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E1
The purpose of the research reported here was to provide assessments of the economic impacts of some 35 diseases affecting farm animals in Great Britain by means of a series of livestock disease economic spreadsheet models. Such assessments are required to support DEFRA policy decisions concerning livestock disease control and research priorities.

E2
The models are able to estimate the ‘direct costs’ (output loss/resource wastage, treatment and prevention costs) of each disease and provide an assessment of the animal welfare and human health implications. The values of key disease variables within the models are determined from the scientific literature and by means of a survey of experts for each disease. ‘Border prices’ are used to value outputs rather than market prices. ‘Low’, ‘medium’ and ‘high’ ranges of key variables are used within the models to reflect variations in estimates. The ‘medium’ estimates are considered to be the best guides as to the current costs associated with each disease.

E3
The animal welfare implications of each disease are assessed by using the results of an expert survey of the welfare impacts of each disease together with the number of affected livestock to give a welfare score. The human health implications of the zoonoses included in the study are assessed by a similar method and using information on the human health costs (days off work, treatment costs etc. plus cost of preventive measures) associated with disease in livestock.
E4
Results of the models show that: (i) for cattle, mastitis has the highest estimate of direct disease costs associated with it (£180 million/yr) followed by lameness (£54 m/yr) and then BVD (£40 m/yr). Lameness has the highest animal welfare loss, followed by mastitis. In terms of human health, VTEC O157 and salmonellosis are the most important diseases (of those considered) with the human welfare implications of salmonellosis being rated highest. (ii) for sheep, enzootic abortion has the highest direct costs associated with it (£24 m/yr), largely because of the relatively high estimated control costs (£17 m/yr), followed by toxoplasmosis (£12 m/yr) and acute enzootic pneumonia (£12 m/yr of which £9 m/yr are estimated control costs). Orf is rated as having the highest animal welfare loss associated with it, whilst enzootic abortion has the highest level of human health costs (largely because of the high value assumed for the loss of a human foetus). (iii) for pigs, swine influenza has the highest direct costs associated with it (£8 m/yr), followed by enteric disease (£6 m/yr). The animal welfare losses are estimated as highest for swine influenza. (iv) for poultry, direct disease costs are highest for infectious bronchitis (£24 m/yr), but skeletal problems have the highest associated animal welfare loss. Not surprisingly, salmonellosis has the highest human health costs (£98 m/yr) and human welfare loss associated with it.

E5
Analyses of disease control measures suggest that only in the cases of vaccination of cattle for BVD, dry cow therapy for mastitis, vaccination of pigs against enteric disease and vaccination against infectious bronchitis and infectious bursal disease in poultry do the likely benefits of increasing control outweigh the costs. However, there are animal welfare benefits associated with the greater use of all of the disease control measures.

E6
Analyses of the benefits to be derived from successful research show that these could be greatest (in absolute terms) for mastitis and lameness in cattle, orf and toxoplasmosis in sheep, swine influenza in pigs and infectious bronchitis and skeletal problems in poultry.

E7
The models provide a useful basis for further analyses and should be made generally available to both researchers and policy analysts for this purpose. The inclusion of additional diseases to the current suite of models should be considered. National epidemiological surveys are needed to provide appropriate data on economically-important diseases. Research on methods for the measurement/estimation and valuation of animal welfare effects should be further pursued.

Scientific report (maximum 20 sides A4)
To tab in this section press the tab key and the Control key together
Press the DOWN arrow once to move to the next question.

1.
Introduction
1.1 Background to study
Under a previous research project funded by the Ministry of Agriculture, Fisheries and Food (MAFF) a series of spreadsheet models was developed to estimate the direct costs associated with some 30 diseases and conditions affecting farm animals in Great Britain (Bennett et al., 1999 a, b, c, d). These models estimated the output losses, resource wastage, disease prevention and treatment costs associated with each disease. However, the models required further development to refine these estimates and to consider the wider economic impacts of disease such as the effects on human health and animal welfare. Moreover, there was a requirement for the models to consider the likely economic benefits of disease control strategies and of successful research to reduce disease incidence.

1.2 Terms of reference
The purpose of the research reported here was to provide assessments of the economic impacts of a range of some 35 diseases affecting farm animals in Great Britain by means of a series of livestock disease economic spreadsheet models. These models were to be based on, and further developed from, the series of disease models resulting from previous MAFF-funded research as outlined above.

The specific objectives of the Project were to: 

1. Improve and narrow the range of estimates of disease incidence and effects, prevention and treatment costs within the previous models.

2. Use economic values within the models that reflect the true costs associated with diseases.

3. Assess the likely human health implications/costs associated with zoonotic diseases.

4. Assess the animal welfare implications associated with each disease.

5. Assess the costs and benefits of one chosen disease control strategy for each disease.

6. Assess the benefits to be derived from additional research investment expenditure that results in a 1% reduction in incidence or a 1% reduction in disease effects for each disease.

7.
To develop spreadsheet models and provide assessments for five additional diseases of farm livestock – bovine tuberculosis (M. bovis), sheep scrapie, poultry salmonellosis, VTEC O157 in cattle and VTEC O157 in pigs (the latter as a hypothetical modelling exercise).

The diseases/conditions of livestock considered in this project were: in cattle - bovine viral 

diarrhoea/mucosal disease (BVD), enteric disease (in calves), VTEC O157, fasciolosis (liver fluke), 

infectious bovine keratoconjunctivitis (IBK), infectious bovine rhinotracheitis (IBR), lameness, 

leptospirosis (L. hardjo infection), mastitis, parasitic bronchitis (lungworm), paratuberculosis (Johne’s 

disease), pasteurellosis, salmonellosis, summer mastitis and bovine tuberculosis (M. bovis); in pigs: 

atrophic rhinitis, enteric disease, VTEC O157, streptococcus suis type II meningitis, swine dysentery and 

swine influenza; in sheep - acute enzootic pneumonia, blow-fly strike (myasis), enzootic abortion in ewes, 

maedi-visna, contagious pustular dermatitis (orf), sheep pulmonary adenomatosis, scrapie and 

toxoplasmosis; in poultry: coccidiosis, infectious bronchitis, infectious bursal disease (Gumboro disease), 

Marek’s disease, salmonellosis and skeletal problems.

