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COMBINING ECONOMIC ARGUMENTS AND ACTIVE SURVEILLANCE TO
PROMOTE BETTER MANAGEMENT OF ENDEMIC CATTLE DISEASE

GEORGE J. GUNN! AND ALISTAIR W. STOTT?

A fresh approach to the management of endemic cattle disease was required in the
Highlands and Islands of Scotland. During 1992 the Scottish Agricultural College's Veterinary
Services and Agricultural and Rural Economics department have combined forces in a new
initiative to promote preventive hcalth programmes among the cattle farmers of the region.
This paper describes the results for the first phase of the cattle health programme. The
questionnaire responses of the farmers and veterinary surgeons involved are also described.
The discussion considers developments within the existing programme in the light of such
feedback and also considers the merits of this new approach to disease control.

The cattle health programme in the Highlands and Islands of Scotland takes the form of an
educational programme, promoting preventive medicine strategies using economic arguments
which are derived from local surveillance data. This programme has its roots in a cattle health
scheme study commissioned by The Highlands and Islands Enterprise Company (HIE) from the
Scottish Agricultural College (SAC) in 1990. The conclusions of that study included the
suggestion that, in the veterinary field, an education programme aimed at motivating cattle
producers to adopt preventive health programmes might be the best approach to optimising
farm production and incomes. This was in contrast to the HIE's preferred option of eliciting
premiums in the market place through the sale of calves with a guaranteed health status.

To put this into context it must be appreciated that most cattle are sold out of the arca as
‘stores’ for fattening from single-suckled beef farms. Very few farmers go on to fatten their
own calves and even fewer specialise in purchasing and fattening calves through to slaughter
weight. Other important features at the time were the emergence of BSE (Bovine Spongiform
Encephalopathy) as a serious and potentially long term barrier to the export of cattle and cattle
products; in particular undermining a lucrative market in pedigree breeds such as Highland
Breed and Belted Galloway. The imposition of beef cow quotas had, in addition to the carlier
dairy cow quotas, limited the potcntial to increase farm incomes through expansion of herds.
Media reports indicated that the number of beef and dairy herds in the region were declining.

I Veterinary Investigation Officer, SAC Veterinary Services, Drummondhill, Stratherrick Rd.
Inverness, Scotland IV2 4])Z.

2 Agricultural and Rural Economics Dept., Scottish Agricultural College, 581 King St.,
Aberdeen, Scotland AB24 SUA



The HIE cattle health scheme study included a survey of every large animal veterinary
practice in the region to try and determine which were the most important diseases of cattle. A
scoring system established that calf enteritis was, in the view of the veterinary surgeons, the
most important problem among the beef herds. The next most important condition was
considered to be calf pneumonia. SAC Veterinary Services staff working with colleagues from
the Agricultural and Rural Economics department were certain that in many cascs where a
scrious outbreak of either of these generic calf diseases occurred then the resultant economic
impact on the farm seriously threatened already precarious farm incomes.

SAC were also aware that the veterinary practices despaired of ever succeeding in the
widespread promotion of preventive health programmes within the suckled beef herd.
Frustratingly it was concluded that there were frequently many measures which would, if
introduced, help in many situations. Unfortunately the study had also established the problem
later described by others (Leonard et. al.,, 1993) (Caldow et. al., 1993) that there were no
existing sources providing reliable data to describe the incidence of endemic bovine diseases
and that only sparse information was available about the cost of these conditions at farm level.

The Highland Region of Scotland, as a less favoured area, was subsequently awarded
Objective 5b Status within the EEC. The perception was that the rural communities and their
economics were scriously threatened and upland and marginal farms (beef and sheep) were
suffering economic hardship. Funding was made available to try and improve cattle health but
this had to be through education and could not take the form of a production subsidy. The EEC
were intcnt upon trying to support the rural economy and small businesses throughout the
region and one of their objectives was to promote animal health and welfare. SAC therefore
- undertook to try and establish the educational programme recommended in their earlier report.

METHODS

SAC adopted an underlying theme of improving farm incomes through the reduction in
losses through disease. After considerable discussion a veterinary practice based system was
selected since the farmer/veterinary surgeon ‘tcam’ was the unit which we were hoping to
promote in the battle against bovine disease. The focus of our programme was on endemic
health and production problems. The challenge was to present the information to the farming
community in a way which would motivate them to adopt preventive health programmes and
abandon the ambulance approach to veterinary medicine. Eventually it was determined that an
economic Cost-Benefit argument would be most likely to succeed, particularly if local disease
outbreak data were included. The cattle health programme had to include the generation of such
a dataset.

Five cattle orientated veterinary practices, geographically close to Inverness, agreed to
participate in the first phase of this study. Data collection was based upon questionnaires
which were completed by the veterinary surgeons involved. A two-tier system was adopted;
outbreaks were identified (recording basic outbreak details) using preliminary surveillance
questionnaires. Then at the end of the surveillance period an outbreak summary questionnaire
was uscd to summarise all the details of the outbreak. The preliminary surveillance
questionnaire was divided into two sections, one identifying outbreaks by farm visits and
animal examination and the other identifying outbreaks by drug sales where no animal
examination had taken place. Only one disease was targeted by a veterinary practice at any



time, with a minimum surveillance period of ten weeks. The problem time period for diseases
such as calf scour varied by veterinary practice and were dependent upon factors such as
calving season, local calving patterns, altitude and weather conditions. An outbreak was
defined as one or more morbid calves. The study denominator for phase one veterinary
practices was determined as 513 herds during the first year falling to 509 in the second year
and included 23 dairy herds.

Calculation of economic results

Details of the calculations and associated assumptions used to establish the cost of enteritis
are given by Stott and Gunn, 1995. The loss in calf value was based on a sliding scale of
reduced weight and price at sale according to whether the veterinarian judged the outbreak to
be slight, moderate or severe. Mortality was fixed at £130/calf. Veterinary costs were the sum
of all drugs used, call out charges, veterinarian's time charged for in addition and any other
expenses reported such as laboratory tests etc. Rates used were those supplied by the practice
concerned. The opportunity cost of farm labour was taken as £1/hour using fixed hourly ratcs
of 0.5 hour/day/morbid calf, 0.5 hours per day overhead time and 14 hours per dcad calf for

fostering a replacement. The opportunity cost of capital was the total cost (ex labour) charged
at 10% for 6 months.

For pneumonia, calculations and assumptions were similar to those for enteritis. Enteritis
however was confined to young calves. Pncumonia affected cattle of all ages. For this reason,
additional costs were included to represent the drop in throughput of cattle per unit time and the
extra feed consumption due to dclayed marketing of morbid animals.

RESULTS

The overall incidence of calf pneumonia during the winter of 1992/3 was found to be 28%
with a range between 6% and 43% dependent upon veterinary practice. The overall incidence
for calf enteritis was found to be 33% with a practice range between 26% and 41%.

Presentation of economic results

A series of 10 veterinary practice meetings were held during 1993/4 to present the cattle
health programme results to the farming communities involved. A decision analysis framework
(Boehlje & Eidman, 1984) was used to present the economic information. This emphasised the
need for an appropriately informed choice to be made between alternative disease control
strategies.

Three main themes were adopted. First the total cost of disease control was presented for
the practice concerned and compared with the overall mean (Table 1). This gave an indication
of the relative extent of the problem for the practice.



Table 1 Estimated total cost of disease in Phase 1 (£ per calf at risk)

Practice Number: Pneumonia Enteritis
1 14 58
2 20 7
3 28 20
4 28 39
5 13 42
Overall 22 32

Next, the variability of total cost was demonstrated (Figure 1). This emphasised the
importance of risk. As the distribution of total cost is skewed, the probability of a low cost
outbreak must be balanced by a consideration of the possibility of an outbreak costing much
more than the average cost.
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Fig 1. Distribution of total cost for Phase 1 Enteritis and Pncumonia surveys

Finally, a breakdown was given of the percent contribution of each component of the
diseasc cost calculation to the total cost (Table 2).



Table 2. Percent contribution of each component to the total cost in phase 1

Pneumonia Enteritis
Loss in calf value n/a 18
Mortality 14 16
Drop in throughput 22 n/a
Extra feed 18 n/a
Drugs 28 13
Vets time plus incidentals 6 3
Farm labour (opportunity cost) 8 47
Capital (opportunity cost) 4 3

Audience feedback from the presentations

A sample of 27 farmers returncd a postal questionnaire following the series of meetings on
pneumonia in 1994. The respondents were asked to give their overall opinion of the meeting on
a scale from 5 (very good) to 1 (very poor). Their average score was 4.2 with the lowest rating
being 3 (average) given by 2 respondents. Of these respondents, 8 had also attcnded an
enteritis meeting in 1993 and were therefore able to rate this at 4.4 with only one score of 3.

Each talk consisted of three separate sections. The first section was a talk about the calf
pneumonia survey results and the different agents involved. The second section featured the
cost of pneumonia outbreaks. The final section gave information about the control and
prevention of calf pncumonia. The respondents were asked to rate each section according to
how interesting it was and also how informative (leaming new facts). Possible ratings were
either 3 (very interesting/informative), 2 (quite interesting/informative), or 1 (not.
interesting/informative). The results of this part of the survey are given in Table 3.

Table 3. Count of feedback scores for each section of the pneumonia talks in 1994

Score Section 1: Section 2: Scction 3:

Interest Information Interest Information Interest Information
1 0 0 2 2 0 1
2 13 13 13 18 11 11
3 12 12 10 5 14 13

Although all sections gained high scores, a chi-squared test revealed that it is likely that
respondents found section 2 (costings) less informative than section one (agents) (p<0.06).
There were insufficient grounds to reject the null hypothesis under any other comparison.

The questionnaire also revealed that 7 respondents found the handout associated with the
talk very valuable, a further 19 rated it quite valuable, none of the respondents felt that it was
of no value. The style of meeting as described above was either rated much better (5), better
(14) or similar (2) to the traditional veterinary practice meeting. Only one rated the style poor
compared to a traditional meeting. All respondents bar one, said that they will concentrate
more on prevention of calf pneumonia as a result of this meeting.

The veterinary practitioners were also surveyed after the talks. Their comments suggest
that they found the talks even more interesting and informative than did their clients. One



suggested that it was interesting for the vets but may have 'lost' the farmers. All felt that the
talks would help promote preventive veterinary medicine.

DISCUSSION

The wide range of incidence of both diseases between years and between practices together
with the wide range in the costs of the diseases between practices illustrates the importance of
providing individual advice on disease prevention and control. Both farmers and veterinarians
questioned, confirmed that the local information provided here was a valuable adjunct to local
experience. By introducing the concept of expected value (cost of disease weighted by the
probability of an outbreak) it is possible to combine the information on local levels of incidence
and disease cost in order to support decision making on disease prevention and control. For
example, the expected value of disease can be compared with the cost of using a vaccine. The
usc of this and other methods of decision analysis is reviewed in this context by Bennett (1992).
Experience with the farmers' meetings here suggests that the expected values technique may be
better adopted by veterinarians on behalf of their farming clients. The increased complexity
tended to detract from the central message.

