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Summary 

The Global Burden of Animal Diseases (GBADs) programme follows a multistage 
process to produce disease burden estimates in livestock and farmed aquatic animal 
production systems. The GBADs programme has broad goals of inclusivity, transparency 
and rigour. Meeting those goals means providing users of all levels of technical expertise 
with a clear explanation of the programmes output. In this way, we seek to ensure that 
the meaning and limitations of those results are clearly understood, minimising the risk 
of misinterpretation. 

The first published estimates of disease burden have been calculated at farm-level using 
a model called the Animal Health Loss Envelope. This model estimates the cost of lost 
productivity and expenditure on disease control for profit-maximising producers by 
comparing current system performance to a hypothetical ‘ideal health’ scenario. This 
ideal is a farm-specific concept and is critically different from an ideal health state when 
physiologically defined. The model and its key concepts are described in this article. 
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Introduction 

Recognising the economic purpose for farming animals and the incentives facing 
producers operating with disease, the Global Burden of Animal Diseases (GBADs) 
programme describes disease burden in economic terms at farm level by examining the 
impact of disease on animal and consequently farm productivity. The existence of 
disease is commonly described by a triangle made up from the three-way interaction of 
host organism, pathogen and environment [1]. This is the fundamental relationship for 
which the GBADs programme seeks to describe the economic consequences. Beginning 
with a description of the populations of the world’s major farmed food-animal species, 
the resources consumed and outputs generated by livestock farming are described in a 
farm economic model. The effects of disease on farm productivity are then fed into set 
of economic models to broaden the scope of analysis. The burden of disease at animal 
level is thereby connected via farm modelling to sector and trade models, nationally and 
internationally, and to models of societal outcomes such as greenhouse gas emissions, 
animal welfare, antibiotic use and zoonotic disease burden in humans. 

Understanding the method behind the farm-level model of disease burden aids 
interpreting GBADs results. This paper gives an overview of that method, which contains 
some novel concepts. 

The GBADs farm-level burden model is conceptually similar to the methods that have 
preceded it and are regularly applied in animal health policy making, such as cost-benefit 
analysis. These predecessors typically involve the comparison of a baseline scenario, 
usually the status quo, with a modelled scenario based on a hypothetical event or 
counterfactual scenario. In this way, changes in health state (disease losses) are 
connected to the costs of disease management and compared between the scenarios to 
estimate the impact of disease on the productivity of the system. This analysis has 
previously typically done for a single disease at a time. The GBADs method is innovative 
in the domain of animal health in that it attempts to quantify all-cause burden at farm-
level in a single calculation. This serves as a tool for comparative analysis between 
similar livestock systems over geography and time, and also as validation step when 
disease burden estimates are attributed to specific causes individually. This total 
estimate of farm-level burden has been called the Animal Health Loss Envelope (AHLE). 
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Current and ideal health at farm level 

It is vitally important to make a distinction between the ideal health state for animals from 
a societal perspective, and the ideal health state from a farm perspective. If we use 
productivity parameters to measure health state, then a point of maximum health should 
coincide with peak milk and egg yield, and reproductive and growth rates. As a result, 
the absolute level of health of the animal is determined not only by the presence of 
pathogens and hazards, but also by the supply of ordinary inputs (land and feed, labour 
and capital) allocated to each animal. 

The GBADs ideal health concept differs from this maximum point because it reflects the 
economic purpose for livestock keeping. Figure 1 illustrates this difference with an 
example of a dairy cow producing milk in response to increasing units of feed input. 
Assuming constant price per litre of milk, the revenue from milk sales will follow the yield 
curve directly. When feed is subject to diminishing marginal returns in milk yield due to 
the biological limits of the animal, a point may exist at which a profit-maximising farmer 
is no longer incentivised to purchase additional feed. If yield as a proxy measure of health 
maximises at a higher feed input, a gap will therefore exist between the economically 
ideal level of health from the farmer’s perspective, and the ideal from a physiological 
perspective which is at the absolute maximum. Since GBADs is interested calculating 
monetary burden of animal disease at farm level, it is the former of these points that is 
our focus in this model. 

Production with disease 

An additional step is required to describe the relationship between production and the 
presence of disease-causing pathogens and hazards. Figure 2 depicts the disease 
triangle representing the status quo or current health state of a livestock system. The 
presence of disease affects the productivity of the system, that is, the rate at which the 
animals are able to use the ordinary inputs they are provided with (such as feed, labour, 
housing) to yield a given quantity of a desired product [2]. 