1.3
Research methods

The research consisted of a number of inter-related phases. These were:

1.
A series of small-scale surveys of experts and scientists with particular knowledge of each of the diseases in question were undertaken to refine the values of key disease variables within the models (such as disease incidence and effects).

2.
Economic values for outputs (and, where possible and appropriate, for inputs) were constructed using undistorted ‘border prices’ and applied to the spreadsheet estimations.

3.
A survey of animal welfare experts was undertaken to assess the animal welfare impacts of each disease.

4.
Information on the human health implications and costs of zoonotic diseases was collated to try to assess the impact of these diseases on human health. Given the inadequate nature of much of this information, a survey of experts on communicable diseases was undertaken to obtain their opinions on the severity of human health impacts associated with each zoonotic disease.

5.
In consultation with veterinary experts, a disease-control strategy for each disease was selected. The costs and benefits of each strategy were estimated using the spreadsheet models. In addition, the models were used to estimate the potential benefits to be derived from successful research that results in a marginal, 1%, reduction in disease incidence.

Details of the methods used for each of these stages are given in the relevant section below.

2. survey of Experts on key disease variables
2.1 Aim and method

The aim of this survey was to obtain better estimates of key disease variables included within the spreadsheet models. Veterinary and other scientific experts were identified for each disease from the research literature and in consultation with colleagues at the Veterinary Laboratories Agency (VLA) and elsewhere. Around 5-20 experts were identified for each disease. A questionnaire was designed for each disease that asked for experts’ opinions on the values of key disease variables such as incidence, disease effects, prevention and treatment. A sample of one of these questionnaires is shown in Appendix 1. The questionnaire was administered by post with both postal and telephone follow-up contact. A total of 248 scientists were sent the questionnaires. There was an overall response rate of 45% (112 respondents), which varied according to the disease. Responses to the questionnaires were entered onto a database and analysed.

2.2 Results

Appendix 2 shows the results for each variable and for each disease. Values used in the previous MAFF-funded study, derived from the scientific literature, are shown as ‘quoted’ values. The values given by experts are shown separately for each respondent (A, B, C etc.).

On average, the quoted values were originally derived from three sources or references within the research literature. These values were therefore treated as three observations in the analysis and combined with the observations of each of the experts obtained from the survey. The median value was calculated, which was thought to be a better measure of central tendency than the mean. In addition, the 25% and 75% percentile values were calculated to give some measure of the range of estimates obtained. Appendix 2 shows that, in some cases, this range is quite large. This may be due to regional and/or temporal variations in disease variables such as incidence or due to uncertainty or lack of information about a particular disease. In some cases, there was evidence that respondents had misunderstood the information requested and in these cases the responses were omitted from the analysis.

The median and 25% and 75% percentile estimates derived from the survey were entered into the spreadsheet models, replacing previous values that had been used.

3.
animal welfare implications

3.1 Aim and method
The animal welfare implications of each disease were assessed by means of a survey of veterinarians and animal welfare scientists. Thus, the aim of the survey was to obtain assessments of the animal welfare impact of each disease.

A questionnaire was designed to obtain information on the extent to which each disease affects the welfare of infected/affected livestock. In order to do this, respondents were asked to allocate the percentage of cases of each disease that they thought resulted in ‘no impact’ or ‘mild’ or ‘medium’ or ‘severe’ impacts on animal welfare. The questionnaire was administered by post with postal and telephone follow-ups as required (Appendix 3 shows a specimen copy of the questionnaire and covering letter). A total of 115 veterinarians and 21 animal welfare specialists were sent the questionnaire with a 51% response rate for the former and a 76% response rate for the latter (75 respondents or 55% response rate overall). However, some questionnaires were incorrectly completed resulting in an overall response rate of just over 46% (63). Moreover, usually respondents only felt qualified to comment on a few of the diseases in question resulting in observations per disease ranging from 28-37 for cattle diseases, 28-36 for sheep diseases, 24-27 for pig diseases and 12-17 for poultry diseases.

3.2 Results
Responses were entered onto a database and analysed. Appendix 4 summarises the results from the survey. Table Appendix 4.1 shows the mean values of responses for the 35 diseases/conditions across the four categories (‘no impact’, ‘mild’, ‘medium’ or ‘severe’ impact), together with 25% and 75% quartile ranges. It can be seen that those diseases thought to result in the most severe impact on welfare for affected animals are Streptococcus suis type II meningitis in pigs (52% of cases in the ‘severe’ category on average), blow-fly strike in sheep (46%), scrapie in sheep (45%), sheep pulmonary adenomatosis (43%) and skeletal problems of poultry (42%) – followed by summer mastitis in cattle (38%).

In order to aggregate the percentages of cases from each welfare category into a single overall welfare impact score, a weighting system was used. The weightings for each disease were derived from a small follow-up survey of seven veterinary experts who had taken part in the first stage of the survey. Table Appendix 4.2 and Figure Appendix 4.1 show the mean score for each disease together with the 25% and 75% percentiles (which show the variation of scores). In terms of overall welfare impact, once again, Streptococcus suis type II meningitis in pigs has the highest rating. Summer mastitis in cattle, skeletal problems of poultry, pasteurellosis in cattle, blow-fly strike in sheep, lameness in cattle, infectious bursal disease in poultry and scrapie in sheep, amongst others, also have relatively high welfare impact scores. Diseases with the lowest scores include toxoplasmosis and enzootic abortion in sheep and leptospirosis (L. hardjo) in cattle.

