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Vaccination: the key disease prevention tool

Artificial induction of 
population/herd immunity has a 
sound theoretical base and an 
outstanding history of success when 
safe and efficacious vaccines are 
effectively delivered
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You let a doctor take a dainty, helpless 
baby, and put that stuff from a cow, 
which has been scratched and had dirt 
rubbed into her wound, into that child. 
Even, the Jennerians now admit that 
infant vaccination spreads disease among 
children. More mites die from 
vaccination than from the disease they 
are supposed to be inoculated against

George Bernard Shaw, 1929



Direct effect of immunity induced by vaccination on the 
reproductive number (R0) of infectious organisms in populations 

A fraction of the population is removed from the susceptible to 
the immune class, diminishing the number of susceptibles and 
therefore the effective reproductive capacity of the organism

i.e. from R = R0x  (x = population susceptible)
to R = R0 (1- p)  (p = population               

successfully immunised) 

For eradication, pc = 1 – (1/ R0 )
(pc = critical proportion to be immunised)



Vaccinology; the broader perspective
• Discovery

• Pathogenesis
• Antigen identification and evaluation
• Immune responses
• Vector and adjuvant selection

• Evaluation 
• Control studies
• Clinical trials
• Field testing

• Delivery
• Host population characteristics
• Disease epidemiology; reproductive number
• Vaccine qualities
• Partners, incentives, strategies

• Impact
• Justification for investment; the big number
• Returns from disease impact reductions



The themes of this meeting

•Epidemiology and economics
•Novel tools and technologies
•Protective immunity
•Immunogen design



Some contributions of epidemiology and economics 

1. Priority setting: which 
diseases come first? 

2. Interventions: in controlling 
or eradicating a given disease, 
what are the merits of 
different strategy and policy 
options? 

3. Disease control 
implementation: how can the 
optimal delivery and adoption 
of selected interventions be 
best achieved?  



Recommendations from the Veterinary Vaccinology Network 
on Strategic Goals for Veterinary Vaccines

• An analysis of the potential financial return on investment for 
the development of a vaccine i.e. the benefit:cost ratio

• Benefits for food security and production efficiency

• Benefits for food safety

• Contribution to the alleviation of poverty 

• Contribution to mitigation of climate change, through the 
improved use of animal resources
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The apparent divide between livestock-associated outputs 
…….and human development outcomes
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• Developed countries • Developing countries

The concept of 3 
global livestock 

system trajectories



Disease prioritisation; some different approaches



The veterinary or bench science approach?



The sponsor’s view?



DEFRA Animal Health Policy and 
Implementation Evidence Plan 



The international development view? 
Typology of different impacts of disease on poor livestock keepers 

and other actors in livestock commodity value chains 

Reducing vulnerability: 
• High livestock mortality (Newcastle disease, HPAI, Rift Valley fever)

Promoting sustainable intensification:
• Endemic diseases (parasitism, vector-borne)

• Mastitis, dystocia, metabolic diseases

Improving access to market opportunities:
• Transboundary diseases

• Disease and food safety risks in commodities 



Approaches to the prioritisation of diseases to focus and prioritise 
research in animal health: A worldwide review of existing methodologies



Key messages

• Disease prioritisation is generally demand-led, but the growth of 
effective vaccine development platforms, combined with other 
factors, has given increasing credibility to supply-led initiatives

• The diversity and polarity of priorities between livestock system 
trajectory settings



Why do we want to know the impact of disease 
X, and what, specifically, do we want to know? 

• We think it will help us get money for our control 
programme/research project

• We think it will present the good news as to what bad news 
this disease really is

• We think the audience will be impressed by a (hopefully BIG) 
$$ or ££ figure
– But will it have context?



…but what do we really want to know? 

• Where does this disease fit in the agricultural priorities 
for sustainable and inclusive growth?

• What impact will this disease have if it enters…..

• Prioritise between this and other livestock diseases to 
guide research and disease control investment policy

• Within control of this disease, compare the relative 
economic merits of different intervention policies and 
strategies, including vaccines



The economic impact of a disease
the first step?

Other losses
(manure, animal traction)

Production losses
(meat, milk)
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What is the value of costing productivity losses? 