Farmers are able to respond to the effects of hazards by applying mitigating 
interventions, which come at a cost [3]. If we consider familiar disease control 
interventions we can see that these can be broadly divided into two types, those that 
modify the internal environment of the animal (i.e. veterinary interventions), and those 
that modify the external environment (biosecurity, hygiene, housing etc.). Where the cost 
of prevention or treatment is less than the loss to disease, farmers are incentivised to 
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shift the burden toward the cost of intervention; where the marginal cost of intervention 
is too high the opposite incentive exists, in this way, disease impact is spread between 
lost animals and productivity per animal, and additional expenditure on prevention and 
treatment of disease [4]. It is important to note that this relationship is dynamic as prices 
and markets change, and therefore input-output efficiency and expenditure on control 
should be assessed together to get a complete picture of on which side of this balance 
burden lies. 

The ideal health state models the hypothetical case in which disease-causing pathogens 
and hazards are removed from the system. Much as hypothetical disease outbreaks can 
be modelled and compared to a disease-free baseline without necessarily addressing 
the pathway leading to that outbreak, the ideal health state reverses this paradigm. In so 
doing it poses the question, what would the system look like if there were no hazards or 
pathogens present? This can be visualised as the removal of the upper section of the 
triangle in Figure 2, removing pathogens hazards as well as all expenditure on their 
control through biosecurity and veterinary interventions. 

To further clarify what the ideal health scenario models, we may refer again to Figure 2. 
Since it represents the removal of negative effects rather than the addition of positive 
ones, the animals themselves and their management remain unchanged in their nature 
under ideal health, while the effects of exogenous hazards are removed. The total burden 
of disease can then be calculated by modifying each parameter on which disease has 
impact mortality, productivity per animal, expenditure on control as measured under the 
current scenario to simulate farm system performance in this hypothetical state. The 
performance of the animal in biological terms improves relative to the resources it 
consumes (land and feed, labour, capital, time), while the mortality and expenditure on 
control are proposed, to be zero. The summed monetary value of the change across 
each of these areas of impact is being termed the AHLE [5]. 

Calculation of the Animal Health Loss Envelope 

Further constraints can be placed on the ideal health scenario to frame total health 
burden relative to desirable societal outcomes. For example, total product output can be 
fixed at current levels, thereby framing all disease burden through its impact on cost of 
production. For example, a single kilogram of meat from an ‘ideal health’ chicken might 
be found to be 15% cheaper to produce than the current cost per kilogram. This kind of 
measure is consistent with approaches being taken in modelling productivity change and 
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greenhouse gas emissions [6] and associating them with animal health state [7]. A 
simplified output-constrained AHLE calculation is provided in Figure 3 to illustrate. 

Alternatively, the system can be constrained on a particular input resource, for example 
grazing land. In such a way an ideal health population may make more efficient use of 
the land already under grazing, increasing output yield without increasing total grazing 
area. Exactly which constraints are the most appropriate for the GBADs programme is a 
question which is still to be answered through a process of needs assessment and user 
engagement. The first GBADs case study has simulated an unconstrained system, and 
user feedback on this is being given careful consideration. These constraining scenarios 
are an important step in addressing that feedback, and a standard set of scenarios will 
be developed for use in future case studies. 

The work conducted so far has also allowed the exploration of the data landscape and 
some conclusions to be drawn with respect our ability to devise a representative 
production system classification, and the likelihood of being able to populate production 
system models in a globally complete manner with existing datasets. This has put 
renewed focus on imputation models to fill data gaps, and methods of quantifying the 
uncertainty resulting from variation in data quality and presenting it in a transparent 
manner. The way in which these challenges are being tackled is the subject of other 
papers published in this issue and forthcoming elsewhere. 

The AHLE in context 

The ideal health scenario and the AHLE calculation are a means of describing total 
disease burden for all causes simultaneously in a standardised manner, devised as a 
methodological step toward attributing burden to specific causes without double-
counting. As a whole, the AHLE also provides a measure of disease burden which can 
be used for comparative analysis. The purpose of the ideal health model is not to map 
out an intervention pathway to be followed, since there is no pathway to disease-free 
status built into the model scenarios. 

The AHLE is intended to be interpreted alongside, or as a denominator to, other 
measures of disease burden which are oriented toward practical decision-making. This 
includes providing a context for the burden attributable to specific causes which are to 
be the central output of the GBADs programme. For those interested in how GBADs may 
assist practical decision-making for farm-level interventions, it is the burden estimates 
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attributed to cause that will be of greatest interest. At the point at which cause and burden 
are associated, a pathway to viable intervention strategies becomes possible to map out. 