These assessments of the welfare impact of diseases do not take into account the incidence of each 

disease. Multiplying the welfare impact scores for each disease by the annual incidence and livestock 

population at risk from the disease gives a crude measure of the likely overall welfare impact of each

disease for each livestock species.

Table 3.1
Welfare score per case, annual incidence and total welfare impacts of

livestock diseases in Great Britain.

Category
Disease
Median score per case
Incidence

(‘000 head)
Total welfare

  impact

CATTLE
BVD-MD
56.2
325
183


Bovine E.coli (VTEC O157) a
33.3
-
-

 
Enteric Disease in Calves
51.2
203
104

 
Fasciolosis
38.4
377
145

 
IBK
59.7
443
264

 
IBR
57.0
102
58


Lameness
65.7
782
514

 
Leptospirosis
24.7
209
52

 
Mastitis
50.9
733
374

 
Parasitic bronchitis
63.9
103
  66

 
Para tuberculosis
52.9
1
0

 
Pasteurellosis
69.6
7
5

 
Salmonellosis
57.0
5
3

 
Summer mastitis
70.9
22
15

 
Tuberculosisb
55.9
-
4

SHEEP
Acute enzootic pneumonia
61.6
36
22

 
Blow-fly strike
66.7
564
376

 
Enzootic abortion
23.3
834
194

 
Maedi-visna
46.4
108
50

 
Orf
53.0
2167
1148


Scrapie
64.9
2
1

 
Sheep pulmonary adenomatosis
54.8
4
2

 
Toxoplasmosis
14.8
334
50

PIGS
Atrophic rhinitis
39.1
98
38

 
Enteric disease
47.6
453
215


Piglet enteritis (VTEC O157) a
57.7
-
-

 
Streptococcus suis Type II meningitis
79.3
16
12

 
Swine dysentery
49.6
491
244

 
Swine influenza
45.5
1932
879

POULTRY
Coccidiosis
50.7
2506
1270

 
Infectious bronchitis
58.7
22504
13220

 
Infectious bursal disease
65.1
340
221

 
Marek’s disease
57.8
78
45

 
Salmonellosis 
34.8
2244
782


Skeletal problems
70.8
35311
25000

a There are no clinical cases of VTEC O157 in cattle and pigs. 

b There are no clinical cases of Bovine TB. Welfare loss relates to the compulsory slaughter scheme.

Using this method, Table 3.1 above shows that, under the assumptions used, lameness, mastitis and 

parasitic bronchitis in cattle all have relatively large impacts on the welfare of the cattle population. In the 

case of sheep, orf appears to have a particularly large impact on welfare of the sheep population, mainly 

because of the assumed high incidence of the disease compared to the other diseases of sheep considered. 

For pigs, swine influenza appears to have the largest welfare impact (largely due to a relatively high 

incidence rate) followed by swine dysentery and enteric disease. Skeletal problems of poultry have the 

largest impact on poultry welfare, followed by infectious bronchitis.

It should be noted that this crude assessment is based on a number of assumptions (outlined above) and that measures are not comparable across species.

4.
Human health implications

4.1 Introduction

The human health implications of the zoonotic diseases included in this study were assessed in two different ways.

1.
Data on the incidence of the zoonosis, the effects of the disease on human welfare, links with the disease in livestock, prevention and treatment activities have been collected and collated. These data include any studies of economic costs of the diseases in question. Collaboration with scientists and information from the Public Health Laboratory Service (PHLS) considerably aided this part of the study.

2.
A survey of experts in communicable diseases was undertaken to obtain assessments of the impact of each disease on the welfare of affected individuals.

The zoonosis considered in this part of the study were the following: in cattle - VTEC O157, fasciolosis, leptospirosis (L. hardjo), pasteurellosis, salmonellosis and tuberculosis (M. bovis); in sheep – psittacosis (enzootic abortion), orf, and toxoplasmosis; in pigs – VTEC O157 (hypothetical scenario) and Streptococcus suis type II meningitis; in poultry – salmonellosis.

4.2 Collation of data on zoonotic diseases

Data were collected and collated relating to:

(i)
The incidence of each disease in the human population of Great Britain.

(ii)
The incidence of each disease in humans that is due to the prevalence or incidence of the disease in the livestock population (e.g. via food or direct contact with livestock).

(iii)
Human health effects of each disease in terms of the nature of illness caused, the incidence of different disease effects, effect on quality of life, days of hospitalisation, days off work, the nature of treatment etc.

(iv)
Costs of illness in money terms – including treatment costs etc.

Appendix 5 contains reports, for each of the zoonotic diseases outlined above, which provide summaries of the relevant human health data collected and collated for the project. In some cases, such as the enteric diseases, large amounts of data and information were available, but only the most relevant are presented in the reports to meet the information requirements specified above. For some diseases, it can be seen that there was a paucity of information, which hampered any analysis of human health impacts.

In the case of two diseases – pasteurellosis in cattle and toxoplasmosis in sheep – there are no reports of human cases of these diseases being linked to livestock species but rather to pets. Thus, further analysis of the implications of these diseases for human health has been omitted.

4.3 Survey of experts in communicable diseases

A random sample of 118 experts in communicable diseases (based mainly at hospitals) was taken from the PHLS database of Consultants in Communicable Diseases for Great Britain. These experts were asked to complete a questionnaire that was designed to elicit information on the human welfare impacts of the different zoonoses (see Appendix 6). The questionnaire asked them to allocate the percentage of clinical cases of each disease according to whether the negative human welfare impacts were ‘low’, ‘medium’ or ‘severe’. In addition, they were asked to give a score (out of 100) that reflected the ‘welfare impact’ of an average case of the disease for an affected individual. The survey was administered by post with both postal and telephone follow-ups. The survey achieved a 42% response rate.

The main results of the survey are given in Appendix 7. A summary of the findings as regards the overall ‘welfare impact’ score for each disease is shown in Table 4.1 below. It can be seen that VTEC O157 has the highest impact score followed by Streptococcus suis type II meningitis. These scores are generally compatible with the disease effects cited in the literature for each disease and summarised in the disease reports of Appendix 5.