• Produces that magic number

• Can (sometimes) be aggregated from farm to national levels

• But, interpretation of aggregated figures difficult; no 
guarantee of farmer incentives to control 

• Where control is the main option (rather than eradication), 
does not represent potential benefits to control, as certain 
losses will continue



The economic impact of a disease
the next step?
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Added value of considering costs

• Includes consideration of the financial value of disease already 
controlled, not just that component uncontrolled

• Adds another dimension to total loss calculation, but does not really 
add utility to the resulting monetary figure



The inadequacy of total loss estimations in priority setting
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The estimation of avoidable losses

•How to best allocate scarce resources

•How to understand the trade-offs in resource allocation

• The use of economics in developing rules and 
techniques for decision making



Modelled economic returns to disease control

• Merits and pitfalls



Returns to vaccine research 
against trypanosomiasis

• Benefits of improved trypanosomiasis control (meat and milk productivity 
only) $700 million per year in Africa

• Disease estimated to cost livestock producers and consumers $1.3 billion 
annually 

• Adoption period: 12 years; maximum adoption rate: 30%; 

• Benefit/cost ratio of 34:1



Returns to vaccine research against trypanosomiasis

• Valuable estimation and methodology for returns to trypanosomiasis control

• Attribution to vaccine research and use highly questionable; the role of more 
effective use of currently available technologies (traps, insecticides, 
chemotherapy, genetically engineered livestock, etc.)

• Differences will be in cost of research, probability of success, time of 
research, adoption rates, etc. 

• 15 years on: no vaccine (and results based on one being available 5 years ago)

• ILRI abandoned trypanosomiasis vaccine research in 2002!



Returns to 
heartwater vaccine 
development and 
deployment in 
Zimbabwe



Economic impact of heartwater & its control in Zimbabwe
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Economic impact of heartwater & its control in Zimbabwe

Baseline Scenario. Heartwater distribution of 1997 
(Peter et al., 1998a) and national control strategy 
based on the use of acaricide application

Scenario A. Assumed heartwater spread and 
eventually cover the entire country (Norval et al.,
1994; Perry et al., 1997) and that baseline control 
strategy based on the application of acaricides
would continue to be applied.

Scenario B. Deployment of new heartwater
vaccine. Assumes disease continues to spread 
throughout the country, and new vaccine becomes 
available for adoption by farmers over the 10-yr 
analysis period

Zimbabwe



Economic impact of heartwater & its control in Zimbabwe

Total national economic losses of US$ 5.6 million

Annual losses per animal 25 times greater in commercial than 
communal system

Greatest component of loss acaricide cost (76%), milk loss (18%) 
& treatment cost (5%)

BCR of new vaccine 7.6:1 in commercial & 2.4:1 in communal 
systems 

Annual market potential of 500,000 doses per year over 10 years







• Ex ante evaluation of different FMD control 
strategies in 1999

• Stochastic simulation of FMD incidence based 
on historical data

• Benefit cost analysis, with 3 control intensity 
scenarios, and 4 trade scenarios 

• Eradication economically viable (BCR of 1.6 –
2.4:1 even if new export trade not created); 
export trade brings high BCR

• Most benefits captured by commercial pig 
sector



2004

2006

2010



Total present value of costs and benefits over 25-year time horizon, 

by sector (Eradication Scenario 1, No exports) 

 
Total 

Present Value 
Share 

 Million pesos  

COSTS   

  Public   

Eradication effort 532.8 100.0% 

BENEFITS   

  Public 151.5 11.9% 

Avoided containment costs 151.5  

  Commercial 1,072.3 84.2% 

Avoided production losses 12.5  

Avoided prevention costs 1,056.0  

Avoided treatment costs 3.8  

  Backyard 49.4 3.9% 

Avoided production losses 39.6  

Avoided treatment costs 9.8  

Total benefits 1,273.2 100.0% 

 







Benefits and costs of animal brucellosis mass 
vaccination in Mongolia (Roth et al., 2003)Distribution of benefits
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Human health benefits from livestock vaccination for brucellosis: case 

study. Bull World Health Organ 2003;81:867-876

Discount rate 5%

Cost sharing scenario



Key messages

• Modelling exercises can be extremely useful in evaluating returns to 
investment on disease control

