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The drivers of vaccine development are many and varied. They include, for example, recognition of the
burden of a vaccine-targeted disease, prioritisation of the multiple problems associated with a disease,
consideration of the differing socio-economic situations under which vaccines are used, the influence
of advocacy groups, and assessment of the feasibility of large-scale vaccine manufacture and distribution.
In the field of human health, data-driven development of vaccines is becoming increasingly common
through the availability of reliable information on the Global Burden of Disease (GBD) and stringent eval-
uations of vaccination programmes utilising empirical data on costing and effectiveness, and standard-
ised cost-effectiveness thresholds. The data generated from such analyses allow policymakers,
implementing partners, industries and researchers to make decisions based on the best, and most contex-
tually relevant, available evidence. In this paper, we wish to explore the current use of economic and
social data for the development of veterinary vaccines. Through comparison with the development of
human vaccines, we will look for opportunities in animal health sciences to better integrate socio-
economic data and analyses into the process of veterinary vaccine selection, development, and field
implementation. We believe that more robust animal health impact assessments could add value to vet-
erinary vaccine development by improving resource allocation and animal disease management.
� 2018 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
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1. Introduction

Investment in health interventions – be that in humans or in
non-human animals, at the individual or group-level (e.g. farm,
region, and nation) – requires decisions to be made on resource
allocation within a finite budget. Making these health decisions
evidence-based requires on the one hand, data on the burden of
diseases and on the other, data on the cost and acceptability of
the interventions used to combat these diseases within particular
contexts. With such data, the optimal combination of interventions
can be developed and implemented. In addition, disease control
programmes require data on the safety and effectiveness1 of vacci-
nes, the quality of which depends on the robustness of pharmacovig-
ilance systems and the monitoring of adverse events in vaccinated
populations [1].

In the field of human health, there has been vast progress made
on understanding and quantifying the global burden of diseases
across populations, time and space [2]. There are guidelines to help
countries making decisions about vaccination [3], as well as speci-
fic guidance on the socio-economic evaluation of vaccine and vac-
cination strategies [4]. In this regard, cost-effectiveness analyses
are the most commonly used economic tool in human health care
settings. This approach uses proxy outcomes, such as $ per disabil-
ity adjusted life years (DALYs) saved or quality adjusted life years
(QALYs) averted, to judge the cost-effectiveness of vaccination pro-
grammes in human populations. For the adoption of monovalent
rotavirus vaccine alone, sixty cost-effectiveness analyses were to
date performed [5], demonstrating the high degree to which this
type of analysis is integrated into human vaccinology. Yet, the
same cannot be said for veterinary vaccinology. A search in Web
of Science [6] on the 19th July 2018 showed, for instance, that by
using the string search (‘human vaccin*’ AND (cost-effectiveness
OR profitability OR cost-benefit)) 1104 results were obtained,
while (‘animal vaccin*’ AND (cost-effectiveness OR profitability
OR cost-benefit)) only provided 160 results. This observation
underlines the paucity of socio-economic analyses in veterinary
vaccinology. Similarly, the data available from pharmacovigilance
systems to explore the safety and effectiveness of veterinary vacci-
nes in the field are, for the most part, of poor quality. In fact, the
data on adverse effects and vaccine effectiveness are generally
absent due to high under-reporting [7]. So, why are the approaches
to the development of veterinary and human vaccines so different?
2. What are the main differences between human and
veterinary vaccine development?

The path from the identification of an immune stimulating
agent to a marketable vaccine requires significant investment of
finance and time, whether the vaccine is intended for human or
non-human animals [8,9]. We highlight here however, two specific
areas where development of veterinary vaccines lag behind. These
being the ability to prioritise potential vaccine targets based upon
the quantified burden of diseases and the use of extensive observa-
tional field studies in the post-licensure phase to evaluate vaccine
safety, effectiveness, and cost-effectiveness under field conditions
[10–12].
2.1. Defining priorities for veterinary vaccine development

The context in which human and non-human animal vaccines
are developed differs and relates to the diverse value propositions
1 Throughout this paper we use the term ‘Vaccine Effectiveness’, being the ‘vaccine
efficacy measured by observational studies under field conditions within a vaccina-
tion programme’ [11].
attached to vaccine recipients (i.e. humans and non-human ani-
mals). The value of non-human animals has always been dictated
by human society and its culture [13] and have varied across time
and space, in relation to different roles attributed to non-human
animals in society (e.g. food production, leisure, labour and com-
pany) [11]. In fact, the willingness to invest in non-human animal
health interventions (e.g. in research, development, and health
programme implementation) often reflects the different values
(e.g. sentimental, and financial) attached to non-human animal
species and possible fears related to their diseases (e.g. health).
Today, pets have become important companions in life for humans
– hence the term ‘companion animals’ – and their integration into
human society has increased, especially in modern Western soci-
eties. The market of companion animal vaccines has grown fastest,
reflecting an increase in Western investments and concerns in pet
wellbeing and healthy practices, as well as in the number of pet
owners worldwide. By contrast, the market growth of farmed ani-
mal (i.e. livestock and fish) vaccines has mostly been driven by
zoonotic diseases (i.e. diseases transmissible to humans) and dis-
eases with significant effects on international trade (i.e. diseases
affecting the market share of dominant powers) [14,15]. Including,
for instance, highly pathogenic avian influenza (HPAI), foot and
mouth disease (FMD), and porcine reproductive and respiratory
syndrome (PRRS). In other words, farmed animals have been some-
what marginalised from the debates on veterinary vaccine devel-
opment and their vaccines promoted purely as objects of human
safety and the global economy [16,17]. The individual value of
farmed animals as living beings, as well as their contextual value
to specific human populations has therefore been neglected.
Although largely absent from discussions of veterinary vaccines,
many subtle and chronic diseases that are restricted to farmed ani-
mals (i.e. enzootic diseases) have, however, a significant impact on
farmed animal health and welfare and represent a significant bur-
den for multiple societies, especially in the poorest and most vul-
nerable countries [17].