Table 4.1
Mean, 25% and 75% percentile score on human welfare

impact of cases of each zoonoses.

Disease
25%

 percentile
Mean
75%

 percentile

VTEC O157
50.0
61.9
80.0

Fasciolosis
15.0
40.3
60.0

Leptospirosis
30.0
51.2
75.0

Pasteurellosis
10.0
30.9
45.0

Salmonellosis
20.0
35.2
50.0

Tuberculosis
22.5
51.2
72.5

Enzootic abortion in ewes 
10.0
43.6
75.0

Orf
5.0
16.4
20.0

Toxoplasmosis
20.0
40.8
58.8

Streptococcus suis Type II meningitis
26.3
60.1
90.0

4.4
Analysis of human welfare impact of zoonoses
Data on incidence, links to disease in livestock, effects on human health and costs of illness and health care, together with information from the expert survey, were used to estimate the human welfare impacts for each disease both in money terms and in terms of (negative) total welfare scores. The latter were estimated by multiplying the average scores from the expert survey by the incidence of each disease. Appendix 8 contains spreadsheet calculations, which provide estimates of the human health costs of each disease and their overall welfare impact scores. Each spreadsheet is accompanied by explanatory notes, which document the source and derivation of the parameters and calculations used.

Table 4.2 below summarises the main results from these analyses.

Table 4.2
Human health costs and total welfare scores associated with each zoonoses.

Disease

Costs of human  disease (£m)
Total welfare score

VTEC O157
Cattle

Pigsa
5.6

3.7b
27

18

Fasciolosis

0.0
0

Leptospirosis

0.0
5

Pasteurellosisb

-
-

Salmonellosis
Cattle

Poultry
5.1

98.6
174

1783

Tuberculosis

1.4
18

Enzootic abortion 

3.4
0

Orf

0.0
1

Toxoplasmosisa

-
-

Streptococcus suis Type II meningitis

0.0
2

b Hypothetical scenario since no evidence of human infection of VTEC O157 from pigs.

a Pasteurellosis and toxoplasmosis originate most likely from pets.

It can be seen that salmonellosis related to poultry has the highest human health costs associated with it together with the highest human welfare impact score. This is followed by salmonellosis related to cattle and VTEC O157 related to cattle. Note that wherever a zoonotic disease results in some fatalities the estimated human health costs associated with the disease are likely to be high due to the high value given to loss of human life in the calculations (see Appendix 8).

5.
Economic values – the use of ‘border prices’
The use of UK domestic market prices as a basis for the money values used within the spreadsheet models of disease costs may result in valuations that do not reflect true economic values. This may be due to a number of reasons. First, agricultural policy and market support may distort market prices. Production payments and quota restrictions on output may both lead to higher domestic prices. Import restrictions and export subsidies will also lead to higher domestic prices. Second, markets may be disrupted by demand or supply shocks (for example, recent problems with BSE and FMD in the UK), also causing market distortions.

For this reason, the analyses presented here use a series of ‘border prices’ as the basis for the values given to livestock product outputs (i.e. finished products). These border prices are the prices at which the livestock products could be produced elsewhere and transported to the UK for consumption. This is considered to be a better measure of the true opportunity cost of producing the product domestically, rather than the use of ‘distorted’ domestic market prices. However, it is important that ‘distorted’ prices from exporting countries are not used either, since exporting countries may also provide market support, pay export subsidies etc. to their own producers resulting in prices that do not reflect the true economic costs of production. Thus, prices from exporting countries must be chosen where there is least market distortion.

However, the values given to inputs within the analyses are based on UK market prices. This is because many inputs, such as labour, are really only sourced from domestic markets. UK market prices for livestock feed are also used because they are a complex mix of ingredients generally sourced internationally according to the lowest price.

Appendix 9 gives some detail as to the border prices used within the analyses and the derivation of these prices. Table 5.1 provides a summary of the primary values used, together with a comparison with UK domestic market prices for 2001. Not surprisingly, Table 5.1 shows that the relevant border price of each product is lower than the UK market price. These price differentials are used to adjust domestic prices of other livestock goods/products contained within the spreadsheet models, such as the values given to replacement animals (see Appendix 9 for more details).

Table 5.1 Border and market prices of livestock produce


Border price (p/kg)
Market price (p/kg)

Milk1
18.8
20.0

Beef2
71.3
85.0

Lamb3
61.2
80.0

Wool4
60.0
60.0

Pork5
71.6
99.5

Poultry6
34.5
49.0

Eggs7
35.5
38.0

(1) NZ butter and skimmed milk powder price, plus transport costs, (2) Australian beef price, plus transport costs, (3) Australian lamb price, plus transport costs, (4) assumed to be equal to the market price, (5) NZ pork price, plus transport costs, (6) NZ poultry price, plus transport costs, (7) Dutch egg price (pence/dozen), plus transport costs.

6.
Spreadsheet models of Diseases

6.1
Introduction

The aim of developing the 35 spreadsheet models presented here was to provide a basis for the economic assessment of these diseases in relation to: (i) the output losses and resource wastage in livestock production as a result of disease; (ii) the treatment and preventative measures undertaken to control disease; (iii) the animal welfare impact of diseases; (iv) the human health impacts of the zoonotic diseases; and (v) the benefits and costs of disease control measures or of research into disease control.

6.2
Method

A comprehensive description of the approach used to originally develop the models, together with preliminary estimates of the ‘direct costs’ (see below) associated with 30 of the diseases can be found in Bennett (2003). A standardised methodology was applied to the estimation of the direct disease costs and the human health and animal welfare impacts associated with each of the 35 different diseases included in this study. This involved:

1)
Identification of the livestock populations at risk and the production systems affected and estimation of the annual incidence of each disease in these populations (see Section 2).

2) 
Identification of the range and incidence of physical effects of each disease on the production systems affected - i.e. compared to what might be expected without the disease being present - (see Section 2).