The skewed distribution of disease cost, further emphasises the importance of using
decision analysis techniques in this context. The clients attitude to risk is particularly
important. As farmers are reputed to be risk averse (Bochlje & Eidman, 1984), they are likely
_to favour preventive approaches to animal health control in order to reduce the chance of an
extremcly severe outbreak. The non-pecuniary consequences of such an outbreak, such as
reduced animal welfare and increased stress for their carers lends weight to this argument. At
the extrcme, outbreaks reported in this survey showed such high costs that the viability of the
whole farm busincss might be threatened. Informal feedback from the practices involved
suggest that this was indced the case. An important part of the talks was therefore to explain
the significance of the skewed distribution of disease cost for the management of farm animal
health and welfare.

Presentation of the components of disease cost gives further valuable information to the farm
manager. Few appreciate the considerable opportunity cost of their time and capital devoted to
an outbreak of pneumonia and in particular to enteritis. The authors feel that the figures
reported here are probably an underestimate, the opportunity cost of farm labour being fixed at
£1/hour to reflect the widespread use of family labour for these tasks.

More generally, the components of disease cost provide an indication as to where priorities
should lic if disease costs are to be reduced. Certainly drug costs and veterinary charges are
important but they do not represent the full extent of the costs. If farmers measure the extent
of discase problems by the size of the veterinary and medicine charges then this is certainly a
gross under estimate that may lead to undue complacency and hence failure to invest in
worthwhile disease prevention strategies.

Clearly, this educational approach to animal health control was well received both by
farmers and veterinarians. There is however a problem conveying the economic information in
a way that ensurcs appropriatc action in the individual casc. There are conflicts providing the
appropriate balance between generality and specificity and between understanding and
complexity. These difficulties will only be resolved if farmers and veterinarians take on the
ethos of this approach together in partnership on a regular basis.
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ELICITING EXPERT OPINIONS ON RISK FACTORS CONCERNING INTRODUCTION
OF VIRUS: APPLICATION OF CONJOINT ANALYSIS

H.S. HORST, A.A. DUKHUIZEN, R.B.M. HUIRNE', J-B.EM. STEENKAMP?

The export of meat represents a major part of the income earned by the Dutch livestock
industry. In 1994, the meat export had a value of more than 4.5 billion US dollar (PVE, 1995).
Outbreaks of contagious animal diseases may cause export bans and are therefore greatly
feared in the Netherlands and other meat exporting countries. Hence, adequate disease
prevention and eradication is of major interest of both government and private industry. To
help maximizing the efficacy of existing programs and evaluating beforehand the consequences
of possible alternatives, computer simulation is considered to be a valuable approach. Such a
modelling approach should provide more insight into the risk and economic consequences of
virus introduction into the country (Dijkhuizen, 1992).

It would be ideal to base such a model upon historical and experimental data. But especially
quantitative information concerning the introduction of virus into the Netherlands (and other
countries) is lacking. Table 1 gives an overview of the outbreaks in the Netherlands of six of
the most important diseases, which are: Foot and Mouth Disease (FMD), Classical Swine fever
(CSF), African Swine Fever (ASF), Swine Vesicular Disease (SVD), Newcastle Disease (ND)
and Avian Influenza (Al). According to this table, CSF caused by far the largest number of
ouitbreaks in the last 13 years, followed by ND. The number of outbreaks caused by FMD and
SVD is relatively small. Al so far, has never been recorded in the Netherlands, the nearest
outbreak of this disease has been recorded in Ireland, in 1989.

Table 1 shows that outbreaks of these diseases occur irregularly in time and magnitude,
making it very difficult to derive general properties and predictive values. Furthermore, the
Netherlands ceased preventive vaccination for CSF in 1986, and for FMD in 1991. In 1992,
the European Union decided to cease preventive vaccination for all list A diseases, except ND
(vaccination for ND was and is compulsory in the Netherlands). Thus, some of the outbreaks
presented in Table 1 occurred in a vaccinated and more or less protected population, while, for
all diseases except ND, the Netherlands is now dealing with an unvaccinated and thus highly
susceptible livestock population. This will influence the epidemiology and economics of
outbreaks and the effectiveness of prevention and eradication strategies. Moreover, the recent
developments in the eastern part of Europe has resulted in a number of countries becoming
more intensive trading partners to the countries of the European Union. Information on the
animal health situation in these countries is (still) scarce, making them an uncertain factor.

'Department of Farm Management, Wageningen Agricultural University, Hollandseweg 1,
NL-6706 KN Wageningen, the Netherlands

’Department of Marketing and Marketing Research, Wageningen Agricultural University,
Hollandseweg 1, NL-6706 KN Wageningen, the Netherlands



Table 1. Number of outbreaks in the Netherlands 1983-1992 (MLNV, 1983-1992).

Year FMD CSF ASF SVD ND Al
1983 4 161

1984 2 176

1985 36

1986 1 2

1987 1

1988

1989

1990 2

1991 1

1992 7 ‘ 6 39

1993 22

1994 4 15

1995

Total 6 384 2 10 77 0

Experimental data are also scarce. Many researchers, including Terpstra (1987, CSF), Mann
and Sellers (1989, FMD) and Becker (1987, ASF), have done work in this area, but most of
their findings are qualitative only.

Despite this lack of information, decisions concerning eradication and prevention programs
must be, and are made anyway.

The study reported in this paper describes a computerized questionnaire experiment aimed
at the elicitation of subjective knowledge of people involved in disease prevention and
eradication. The questionnaire was based on the so-called ‘Conjoint Analysis’ technique
(Cattin and Wittink, 1982). Main subject was to derive information for use in the simulation
model mentioned above. Besides, it was also interesting to explore possible differences in view
between experts originating from different backgrounds.

This paper summarizes how the experiment was designed and how conjoint analysis works.
Also a selection of results is given. Further evaluation of the data is still in progress.

EXPERIMENTAL DESIGN

Three evening filling workshops were organized for which a total of 50 people was invited.
This group includes almost all people (in the Netherlands) thought to be knowledgeable about,
or even expert on, either one of the six diseases under study. To study the possible influence of
the participants’ background, three groups were made: ‘policy’ (ministry of agriculture, animal
health service), ‘research’ (university, research institutes), and ‘field’ (active during outbreaks).
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The whole questionnaire was computerized and designed to be self-explanatory. In this
way, the participants were able to complete the task with a minimum of interaction with either
the other participants or the organizers. The participants were given the opportunity to choose
the disease on which they thought themselves to be most knowledgeable. Questions were
asked for this disease only.

CONIJOINT ANALYSIS
Backgroun

Conjoint analysis has been used extensively in marketing research to elicit the subjective
views and preferences of consumers (Cattin and Wittink, 1982). Research of Horst et al.
(1995) showed the potential value of the technique for the elicitation of risk factors concerning
contagious animal diseases.

Basic assumptions of the conjoint technique are: (1) a product can be described according
to levels of a set of attributes, and (2) the person’s overall judgement with respect to that
product is based on these attribute levels (Steenkamp, 1987). For example when selecting a
car, important attributes in deciding what kind of car to buy are: colour, price, make, maximum
speed, size, etc. Conjoint analysis is a technique that enables the quantification of the relative
importance of these attributes. It was developed in the 1960s (Krantz, 1964; Luce and Tukey,
1964; Krantz and Tversky, 1971) and was rooted in traditional experimentation techniques.

Conjoint analysis is a so-called ‘decompositional method’. Respondents are asked to give
their opinion on a ‘complete’ situation. The researcher later on uses statistical techniques to
decompose the situation into parts and derive the respondent’s opinion concerning these parts.
The car-selecting problem provides a good example of a typical conjoint experiment. In this
case, a respondent will be shown a number of small cards, each presenting a different car. On
those cards, the car is described as a combination of the attributes (speed, make, etc.), called a
profile. The respondent is asked to give a score or a rank for each profile (each card). Using
statistical analysis, the importance of the individual attributes can be estimated afterwards.
These ‘importancies’ are termed ‘part-worth scores’ and indicate the influence of each
attribute on the respondent’s preference for a particular profile (in this case, a particular car).
The car industry could use this information about part-worth scores, for example to predict the
‘likelihood of buying’ when a new car is developed.

Conjoint analysis may look like a rather complicated and indirect method to reveal
systematic components that underlie people’s evaluations of objects. On first sight, a
compositional method, such as direct questioning, may seem to be a more attractive option.
Compositional methods ask respondents to assess values for attribute levels, and use these
values to build up preferences for attribute bundles or profiles (Huber, 1974). These methods
have speed and simplicity as main advantages and are also referred to as self-explicated
methods. However, there are also some problems, the major one being lack of realism. It is
difficult for respondents to provide a non-biased score for one particular attribute, holding all
else equal. Heavy biases may result from direct questioning on the importance of socially
sensitive factors (Green and Srinivasan, 1990). The decompositional conjoint method provides
a more realistic situation to the respondent because attributes are evaluated as combinations
(as is the case in the ‘real world’). Besides, according to Davis and Olson (1985) lack of
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understanding statistical analysis can heavily bias direct questions on probabilities. In these
cases a more indirect approach is preferable. Many researchers have compared the predictive
performance of the conjoint method with the self-explicated approach and in most studies the
conjoint techniques outperform the latter one (Green et al. 1983; Huber et al., 1993). An
advantage of conjoint analysis when working with expert panels is that the techniques provides
information on the consistency of the answers given by the participant, which gives insight into
the reliability of the results.

Conjoint analysis provides a useful tool to quantify feelings or subjective knowledge in all
cases where an object or event and its related attributes can be determined. The method is
relatively new to the field of animal health economics but a first experiment concerning risk
factors on contagious diseases, done during the 7th International Symposium on Veterinary
Epidemiology and Economics in Kenya, August 1994, showed promising results (Horst et al.,
1995). In this experiment the risk factors were seen as the attributes, together forming the
event ‘virus introduction’. The results and experiences of this Kenya experiment have guided
and framed the use of conjoint analysis in the current (computerized) questionnaire.

in the experimen

Transport of virus from any country into the Netherlands is caused by the so-called ‘risk
factors’. Literature and earlier in-depth interviews with experts produced a list of risk factors
for each of the six diseases under study. For example for FMD and CSF, the following factors
were taken into account:

- import of livestock

- import of animal products

- feeding of import swill (airports, harbours)
- tourists

- returning livestock trucks

- wildlife

- air currents (airborne transmission)

The conjoint analysis, as described in the previous paragraph, was used to derive the
relative importance of each of these risk factors. The introduction of virus into the Netherlands
was seen as the ‘event’, the risk factors were the ‘attributes’. Each factor could be either
present or not present (two levels) which made a total of 27 or 128 possible profiles. Using all
profiles (a complete factorial design) would be impractical. However, the number of profiles
can be reduced by using a fractional factorial design, with only a minimal loss of accuracy. The
basic plans of Addelman (1962) were used to construct the necessary orthogonal fractional
design for this study, which resulted in eight profiles. Three randomly chosen profiles were
added as ‘holdouts’, which were used to check the fit of the model when analysing the results
of the conjoint analysis (regression coeflicients are based on the first eight profiles only).
These holdouts could also be used to gauge the respondent’s consistency in answering the
questions.