Initiated in 1991, the Global Burden of Disease, Risk Factors &
Injuries (GBD) study has provided decision makers with ‘timely,
local, and valid estimates’ of the burden of many human diseases,
injuries and sequelae of diseases [2]. From this work, priorities
can now be set according to the context and the quantified bur-
den of a disease upon a human population in terms of DALYs
[18]. Following the same approach, some work has been con-
ducted to quantify a global burden of animal diseases. This initia-
tive has so far been limited to zoonotic diseases with the creation
of a Zoonotic Disability Adjusted Life Years (zDALYs) metric
[19,20]. Therefore, we are still lacking of a standardised process
to quantify the global burden of animal diseases as a whole
[21,22]. This paucity of data results, in turn, in an inability to
accurately prioritise animal diseases or establish a baseline for
the cost-effectiveness assessment of animal disease interventions,
such as vaccination, thereby giving space to dominant and pow-
erful voices in the allocation of resources for the control of animal
diseases, such as FMD and HPAI [15].

Similarly, although commonly used as a tool for the post-
licensure evaluation of human vaccine effectiveness, large-scale
post-introduction observation studies are rarely conducted for vet-
erinary vaccines due to a lack of resources and poor demonstration
of return on investment [11,23]. In addition, when they exist, as for
FMD vaccines in Turkey [24], they are rarely coordinated as part of
a national policy, making their implementation more difficult.

2.2. Evaluating safety, effectiveness, and cost-effectiveness of
veterinary vaccines under field conditions

With a handful of notable exceptions, socio-economic analyses
of veterinary vaccines have mostly relied on ex-ante modelling
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studies [25], including models demonstrating the economic benefit
of vaccination programmes against Rift Valley Fever in Kenya [26],
rabies in Tanzania [27], brucellosis in Mongolia [28], FMD in Den-
mark [29], UK [30] and the USA [31,32], as well as a variety of anal-
yses for HPAI vaccination campaigns [33–37]. To maximise their
utility, there is, however, a need for further validation of these
models with empirical data collected in the field during the roll-
out of vaccination campaigns; something that remains relatively
rarely applied in the veterinary sciences.

Although several studies exist which analyse the social and/or
economic impact of veterinary vaccines, it is very difficult, if not
impossible, to compare them due to the variety of methods used
and inconsistency in the outcomes measured. This includes, for
instance, outcomes such as the determination and comparisons
of the total costs of various national vaccination strategies against
HPAI [38–42], the savings made on alternative mitigation strate-
gies after the adoption of a vaccine [43], or the increase in house-
hold expenditure attributable to a vaccine adoption [44]. Despite
the inherent importance of these analyses on an individual basis,
the lack of: (1) a standardised metric for quantifying the global
burden of animal diseases; (2) standardised methods for determin-
ing the cost-effectiveness of veterinary vaccines; and (3) standard-
ised cost-effectiveness thresholds within the veterinary sciences,
prevents the comparison and prioritisation of vaccine interven-
tions across animal species, pathogens and geographical localities.