3) 
Valuation of the physical effects of each disease on production.

4) 
Estimation of the value of the direct disease losses to livestock production due to the disease.

5)
Identification of the treatment measures undertaken for each disease and estimation of treatment costs incurred due to the disease.

6)
Identification of specific prophylactic measures for each disease and estimation of the costs incurred in undertaking those measures.

7)
Assessment of the animal welfare implications of each disease (see Section 3).

8)
Assessment of the human health implications of zoonotic diseases (see Section 4).

Using this approach, a simple spreadsheet model was constructed for each disease, which estimated the components of the ‘direct costs’ (DC) for each disease such that:

DC = (L+R) + T + P







(1)

where:

L = the loss in expected output due to disease.

R = the increase in expenditures on non-veterinary resources due to disease.

T = the cost of inputs used to treat disease.

P = the cost of disease prevention measures.

For each disease effect


(L+R) = p · id · ie · e · vl

(2)

For each type of disease treatment

T = p · it · vt



(3)

For each type of disease prevention

P = p · ip · vp



(4)

where:

p
=
size of livestock population at risk (000s)

id
=
annual incidence
 of disease as a proportion of the population at risk

ie
=
incidence of disease effects as a proportion of the affected population

e
= 
magnitude of physical disease effects (e.g. litres of milk lost)

vl
=
unit value of lost output or resource wastage (e.g. £s/litre of milk lost)

it
=
proportion of population at risk treated

vt
=
cost of treatment per animal

ip
=
proportion of population at risk where prevention measure taken

vp
=
cost of prevention measure per animal

In addition, for each disease, (i) the animal welfare implications (W) are estimated such that:

W = Ws · p · id 








(5)

where Ws = the welfare impact score derived from the expert survey (see Section 3)

and (ii) the human health implications of each of the zoonoses are estimated such that:

H1 = Hs · ph · ih

(6)
or
H2 = (ph · ih · Ch ) + Cp

(7)

where:

H1= 
human health implications of disease in livestock according to welfare impact score measure.

H2 = 
cost/money valuation of human health implications of the disease in livestock.

Hs = 
human health impact score derived from expert survey (see Section 4).

ph =
human population at risk.

ih  =
incidence of disease in human population that is due to disease in livestock.

Ch =
cost of average case of disease in humans including treatment costs.

Cp =
cost of preventive measures.

Note that H1 and H2 are alternative estimates of the human health implications of each disease.

6.3
Results
The spreadsheet models are available on compact disk, together with supporting notes detailing the models’ specifications, parameter values and assumptions. A printout of model results for each disease also with supporting notes can be found in Appendix 10. Tables 6.1 to 6.4 below provide a summary of the models’ results in terms of the costs of disease effects (L+R), treatment and preventive measures (T + P), human health costs (H2 -where appropriate) and human health (H1 - where appropriate) and animal welfare implications (W) for each disease. Estimates are provided as a range of ‘low’, ‘medium’ and ‘high’.

The ‘medium’ estimate is considered to be the best current estimate as to the costs (and human health and animal welfare implications) associated with each disease (see Section 2 in particular for explanation as to how the ranges of values are derived, together with Sections 3 and 4) and these are shown in Tables 6.1-6.4. Estimates are based on 2001 prices and livestock populations.

Table 6.1 provides a summary of (medium) results for the cattle diseases. It can be seen that, in terms of disease effects on livestock, mastitis has the highest estimate at £102 million per year followed by BVD and lameness. Mastitis also has relatively high estimates of treatment and control costs associated with it, giving it the highest estimate of total disease cost. Not surprisingly, estimated human health costs associated with the various diseases in cattle are largest for VTEC O157 and salmonellosis (at over £5 million per year each). The human health implications of the diseases according to expert scoring show salmonellosis of most importance followed by VTEC O157. This is because the incidence (linked to cattle) of the former is estimated to be relatively much higher than that of the latter. In terms of animal welfare implications, lameness is estimated to have most adverse impact on cattle welfare followed by mastitis.

Table 6.2 provides a summary of (medium) results for the sheep diseases. Of the diseases of sheep, toxoplasmosis has the highest estimate of the cost associated with the effects of disease on production followed by orf. However, the total costs associated with disease are highest for enzootic abortion, largely due to the relatively high level of estimated costs associated with controlling/monitoring the disease. In terms of human health costs associated with diseases in sheep, enzootic abortion is also of most importance – although this is because of the assumed high valuation given to the unplanned loss of a human foetus (see the spreadsheet model for details). However, the human health implications of enzootic abortion in ewes are relatively low as measured by the expert scoring method (H1). In terms of animal welfare, orf is estimated as being of most importance, due to the relatively large number of sheep affected, followed by blow-fly strike.

Table 6.3 provides a summary of (medium) results for the pig diseases. Of the diseases of pigs considered in the study, swine influenza has the highest estimate of the cost associated with the effects of disease on production. This is because of the relatively high number of pigs affected each year and a relatively high estimated cost associated with liveweight loss due to the disease. In terms of the total costs associated with each disease, swine influenza has the highest estimate followed by enteric disease, with the latter having a relatively high level of estimated control costs associated with it.

Table 6.1 Summary of estimated costs of cattle diseases.