Instead of cards (as described in the car-example), the participants of the workshop
analysed the profiles on the computer screen. The computer presented only one profile at a
time which consisted of all risk factors with for every factor the remark ‘present’ or ‘not
present’. The participants were asked to imagine the situation presented on the screen as being
the current situation in the Netherlands and to give a risk score (a number between 0 and 100).
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The results were analysed using SPSS (SPSS Inc., Chicago), a statistical package that
includes a special option for handling conjoint analysis (using regression techniques). The
customary approach to conjoint analysis is disaggregate. That is, each respondent is modelled
separately and the fit of the model is examined for each individual respondent (Hair et al.,
1990). The following model was used:

score=c+f, *x, + ... + B, *x,

In this simple additive model, score is the risk score given by the respondent, c is a
constant, the B’s are the estimated coefficients belonging to the risk factors, and the x’s are the
risk factors (with values | = present or 0 = not present). Based on the model, the method
estimates the relative importance of each risk factor (all factors together add up to 100%).

ADDITIONAL QUESTIONS

The elicitation of the relative importance of the risk factors formed the major part of the
questionnaire. Besides, some additional questions were asked about country clusters and high
risk period.

n luster

‘The Netherlands interact with almost all countries of Europe, thus in principle all countries
could be responsible for transfer of virus into the Netherlands (assuming that an outbreak
occurs in one of these countries). To incorporate country differences while keeping the whole
exercise of controllable size, the countries were clustered into the following five groups:

cluster I: Belgium, Germany, Luxemburg

cluster 2: Greece, Italy, Portugal, Spain

cluster 3: Austria, France, Switzerland
cluster 4: former eastern Europe
cluster 5: Great Britain, Ireland, Scandinavia

High Risk Period

The High Risk Period (HRP) defines the period in which the virus can spread freely. The
length of this period is one of the most important parameters determining the magnitude of an
outbreak. The HRP starts when the first animal is infected and ends when all eradication
measures are fully into operation, i.e. the region under consideration does not contain any risk
for other countries anymore (eradication of the virus and/or establishing of waterproof export
controls/export bans). The HRP can be divided into two periods:

HRP1: starts when the first animal is infected, and ends when the first animal is detected.
HRP2: starts with the first detection, and ends when all measures are effective.

The length of HRP1 depends on the alertness and motivation of farmers and veterinarians.
The length of HRP2 depends on the efficacy of the animal health system of the country in
which the outbreak occurs. The participants were asked to give a three-point estimation for the
expected length of both HRP’s (minimum, most likely and maximum expected length). This
estimation was asked twice, for low and high virulent virus respectively.
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RESULTS

A total of 43 people joined either one of the workshops, resulting in a response rate of 86%.
In this paragraph, some general results of the workshops are shown. Disease-specific results
are only shown for CSF and FMD. Further evaluations are underway and more detailed results
will be available in later publications.

isk r

Table 2 presents the results of the conjoint analysis for CSF. This table shows the relative
importance of the risk factors, for all country clusters. These results are obtained through
regression analysis and based on the answers of consistent participants only (around 80%).
Risk factors ‘wildlife’ and “air’ are only considered for cluster 1 (surrounding countries of the
Netherlands).

Table 2. Relative importance of risk factors concerning introduction of CSF

Clusters

Risk factors 1 2 3 4 5

Livestock 56.0 55.6 58.4 60.3 594
Animal products 8.1 7.9 9.1 8.6 6.2
Swill 13.2 17.4 145 13.2 15.7
Tourists 44 3.6 33 4.8 59
Returning trucks 10.9 15.5 14.7 13.1 12.8
Wildlife 3.7 -—-- -—-- ——-- —
Air 3.7 R— R— R— ——--
Total 100.0 100.0 100.0 100.0 100.0

According to table 2, the differences between clusters are small. Import of livestock, swill
and returning trucks are evaluated as the major risk factors for all clusters. Table 3 shows the
relative importance of risk factors concerning FMD.

Table 3. Relative importance of risk factors concerning introduction of FMD

Clusters

Risk factors 1 2 3 4 5

Livestock 41.7 493 52.0 485 46.1
Animal products 12.9 6.9 4.7 8.4 15.6
Swill 93 12.1 6.6 4.1 8.0
Tourists 43 9.1 10.8 10.2 48
Returning trucks 15.0 22.6 259 288 25.5
Wildlife 7.1 ---- ---- -—-- -—--
Air 9.7 ---- -—-- ---- ----

Total 100.0 100.0 100.0 100.0 100.0
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Also for FMD, import of livestock is considered to be the most important risk factor for all
clusters. Returning livestock trucks now ranks secondly, and tourists are considered more
important than with CSF, especially for clusters 3 (Austria, France, Switzerland) and 4 (former
eastern Europe).

To enhance the insight into the possible differences in view between the groups of
participants, table 4 shows some more detailed results. This table also enables comparison
between CSF and FMD in this respect. The results are shown for cluster 4 (former eastern
Europe), one of the most ‘risky’ clusters according to the participants. Risks factors wildlife
and air were only considered for cluster 1 (countries surrounding the Netherlands) and are
therefore not mentioned in this table.

Table 4. Relative importance of risk factors, CSF, cluster 4, per background .
(1 = policy, 2 = research, 3 = field)

CSF FMD

Risk factors | 2 3 | 2 3

Livestock 62.2 74.7 57.0 62.2 36.1 44 8
Animal Products 8.5 8.2 83 4.5 59 9.1
Swill 11.6 12.0 14.4 23 12.3 6.3
Tourists 2.8 1.9 6.1 49 17.8 12.4
Returning trucks  14.9 3.2 14.2 26.1° 27.9° 274
Total 100.0 100.0 100.0 100.0 100.0 100.0

*Lower than the value in table 3 due to scaling effects

For both diseases, import of livestock is thought to be the most important factor according
to all groups. All CSF-groups consider swill to be the second most important factor concerning
the introduction of CSF virus from cluster 4 into the Netherlands. Evaluating CSF, the main
difference between the groups concerns the risk factor returning trucks. According to both
‘policy’ and ‘field’, this is an important factor (third in the ranking). According to ‘research’
the factor is of minor importance. The FMD results show more difterences between groups.
‘Research’ is less extreme (differences between risk factors are smaller) in its opinion than both
‘policy’ and ‘field’.

High Risk Period

Table 5 presents the HRP 1 concerning CSF. The results are given for all country clusters
and for the Netherlands. According to this table, all groups indicated that the countries of
cluster 4 (former eastern Europe) have the highest HRP1. Also cluster 2 (Spain, Portugal, Italy
and Greece) turned out to have a high HRP1. The value for the Netherlands is much lower.
Group ‘policy’ was more optimistic about the length of the HRP1 than ‘research’ and ‘field’.
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Table 5. HRP1 (days) for virulent virus

Cluster

1 2 3 4 5 NL
Total 27.5 379 25.1 43.1 23.7 23.1
Policy 22.5 27.2 20.8 36.1 224 18.1
Research 293 48.0 293 54.0 29.0 28.4
Field 29.5 36.8 23.1 37.5 17.9 253

Table 6 considers the results for HRP2. The general trend in this table is very comparable to
the trend in table 5. Again the highest estimates are for clusters 4 and 2. Also here ‘policy’
estimates lower values than ‘research’ and ‘field’, though the differences seem more extreme
here than for HRP1. The HRP2 results show the same trend as those of the HRP1. Main
difference is that most estimates are lower for HRP2 than for HRP1.

Table 6. HRP2 (days) for low virulent virus

Cluster

1 2 3 4 5 NL
Total 8.1 22.6 17.8 26.0 15.9 13.8
Policy 52 13.3 9.7 20.9 3.8 4.1
Research 31.3 42.0 31.0 43.7 21.5 14.7
Field 23.6 33.2 28.3 35.0 22.2 17.8

The estimates for FMD (not shown here) follow a similar trend but are somewhat lower.

FINAL REMARKS

The results show that policy makers seem to be more optimistic about the alertness of
farmers and veterinarians and the eflicacy of the Dutch eradication system (i.e. they estimate
lower values for the HRP) than researchers and people working in the field. Considering the
importance of risk factors, the differences between the groups are small. Further analysis
should provide enhanced insight into the consistency of the participants. Low consistency
could indicate a lower level of knowledge, so consistency may be used to weight the results. A
check on the validity of the method and the reliability of the results will be performed by '
comparison with historical and experimental data, if available. '

The differences in view between the different background groups may have implications for
the efficacy of eradication and prevention programs. Group discussion with a selected group of
participants and others involved in disease eradication and prevention will be used to obtain
more insight into the underlying reasons for these differences.
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The ‘Gold Standard’, i.e. the true value, of the risk factors is impossible to obtain.
However, although the scientific analysis is not complete yet, the results so far provide
interesting information about the opinions of people involved in the area of disease control,
originating from different backgrounds, on aspects of outbreaks of contagious animal diseases
in the Netherlands. It could be concluded that methods such as conjoint analysis, are very
useful in quantifying the subjective views of experts about these aspects. Until historical data
and/or experimental research are able to provide better results, the outcome of these methods,
incorporated in research as described in this paper, will be valuable information to be used in
modelling risks and economic consequences of outbreaks of contagious animal diseases. The
results of this study will be used as input data for the simulation model described in the
introduction.

Sensitivity analysis will be used to study the consequences of different views and different
strategies. Because a considerable part of the input of the model will be based on estimates and
assumptions, sensitivity analysis may also play a major role in evaluating the importance of the
uncertain data. In this way the analysis can be used to guide further (experimental) research
aimed at improving the input and thus improving the reliability of the outcome of the model.
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IMPROVING THE RISK ASSESSMENT IN VETERINARY EPIDEMIOLOGICAL

STUDIES: CRYPTOSPORIDIOSIS IN CATTLE AND LEPTOSPIROSIS IN HORSES

HUSSNI 0. MOHAMMED', SUSAN E. WADE?, RACHEL S. BARWICK'

One of the most perplexing problems facing epidemiologists is to accurately assess and quantify
the relation between risk factors and disease. In veterinary investigations, epidemiologists often
collect data from groups of animals and perform the analysis using logistic regression to identify
factors significantly associated with the risk of the disease under investigation. Because of the
limited resources and imperfect knowledge, data are collected on a limited number of potential
factors while the rest are assumed to be randomly distributed among these groups. Unfortunately,
under these circumstances, the assumption of independent and identically distributed observations
is violated because animals managed under similar circumstances tend to be affected similarly
with the risk factors in relation to their likelihood of developing a disease. Consequently, the
traditional analytical techniques such as logistic regression are unsuitable for hypothesis testing
because the variance estimate for the parameters of interest in these techniques tends to be smaller.
Mixed effect models might be more suitable for evaluating the significance of these hypothesized

- factors in relation to disease than traditional (ordinary) models, ie, logistic regression model

(OLR).  We hypothesized that this might be the case in two separate epidemiological
investigations which we carried out to identify factors associated with two different diseases. In
each of these investigations, data on putative risk factors were collected from group of animals.