After the thalidomide disaster of the 1960s, pharmacovigilance
came to the fore in human health placing heavy responsibility on
vaccine manufacturers, public health officials, vaccine programme
managers and front line staff to monitor, report and act on human
vaccine adverse events [45,46]. By contrast, although recognised
and supported by different legislations around the world, veteri-
nary pharmacovigilance schemes in Europe, USA, Canada, Australia
and South Africa (e.g. European directive 2004/28/EC and regula-
tion (EC) no.726/2004) have so far only consisted of spontaneous
reporting of suspected adverse events [47]. In this context, the
UK is seen as the exemplary scheme within the EU, with the Veteri-
nary Medicines Directorate (VMD) regularly publishing reported
events in the Veterinary Record [7]. Interestingly, the majority of
adverse events reported in the UK and France are in companion
animals and the majority of reports are from veterinarians with
similar patterns observed elsewhere, indicating a lack of engage-
ment from various stakeholders outside the veterinary practise of
companion animals [47,48]. Moreover, studies in Europe have
demonstrated a large degree of under-reporting by veterinarians,
undermining the strength of the current systems [7,48]. As a result,
the success of veterinary pharmacovigilance remains today ques-
tionable, especially given past crises related to the introduction
of new veterinary vaccines in the field. A particularly striking
example, highlighting the need for both larger scale post-
introduction studies and stringent pharmacovigilance in animal
health, was the increased incidence in Bovine Neonatal Pancytope-
nia (BNP) in calves born to dams previously vaccinated with Preg-
Sure� Bovine Viral Diarrheal Vaccine (Pfizer animal health) after its
introduction in several European countries and New Zealand [49–
53]. This severe haemorrhagic disease of calves was characterised
by massive thrombocytopenia and some degree of leukopenia,
resulting in external and internal haemorrhage around 10 days of
age. The cause was elucidated to be vaccine-induced maternal
alloantibodies, with an incidence of between 6 and 200 per
100,000 vaccinated dams [52]. Importantly, there was an approxi-
mately 3-year delay between the launch of the PregSure� vaccine
and the increased incidence of BNP, and the incidence of disease
has differed enormously between and within countries due to dif-
ferences in genetics and/or vaccine protocols [52,53]. Factors such
as these indicate why safety decisions based on the results of clin-
ical trials on small numbers of homogenous animals – as are often
performed in veterinary vaccine development [11] – are not suffi-
cient for the detection of potential adverse events at a population
level. In addition, although current legislation obliges pharmaceu-
tical producers and end-users to report adverse effects, including
lack of vaccine effectiveness, frequent non-reporting of adverse
events makes such a system particularly weak in monitoring the
lack of expected vaccine effectiveness [7,23].

Having examined some of the main differences between human
and non-human animal vaccine development, we now present an
example of impact assessment conducted in human vaccinology
and discuss its implications for the future of veterinary vaccine
research and animal health policy. In doing so, we wish to chal-
lenge the current processes of socio-economic data collection and
analysis in veterinary sciences for the development and implemen-
tation of new vaccine policies.
3. Learning lessons from human vaccine development: The
socio-economic analysis of rotavirus vaccination in Malawi

Diarrheal disease is one of the leading causes of death in chil-
dren under 5 worldwide, with rotavirus as the number one causa-
tive agent [54]. Rotaviral enteritis was estimated to be responsible
for 1,865,000 (95% Uncertainty Interval [U.I.]: 14,43100–22,74600)
DALYs lost globally in 2010 [10]. In the sole region of Africa, rota-
virus has been estimated to cause around 2,557,000 (95% U.I.:
1,901,000–3,026,000) episodes of severe diarrhoea and 95,000
(95% U.I.: 52,500–151,300) deaths every year [55]. The global alli-
ance for vaccines and immunisation (GAVI) provides support for
vaccination programmes in eligible countries, based upon their
gross national income [56]. Prior to the introduction of rotavirus
vaccination in GAVI-eligible countries, the programme was the
subject of an ex-ante modelling study. This study suggested that,
across eligible countries, the vaccine would be very cost-effective
($43/DALY averted) [57]. Malawi was one of the first African coun-
tries to introduce monovalent rotavirus vaccine within their
national childhood vaccination programme with the support of
GAVI. In collaboration with the Malawi National Immunisation
Technical Advisory Group (NITAG), a national vaccine evaluation
programme was established, comprising of several interlinking
studies. These included sentinel surveillance to investigate chang-
ing disease incidence and distribution of rotavirus genotypes,
matched and unmatched case-control studies and a large prospec-
tive population based cohort study investigating vaccine effective-
ness and cost-effectiveness [58]. These studies provided country-
specific empirical data on vaccine effectiveness (VE), including
within sub-populations, such as those with co-morbidities (e.g.
HIV and stunting), and the cost-effectiveness of the vaccination
campaign. Cost-data were captured at the level of the patient,
household, healthcare provider and national vaccination campaign,
and using the TRIVAC 2.0 model projected the incremental cost-
effectiveness ratio (ICER) over a 20-year period (2014–2033). Over-
all, the Malawi’s monovalent rotavirus vaccine demonstrated 63%
VE, with no significant reduction in VE in HIV-infected or stunted
children. This resulted in a 43% reduction in the burden of rotavirus
in hospitals. To date, no specific genotype has emerged to suggest
vaccine escape and the incremental cost-effectiveness ratio of
introducing the vaccine was determined to be $10/DALY averted
[59,60]. Given Malawi’s 2016 GDP per capita of approximately
$300, this vaccine appears, therefore, to be highly cost-effective
according to the WHO threshold [61].