BVD-MD Complex
VTEC O157
Enteric disease
Fasciolosis
IBK
IBR
Lameness
Leptospirosis
Mastitis
Parasitic bronchitis
Paratuberculosis
Pasteurellosis
Salmonellosis
Summer mastitis
Tuberculosis

Animals affected ('000 head)
325
-
203
377
443
102
782
209
733
103
1
7
5
22
-

Disease effects (m£):
36.6
-
1.7
21.1
9.4
2.0
33.8
3.9
102.4
5.2
0.7
0.1
0.4
3.7
-


of which:
Milk loss
0.2
-
-
5.8
0.4
0.4
25.3
0.3
79.2
-
0.3
-
0.0
1.7
-



Liveweight loss
-
-
0.6
4.3
3.2
0.5
-
0.2
-
0.5
-
-
-
-
-



Fertility problems
1.7
-
-
4.8
-
-
-
0.7
-
3.7
-
-
-
-
-



Mortality / premature cull
23.1
-
1.1
5.4
5.9
0.9
8.5
0.7
23.2
1.0
0.4
0.0
0.1
0.7
-



Abortion / stillbirth
11.6
-
-
-
-
0.1
-
2.0
-
-
-
-
0.2
0.0
-



Condemnation carcass
-
-
-
0.7
-
-
-
-
-
-
-
0.1
-
-
-

Treatment costs (m£)
0.0
-
4.6
0.4
1.6
0.2
15.6
2.1
37.5
0.3
0.0
0.2
0.1
0.9
-

Control costs (m£)
1.8
-
4.7
1.5
0.8
3.2
4.1
3.7
39.7
4.0
-
0.5
0.4
8.1
4.1

Monitoring costs (m£)
1.2
-
-
-
-
0.6
-
1.2
-
-
-
-
-
-
25.6

Human health costs (m£)
-
5.6
-
0.0
-
-
-
0.0
-
-
-
-
5.1
-
1.4

TOTAL COSTS (m£)
39.6
5.6
11.0
23.0
11.9
6.0
53.5
11.0
179.7
9.5
0.8
0.8
5.9
12.6
31.2

Animal welfare loss (‘000)
183
-
104
145
264
58
514
52
374
66
0
5
3
15
4

Human welfare loss 
-
27
-
0
-
-
-
5
-
-
-
0
174
-
18

Notes:
















- means zero, 0.0 =<0.05
















Table 6.2  Summary of estimated costs of sheep diseases.










Ac. Enz. Pneumonia
Blow fly strike
Enzootic abortion
Maedi-Visna
Orf
Scrapie
Pulmonary Adenomatosis
Toxoplasmosis

Animals affected ('000 head)

36
564
834
108
2167
2
4
334

Disease effects (m£):


2.4
0.5
1.4
1.8
6.1
0.1
0.5
9.1


of which:
Liveweight loss
-
-
-
0.7
0.1
-
-
-



Mortality / premature cull
0.0
0.3
-
1.1
5.9
0.1
0.5
-



Abortion / stillbirth
-
-
1.4
-
-
-
-
9.1



Carcass condemnation
2.3
-
-
-
-
-
0.0
-



Fleece damage
-
0.2
-
-
-
-
-
-

Treatment costs (m£)

0.0
0.2
0.0
-
1.5
-
-
0.0

Control costs (m£)


9.4
1.5
16.5
1.6
2.4
0.6
0.0
3.2

Monitoring costs (m£)

-
-
2.5
-
-
-
-
-

Human health costs (m£)

-
-
3.4
-
0.0
-
-
-

TOTAL COSTS (m£)


11.8
2.2
23.8
3.4
10.0
0.7
0.5
12.4

Animal welfare loss (‘000) 


22
376
194
50
1148
1
2
50

Human welfare loss 


-
-
0
-
1
-
-
-

Notes:












- means zero, 0.0 =<0.05











Table 6.3  Summary of estimated costs of pig diseases.









Atrophic rhinitis
Enteric disease (intensive systems)
Streptococcus suis type II meningitis
Swine dysentery
Swine influenza
VTEC O157

Animals affected ('000 head)

98
453
16
491
1932
-

Disease effects (m£):


0.5
1.2
0.0
1.1
7.7
-


of which:
Liveweight loss
0.2
0.1
-
0.7
4.3
-



Mortality / premature cull
-
1.1
0.0
0.3
0.5
-



Carcass condemnation
0.2
-
-
-
0.4
-



Fertility

-
-
-
0.2
2.5
-

Treatment costs (m£)

0.3
1.1
0.1
0.4
0.0
-

Control costs (m£)


1.3
3.3
-
-
0.0
-

Human health costs (m£)

-
-
0.0
-
-
3.7

TOTAL COSTS (m£)


2.0
5.5
0.1
1.5
7.7
3.7

Animal welfare loss (‘000)


38
215
12
244
879
-

Human welfare loss 


-
-
2
-
-
18

Notes:










- means zero, 0.0 =<0.05









Table 6.4  Summary of estimated costs of poultry diseases.









Coccidiosis
Infectious Bronchitis
Infectious Bursal Disease
Marek's Disease
Salmonellosis
Skeletal Problems

Animals affected ('000 head)

2506
22504
340
78
2244
35311

Disease effects (m£):


1.4
18.8
2.3
0.0
0.0
9.2


of which:
Liveweight loss
0.1
0.2
0.3
-
-
0.1



Loss of egg production
0.0
12.6
-
-
-
-



Mortality / premature cull
1.3
4.9
2.0
0.0
0.0
7.6



Carcass condemnation
-
1.0
-
0.0
0.0
1.5

Treatment costs (m£)

-
-
-
-
-
-

Control costs (m£)


11.2
4.9
2.6
1.0
2.5
-

Monitoring costs (m£)

-
-
-
-
3.7
-

Human health costs (m£)

-
-
-
-
98.6
-

TOTAL COSTS (m£)


12.6
23.6
4.8
1.0
104.7
9.2

Animal welfare loss (‘000)


1270
13220
221
45
782
25000

Human welfare loss 


-
-
-
-
1783
-

Notes:










- means zero, 0.0 =<0.05









VTEC O157 is the only pig disease (of those considered) that shows significant human health costs associated with it. However, this is purely a hypothetical scenario (since there have been no known cases of VTEC O157 in humans linked to the disease in pigs) based on a number of assumptions concerning the incidence of VTEC O157 in pigs and its potential transmission to humans (see Appendix 8). Estimates of the animal welfare implications of the diseases show swine influenza to be of most importance followed by swine dysentery and enteric disease.