The diseases under investigation were cryptosporidiosis in dairy cattle, and leptospirosis in
horses. The first data set, (cryptosporidiosis in cattle) was collected in a cross-sectional study
aimed towards identifying factors associated with the risk of infection with this organism in dairy
herds in a watershed in New York State. The second investigation was also a cross-sectional study
designed to identify factors associated with the likelihood of seroconversion to leptospirosis
among horses in New York State. Samples were collected from both study populations and the
disease status was determined. Data on putative risk factors for each disease were collected by
personal interview and analyzed using OLR. Later, mixed effect logistic regression (MELR)
models were used to test for the presence of intragroup correlation (extra-binomial variation) in
each of the data sets in relation to thé disease under investigation. For each data set, we also
compared the results obtained from fitting the three different MELR models to determine which
model best described the relationship between the respective disease and its risk factors. The
comparisons were made by examining the goodness of fit for each model.

We found that there were evidence of intragroup correlation in both data sets and that
correlation had affected the inferences made on some of putative risk factors. Cryptosporidiosis
parvum data was fitted best by the betabinomial MELR model, while the logistic binomial was the

best fit for the L bratislava data. The intragroup correlation varied from 0.59 in the C parvum data
to 0.18 in the L bratislava data.

"Section of Epidemiology, Department of Clinical Sciences, 2Parasitology Section, Diagnostic
Laboratory, College of Veterinary Medicine, Cornell University, Ithaca, NY 14853, USA
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INTRODUCTION

The goal of epidemiological studies is to identify risk factors that contribute to the likelihood of
a specific disease. In the process, epidemiologists collect data on these putative risk factors and
test hypotheses of possible association with the disease under investigation. It is generally
accepted that efforts are made by investigators to minimize the effect of selection and measurement
biases while multivariate statistical analysis approaches are employed to control for confounding
and effect modification (Kleinbaum et al., 1982). One of the commonly used statistical technique
for risk identification and quantification in binary outcome (disease) is the ordinary logistic
regression (OLR) model (Hosmer and Lemeshow, 1989).

The use of epidemiological data to generate a hypothesis with regard to causation or etiology is
not a self-evident process. It is derived from a basic premise, or axiom, that disease does not occur
randomly, but in patterns that reflect the operation of underlying causes. Because knowledge is not
perfect and resources are limited, it is likely that epidemiologists will not be able to identify all
potential risk factors that would explain the variation in the occurrence of the disease. When all
these factors are considered in the OLR model, the unexplained variation may be in excess to what
can be attributed to sampling variations (Williams, 1982, Rosner, 1982). To overcome this
problem, investigators would either collect more information on other factors which may associate
with the disease or assume a source of extra-binomial random variation between observations. It is
not unreasonable to accept the assumption of a potential source of extra-binomial random effect
(Pierce and Sands, 1975; Hasemand and Kupper, 1979; William 1982).

In veterinary medicine, diseases are generally studied on cluster of populations and the data on
the risk factors are often collected from groups of animals, e.g., herd or stables, and analyzed using
the logistic regression (Klienbaum, et al., 1982; Hosmer and Lemeshow 1989) . The purpose of
the analysis is to identify factors that are significantly associated with the observed disease. In
using these methods, researchers assume independence between animals with respect to disease
status in the study population. This assumption is often violated when studies are conducted on a
population comprised of multiple groups (herd or stable) since animals within each group tend not
to be similar but different from other groups. For example, the likelihood of a calf becoming
infected with C parvum is influenced by the presence of this parasite in other calves on the same
farm since infection occurs by ingesting the infection stage from the environment. It is more likely
that calves from the same farm would have a similar risk of infection, by virtue of the way they are
managed and the dynamic of the disease within a closed population, than would calves that were
raised on different farms. It is not unreasonable to assume that calves in a herd are at similar risk
of contracting C parvum and this risk is likely to be different from the risk of other herds.

This similarity with respect to the risk of disease between the member of the same herds or the
same stable violate the assumption that the study units are independent and identically distributed
(iid) which is required for statistical tests (Pierce and Sands, 1975). One way to overcome this
violation in performing hypothesis testing, is to change the study unit from an individual calf or
horse to herd or stable. This reduces the number of study units in the analysis and therefore, the
measure of dispersion (variance) will be larger than if the individual observations were used as unit
of study. Ignoring the fact that these data are collected on correlated observations and uses the
traditional or fixed effect models to identify risk factors significantly associated with the likelihood
of a disease leads to information bias. The information bias results from a measurement error
which is the underestimation of the variance of the parameter of interest. The variance will be
smaller, and therefore, may lead to false statistical inferences, ie, large z values in the Wald’s test.
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Alternative statistical models have been proposed in the literature to handle under or over-
dispersion that occurs in correlated data with a binary outcome, ie, disease no disease (Haseman
and Kupper, 1979). These models can accommodate both the fixed effect and random effect
component, and are generally referred to as mixed effect logistic regression models (MELR)
(Stiratelli et al., 1984; Searle et al., 1992; Zeger et al., 1988). The choice between the random and
fixed effect models depends on how the individual effects are assumed to operate, ie, are
independent from the group effect or not.

The objectives of this study were to examine whether the use of the mixed effects logistic
regression model improves the risk assessment for C' parvum infections in dairy cattle and
Leptospira interrogans infection in horses; to quantify the intragroup correlation, in these study
populations; and to evaluate the suitability of different MELR models for specific data.

MATERIAL AND METHODS

Cryptosporidium data

Data were collected in a cross-sectional study to identify factors associated with the likelihood
of infection with C' parvum among dairy cattle in the watershed in New York State. A random
sample of 99 dairy herds constituted the study population. A complete description of the target
population, study population, and the recruitment methods is given elsewhere (Wade et al., 1996).
Fecal samples were collected rectally from the animals using a stratified sampling plan: all calves
under 6 months of age were sampled; calves in the age group between 6 to 24 month: and nine

“cows from the animals 24 months or older. This sampling design was adopted because the

literature indicated that calves below 6 months of age are most at risk of infection. Farms were
sampled once from June 29, 1993 to June 9, 1994.

Laboratory analysis of the fecal samples was conducted using standard quantitative
centrifugation concentration flotation (zinc sulfate, and sugar) techniques (Georgi and Georgi).
Samples from calves under one month of age were cleaned using a Tween 40 detergent procedure
before adding flotation medium. Microscopic examination was done using bright field and phase
contrast microscopy.

Data on potential risk factors that were hypothesized to be associated with the likelihood of
infection with ' purvum were collected by personal interview of the farm owner or manager.

Table 1 shows a listing and description of the putative risk factors.

Equine leptospirosis data

The study population was selected from the 39,000 equine operations in the 1988 New York
State Equine Census (New York Agricultural Statistics Service).  Description of the target and
study populations are provided elsewhere (Barwick et al., 1996a). A total of 2,967 horses from
572 equine operations were sampled. These equine operations were visited to collect blood
samples. During the farm visit a questionnaire was administered to collect geographic,
demographic, management, and health information on the study population. Blood samples were
collected into sterile vacutainers or tubes and stored on ice while transported to the New York
State Diagnostic Laboratory, Cornell University for processing. Sera were separated and stored at
-70° C until tested using the microscopic agglutination test (MAT) for seropositivity to the
Leptospira interrogans serovar, L. bratisluva. All sera reacting to a dilution of > 1:100 were
considered positive.



Hypothesized risk factors were grouped into four indices of possible sources of exposure to L.
bratislava. Complete description of the risk constituents of the indices is reported by Barwick et
al., (1996b). These indices were: rodent exposure index, soil and water index, wildlife exposure
index, and management index. The first index included those factors which were perceived to play
a role in the exposure of a horse to L. bratislava in its domestic environment. The second index
included those factors related to wildlife as a potential source of exposure to L. bratislava. The
factors in this index indicate the horse would be exposed to in its outdoor environment. The third
index, contained risk factors that were perceived to put the horse at risk via exposure to soil and
water. These include: distance the horse resides from ponds, swamps, and creeks; the size of any
bodies of water; pasture type; paddock type; and elevation. The fourth index included
management practices directly affecting the horses' exposure to L. interrogans, such as the
frequency and type of worming medication used, whether or not if and how fly spray was used,
and how the horse was used (trail riding, competition, retired).

Description of procedures for development of the indices were reported earlier (Barwick et al.,
1996b). First, normal logistic regression analysis was used to identify, within each index, factors
that were significantly associated with the likelihood of seropositivity to L. interrogans using the
BMDP statistical package. Secondly, a weighted index for each of the four groups (indices) was
generated by assigning a weight equal to the sum of the regression coefficients of the significant
factors included in the index.

Statistical analysis

Ordinary logistic regression analysis was used to identify risk factors significantly associated
with the likelihood of each disease in the two data sets. The purpose was to identify factors
significantly associated with the disease while simultaneously controlling for the effect of other
factors. The analysis was performed using backward stepping procedure in BMDP (Dixon et al,

1
(I + exp'“"

P(D/Z,) = 777,

1992). The models was specified as follows:

where P(Dj/Z;) is the probability of the disease (C. parvum infection or L. bratislava); a. the
likelihood of a study unit to develop the respective disease under standard circumstances ;f; is the
changes in the likelihood of the disease due to the presence of the matrix of risk factors Z;s.

A random-effects assumption was added to the previous model by adding a non-negative
parameter, G,, to test the hypothesis that the inter group variation is relatively small relative to that
between groups (herds or stables). The MELR model was specified as follows:

1
(1 + exp‘“" iz, ":A"))

P(D/Z &) =

where P(Di/Z;, €,) is the probability of the disease for a study unit i located within the group level
x and has a parameter 6. The statistical significance of this parameter was evaluated by
comparing the square root of the likelihood ratio statistic of the parameter with the one-tailed
normal distribution because 6> 0. The analysis of the MELR model was achieved using EGRET
statistical software (1990).
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If the random effect was significant, the correlation within groups (p) was estimated for each
disease and each risk factor. The p was estimated from the MELR on the logit scale as follows:

2
O ri:

pP= S T
Or. T Oy

where 02R|.; was the variance of the random effect estimated from the MELR model and equal to
c-. The 025;, was the fixed variance for the standard logistic regression model and estimated as

2
y/4
O'.Zg'/ = '—3— ~ 3.3

suggested by Searle et al (1992) as follows:
p is interpreted as the proportion of variability in the risk of the disease that is due to the
variability between members of the same herd or stable.