• Such models, to be valid and useful, are data hungry

• Scenario analysis presents a pragmatic technique to assess alternative 
options and outcomes

• Epidemiological models to support these scenarios require clear and 
transparent criteria

• Economic impact assessments are most effective when conducted in 
partnership with strategy and policy makers 



The impacts of human vaccines: 
the Disability Adjusted Life Year (DALY) 



DALYs averted through human vaccines 

Source: Ozawa S, et al. Vaccine. 2012; Dec 17;31(1):96-108 



Returns to vaccines in the human health sector: 
expanding horizons

Hutubesy, R. (2012). WHO

“Traditional cost-effectiveness 
too narrow”



The most important zoonoses in terms of human health impact, livestock impact, 
amenability to agricultural interventions, severity of disease and emergence (WHO et al) 
From: Grace et al., 2012. Mapping of poverty and likely zoonoses hotspots. Report to DFID. 
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• Discovery

• Pathogenesis
• Antigen identification and evaluation
• Immune responses
• Vector and adjuvant selection

• Evaluation 
• Control studies
• Clinical trials

• Delivery
• Host population characteristics
• Disease epidemiology; reproductive number
• Vaccine qualities
• Partners and incentives

• Impact
• Justification for investment; the big number
• Returns from disease impact reductions



Vaccine deployment and uptake pathways: 
key hurdles to be crossed
• Product thermostability

• Product availability

• Product affordability

• Length of immunity

• Dosage and packaging

• One-off versus boosters; logistics

• Public versus private good

• Organised versus individual 

• Incentives

• Herd flock size and distribution

• Long and short generation species



Canadian 
International Food 
Security Research 
Fund

Lumpy skin disease, 
sheep pox, goat pox, 
Peste des Petits
Ruminants, and Rift 
Valley fever

The attractiveness of multiple pathogen vaccine packages



The “simple” issue of achieving target population 
immunity through effective vaccine delivery

• Kawangware, Nairobi, 
Kenya

• High density low income 
urban population



Urban rabies vaccination Kenya
• Standard approach 2 days vaccinators 

at single location
• Coverage 2%

• Study approach 5 days and roaming 
teams of vaccinators with collars

• Visual “capture-recapture” using 
distinct transects 8 days later

• Coverage 68 – 75%

• Key factors: children engaged, school 
holidays, interface with community, 
etc.



Vaccine distribution; whose responsibility?

• Public sector?

• Private sector? 

The concepts of rivalry and excludability



New Institutional 
Economics

Excludability

Low High

Rivalry Low Public goods

Once produced, non 
payers can access 
(control of epidemic, 
zoonotic & food-
borne diseases)

Toll goods Benefits 
to single entity 
(Vaccine production, 
diagnostic services)

High Common pool 
goods

Several can use 
(tsetse control on 
public land)

Private goods

(service to one) e.g. 
endemic diseases



Canine distemper, leptospirosis, parvo vaccinations

Public or private 
good? 



Is foot and mouth disease 
control/vaccination a 
public or a private good? 
The contrasting 
arguments in UK and 
some developing country 
settings



Key messages

• Important to consider vaccine delivery, adoption and impact 
pathways at the earliest stage of vaccine development

• The key role of the private sector and pharmaceutical industry 

• Key to understand incentives for vaccine use 

• Different models of delivery; public, private, the role of willingness-to-
pay studies, etc.

• The differences in approach between livestock system trajectories



The fickle science and market realities of vaccines 
for endemic diseases in developing countries



The excitement at the new vaccine 
development research approaches



The multiple challenges of parasite vaccine development

• The technical challenges of parasite vaccine 
development

• The competition of vaccines with anti-
parasitic drugs, and the slow responses in 
developing countries to emerging 
antimicrobial and anti parasite resistance

• The relatively small size of the market, and 
the competing interests of the international 
pharmaceutical industries in human and 
companion animal products 

• The weak purchasing powers of smallholder 
producers

• The weak and poorly funded public 
veterinary services



The eclipsing of TBDs and other endemic diseases of livestock 
as priority in developing countries

• Structural adjustment of the 80s and 90s: the decline in public sector 
support to TBD control; now generally considered a private good

• Changing demography of many agricultural environments 

• The wider distribution of endemic stability following acaricide use 
decline?