Table 6.4 provides a summary of (medium) results for the poultry diseases. Of the diseases of poultry included in the study, infectious bronchitis has the highest estimate for the cost of disease effects on production associated with it at nearly £19 million per year (largely due to the estimated egg production losses) followed by skeletal problems. However, in terms of overall costs associated with the diseases, the highest estimate is for salmonellosis at nearly £105 million per year – due to the relatively high level of estimated human health costs associated with the disease in poultry. Salmonellosis also has the highest human welfare impact score associated with it. Skeletal problems in poultry have the largest animal welfare implications score associated with them, followed by infectious bronchitis. The other diseases of poultry have very low animal welfare implications scores associated with them.

7.
Disease Control Measures

7.1
Method

For each of the 35 diseases and conditions of livestock included in this study a disease control measure that is used to control the disease in Great Britain was selected for analysis. For each of these control measures, the costs and benefits of increasing the level of control by an absolute 1% was estimated (except for human health costs). For example, if the disease control measure (e.g. vaccination) was applied to 98% of livestock at risk, then the costs and benefits associated with an increase to 99% were estimated. Appendix 11 contains details of the control measures selected, the analyses and the assumptions used.

7.2 
Results

Table 7.1 below shows, for each disease, the control measure selected for analysis, the assumed efficacy of the control method, the estimated costs or benefits associated with increasing the control measure by an absolute 1% together with the implications for animal welfare. Negative estimates of the benefits of increasing a control measure indicate that it is likely to cost more in terms of the costs of disease control than the likely benefits to be derived in terms of reduction in disease losses. This is apparently the case for a number of diseases/control measures. Indeed, the estimates suggest that only in the cases of vaccination of cattle for BVD, dry cow therapy for mastitis, vaccination of pigs against enteric disease and vaccination against infectious bronchitis and infectious bursal disease in poultry do the likely benefits of increasing control outweigh the costs.

However, the animal welfare score shows that there are animal welfare benefits associated with the greater use of all of the disease control measures, with particularly relatively high scores for BVD and fasciolosis in cattle, blow-fly strike and orf in sheep, enteric disease in pigs and infectious bronchitis and infectious bursal disease in poultry.

These estimates should be treated with some caution given the nature of the method of analysis used. The data on the efficacy of many of the control measures were limited giving rise to a number of assumptions in the analyses.

Table 7.1
Impact of increasing disease control measure by 1%-point on disease

costs and animal welfare losses .

Disease
Control strategy
Efficacy

(%)
Costs

(£000)
Animal welfare impact



BVD-MD
Vaccination
98
+ 334
– 1,806

Bovine E.coli (VTEC O157)
N/a
-
-
-

Enteric Disease in Calves
Vaccination 
95
– 360
– 1,104

Fasciolosis
Flukacides
98
– 82
– 1,492

IBK
N/a
-
-
-

IBR
Vaccination
98
– 208
– 500

Lameness
Hoof trimming 
21
– 96
– 112

Leptospirosis
Vaccination
95
– 214
– 556

Mastitisa
Dry cow therapy
91
 + 149
– 693

Parasitic bronchitis
Vaccination 
98
– 24
– 780

Para tuberculosis
N/a
-
-
-

Pasteurellosis
Vaccination 
98
– 155
– 52

Salmonellosis
Vaccination 
95
– 131
– 30

Summer mastitisb
Dry cow therapy
91
– 64
– 30

Tuberculosis
N/a
-
-
-

Acute enzootic pneumonia
Vaccination 
98
– 391
– 273

Blow-fly strike
Tail docking
81
– 7
– 7,657

Enzootic abortion
Vaccination
85
– 641
– 2,507

Maedi-visna
N/a
-
-
-

Orf
Vaccination
60
– 189
– 7,329

Scrapie
N/a
-
-
-

Sheep pulmonary adenomatosis
N/a
-
-
-

Toxoplasmosis
Vaccination
98
– 221
– 538

Atrophic rhinitis
Sow vaccination 
98
– 498
– 386

Enteric disease
Vaccination 
98
+ 60
– 9,775

Piglet enteritis (VTEC O157)
N/a
-
-
-

Streptococcus suis Type II meningitis
N/a
-
-
-

Swine dysentery
N/a
-
-
-

Swine influenza
N/a
-
-
-

Coccidiosis
Vaccination
98
– 804
– 12,895

Infectious bronchitis
Vaccination
98
+ 2,612
– 1,877,574

Infectious bursal disease
Vaccination
98
+ 294
– 31,388

Marek’s diseasec
Vaccination
98
– 3
– 2,215

Salmonellosis 
Vaccination
98
– 28
– 1,340

Skeletal problems
N/a
-
-
-

a Control strategy only effective in sub-clinically infected cattle

b Control strategy only effective in heifers

c Application of vaccination is currently 100%, figures represent the contribution of the marginal 1% application.
8.
The Impact of Research
8.1
Method

The possible impact of research on livestock diseases was assessed by estimating the benefits to be derived from a 1% reduction in the annual incidence of each disease as a result of successful research into the control of disease (not including human health impacts). For example, if the current incidence of a disease in the livestock population at risk was 10% then the benefit of reducing this incidence to 9.9% was estimated. The incidence rate within spreadsheet models could easily be changed for each disease to allow this analysis.

8.2
Results

Table 8.1 below shows the main findings of the analysis. It can be seen that there are relatively large benefits to be derived from successful research that could reduce the incidence of mastitis by 1%, both in terms of reducing the direct costs associated with the disease in dairy cattle and in terms of animal welfare. Reducing the incidence of lameness in dairy cattle by 1% is estimated to result in an even larger benefit to welfare as well as benefit in the form of reduced disease costs. For sheep, reducing the incidence of orf appears to have a relatively large impact on welfare and a moderate impact on direct disease costs, whilst reducing the incidence of toxoplasmosis in sheep by 1% has the highest estimated impact on reducing direct disease costs out of the sheep diseases considered. For pigs, the greatest benefit relates to swine influenza, both in terms of direct disease costs and animal welfare. In the case of poultry, relatively large welfare benefits are estimated to result from a 1% reduction in the incidence of skeletal problems, whilst the reduction of direct disease costs is greatest for infectious bronchitis.