For each data set, we compared the results obtained from fitting three different mixed models:
the betabinomial which is based on the beta distribution; the logistic normal which is based on the
standard normal distribution; and the logistic binomial distribution which is based on the binomial

distribution. The purpose was to determine which model best describe the relation between the

hypothesized factors and the risk of respective disease. The comparisons were made by examining
the goodness of fit for each model.

RESULTS

Cryptosporidium data: Twenty percent of the 99 herds used in this study had at least one animal
infected with C parvum. Out of the 14 factors that were hypothesized to be associated with the
likelihood of infection with C parvum, 7 were significant (Table 1). The risk of infection with C
parvum increased due to lack of cleaning the calf raising area, number of calves, changes in farm
size, and to using water sources other than wells. The risk of infection with C parvum decreased
with the implementation of preventive measures at calving.

There was a significant excess variation among cows with respect to the risk of C parvum as
determined by fitting the betabinomial logistic regression. The results of the analysis are shown in
Table 2. There was a significant heterogeneity among the study population in four of the risk
factors and the likelihood of infection with Cryptosporidium. These factors were: change in the
farm size in the last 5 years, water sources for cows, water sources for calves and preventive
measures at birth. Estimates of the standard errors obtained for these risk factors in the OLR
model and the assumption of independence and identical distribution were incorrect and biased.
The standard errors for those risk factors increased by a range of 2 to 4 times in spite of the fact
that estimate of the effect parameters stayed the same (Table 2).

Neither the logistic-binomial or the logistic normal models fitted the Cryptosporidium data.
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Table 1. Factors associated with C parvum as identified with the ordinary logistic regression

Variable Regression Standard P-value Odds ratio (95%
coefficient error Confidence interval)

Cleaning of calf area

Washed 0.0 1.0

Not washed 1.424 0.307 <0.001 4222 -17.6)
Number of heifers 0.105 0.014 <0.001 NA
Frequency of bedding change

Daily 0.0

Less frequent 1.679 0313 <0.001 54(29 -99)
Change in farm size last 5
years

No change 0.0 1.0

Change 1.348 0319 <0.001 3921 -72)
Water source for cows

Wells 0.0 1.0

Not wells 1.168 0.350 <0.001 3.2(1.6 -6.4)
Water source for calves

Other 0.0

Wells -2.493 0.446 <0.001 1.0
Preventive measure at birth

No 0.0 1.0

Yes 0.779 0.332 0.019 2211 - 4.2)
Constant -10.941 0.883
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Table 2. Factors associated with C parvum as identified with the Beta-Binomial logistic regression

Variable Regression Standard P-value Odds ratio (95%  Intra-group
coefficient error Confidence correlation
interval)

Constant (OLR) -10.680 1.850
Scaler (MELR) 0.063 0.030 0.24
Cleaning of calf area

Washed 0.0 1.0

Not washed 1.881 0.732 0.010 6.6 (1.6 -27.5) 0.23
Number of heifers 0.105 0.037 0.005 NA 0.21
Frequency of bedding
change

Daily 0.0 1.0

Less frequent 1.475 0.66 0.025 4.3 (1.2-15.9) 0.18
CHange in farm size last

No change 0.0 1.0

Change 1.131 0.680 0.096 3.1(0.8-11.7) 0.16
Water source for cows

Wells 0.0 1.0

Not wells 0.083 1.560 0.996 0.1(0.01-21.2) 0.12
Water source for calves

Other 0.0 |

Wells -1.170 1.600 0.464 0.01 -7.1 0.12
Preventive measure at
birth 0.0 1.0

No 0.532 0.66 0.42 1.7(0.5 - 6.2) 0.12

Yes
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Leptospira_data set: Only seven factors were found to be significantly associated with the
likelihood of seroconversion to L bratislava of all 18 hypothesized factors. These factors, which
were identified by the OLR model are listed in Table 3. The likelihood of seroconversion to L
bratislava was increased by the hours a horse was in the stall, by the presence of a pond, the
presence of cows on the farms, increased likelihood of exposure to rodents, and had management
practices that increased the likelihood of seroconversion. The likelihood of seroconversion to L
bratislava decreased with the good hygiene on the farm, and spending more hours in the pasture.
There was a significant curvilinear relationship between the age of the horse, and the likelihood of
seroconversion to L bratislava.

There was a significant intragroup (stables) correlation in the study population as was
determined by the logistic binomial regression (Table 4). After adjusting for the intragroup
correlation, three factors remained that were significantly associated with the likelihood of
seroconversion. The standard errors for all of the risk factors that were found to be significantly
associated with the likelihood of seroconversion to L bratislava in the OLR increased in the
MELR model. However, the magnitudinal effect of all of these factors remained relatively the
same. The standard error for farm hygiene, hours in pasture, presence of ponds, and cows on the
farm increased to the extent that the association of these factors with the risk of seroconversion
became non significant. The logistic binomial regression was the only model that was available in
the statistical package that was used (Egret) for distinguishable data. The intragroup correlation
varied from 0.18 to 0.11.

DISCUSSION

The objectives of this study were to examine the presence of extra-binomial variations in two
data sets which were collected to investigate risk factors that were associated with each respective
disease and to examine whether estimates obtained under the OLR are reliable. The study was
motivated by the statistical literature in general, and veterinary epidemiology specifically, which
indicated that over or under dispersion is common in data collected from groups of study units as a
results of intragroup correlation (Mantel et al, 1969: McCullagh and Neder, 1989, Williams, 1982;
Kristula et al., 1992 Atwill et al;, 1993; Correa et al 1993; Curtis et al., 1993). The impact of this
intragroup correlation violates the basic assumption of independence and identically distributed
(iid) observations that is required for the use of OLR.

Several investigators have proposed alternative approaches for OLR analysis in circumstances
where intragroup correlation exists in the data. These alternatives revolved around using a family
of MELR models (Pierce and Sands, 1975; Hasemen and Kupper, 1979) that allow for the
handling of the intragroup correlations. The proposed MELR models that are used in data with
binary outcome include: betabinomial logistic regression, logistic normal, and logistic binomial
regression models. Each model has its own advantages and limitations.

The betabinomial regression model was the first to be suggested for the use in the analysis of
correlated binary data to model extra-binomial variation (William, 1975; Crowder, 1978). This
model is basically an extension of the logistic regression model where the probability of disease
(event of interest, ie, success) is allowed to vary between groups in such a way that a multinomial
distribution is generated rather than a single binomial distribution (Figure 1). The parameters for
the beta distribution are estimated using the maximum likelihood method. The literature suggested
that the betabinomial model does not always fit data sets well in comparison to the other proposed
methods of analysis (Mauritsen, 1984).



Table 3. Risk factors associated with L bratislava as determined by the ordinary logistic

regression
Factor Regression Standard P-value Odds ratio  95%
coefficient error Confidence
interval

Farm hygiene

Not clean 0.0 1.0

Clean -0.252 0.149 0.10 0.8 06-1.0
Hours in pasture

None 0.0 1.0

Some time -0.440 0.175 0.014 0.6 0.5-09
Hours in stall

No stall 0.0 1.0

Stall 0.835 0.239 0.001 23 14-37
Presence of ponds

No pond 0.0 1.0

Pond 0.177 0.098 0.070 1.2 1.0-1.5
Cows on farm

No cows 0.0 1.0

Yes 0.257 0.122 0.035 1.3 1.0-1.6
Rodent index 0.863 0.151 0.001 NA
Management 0.367 0.101 0.001 NA
index
Age of the horse 0.142 0.020 0.001 NA
Age2 -0.003 0.001 0.001 NA

Constant -1.409 0.213
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Table 4. Risk factors associated with L bratislava as determined by the logistic binomial
regression

Factor Regression Standard ~ P-value Odds 95% Con- Intra-
coefficient error ratio  fidence group
interval correlation

Constant -1.364 0.254 0.001
Random eftect 0.632 0.086 0.18
Hygiene

Not clean 0.0

Clean -0.245 0.186 0.187 0.8 05-1.1 0.18
Hours in pasture

None 0.0 1.0

Some time -0.391 0.210 0.062 0.6 04-1.0 0.16
Hours in stall

No stall 0.0 1.0

Stall 0.651 0.293 0.027 1.9 1.0-3.4 0.17
Presence of ponds

No pond 0.0 1.0

Pond 0.129 0.126 0.306 1.2 09-15 0.18
Cows on farm

No cows 0.0 1.0

Yes 0.273 0.155 0.078 1.3 09-1.8 0.16
Rodent index 0.818 0.182 0.001 NA 0.14
Management index 0.367 0.119 0.001 NA 0.13
Age of the horse 0.146 0.022 0.001 NA 0.11
Age2 -0.003 0.001 0.001 NA 0.11
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Fig. 1 Distribution of the multibinomial probabilities for herds with random effects

The logistic-normal regression which is an extension of the logistic regression model, was
initially proposed by Pierce and Sands (1975). Although it is a relatively new technique, studies
have suggested that the model is susceptible to great instability when the data used in the analysis
are skewed (Spiegelman, 1988). There is evidence in the literature that the parameters estimated
using a logistic-normal regression model are inaccurate when the within groups rates vary
significantly and the group sizes are relatively large (Mauritsen 1984). We have encountered this
problem when the Cryptosporidium data was analyzed using the logistic regression model. The
effect parameters (regression coefficient) estimated in the betabinomial model are similar to those
estimated using the ordinary logistic regression in comparison to the ones estimated using the

logistic normal model (data not shown).

The logistic binomial regression model suggested by Mauritsen (1984) is an extension of the
logistic regression analysis. The difference from logistic regression is that the random effects are
assumed to be attached to the modelled probability of disease. In addition, the model assumes that
there are a number of points in the selected prior distributions. This model is relatively new and

relatively less common than the other two models.



The Cryptosporidium data is collated in the format of indistinguishable data, ie, the response
variable represents a proportion of positive samples of all samples examined. In the
indistinguishable data the putative risk factors, ie, covariate vector, are measured at the herd level
and not at the single animal level. These data can be examined by the 3 types of MELR models,
however, the betabinomial model was the only model that described the data best as determined by
the goodness-of-fit test (William, 1975). Only the cleaning of the calf raising areas, the number of
heifers on the farm at the time of sampling, and the frequency of bedding changes were significant
after controlling for the intra-group correlation. The significance of the random effect parameter
in the model is interpreted as evidence of presence of heterogeneity or extra-binomial variation in
the data under the assumptions of the proposed model.