Overall, these data have provided a strong evidence-base for
continued support of the vaccination campaign, especially as
Malawi will be required to increase the proportion of their co-
payment for the vaccine over time (the GAVI-alliance currently
subsidises much of the vaccine cost). Moreover, the TRIVAC model



Fig. 1. Data influencing the national level incremental cost-effectiveness of a vaccination programme. (Adapted from the TRIVAC 2.0 model as presented in Bar-Zeev et al.
[59,60]).
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developed with the support of the Pan-American Health Organiza-
tion (PAHO) has also been made available to the majority of low
and middle-income countries. It is used by national teams to eval-
uate the impact of new childhood vaccinations, and specifies
parameters to calculate costs of vaccination, prevented health-
care costs, number of cases averted and the incremental cost-
effectiveness ratio in terms of $/DALY averted [62]. Fig. 1 demon-
strates the breath of data collected in post-introduction studies
and incorporated into the TRIVAC model, which influence the
context-specific incremental cost-effectiveness ratio. Parallel to
these specific models and systems of impact assessment, a project
led by theWorld Health Organization, assisting members to choose
health interventions that are cost-effective (WHO-CHOICE project),
has developed threshold guidelines. These latter suggest that an
intervention costing less than 3 times the per Capita GDP per DALY
averted is cost-effective, while interventions costing less than 1
should be considered highly cost-effective [61]. There is debate,
however, around the validity of these thresholds recommended
by WHO-CHOICE, with some suggesting that, as an independent
metric, it hardly considers what a country can actually afford or
is willing to pay for an intervention. Other ways of determining
the cost-effectiveness of interventions have therefore been sug-
gested [63]. Yet, the underlying requirement still remains a need
for robust and empirical data on both the global burden of disease
and the cost-effectiveness of interventions.

By using this example, we illustrate how post-marketing obser-
vational field evaluations provide an ideal opportunity to collect
empirical data allowing the determination of vaccine safety, effec-
tiveness, and cost-effectiveness. We selected an example from the
sciences of human vaccinology as, to our knowledge, there is no
equivalent study that would demonstrate an economic analysis
being embedded into a veterinary vaccination campaign. Building
on this, we wish to highlight the current data needs for animal
health, and, more specifically, vaccination decisions, and propose
recommendations for moving forward and improving the develop-
ment of veterinary vaccines.
4. What are the opportunities for improving the use of
economic and social data in veterinary vaccinology?

A better understanding of the socio-economic benefits of ani-
mal health interventions, starts from an understanding of the bur-
den of animal diseases in specific contexts of animal use and value
attribution, along with the demand for and acceptability of differ-
ent intervention options. In the particular context of vaccine, it is
subsequently important to evaluate their safety, effectiveness
and cost-effectiveness, since each of these aspects influence the
acceptability of the end-user vaccination.

Following the precedent set by the human GBD project, the first
planning workshop of the Global Burden of Animal Diseases
(GBADs) programme was held this year at the World Organisation
for Animal Health (OIE), in Paris [64]. This initiative aims to
develop a system that regularly collects, validates, analyses and
disseminates information on the socio-economic impacts of animal
diseases and disease interventions at global, national and sector
levels. GBADs will draw on the core principles of the GBD pro-
gramme to assess animal disease losses and will incorporate prin-
ciples of economics and other social sciences to look at net losses
and explore current levels of expenditure. In addition, GBADs will
support a process of impact differentiation between species and
production systems at a national, regional and global level in order
to identify points of weak resource allocation between diseases
and within specific disease programmes. In quantifying the global
and relative burden of different animal diseases, this project will
present a strong social and economic case for animal health invest-
ments and sustainable vaccine interventions.

Currently, post-introduction studies are rare in veterinary vac-
cinology because of their high cost and resource requirements
and are not perceived as being a good value for money investment.
This type of work, however, represents one of the best ways in
which data can be collected to better understand the safety, effec-
tiveness, acceptability and cost-effectiveness of vaccines under
field conditions. Learning from the useful information generated



Fig. 2. Data driven veterinary vaccine development.
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in human vaccinology, animal health would benefit from vaccina-
tion campaigns being designed with integrated post-introduction
observational studies. This includes conducting long-term, field-
based, prospective cohort studies that capture the full costs of
intervention at different levels (e.g. individual, local, regional,
national, or international) and assess the occurrence of possible
adverse outcomes and externalities, such as those observed during
the FMD crisis in the United Kingdom [25]. These studies also pro-
vide an opportunity to understand the dynamics, the logistics and
the distribution chains of vaccine interventions and the possible
challenges of their implementation, especially in terms of societal
acceptability. By engaging with various stakeholders, faced with
the potential impacts of new vaccine interventions and policies,
these studies would also increase the representation of these
actors in the design of new vaccine policy and strengthen their par-
ticipation in the reporting of adverse effects [23]. When public
funds are being utilised in vaccination programmes, these analy-
ses, and the engagement with stakeholders, are essential for ensur-
ing value-for-money to society, and this societal value should be
considered from the very decision whether to develop a candidate
vaccine through to delivery. This way, the re-parameterising of ex-
ante models with empirical data can improve the quality of our
predictive modelling work, the vaccine interventions we design,
as well as the decisions we make (Fig. 2). Dialogue with stakehold-
ers and an understanding of willingness-to-pay (from the private
and the public sectors) may also foster the development of cost-
effectiveness guidelines such as those available from WHO-
CHOICE, against which interventions can be measured.