• The emergence and prioritisation of trans-boundary and emerging 
diseases

• The weakness of investor-friendly data on endemic livestock diseases 
and their impact



The contrasting interest of the Worried Well in 
endemic disease and GHG emission reduction
Inefficiency and GHG emissions

• Endemic, production-limiting diseases have negative outcomes, including 
death or cull, reduced live weight gain, reduced milk yield and quality, 
reduced fertility, abortion and/or increased waste in the system



The endemic disease of livestock conundrum:
yet another north south divide? 

The south

• Driven by dramatically increasing 
demands for meat

• Focus of improving productivity, 
production efficiency; 
sustainable intensification

• Weak voice of livestock 
producers and value chain actors

• Little attention paid to GHG 
emissions

The north

• Demands for meat reducing

• Widespread media awareness of 
livestock and GHG emissions

• Increase in anti-meat lobbies

• Commercial interest in assigning 
life cycle analysis values to 
livestock (and other) products 



Counter economic argument for population 
immunity from industry?

• Low return on investment in infectious disease vaccines as 
vaccination programmes succeed

• Particularly important for endemic diseases of livestock in 
developing countries

• Higher potential for investment by the pharmaceutical 
industry in lifestyle and age-related diseases of man, such as 
prostrate cancer and Alzheimers





http://www.vaccinationnews.org/DailyNews/2003/May/09/IsYourPet9.
htm

• Cost of rabies vaccine: 61 cents

• Cost to owner: $15 to $38 (plus the $35 
office visit)

• Cost of 18-oz. package of Kellogg's Sugar 
Frosted Flakes® :$2.20 

• Cost retail: $2.75 retail 

• Applying vet's mark-up: Frosted Flakes 
cost $137 (without office visit); $260 with 
office visit

http://www.vaccinationnews.org/DailyNews/2003/May/09/IsYourPet9.htm


Key messages

• Vaccine development is complex, but advances in technology are 
offering new and exciting opportunities for parasite vaccine 
development

• Developing country markets for such vaccines are theoretically 
abundant, but realistically more limited

• Private sector engagement and public/private partnership 
development to help guide investment and market opportunities will 
be increasingly important in achieving vaccine impact in the field 

• There is a need for sound communication and public engagement 
with regard to building public confidence in vaccine approaches



Recommendations from the Veterinary Vaccinology Network 
on Strategic Goals for Veterinary Vaccines

• An analysis of the potential financial return on investment for 
the development of a vaccine, i.e. (e.g.?) the benefit:cost ratio

• Benefits for food security and production efficiency

• Benefits for food safety

• Contribution to the alleviation of poverty 

• Contribution to mitigation of climate change, through the 
improved use of animal resources
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The relevance of livestock disease vaccines 
to the sustainable development goals



A reminder…..what were the MDGs?

1. Eradicate extreme poverty and hunger

2. Achieve universal primary education

3. Promote gender equality and empower women

4. Reduce child mortality

5. Improve maternal health

6. Combat HIV/AIDS, malaria and other diseases

7. Ensure environmental sustainability

8. Develop a global partnership for development

Measured by 18 
targets and 48 
indicators



MDGs and SDGs: the interface



The dialogue on post-MDG goals and targets

The UN actors:

• High Level Panel of Eminent Persons, Post-2015 Development Agenda

• UN Special Advisor to the UN Secretary General on Post-2015

• UN General Assembly Open Working Group, Sustainable Development Goals

• UN System Task Team on the Post-2015 Development Agenda



Sustainable Development Goals

Concept of being

• Action orientated

• Concise

• Concrete

• Easy to communicate

• Limited in number

• Aspirational

Three dimensions of sustainable 
development

• Environmental

• Economic 

• Social



First draft of Sustainable Development Goals

1 End poverty

2 Empower girls and women and achieve gender equity

3 Provide quality education and lifelong learning

4 Ensure healthy lives

5 Ensure food security and good nutrition

6 Achieve universal access to water and sanitation

7 Secure sustainable energy

8 Create jobs, sustainable livelihoods and equitable growth

9 Manage natural resource assets sustainably

10 Ensure good governance and effective institutions

11 Ensure stable and peaceful societies

12 Create a global enabling environment & catalyze long term finance



Current draft of Sustainable Development Goals

1. End poverty in all its forms everywhere

2. End hunger, achieve food security and improved 
nutrition, and promote sustainable agriculture 

3. Ensure healthy lives and promote well-being for all at all 
ages 

4. Ensure inclusive and equitable quality education and 
promote life-long learning opportunities for all

5. Achieve gender equality and empower all women and girls 

6. Ensure availability and sustainable management of water 
and sanitation for all 

7. Ensure access to affordable, reliable, sustainable, and 
modern energy for all 

8. Promote sustained, inclusive and sustainable economic 
growth, full and productive employment and decent work 
for all 

9. Build resilient infrastructure, promote inclusive and 
sustainable industrialization and foster innovation 

10. Reduce inequality within and among countries 

11. Make cities and human settlements inclusive, safe, 
resilient and sustainable 

12. Ensure sustainable consumption and production patterns 

13. Take urgent action to combat climate change and its 
impacts

14. Conserve and sustainably use the oceans, seas and 
marine resources for sustainable development 

15. Protect, restore and promote sustainable use of terrestrial 
ecosystems, sustainably manage forests, combat 
desertification, and halt and reverse land degradation and 
halt biodiversity loss 

16. Promote peaceful and inclusive societies for sustainable 
development, provide access to justice for all and build 
effective, accountable and inclusive institutions at all levels

17. Strengthen the means of implementation and revitalize 
the global partnership for sustainable development



1 End poverty in all 
its forms everywhere

• Value of livestock sector c. $1.4 trillion

• Provides 17% of calories and 33% of protein, globally

• Account for 40% of agricultural GDP

• Employs 1.3 billion people

• Provides livelihoods for 800 million poor small holders

• Contribute nutrients and traction for mixed farming

• Serves as a bank, and insurance against hard times 
(e.g. drought)

Positive contributions of livestock



3. Ensure healthy lives

3. By 2030 end the epidemics of 
AIDS, tuberculosis, malaria, and 
neglected tropical diseases and 
combat hepatitis, water-borne 
diseases, and other 
communicable diseases



5. Achieve gender equality and 
empower all women and girls 

• 1% of African women own land but 10% own 
livestock

• Usually responsible for poultry, animals at the 
homestead, watering, feeding and looking after sick 
animals

• High involvement processing and sale of animal 
source foods

• Prepare most food for household consumption

• Giving women the same resource access as men 
would add 20-30% to farm yield (FAO, 2011)



The International Science and Partnership Council (ISPC) White 
Paper on drivers of global livestock research needs, 2014

http://ispc.cgiar.org/system/files_force/ISPC_WhitePaper_StrategicRevi
ewLivestock.pdf?download=1

http://ispc.cgiar.org/system/files_force/ISPC_WhitePaper_StrategicReviewLivestock.pdf?download=1


Summary of key drivers of global livestock research

• Economic growth

• Population growth and urbanisation

• Climate change

• Feed use efficiency in livestock systems

• Natural resource management (incl. water footprint)

• Effluent pollution

• Animal and human health risks

• Vulnerability of pastoral & dryland systems

• Balance of goods & bads of livestock

• Gender aware and socially inclusive approaches

• Weakness in research outputs to development outcomes



The livestock and health contexts of SDGs

• SDGs: framework around which governments and international 
community can focus and coordinate development efforts between 2015 
and 2030

• The livestock sector and animal health are directly relevant to most SDGs

• Role of SDGs in guiding investment

• Urgent need to ensure the visibility of livestock and health in these 
policy debates, increase awareness of policy-relevant investment needs 
and opportunities 



Key messages

• The merits of better alignment of 
vaccine research interventions with 
new SDGs for funding, endorsement 
and credibility

• The likely increasing priority given to 
development of technologies to 
prevent, control and diagnose zoonotic, 
food borne and emerging diseases 

• Need for strong arguments for parasite 
vaccines for endemic livestock diseases 
• GALVmed live ECF vaccines

• BMGF new generation ECF vaccines



Post script
Some other good causes to which vaccines will contribute



Some other good causes to which vaccines will contribute



The global calculator