Conceptually, this can be interpreted that the individual herds are similar with respect to these
factors, but they vary (or are dissimilar) from each other. If all of the herds in the watershed are
similar with respect to the distribution of all potential risk factors which were not accounted for in
the analysis, then the random effect parameter would not have been significant. Therefore, the
error for the unmeasured variables in those herds are not randomly distributed, and there was need
to identify other factors that were the source of variation among these herds. In other words, there
are several factors which are particular for a specific herd or group of herds, and these factors
modify the herd's risk of infection with C' parvum to the extent that there is no more a single
binomial distribution but a multinomial distribution in the study population (Figure 1). If it was
possible to control for all of those factors that modify the risk in the population, then we would
have accounted for the differences between herds, and detected no significant random effect in the
data. However, we know that knowledge is not perfect and it is impossible to identify all factors
that would contribute to the variability in the risk of infection among these herds. In these
situations, investigators have the tendency to group the unmeasured risk factors in a "dumpster”
called the random variation which assumes that these factors are randomly distributed in the study
population.

One plausible interpretation to why factors that are significant in the OLR become non
significant in the MELR model was that those variables are proxy for other unmeasurable variables
that were assumed to be randomly distributed in the population. Therefore, when the effect of the
unmeasured factors was controlled for by controlling for the random effect, those proxy variables
become non significant. The significance of the presence of heterogeneity and extra-binomial
variation, as determined by the significance of a random effect parameter, will lend credence to the
explanation that there were other factors that were not accounted for in the risk analysis.

Another plausible explanation could be conceived through the accuracy of epidemiological
studies. There are two main central issues in epidemiological studies concerning the accuracy of
inferences drawn from them: validity and reliability (Kleinbahum et al, 1982). The validity refers
to a systematic error in study units selection, data collection, and random variables measurement.
Reliability refers to a random error in parameter estimation or inferences that are attributed
mainly to either the sample size of the study population, or to the variation in the factors that were
estimated, ie, the variance. If the extra-binomial variations exist, then this could be interpreted that
within a herd or a stable, animals tend to be alike with respect to the risk. However, these animals
are significantly different from those in other herds or stables. As a result, and after controlling for
the random effect, the variance measured in OLR tended to underestimate the magnitude of the
true variability between herds or stables with respect to that specific risk factor thus, biasing its
significance of association with the disease.
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The intragroup or intraclass correlation as measured in the logit scale is a useful parameter to
compute because it provides an indication of the amount of variability in the risk of the disease
that is attributed to the unmeasured variables (Rosner, 1982; Fleiss 1986; Atwill et al, 1995). The
amount of intragroup correlation in the Cryptosporidium data is relatively small (24%) given the
complex nature of ' parvum infection in dairy herds, and the potentially large number of risk
factors that might put animals at risk of becoming infected (Lengerich et al, 1993; Gerber et al,,
1994). The cleaning of calf rasing area, frequent changing of bedding, and the number of heifers
on the farm are the only 3 factors that remained significantly associated with increased risk of
infection with C' parvum after controlling for the extra-binomial variation among herds. These
findings are consistent with some of the findings that were reported by Garber et al., (1994). The
difference in the risk factors examined between the two studies suggests that there are other
potentially important factors that have not controlled for. The continuing studies and the complete
analysis of the data currently being collected should offer additional explanations.

The presence of intragroup correlation was also detected in the Leptospira data (Table 4). Four
out of the nine variables that were found to be significantly associated with the likelihood of
seroconversion in the OLR analysis were not significant in the MELR analysis. A similar
explanation to the one offered in the Cryptosporidium data is applicable here. These 4 factors:
farm hygiene, hours in pasture, presence of water body, and presence of cows on the farm might
have been a proxy to other variables that were not accounted for in the OLR analysis. However,
when the extra-binomial variability was adjusted for by using the MELR models, these factors
become non significant. Lending credence to this speculation are the findings by Lee and Gale
(1994) who identified several risk factors associated with the likelihood of seroconversion to L

bratislava other than the ones evaluated in our study.

Barwick et al., (1996) attempted to improve the risk identification with regard to the likelihood
of seroconversion to L bratislava by adopting the indexing system approach. The philosophy
behind the use of the indexing system was that one can account for many risk factors in the
analysis while avoiding the problem of multicollinearity (Mohammed 1990). In the MELR
analysis carried out on this data, the rodent and management indices that were reported to be
significantly associated with the risk of L bratislava (Barwick et al, 1996), remained significant.
This can be interpreted that these indices play a major role in the risk of seroconversion, but there
are other factors that should be considered in the future.

In conclusion, our study has demonstrated the importance of evaluating data for the presence of
intragroup correlation, if the data are collected from clusters of animals or study units. Ignoring
the presence of the intragroup correlation, will lead to information bias in epidemiological studies.
This would be due to wrong inferences being made with regard to the significance of the effect of
the investigated risk factors. Estimates of effects, and odds ratio, obtained in the OLR cannot be
applied evenly across groups if intragroup correlations exist. The use of MELR models will no
doubt allow for the correct assessment of the risk of the disease and ultimately the accurate
estimate of risk.
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“I DON'T WANT TO BE TOLD WHAT TO DO BY A MATHEMATICAL FORMULA" -
OVERCOMING ADVERSE PERCEPTIONS OF RISK ANALYSIS.

M.WOOLDRIDGE, R.CLIFTON-HADLEY, M.RICHARDS!

WHAT IS RISK ANALYSIS?

Risk analysis is a process by which the appropriate responsible body (oftcn the government itself, or
government-appointed) may deal with matters which pose a potential danger. It is gencrally understood
to mean that the process will be managed along certain more or less standard lines. Although risk
analysis has been uscd for examining the risks involved in such ficlds as nuclear reactors, chemical
emissions from industrial processes and accidents, and general environmental issues for over twenty
years now, its use in the veterinary sphere is relatively recent.

Risk analysis terminology

Its use in such a widc varicty of disciplines has resulted in a number of diffcrent terminologies and this
can, and does, causc confusion (Ahl et al., 1993). Even within the veterinary field, therc is no uniformity.

The terminology we use defines risk analysis as a process which comprises hazard identification, risk
assessment, risk management and risk communication, with the following mcanings:-

e Hazard: Something which is potentially harmful, to humans, other animals, plants or the environment.
If no hazard is identified, then there is no risk.

* Risk asscssment: The process of evaluating the risk resulting from a hazard. Where data is available a
quantitative risk assessment (QRA) may be undertaken, to evaluate both the amount of damage, and the
likelihood of its occurrence.

o Risk management: Utilises risk assessment results plus the risk managers judgement to balance
potential benefits against assessed risks, to reach decisions and formulate policy - which may include a
requirement for risk reduction.

e Risk communication: An opcn information exchange between risk asscssors, risk managers, and all
those affected by both the risk and the decisions taken.

We would ideally expect risk assessors and risk managers to be different people, and this is generally
the case. It should also be clear that risk analysis does not give a single 'correct' answer to a problem, but

is a collaborative excrcise utilising data and facts, plus opinions and judgements from a broad variety of
perspectives.

IEpidemiology Dept., Central Veterinary Laboratory (Weybridge), New Haw, Addlestone, Surrey KT15 3NB,
UK.
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So - what is risk?

Risk implies that several different outcomes are possible from the situation being considered, and that
one or more of these outcomes is unwanted. There is also uncertainty about which outcome/s will occur.
For risk assessment all these factors apply and, in addition, there is the necessity for a systematic
evaluation process. For QRA this will give the probability or frequency of cach outcome.

ADVERSE PERCEPTIONS OF RISK ANALYSIS.

Risk analysis is a discipline which attempts to systematisc and introduce morc cffective methods, some
of them quantitative, to a process which has been carricd out by governments and their advisors for many
years. As such it bears comparison to the position of epidemiology in medicine and veterinary medicine

some twenty years ago, and has caused some similar reactions.

Adverse perceptions based on lack of knowledge.

e We don't need it: There is often no perceived necessity for an alternative methodology, and this
can lead to scepticism and lack of interest in what might be achieved with this approach.

e We don't like it: The distinction between risk analysis and risk assessment may not be
appreciated, resulting in a suspicion that a model's numerical output might be used to replace

the judgement required to frame policy, and even replace policymakers themselves.

e We don't understand it: Those without a mathematical background or training often view
with distrust anything which looks too mathematical.

Adverse perceptions based on a desire to keep the status-quo.

Once a risk reduction measure has been imposed, and is widely believed to be effective, the
psychological and potential political effects of removal of that safeguard may make any change
difficult, whatever the demonstrated risks for current and alternative practices.

ZERO RISK VERSUS ACCEPTABLE RISK

Movement of animals and their products has long been recogniscd as having the potential to spread
infection. Traditional methods of risk management, particularly when considering international
movement, have tended to rely on zero-risk policies when considering whether imports should be allowed
into a disease free area. Recent developments in international trade mean that this is no longer
acceptable, and discase risks must be balanced against trading bencfits (Pritchard et al., 1995), bringing
into prominence the concept of acceptable risk.

Some traditional methods of risk management rely on the pragmatic use of tests of limited scnsitivity
so that positives can always be rejected. In the situation where an infectious organism is ubiquitous, the
result of a test with a high level of sensitivity has a high probability of being positive, rendering zero-risk
policies impracticable. For example, the microbiological sampling of only small samples from large
consignments of feedstuffs is of limited sensitivity and allows a proportion of consignments to pass the
infection test, whereas indefinitely large samples would always include a positive result, and no
consignment could be accepted. This strategy completely avoids the issue of what is acceptable risk, but
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this is a short-sighted strategy. It is now becoming accepted that it is more proper to address that issue
dircctly than to avoid it.

Many factors are involved in agreements regarding the acceptability of any given level of risk,
particularly since those bearing the risk are often not those receiving the major benefits but, by
implication, to negotiate over whether a risk is acceptable requires primary agrecment, by all those
involved in the negotiations, on the magnitude of that risk.

OVERCOMING ADVERSE PERCEPTIONS

By describing why we have become involved in risk analysis, and explaining the underlying
terminology and methods used in risk analysis and particularly, quantitative risk assessment,
many of these objections can be overcome. When doing this we have seen a gradual shift in
perception, with a willingness to consider the role that risk analysis might play in decision
making, and the role of risk assessment in providing information to facilitate that decision
making.

The remainder of this paper outlines why we have become involved, and then focuses on

describing the methods of quantitative risk assessment, including the potential pitfalls, and how
these methods apply to our projects to date.

WHY ARE WE INVOLVED IN RISK ANALYSIS?

Recent developments

In recent years risk analysis has been identificd as applicable to veterinary issues in two main areas;
international trade in animals and animal products, where the possibility of importing disease along with
these products has long been recognised, and food hygicne, to examine toxic residucs and infectious
organisms in meat and meat products.

Concurrently, therc has becn a methodological development in the techniques of quantitative risk
assessment and it is this with which our group is particularly involved. Risk assessment is systematic and
well documented giving the transparency necessary for indcpendent critical evaluation. The inputs
required for quantitative risk assessment highlight any crucial data deficicncies allowing initiation of data
collection, where required, to evaluate and manage a risk. In addition, there is a distinct separation
between the quantitative assessment performed by the risk assessor, and the consideration of whether that
risk is acceptable, which is a question of judgement.