Implementing our recommendations, both in terms of data col-
lection and the establishment of large post-introduction studies for
vaccine interventions may be difficult. Resources will be needed
for the development of baselines on which to prioritise diseases
and, once decided and selected, for the standardisation of the
vaccine protocols and surveillance systems on which the vaccina-
tion programme evaluation will be based. These will require the
interpretation and use of different sets of data, which in itself
may pose challenges related to the requirement for transdisci-
plinary collaboration, including an understanding of the data, lan-
guage and expectations of different disciplines and institutions
[65]. In addition, ascertainment of animal vaccination status can
be a major challenge [58], with valid individual data often lacking,
especially in the global South where individual animal electronic
records are not available [11]. Robust data, however, are available
for larger farms and those involved in rolling out vaccination pro-
grammes should be strongly encouraged to improve record keep-
ing for later analysis of vaccine coverage, efficacy and adverse
events. The determination of vaccine effect in a setting where mul-
tiple interventions may be implemented at once might also be dif-
ficult, as well as adjusting for confounding effects between
vaccinated and non-vaccinated individuals and assuring quality
and consistency of data collection at large scales [58]. Neverthe-
less, such an initiative will allow the prioritisation of animal dis-
eases and the evaluation of vaccination programmes based on
empirical evidence, leading to more effective results for the health
of animals and the moral development of societies. If the animal
health sciences are to take up the challenge presented here, we
believe that this will allow the evolution of thinking from advocacy
based on expert opinion to that of multi-source decision-making
based on data allowing optimisation and sustainability of interven-
tion programmes at all levels.
5. Summary

The contexts of human and non-human animal vaccinology dif-
fer; yet, there is scope for the field of veterinary vaccinology to bet-
ter utilise socio-economic approaches to demonstrate the value of
population-based vaccination campaigns. Enhanced appreciation
of the economic and social benefits of veterinary vaccination will
assist their uptake by individual animal owners or national govern-
ments and, in turn, assist the attainment of the sustainable devel-
opment goals. As a community, we have built strong predictive
models, but these now need to be reviewed and validated with
empirical data, preferably collected during large post-
introduction studies. The type of work we suggest comes at a cost
and requires vision and leadership from public bodies, industries
and scientists. The benefits are, however, immense and will
improve science, budget allocation and pharmacovigilance of vet-
erinary vaccines.
Acknowledgements

The authors wish to thank the International Veterinary Vaccinol-
ogy Network (IVVN) for the opportunity to present the ideas con-
tained in this manuscript at their 2018 meeting in Nairobi; to the
network members for their insight and robust discussion on our



L.F. Thomas et al. / Vaccine 37 (2019) 3974–3980 3979
thoughts. We also thank the two anonymous reviewers who
helped improve and clarify this manuscript.

Funders

The authors are supported by the Biotechnology and Biological
Sciences Research Council, the Department for International Devel-
opment, the Economic & Social Research Council, the Medical
Research Council, the Natural Environment Research Council and
the Defence Science & Technology Laboratory, under the Zoonoses
and Emerging Livestock Systems (ZELS) programme, grant refer-
ence BB/L019019/1, the SAPHIR Project (Strengthening Animal Pro-
duction & Health through the Immune Response) of the Horizon
2020 Programme of the European Union (Project ID 633184) and
the CGIAR Research Program on Agriculture for Nutrition and
Health (A4NH), led by the International Food Policy Research Insti-
tute (IFPRI). We also acknowledge the CGIAR Fund Donors (http://
www.cgiar.org/funders/). The funders had no role in the decision to
publish or the preparation of this manuscript.

Contributions of authors

All authors contributed to the conception, drafting and revision
of this article. All authors have approved the final version of this
manuscript.

Conflict of interest

The authors declare no conflict of interest.

Authorship

All authors attest they meet the ICMJE criteria for authorship.

References

[1] World Health Organization. The importance of pharmacovigilance; 2002.
[2] Murray CJ, Lopez AD. Measuring global health: motivation and evolution of the

Global Burden of Disease Study. The Lancet 2017;390:1460–4.
[3] World Health Organization. Principles and considerations for adding a vaccine

to a national immunization programme: from decision to implementation and
monitoring, vol. 27; April 2014 [accessed February 2015].

[4] Walker DG, Hutubessy R, Beutels P. WHO Guide for standardisation of
economic evaluations of immunization programmes. Vaccine
2010;28:2356–9.

[5] Carvalho N, Jit M, Cox S, Yoong J, Hutubessy RC. Capturing budget impact
considerations within economic evaluations: a systematic review of economic
evaluations of rotavirus vaccine in low-and middle-income countries and a
proposed assessment framework. PharmacoEconomics 2017:1–12.

[6] Clarivate. Web of science.
[7] De Briyne N, Gopal R, Diesel G, Iatridou D, O’Rourke D. Veterinary

pharmacovigilance in Europe: a survey of veterinary practitioners. Vet Rec
Open 2017;4:e000224.

[8] Pronker ES, Weenen TC, Commandeur H, Claassen EH, Osterhaus AD. Risk in
vaccine research and development quantified. PLoS ONE 2013;8:e57755.