9.
DISCUSSION
The suite of models developed as a result of this study provide useful insight into the economic impacts of the livestock diseases considered. The models provide a very useful basis for further analyses by researchers and policy analysts. The analyses undertaken as part of this study have identified the main economic impacts of diseases and their relative economic importance. The analyses have provided an assessment of both the human health and animal welfare implications of the diseases.

The merits and limitations of the models are discussed in Bennett (2003). Some of the limitations identified in this paper have been addressed by the current research. These include the need to include human health and animal welfare aspects into the models and the need to use ‘undistorted’ border prices instead of market prices on which to base valuations of outputs.

It must be noted that there were data limitations in constructing the models and in undertaking the analyses - indeed, the models help to identify those areas where information is particularly poor. These data limitations are despite the attempt at obtaining improved information about disease variables by means of surveys of experts.

Table 8.1
Reduction in disease costs and animal welfare impacts as a result of

reducing disease incidence by 1% through research.

Disease
Incidencea
(%)
               Costs

               (£000)
         Animal welfare impact

       

BVD-MDb
1.05 – 1.10
366
1,826

Bovine E.coli (VTEC O157) c
-
-
-

Enteric Disease in Calves
8.75
63
1,038

Fasciolosis
6.53 – 9.00
215
1,447

IBK
3.40 – 6.38
111
2,645

IBR
1.38
22
581

Lameness
40.00
494
5,141

Leptospirosisb
0.11 – 0.19
60
517

Mastitis
37.50
1400
3,735

Parasitic bronchitis
40.50
55
656

Para tuberculosisd
1.70 – 3.40
6
50

Pasteurellosis
0.24
3
51

Salmonellosis
0.00 – 0.34
56
31

Summer mastitis
0.90
46
153

Tuberculosis
0.07
56
35

Acute enzootic pneumonia
0.11
24
221

Blow-fly strike
1.65
7
3,764

Enzootic abortion
0.06 – 0.38
39
1,944

Maedi-visna
0.66
18
499

Orf
22.50
76
11,481

Scrapie
0.01
1
14

Sheep pulmonary adenomatosis
0.09
5
24

Toxoplasmosis
0.40 – 1.60
92
495

Atrophic rhinitis
1.00
8
38

Enteric disease
8.75
22
215

Piglet enteritis (VTEC O157) c
-
-
-

Streptococcus suis Type II meningitis
0.15
1
12

Swine dysentery
1.08 – 1.24
12
244

Swine influenza
21.00 – 24.00
77
879

Coccidiosis
0.05 – 0.40
14
12,696

Infectious bronchitis
2.00 – 3.50
188
132,197

Infectious bursal disease
0.05 – 0.08
32
2,210

Marek’s disease
0.00 – 0.26
0
452

Salmonellosis 
0.03 – 2.47
25
782

Skeletal problems
3.00 – 5.50
92
250,005

a Ranges of incidence relate to different livestock categories not geographical or seasonal variation.

b Reduced incidence in newly infected and endemic herds, but does not reduce the number of endemic herds.

c No clinical cases.

d Quoted incidence relates to clinical cases.
This exercise highlighted that, to obtain reliable estimates of the economic costs of endemic diseases in Great Britain, there is no satisfactory alternative to statistically based surveys of the prevalence/incidence of animal diseases and infections. Over the last 20 years, few national surveys of the prevalence of endemic diseases and the losses they cause have been carried out. These data limitations have meant that a number of assumptions are included in the models’ specifications and in the analyses. One of the merits of the models is that these assumptions are transparent and can be changed by those wishing to undertake their own analyses or in the light of new information. Another area in which information is sparse is farmer uptake of various disease control strategies for endemic diseases and the efficacy/effectiveness of these control measures in farm animal populations. Therefore, the results of analyses of disease control measures undertaken as part of this study should be treated with caution.

10.
recommendations and Future research

1. The models provide a useful basis for further analyses and so should be made generally available to both researchers and policy analysts for this purpose.

2. The inclusion of additional endemic diseases to the current suite of models should be considered. Important diseases are missing from the portfolio and their addition would enhance the value of the economic assessments as an aid to policy decision-making. Some important diseases not included in the suite of models are respiratory diseases of cattle, Neospora infection (cattle abortion), lameness (foot rot) in sheep, coccidiosis in lambs, salmonellosis, post weaning multisystemic wasting syndrome (PMWS), porcine dermatitis nephropathy syndrome (PDNS), PRRS (blue-eared pig disease) and enzootic pneumonia in pigs and colisepticaemia of birds.

3. Estimates of the economic costs of animal diseases and infections are only as good as the epidemiological data upon which they are based. To obtain reliable national estimates of animal disease prevalence/incidence, disease severity and farmer uptake of disease control measures, statistically based surveys of animal populations are required. As recent epidemiological data are lacking for most endemic diseases in Great Britain, it is recommended that disease surveillance activities include periodic national surveys of those animal diseases likely to have a significant impact on animal and/or human health and welfare. This recommendation is supported by Meah and Lewis (2000), who in their review of veterinary surveillance in England and Wales, suggested that the balance between “active” and “passive” animal disease surveillance ought to lie towards more statistically designed surveys.

4. Given the increasing importance of animal welfare impacts of disease (and farm animal welfare generally) DEFRA might wish to consider commissioning appropriate research to further explore methods for the measurement/estimation of the effects of disease and other variables on animal welfare and the possible economic valuation of such effects.
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� Annual incidence is the number of new infections or cases per year. In some instances the same animal could be affected more than once a year (e.g. mastitis).





� Not all animals that are infected will show clinical signs or suffer any production loss as a result.
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