International trading agreements

The consideration of whether a risk is acceptable is, increasingly, a matter of international negotiation
and this is the province of the General Agreement on Tariff and Trade (GATT), which was originally
cstablished in 1947. It was only after the Uruguay round, launched in 1986, that agricultural issues were
brought fully under its rulcs (for a review, see Scudamore, 1995). Negotiations were protracted and
contentious but cventually culminated in the Final Act, which came into force only on 1 January 1995
and set up the World Tradc Organisation (WTO), which oversces the workings of the agreecments,
binding on all members, madc in the Uruguay round.
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For animal health, the Agrecment on Sanitary and Phytosanitary (SPS) Measures is the most
important, allowing countries to give food safety and animal health priority over trade requirements only
if a scientific basis for that priority can be demonstrated. Although cach country can determine the level
of risk appropriate to its own conditions, this must be based on defendable assessments available for
objective evaluation. For this, GATT advocates the use of the systcmatic transparcnt repeatability of risk
assessment methods, for which the Office International des Epizootics (OIE) is now charged by the WTO
with a key standard-setting role (WTO, 1995).

In consequence, Scudamore (1995) concludes that "There is no doubt that the impact of international
trade agrecments will stimulatc the nced for methodical risk analysis by member countrics”. Clearly - we
do need it, and it would be prudent to have a readily available source of expertise. It is in the light of
these requirements, and the fact that risk assessment involves quantitative determination of likelihoods
and is thus analogous to epidemiology, that the CVL Epidemiology Dcpartment, had already sct up, and
is now expanding, its risk asscssment facility.

AN OUTLINE OF RISK ASSESSMENT METHODOLOGY

Development of the quantitative risk assessment model

A sequence of events must occur to produce a risk.

o First, there must be a risk 'relcasc’ source. Examples include:-

An industrial plant releasing radiation or chemical pollutants,

An automobile or aircraft capable of 'releasing' an accident,

An animal capable of 'relcasing' a zoonotic diseasc to humans,

An abattoir 'releasing’ bacteriologically infected carcasses from its premiscs.

Often, the source may not be singular but will be a population, for cxample of abattoirs or of potentially
infected animals.

e Second, there must be an exposure to that risk, either by humans, other animals, plants or the
environment. In addition, there may be diffcrent categories amongst the exposed. Occupation as a nuclear
physicist, distance of residence from a chemical plant, willingness to fly, and vegetarianism, for example,
may all affect appropriate exposures.

e Thirdly, there must be at least one unwanted consequence to the exposure, the most common being
death, sickness, injury, and environmental pollution or dcgradation. In addition, those events which are
consequences for one exposed group may function as the risk relcase source for another group. For
example, foxes may 'release’ rabies infection to exposed cattle, with the conscquence that some cattle
develop rabies. These then function as a risk 'release’ source for exposed humans.

For each of these events, a distribution of likely values is determined. The varicty of methods used in
assessing these three events can be systematically categorised, although overlap exists. Table 1 gives

examples of some of these; for further explanation of these modelling methods, sec Covello and
Merkhofer (1993).

The results from assessing these three events are then integrated to produce the overall risk estimate or
assessment. At this stage, it is necessary to ensure continuity in the risk being assesscd; for cxample, the
assessment of the consequences of a severe automobile accident should not be coupled with the
assessment for exposure to all automobile accidents; they must be cvaluated separatcly. For relatively
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uncomplicated pathways, the three stages may not be explicitly identified, the integration being implicit
in the overall method. Either way, the final result is the integrated risk assessment, in outlined in fig. 1.

Table 1. Catcgorisation of some commonly used risk assessment methods
(after Covello & Merkhofer, 1993)

Release assessment Exposure assessment Consequence assessment
Monitoring Personal exposure monitors Health surveillance
Performance testing Site monitoring Animal testing

Accident investigation Biologic monitoring Human testing

Classical statistical methods Laboratory testing Epidcmiological studies
Baycsian statistical methods Dose calculation Dose-response models
Failurc analysis Population-at-risk models Pharmacokinctic modcls
Event trces Pollutant transport-and-fate Ficld testing

Biological models models Ecological cffect models

Discharge modcls

Integrated QRA model

Risk

n
release Exposure Consequence

assessment assessment
model model

assessment
model

Fig. 1. Integrated quantitative risk assessment model

Uncertainty and variability in quantitative risk assessment

For integrated quantitative risk assessment the construction of a model, however simple, of the
pathways from risk source to consequence is necessary. The model will contain data inputs, and outputs
in the form of probabilities or frequencies of the possible consequences. Implicit in this are potential
sources of both uncertainty and varniability (for a review, sec Morgan and Henrion, 1990), as follows:-

e Model uncertainty: Parts of the pathway may be unknown entirely, or there may be several candidates.
One solution is to include cach possible pathway, as alternatives, into the final model, and assign a
probability to each.

e Input uncertainty: Hecre, the true value of the input is unknown. Possible examples include:-

The number of people living near a nuclcar power plant,

The low-level dosc-responsc effects for a potential carcinogen,

The number of infected carcasses Icaving a poultry slaughterhouse,
The incidence of tuberculosis in a particular area.
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e Variability: When an input may take one value from a particular (well-characterised) distribution,
which is used directly as the input. Possiblc examples include:-

Height, weight, and age of humans and some other species,
Diurnal temperature fluctuations,

Some nutritional intake data.

Constructing distnibutions

Traditionally, input uncertainty is dcalt with by taking the singlc-value worst-case estimate. In
quantitative risk assessment, the extent of that uncertainty can be entcred into the model in the form of a
frequency distribution, maximising the use of available information.

There are two basic ways of deriving the distribution. The first is directly from observed or
experimental data. For example the binomial distribution gives the probability distribution for the
number of infected animals in a batch of known size, where each animal has a known probability of
being infected, or the exponential distribution, which describes the probable lifctime of a device with a
constant probability of failure, and a known mean time to failure.

The second method is to use 'expert’ opinion, and where little hard data exist, this is oftcn essential.
Potcntial pitfalls include choice of appropriate experts, eliciting opinions without bias, and combining or
choosing between differcnt opinions. Most people are not used to thinking in terms of probability
distributions, and may require visual aids. Some people may think expressing uncertainty indicates a lack
of expertise, and be unwilling to do so. Bias may alrcady exist or may easily bc introduced by poor
questioning technique. For example, asking about the modal value first tends to producc ‘anchoring' bias.
Where opinions differ sharply, it may be necessary to incorporate each, weighting by probability.

Variability may exist with or without uncertainty. Food intakes across a spccics, for example, are
generally both variable and uncertain. Whilst surveys and qucstionnaires can be used to reduce the -
amount of uncertainty if nccessary, variability will remain. An additional point regarding variability
concerns perspective and many of the inputs given as examples above may be cithcr variable or
uncertain, depending on the exact question being asked. If the risk under investigation concerns a
population then a distribution of, say, weight will represent variability. If, howcver, the risk to one
particular person is under investigation, but the specific weight of that pcrson is unknown, then that same
distribution will now represent uncertainty. When both are present, mixing of the two without duc regard
to their different meanings may rcsult in misinterpretation of the outputs, and onc way of addressing this
will be discussed later.

Frequency distributions commonly used in risk assessment may be represented by any of the standard
probability distributions, both continuous and discrete. Some examples include the normal, log-normal,
uniform, beta, Poisson, general and triangular distributions. The triangular distribution in particular is
often found convenient to use, and is defined by three points; the minimum, most likely and maximum
values, with zero probability at each end and straight lines joining each to the most likely. However, it
has been suggested that this gives too much weight to certain parts of the distribution distant from the
mode and that when these three picces of information only arc available, the beta-pert distribution may
be more appropriate.

Propagation of uncertainty and variability through the model

With many model inputs being in the form of frequency distributions, a method of rctaining these
distributions and propagating them through the model is required to give outputs (i.e. the risk cstimates
wanted) also in the form of frequency or probability distributions as illustrated in fig. 2.
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Fig. 2 Propagation of distributions through the modcl
(aftcr Covello & Merkhofer, 1993)

There are a number of possible approaches (see Morgan and Henrion, 1990) some having becn
developed into commercially available software packages, and some of which are bascd on sprcadshect
modelling although more complex packages exist, for example Analytica (previously known as Demos).
A spreadsheet model represents the rate or probability of the outcome as a simple calculation, for
example the rate of importation of infected animals may be represcnted as (the annual number presented
for import) x (the proportion infected) x (the probability of an infected animal not being detected by
pre- or post- import testing). The spreadsheet will perform the calculation for any given valuc of the
inputs (in italics); by using a spreadsheet 'add-on' a distribution of values may be entered for any of the
mnputs.

The best known examples are @Risk and Crystal Ball, both of which utilisc the Monte Carlo
simulation method. The model is designed and inputs are entered, where necessary as distributions.
Outputs are selected. Each simulation, or 'run’ of the model performs the calculations as defined, and
produces a value for each sclected output. Where the input is defined as a distribution, each 'run’
randomly selccts a value from that distribution for use as the input. A large number of runs results in a
large number of randomly selected inputs producing outputs which are thus a random sample from the
overall probability distribution for that output. These arc collected together and built up into an output
distribution which can be illustratcd graphically and analyscd statistically, giving much more information
about the probability of an outcome than would a single-point estimate taken from a worst-case scenario.

One method of differentiating between variability and uncertainty in the inputs is to construct a ‘two-
dimensional' model, which can be done in spreadshect software by using a macro, where holding variable
values constant gives a distribution for the output uncertainty associated with those variables, and this is
repeated over the distribution of variable values, to give an output distribution where 'slices’ represent the
distribution of uncertainty for onc particular set of variables (for review of mcthods, see Frey et al,
1995). It may not be possiblc to characterisc output variability without considcrable uncertainty ‘noise'.

THE CURRENT SITUATION: VETERINARY APPLICATION OF RISK ASSESSMENT

International trade and movement of animals and animal products

Application in the ficld of thc import of animals and animal products has alrcady been mentioned.
MacDiarmid (1991) reviewed thc risks of importation of a widc range of mcats and meat products into



New Zealand, using the systematic methodology of risk assessment, but did not undertake quantitative
assessments. He did, however, reproduce the quantitative method developed by Dr Tony Forman at the
Australian Animal Health Laboratory to assess the risks for TGE in Canadian pigmeat.

The OIE (1993) has devoted an issue of its regular Scientific and Technical Review to Risk analysis,
animal health and trade, comprising 16 papers including several describing quantitative assessment
methods. Sutmoller and Wrathall (1995) have recently published a particularly detailed account of their
method of the quantitative assessment of the risk of disease transmission by bovine embryo transfer,
including the proposed scenario trec on which their model is based, the input distributions used, and the
distributions produced at each stage by Monte Carlo propagation of unccrtainty through their model.

An additional area for which quantitative risk assessment is likely to have a future role concerns rapid
international movement of all types (humans, other animals, plants and other goods) and the undetected
carriage upon them of exotic pests and parasites, and their ability to survive in different climatic
conditions.