[9] Heldens J, Patel J, Chanter N, Ten Thij G, Gravendijck M, Schijns V, et al.
Veterinary vaccine development from an industrial perspective. Vet J
2008;178:7–20.

[10] Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al.
Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21
regions, 1990–2010: a systematic analysis for the Global Burden of Disease
Study 2010. The Lancet 2012;380:2197–223.

[11] Knight-Jones T, Edmond K, Gubbins S, Paton D. Veterinary and human vaccine
evaluation methods. Proc R Soc B: R Soc 2014:20132839.

[12] Uema D, Yen CT, Hinke A, de Castro G. Phase IV trials: interventional and non-
interventional studies. Methods and biostatistics in oncology. Springer; 2018.
p. 217–25.

[13] Bujok M. Animals, women and social hierarchies: reflections on power
relations. DEP 2013;23:32–47.

[14] Buyer TR. The global veterinary vaccines market is expected to reach USD12.6
billion by 2025. PRN Newswire.com; 2017.

[15] Leach M, Scoones I, Stirling A. Governing epidemics in an age of complexity:
narratives, politics and pathways to sustainability. Glob Environ Change
2010;20:369–77.
[16] Roth JA. Veterinary vaccines and their importance to animal health and public
health. Proc Vaccinol 2011;5:127.

[17] Rushton J, Bruce M. Using a One Health approach to assess the impact of
parasitic disease in livestock: how does it add value? Parasitology
2017;144:15–25.

[18] Murray CJL, Acharya AK. Understanding DALYs. J Health Econ 1997;16:703–30.
[19] Torgerson PR, Rüegg S, Devleesschauwer B, Abela-Ridder B, Havelaar AH, Shaw

AP, et al. zDALY: an adjusted indicator to estimate the burden of zoonotic
diseases. One Health 2017.

[20] Shaw A, Rushton J, Roth F, Torgerson P. DALYs, dollars and dogs: how best to
analyse the economics of controlling zoonoses. Revue scientifique et technique
(Int Off Epizoot) 2017;36:147–61.

[21] Rushton J, Perry B, Antón J. An interdisciplinary approach to the economics of
animal health: Introduction. J Agric Econ 2018;69:199–200.

[22] Rushton J. Improving the use of economics in animal health–challenges in
research, policy and education. Prevent Vet Med 2017;137:130–9.

[23] Woodward K. Veterinary pharmacovigilance. Part 1. The legal basis in the
European Union. J Vet Pharmacol Ther 2005;28:131–47.

[24] Knight-Jones T, Bulut A, Gubbins S, Stärk K, Pfeiffer D, Sumption K, et al.
Retrospective evaluation of foot-and-mouth disease vaccine effectiveness in
Turkey. Vaccine 2014;32:1848–55.

[25] McLeod A, Rushton J. Economics of animal vaccination. Revue scientifique et
technique-Office international des épizooties 2007;26:313.

[26] Kimani T, Schelling E, Bett B, Ngigi M, Randolph T, Fuhrimann S. Public health
benefits from livestock rift valley fever control: a simulation of two epidemics
in Kenya. EcoHealth 2016;13:729–42.

[27] Fitzpatrick MC, Hampson K, Cleaveland S, Mzimbiri I, Lankester F, Lembo T,
et al. Cost-effectiveness of canine vaccination to prevent human rabies in rural
Tanzania. Ann Intern Med 2014;160:91–100.

[28] Roth F, Zinsstag J, Orkhon D, Chimed-Ochir G, Hutton G, Cosivi O, et al. Human
health benefits from livestock vaccination for brucellosis: case study. Bull
World Health Org 2003;81:867–76.

[29] Boklund A, Halasa T, Christiansen LE, Enøe C. Comparing control strategies
against foot-and-mouth disease: will vaccination be cost-effective in
Denmark? Prevent Vet Med 2013;111:206–19.

[30] Porphyre T, Rich KM, Auty HK. Assessing the economic impact of vaccine
availability when controlling foot and mouth disease outbreaks. Front Vet Sci
2018;5:47.

[31] McReynolds SW, Sanderson MW, Reeves A, Hill AE. Modeling the impact of
vaccination control strategies on a foot and mouth disease outbreak in the
Central United States. Prevent Vet Med 2014;117:487–504.

[32] Schroeder TC, Pendell DL, Sanderson MW, Mcreynolds S. Economic impact of
alternative FMD emergency vaccination strategies in the midwestern United
States. J Agric Appl Econ 2015;47:47–76.

[33] Hinrichs J, Otte J, Rushton J. Technical, epidemiological and financial
implications of large-scale national vaccination campaigns to control HPAI
H5N1. Anim Sci Rev 2010 2011:73.

[34] Longworth N, Mourits MC, Saatkamp H. Economic analysis of HPAI control in
the Netherlands II: comparison of control strategies. Transbound Emerg Dis
2014;61:217–32.

[35] McLeod A, Rushton J, Riviere-Cinnamond A, Brandenburg B, Hinrichs J, Loth L.
Economic issues in vaccination against highly pathogenic avian influenza in
developing countries. Dev Biol (Basel) 2007;130:63.

