (IPV) vaccine
 Paralytic polio 
 Vaccine associated paralytic polio (VAPP) from OPV: 

approximately 1/1,000,000 infections
 WPV: approximately 1/200 infections
 Individuals with B-cell related immunodeficiencies at 

particular risk for prolonged infection (iVDPV)
 Complex immunity (reinfection)



 Economic literature demonstrates “high control” is not optimal if 
eradication is feasible  
Geoffard P-Y, Philipson T. Disease eradication private versus public vaccination. American Economic Review 1997;87(1):222-230
Barrett S. Eradication versus control: the economics of global infectious disease policies. Bulletin of the World Health Organization 2004;82(9):683-688

 Polio-specific, static economic analyses
Musgrove P. Is polio eradication in the Americas economically justified? Bulletin of the Pan American Health Organization 1988;22(1):1–16.
Bart K, Foulds J, Patriarca P. Global eradication of poliomyelitis: benefit-cost analysis. Bulletin of the World Health Organization 1996;74:35–45.
Kahn MM, Ehreth J. Costs and benefits of polio eradication: a long-run global perspective. Vaccine 2003;21:702–50



1928: Construction of iron lung

1931: Discovery of existence of 
multiple poliovirus strains

1952: More than 21,000 paralytic 
cases

1954: Field trial with IPV (Salk)

1963: Licensure of trivalent OPV

1961: Licensure of monovalent OPV

1979: Last indigenous wild polio 
case

1988: WHA resolution to globally 
eradicate wild polio

1994: Western Hemisphere certified 
wild-polio-free

0

5,000

10,000

15,000

20,000

25,000

30,000

R
ep

or
te

d 
nu

m
be

r o
f p

ar
al

yt
ic

 c
as

es

Vaccine-associated
Wild-type

1955: introduction of IPV (Salk)

1961-'63: introduction monovalent and then trivalent OPV

1997-'00: 
transition to eIPV

  
  

  

   
  
   
  

  R i l d l b l 

     
 

   
  

 

Vaccination policy 
in the Unites 

1921

20

40

60

80

988
762
396

 20011991198119711961195119411931

Thompson KM, Duintjer Tebbens RJ. 
Retrospective cost-effectiveness analyses for 
polio vaccination in the United States. Risk 
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 Retrospective and 
prospective analysis of 
US investments in polio 
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Reported Dynamic model

control and elimination 
prevented over 1 million
cases of paralytic polio,
with saved treatment 
costs implying net 
economic benefits 
exceeding $180 billion
Thompson KM, Duintjer Tebbens RJ. Retrospective cost-
effectiveness analyses for polio vaccination in the United States. Risk 
Analysis 2006;26(6):1423-1440



 Polio transmission in the US stopped in the mid-1970s
 The last polio case in the Americans (western 

hemisphere) occurred in 1991
 1988 World Health Assembly resolved to eradicate wild 

polioviruses by the year 2000
 Global Polio Eradication Initiative (GPEI) launched
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Polio (worldwide)

1991: Last case in 
American Region

2001: Funding gap, 
suspension of activities 
in Northern Nigeria

1988: WHA resolution for 
global polio eradication

1997: Last case in 
Western Pacific Region

1998: Last case in 
European Region
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other public health 
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 Post-eradication immunization policies and eradication vs. control
Thompson KM, Duintjer Tebbens RJ. Eradication versus control for poliomyelitis: An economic analysis. The Lancet 2007;369(9570):1363-1371
Thompson KM, et al. The risks, costs, and benefits of future global policies for managing polioviruses. AJPH 2008;98(7):1322-1330

 Analysis of cumulative costs and cases for a 20-year period for low-income countries 
showed eradication options better than control

 Exploration of dynamic feedback in behavior showed higher cumulative costs and cases 
associated with a wavering commitment to eradication than with a strategy of intensively 
pursuing eradication until done

 India model showed the need to significantly intensify efforts                                                      
to achieve eradication rapidly and emphasized that India                                                     
could stop WPV transmission if it chose to do so
▪ Success in India in 2011 followed intensive efforts to find every child                                                      

and fill gaps in population immunity
▪ Polio eradication efforts helped energize other immunization activities                                                      

in India 



 Retrospective and prospective analysis of GPEI benefits
Duintjer Tebbens RJ, Pallansch MA, Cochi SL, Wassilak SG, Linkins J, Sutter RW, et al. Economic analysis of the Global Polio Eradication Initiative. Vaccine 2011 December 16;29(2):334-43

 Analysis performed in 2011, assumed eradication of WPVs by 2012, considered the use of either IPV or no poliovirus 
vaccine after WPV eradication compared to on-going routine immunization with OPV

 Estimated net benefits of approximately $40-50 billion for GPEI polio benefits alone, $17-90 billion more if include 
Vitamin A benefits



 Prospective economic analysis published in 2015 to explore 
strategies related to GPEI 2013-2018 strategic plan
Duintjer Tebbens et al. An economic analysis of poliovirus risk management policy options for 2013-2052. BMC Infect Dis 2015;15:389

 Sophisticated global model that captures variability, uncertainty, and time
 Assumed eradication of WPV1 would occur in 2016, considered minimum routine 

immunization policy of either one dose of IPV or no poliovirus vaccine after WPV 
eradication compared to continued OPV use

 Finishing WPV eradication followed by OPV cessation and global IPV use promises an 
estimated approximately $16-17 billion in incremental net benefits for OPV cessation 
compared to continuing OPV use

 Outcomes depend on making good choices to manage risks for the endgame (high quality 
surveillance and outbreak response, access to vaccine stockpiles, maintaining immunity 
prior to OPV cessation, etc.)



 Need an updated polio eradication and endgame plan for 2019 on
 Unfortunately, polio eradication still not completed
 Each year of delay adds high costs and extends the polio endgame
 Endgame resources (funds and vaccines) remain an issue
 Need an updated economic analysis to support plan

 Overall economics of polio eradication still uncertain
 Need to update GPEI economic analysis (from 2011) once polio eradication finished
 Global introduction of IPV significantly increased GPEI costs

 Other vaccine-preventable diseases
 Integrated economic and dynamic disease modeling also applicable to other vaccines
 Characterizing the benefits of vaccines and valuing prevention 



For more details:
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