The GBADs burden estimation method makes investment appraisal, such as cost-benefit 
analysis, more accessible to users looking to plan interventions. The production system 
models developed for the AHLE calculation will be published and freely available. This 
will allow interested parties to devise scenarios for animal performance that focus on 
their area of interest. This customisability can be used to explore the marginal benefits 
of incrementally improving health in any kind of intervention scenario. This kind of 
customisable model provides a means of quantifying the benefit side of an investment 
appraisal, such as a standard cost benefit analysis. The data gathered to populate the 
AHLE calculation model also contain much of the same data needed for this kind of 
analysis, in terms of input and output prices and quantities. 

The relationship between ideal health and performance 
benchmarking 

The ideal health state, as a hypothetical concept, is not the same as the benchmarking 
metrics often used to compare performance between producers in the same system. 
Relative measure of productivity, so-called because performance is measured between 
farms relative to each other rather than against a fixed point outside of the data, are a 
useful tool for producers looking to make immediate improvements in their management 
with interventions already being used by their peers. Ranking producers according to a 
particular outcome, profit for example, allows users to make inferences about the factors 
contributing to their rank. This has shortcomings as a measure of absolute disease 
burden, since even the best producers will experience some disease, the extent of which 
will be variable between populations. This kind of data does have important application 
in developing quantitative associations between specific health hazards and 
performance as part of cause attribution. This data is also being explored as a means to 
setting single performance parameter values for the ideal health state. A useful output of 
the GBADs process will also be the gathering of farm-level data suited to developing 
benchmarks within the GBADs informatics database. 

As the volume of data in the GBADs system increases in terms of the geographies, 
systems and time periods covered, new avenues of analysis will be opened up which will 
make the AHLE more valuable as an analytic tool. It is anticipated that between the total 
burden that is attributed and the total AHLE, a gap will remain. This will represent the 
limit of what is known about the hazards present and completeness of the measures of 
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their impact. The relative size of this gap when compared across jurisdictions, being an 
indicator of information scarcity, may be a means of identifying gaps in animal disease 
surveillance and diagnostic capacity at a global level. This is a goal of interest, for 
example, to those interested in pandemic threat assessment [8,9]. 

The gap between the ideal health performance and a best performer benchmark, when 
compared across similar production systems, may shed light on country level effects 
which constrain the farm-level disease control options to producers. In an open and 
stable society, it can be hypothesised that producers are likely to have sustained access 
to a more diverse range of effective veterinary and other health interventions than in less 
open or politically unstable regions. There is evidence that inequalities in drug access 
are commonplace and providing information that supports public and private sector 
initiatives to address this issue in an unbiased manner would be welcomed [10]. 

Conclusions 

In summary then, the AHLE provides a means of estimating farm-level disease burden 
when animal keeping being an economic activity for which the farm-level costs and 
benefits can be quantified in monetary units. It is a methodologically important step 
toward various other metrics which have practical application. While the GBADs 
programme remains at an early stage, the AHLE has been presented in a transparent 
manner for criticism by the audience of potential users. It has also been used to generate 
farm-level productivity changes to parameterise partial and general equilibrium models 
for estimating economic impact beyond the farm, with publications forthcoming on those. 
The same models (AHLE and economy) can be repurposed to look at single disease 
issues, producing partial attributions of the AHLE as disease specific information is 
gathered, reviewed and analysed. It is at the end of this process that information relevant 
to intervention planning will come to the fore. 
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Figure 1 

The difference between ideal health from a purely physiological perspective when 
compared to an economic perspective 

Diminishing response to additional feed units mean profits are maximised where total 
revenue is furthest from the total cost of production. Assuming total yield is directly 
proportional to health, in this case the point of maximum profit occurs at a lower feed 
allocation point than required to produce maximum ‘health’. As a result, an additional 
health gap exists above the economic ideal 
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Figure 2 

Disease ‘triangle’ illustrating the relationship between the occurrence of disease 
and possible management expenditure aimed at mitigating disease impact 

Expenditure can broadly be summarised as either modifying the environment internal to 
the host through veterinary medical interventions, or externally through environmental 
modifications such as housing, temperature and humidity control, or biosecurity and 
hygiene practices. In both cases, treatment and prophylaxis are possible. The ideal 
health scenario describes the removal of the upper vertex of the triangle, with 
consequent removal of expenditure on disease impact mitigation activities 
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Figure 3 

Output-constrained Animal Health Loss Envelope calculation for a simple 
production system using feed, labour, housing and veterinary inputs to produce 
1000 tonnes of meat per year 

Improvements in growth rate, feed conversion efficiency and fertility, and no mortality or 
expenditure on disease control combine to produce a total disease burden when the 
ideal health state is compared to the current health situation 
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