[36] Khazeni N, Hutton DW, Garber AM, Hupert N, Owens DK. Effectiveness and
cost-effectiveness of vaccination against pandemic influenza (H1N1) 2009.
Ann Intern Med 2009;151:829–39.

[37] Sun Z, Wang J, Huang Z. Assessment of China’s H5N1 routine vaccination
strategy. Sci Rep 2017;7:46441.

[38] Backer J, van Roermund H, Fischer E, van Asseldonk M, Bergevoet R.
Controlling highly pathogenic avian influenza outbreaks: an epidemiological
and economic model analysis. Prevent Vet Med 2015;121:142–50.

[39] Hinrichs J, Sims L, McLeod A. Some direct costs of control for avian influenza.
Proceedings of the 11th International Society for Veterinary Epidemiology and
Economics (ISVEE). ISSN; 2006.

[40] Tran CC, Yanagida JF, Saksena S, Fox J. An alternative vaccination approach for
the prevention of highly pathogenic avian influenza subtype H5N1 in the Red
River Delta, Vietnam—a geospatial-based cost-effectiveness analysis. Vet Sci
2016;3:6.

[41] Rushton J, Viscarra R, Bleich EG, McLeod A. Impact of avian influenza outbreaks
in the poultry sectors of five South East Asian countries (Cambodia, Indonesia,
Lao PDR, Thailand, Viet Nam) outbreak costs, responses and potential long
term control. World’s Poult Sci J 2005;61:491–514.

[42] Pfeiffer DU, Minh PQ, Martin V, Epprecht M, Otte MJ. An analysis of the spatial
and temporal patterns of highly pathogenic avian influenza occurrence in
Vietnam using national surveillance data. Vet J 2007;174:302–9.

[43] De La Fuente J, Rodríguez M, Redondo M, Montero C, García-García J, Méndez L,
et al. Field studies and cost-effectiveness analysis of vaccination with GavacTM

against the cattle tick Boophilus microplus. Vaccine 1998;16:366–73.
[44] Marsh TL, Yoder J, Deboch T, McElwain TF, Palmer GH. Livestock vaccinations

translate into increased human capital and school attendance by girls. Sci Adv
2016;2:e1601410.

[45] Santuccio C, Trotta F, Felicetti P. Ongoing pharmacovigilance on vaccines.
Pharmacol Res 2015;92:2–5.

[46] Maure CG, Dodoo AN, Bonhoeffer J, Zuber PL. The global vaccine safety
initiative: enhancing vaccine pharmacovigilance capacity at country level. Bull
World Health Org 2014;92:695–6.

http://www.cgiar.org/funders/
http://www.cgiar.org/funders/
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0010
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0010
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0020
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0020
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0020
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0025
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0025
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0025
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0025
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0035
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0035
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0035
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0040
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0040
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0045
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0045
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0045
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0050
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0050
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0050
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0050
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0055
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0055
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0060
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0060
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0060
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0065
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0065
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0075
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0075
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0075
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0080
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0080
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0085
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0085
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0085
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0090
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0095
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0095
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0095
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0100
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0100
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0100
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0105
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0105
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0110
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0110
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0115
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0115
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0120
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0120
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0120
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0125
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0125
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0130
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0130
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0130
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0135
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0135
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0135
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0140
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0140
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0140
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0145
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0145
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0145
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0145
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0150
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0150
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0150
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0155
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0155
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0155
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0160
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0160
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0160
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0165
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0165
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0165
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0170
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0170
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0170
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0175
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0175
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0175
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0180
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0180
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0180
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0185
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0185
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0190
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0190
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0190
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0195
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0195
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0195
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0200
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0200
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0200
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0200
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0205
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0205
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0205
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0205
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0210
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0210
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0210
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0215
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0215
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0215
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0215
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0220
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0220
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0220
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0225
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0225
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0230
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0230
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0230


3980 L.F. Thomas et al. / Vaccine 37 (2019) 3974–3980
[47] Woodward K. Veterinary pharmacovigilance. Part 2. Veterinary
pharmacovigilance in practice–the operation of a spontaneous reporting
scheme in a European Union country–the UK, and schemes in other
countries. J Vet Pharmacol Ther 2005;28:149–70.

[48] Chiarlone C, Colmar C, Renaud A, Cadiergues M. Encouraging reporting in the
veterinary profession: prospective study and analysis of the
pharmacovigilance system in university settings. Revue Vétérinaire Clinique
2016;51:23–34.

[49] Reichmann F, Pfitzner A, Rademacher G, Schwedinger E, Cussler K, Sauter-
Louis CM. Incidence of bovine neonatal pancytopenia in 243 farms in
Germany. BMC Vet Res 2016;12:220.

[50] Benedictus L, Rutten VP, Koets AP. Pregnancy boosts vaccine-induced Bovine
Neonatal Pancytopenia-associated alloantibodies. Vaccine 2016;34:1002–5.

[51] Stoll A, Pfitzner-Friedrich A, Reichmann F, Rauschendorfer J, Roessler A,
Rademacher G, et al. Existence of bovine neonatal pancytopenia before the
year 2005? Retrospective evaluation of 215 cases of haemorrhagic diathesis in
cattle. Vet J 2016;216:59–63.

[52] Kasonta R, Sauter-Louis C, Holsteg M, Duchow K, Cussler K, Bastian M. Effect of
the vaccination scheme on PregSure� BVD induced alloreactivity and the
incidence of Bovine Neonatal Pancytopenia. Vaccine 2012;30:6649–55.

[53] Demasius W, Weikard R, Kromik A, Wolf C, Mueller K, Kuehn C. Bovine
neonatal pancytopenia (BNP): novel insights into the incidence, vaccination-
associated epidemiological factors and a potential genetic predisposition for
clinical and subclinical cases. Res Vet Sci 2014;96:537–42.

[54] Abubakar I, Tillmann T, Banerjee A. Global, regional, and national age-sex
specific all-cause and cause-specific mortality for 240 causes of death, 1990–
2013: a systematic analysis for the Global Burden of Disease Study 2013.
Lancet 2015;385:117–71.

[55] Walker CLF, Rudan I, Liu L, Nair H, Theodoratou E, Bhutta ZA, et al. Global
burden of childhood pneumonia and diarrhoea. The Lancet
2013;381:1405–16.
[56] HarmerA, BruenC.Global alliance for vaccines and immunisations.Handbookof
transnational governance: new institutions and innovations; 2011. p. 384–94.

[57] Atherly DE, Lewis KD, Tate J, Parashar UD, Rheingans RD. Projected health and
economic impact of rotavirus vaccination in GAVI-eligible countries: 2011–
2030. Vaccine 2012;30:A7–A14.

[58] Bar-Zeev N, Kapanda L, King C, Beard J, Phiri T, Mvula H, et al. Methods and
challenges in measuring the impact of national pneumococcal and rotavirus
vaccine introduction on morbidity and mortality in Malawi. Vaccine
2015;33:2637–45.

[59] Bar-Zeev N, Tate JE, Pecenka C, Chikafa J, Mvula H, Wachepa R, et al. Cost-
effectiveness of monovalent rotavirus vaccination of infants in Malawi: a
postintroduction analysis using individual patient–level costing data. Clin
Infect Dis 2016;62:S220–8.

[60] Bar-Zeev N, Jere KC, Bennett A, Pollock L, Tate JE, Nakagomi O, et al. Population
impact and effectiveness of monovalent rotavirus vaccination in urban
Malawian children 3 years after vaccine introduction: ecological and case-
control analyses. Clin Infect Dis 2016;62:S213–9.

[61] World Health Organization. Choosing interventions that are cost
effective. WHO-CHOICE; 2010.

[62] Clark A, Jauregui B, Griffiths U, Janusz CB, Bolaños-Sierra B, Hajjeh R, et al.
TRIVAC decision-support model for evaluating the cost-effectiveness of
Haemophilus influenzae type b, pneumococcal and rotavirus vaccination.
Vaccine 2013;31:C19–29.

[63] Marseille E, Larson B, Kazi DS, Kahn JG, Rosen S. Thresholds for the cost–
effectiveness of interventions: alternative approaches. Bull World Health Org
2014;93:118–24.

[64] Rushton J, Bruce M, Bellet C, Torgerson PR, Shaw AP, Marsh T, et al. Initiation of
the Global Burden of Animal Diseases (GBADs) programme. The Lancet
2018;392:538–40.

[65] Jarvis LS, Valdes-Donoso P. A selective review of the economic analysis of
animal health management. J Agric Econ 2018;69:201–25.

http://refhub.elsevier.com/S0264-410X(18)31410-5/h0235
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0235
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0235
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0235
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0240
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0240
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0240
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0240
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0245
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0245
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0245
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0250
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0250
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0255
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0255
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0255
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0255
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0260
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0260
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0260
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0260
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0265
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0265
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0265
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0265
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0270
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0270
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0270
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0270
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0275
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0275
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0275
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0285
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0285
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0285
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0290
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0290
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0290
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0290
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0295
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0295
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0295
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0295
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0300
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0300
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0300
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0300
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0305
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0305
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0310
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0310
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0310
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0310
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0315
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0315
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0315
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0320
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0320
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0320
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0325
http://refhub.elsevier.com/S0264-410X(18)31410-5/h0325

	Using economic and social data to improve veterinary vaccine development: Learning lessons from human vaccinology
	1 Introduction
	2 What are the main differences between human and veterinary vaccine development?
	2.1 Defining priorities for veterinary vaccine development
	2.2 Evaluating safety, effectiveness, and cost-effectiveness of veterinary vaccines under field conditions

	3 Learning lessons from human vaccine development: The socio-economic analysis of rotavirus vaccination in Malawi
	4 What are the opportunities for improving the use of economic and social data in veterinary vaccinology?
	5 Summary
	ack9
	Acknowledgements
	Funders
	Contributions of authors
	Conflict of interest
	Authorship
	References