Meat hygiene

The potential application of risk analysis to meat hygicne was discussed by Hathaway (1993).
Quantitative assessment here forms a scction of a larger model for human food risk assessments.

Quantitatively assessing the risks of chemical residucs in meat, both from treatments applied directly
to the animal, and by environmental toxins and pollutants in soil, air, and animal fcedstufTs, is a newly
emerging area of application. Work on other parts of the foodchain is ongoing, for example method
development for assessment of the levcls of various toxins and pollutants in plants (McKone et al.,
1995), but we have found little evidence of comparable work in livestock, and a number of
methodological issues remain.

An outline model for the quantitative assessment of microbiological hazards in poultry has been ’
described (Covello and Merkhofer, 1993) and Christiansen and Richards of this dcpartment have recently
undertaken an unpublished study into the feasibility of applying risk asscssment methods to biological
hazards in red meat.

RISK ASSESSMENT TOPICS WITH WHICH WE ARE CURRENTLY INVOLVED

In order to explore the potential for development of this expanding ficld in contexts rclevant to our
work, we have been examining the methodological and practical issues in applying risk assessment to a
number of specific topics, including examples from all the categories described.

Animal import issues include a preliminary examination of the methodology and sources of available
data for risk assessments involving particular aspects of rabies in cats and dogs, Brucella abortus in
cattle, and Mycobacterium bovis in cattle.

For mcat hygiene and toxicology, we are looking first at the problem of cadmium levels in the kidneys
of cattle. We are developing a modcl to determine the likely relative importance of diffcrent sources or
routes of cadmium intake in determining the concentration in the kidney at slaughter. Our involvement
with microbiological hazard risk assessment is the subject of another paper being presented at this
conference.
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The following is a brief description of the identified major methodological and practical issues in those
topics examincd. The major methodological issues can be identified by reference back to the risk
assessment principles outlined carlier.

Identifying/dcfining the type of assessment being undertaken

Is the assessment for release, exposure, conscquence or implicitly integrated risk assessment? Where a
specific question is asked, as in most of our projects, there may be no choice in this. Where choice exists,
there is an obvious argument for asscssing the consequences first, followed by the exposure, and only
lastly the relcasc.

For the import-related projccts, we are first considering appropriate methodology for the risk 'release’
assessment section of an integrated asscssment model i.e. the probability of infection import into Britain.
With respect to both rabies and M. Bovis, this is because the questions being asked involve comparing
risk levels at import before and after possible import regulation changes. For B.Abortus, our focus was
to examine potential import data sources, best facilitated by looking at a bascline import risk level.
Assessments of the exposure of indigenous populations, and the disease consequences of such exposure
arc separatc exercises.

For the project involving cadmium in kidneys, the particular assessment identificd as required by our
toxicology colleagues, is actually an exposure assessment. Specifically, the exposure of the kidneys of
cattle to cadmium, given that cadmium is alrcady present in the environment. The consequences of this
exposure are not considered in this model.

Deciding on the most appropriatc modecl type.

For all the animal import projccts, the method used comprises thc development of an appropriate
scenario tree, assigning a probability (generally as a distribution) to cach event in that scenario tree, and
estimating the probability (again, as a distribution) of the final outcome. A very generalised outline
scenario trce is shown in fig. 3.

no yes
(P=1-a) (P=1-b)
Animals Infected
destined animals
. for imported
import

Fig. 3 Generaliscd scenario tree for animal import risk asscssment

This looks dcceptively simple, giving the probability of importing infection as (distribution a) x
(distribution b), but the model then requires tailoring to the specific case. One particular issuc which
affects the exact form of the model is whether the risk being evaluated is that of an individual animal
being infected, or whether infection is present in a group of animals.

Additional modifications dcpend upon the particular case. For example, with rabies, the specific
question being asked is: "For dogs and cats entering Great Britain, will thc replacement of six months
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quarantine by vaccination and blood testing increase the risk of an infected cat or dog entering the
country 7" Being in quarantine is here defined as having not yet entercd the country, and we make the
initial assumption that no other import factors are altered.

This is therefore a risk comparison problem, and we are interested in the risk of any one imported
animal being infected. One method is to define a bascline model (no safeguard in place), and assess the
risk of an infected animal import. To this is then added, separately, the two proposed risk-reduction
methods (one reducing the likclihood of infection, the other detecting infcction), the risk re-assessed for
each, and a direct comparison made. Three separate models are therefore utilised, and the outputs
compared.

In contrast, our starting point for the exposure assessment for cadmium in kidneys is a biological
model of the fate of cadmium from its point of contact with an animal. In constructing the biological
model, one major problem which had to be addressed was lack of dctailed biochcmical pathway
information. The simplified assessment modcl being evaluated at present is bascd on this biological
model, and the first stage is to model the kidney cadmium concentration by day in the life of an
individual animal, onto which will be superimposed an appropriate age at slaughter distribution, to give a
distribution of kidney concentration at slaughter.

Handling uncertainty and variability in the input data.

Once again, using rabies as the example, the rabies risk asscssment inputs include:-

eBaseline probability of infection, dependent on the prevalence of infection in the animals destined for
export, which, due to under-reporting, of cases and lack of dcnominator data will be uncertain.

eProbability of detection of infection in quarantine, dependent upon the incubation period which is
uncertain, at least in its extremitics, and may well differ for cats and dogs, and is also variable.

eProbability of infection reduction by vaccination, which may be altcred by, for cxample age, spccies,
and vaccination type, resulting in unccrtainty. Blood testing as a means of identifying successfully
vaccinated animals is also subject to uncertainty in its sensitivity and specificity.

Most risk assessment inputs arc associatcd with ranges and must be represented by appropriately
selected distributions. In addition, propagation through the model is necessary. One method, Monte Carlo
simulation, has already been described, but others may sometimes be more appropriate.

Where there is uncertainty over the values of key parameters in a risk assessment model then
particular attention needs to be paid to the method of combination of these uncertainty distributions.
Sometimes correlations should be introduced between the distributions, which can be done in spreadshect
modelling, although multidimensional uncertainty distributions are difficult to interpret. It is better, if
possible to ensure that the modcl is paramctcrised in terms which can reasonably be described as
independent.

If spreadsheet modelling is to be properly applied to a proccss which will be replicated many times, as
for the importation of animals, or indced for most examples of interest, carc must be taken that the modecl
does reflect uncertainty over the average outcome rather than the variability between individual imports.
In simple models this distinction does not matter but in more complex examples it may become a more
important consideration.
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Additional factors which should be considered.

Subsequent to the initial model development, it may be necessary to consider the incorporation of
additional factors. For rabies, examples include:-

e Total import numbers and the cffcct of any regulatory changes, directly or via costs, on that number.
Although the risk per animal will not nccessarily change (although it might, if the population from which
imports arc derived changes, and that also nceds consideration), the rate of import is relevant to total
risk.

e Easc of transit from third countrics.

e [llegal imports, the risks for which may be different to legal imports.

e The relatcd practical issues of animal and test sample identification and documentation, tracing and
recording.

Judgement and choice in quantitative risk assessment,

It is apparcnt that in the development of a quantitative risk assessment, there are many methodological
issues involved, and many points where the assessors choice and judgement must be used. Complete
documentation and referencing of all data sources and methods is thereforc essential for subsequent
evaluation of the outputs. In addition, this allows for identification of arcas of data deficiency, allowing
systems to be put in place for data collection as necessary, and this is also an important function of
quantitative risk assessment.
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THE APPLICATION OF HYBRID INFORMATION SYSTEMS TO DECISION
SUPPORT IN THE VETERINARY AND AGRICULTURAL DOMAINS

REVIE, C.W.", MCKENDRICK, L.", IRWIN, T.", GU, Y.,
REID, S.W.J." AND GETTINBY, G.*

Any attempt to provide computer-based decision support within the veterinary
and agricultural sectors must allow for information integration. This has a particular
impact on projects which use various types of knowledge-based tools and
mathematical models to develop hybrid systems. Recent projects adopting an
integrated approach to information usage in the areas of animal health, welfare and
production have demonstrated a number of advantages, including economy of
effort, benefits of a team approach, increased user compliance and the ability to

“identify areas of inadequate knowledge to provide a focus for further research.

While there are definite benefits in taking such a holistic approach, a number of
problems are associated with the integration of these tools into hybrid information
systems (HIS) (McKendrick et al., 1994). Uncertain knowledge, lack of consensus,
inadequate data and a reliance on information technology infrastructure cause
technical problems while cultural and political issues must also be tackled. In
addition consideration must be given to the issue of knowledge and model
validation, a task which will often be much more complex for an HIS than when a
single problem focus has been adopted. Consideration must also be given to

mechanisms for transferring HIS from a largely research-based audience to users in
the field.

THE NATURE OF DECISION SUPPORT

All computer based systems are basically concerned with the storage and
manipulation of data. However, if data are to be useful they must be structured in
an appropriate manner. Only then do they become meaningful enough to be
described as information. Often, the information is structured to aid some decision
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making process. To do this it is necessary to provide mathematical modelling and
statistical tools to analyse the information and summarise the suitability of different
intervention strategies. The integration of database and modelling tools, to construct
a product which reflects the needs of decision makers has led to the development of
a class of systems known as decision support systems (DSS) (Sprague & Carlson,
1982). However, there are certain types of data which do not fit easily into
classically structured information systems (including DSS), two of the best
examples being text-based information and heuristics or rules of thumb. These types
of unstructured data are managed within information retrieval, hypertext and
knowledge-based systems. A prerequisite for the provision of a flexible DSS is that
methods must be found to integrate information and knowledge from both
structured and unstructured sources. Therefore, although a number of systems
referred to in this paper could be described as DSS, the term “hybrid information
system” (HIS) is used to emphasise the importance of this integration of diverse
types of information and management system.

It is important to stress that the types of system being constructed are not
decision making systems. Some of the components which are being incorporated,
such as mathematical models and expert systems, have at times been misinterpreted
as decision-making devices. However, the idea of a computer system which tells the
user what to do is a discredited one. Hybrid information systems do not supplant
the decision maker. They should provide information in a user-friendly manner,
enabling users to make use of as much (or as little) of the available resources as
they wish, allowing them to make better decisions.

SOME OBSERVATIONS ON INTEGRATING INFORMATION

Typical contributors to veterinary and agricultural HIS will be producers,
veterinarians, scientists and policy makers. The information which is supplied will
be most readily summarised in different ways, depending on the nature of the
different topics under investigation. Consequently, information will be delivered in
many diverse forms. These might include structured formats such as data contained
in databases; partially structured formats such as expert rules and mathematical
equations and unstructured formats such as textbooks and research papers. The
available pool of expertise is therefore large and heterogeneous. A number of tools,
such as database management systems, expert systems, mathematical models and
multimedia systems exist to aid the user in the handling of different types of
information. In the area of animal health and production such tools have typically
been focused on specific user groups and applied to narrow knowledge domains, in
isolation from other techniques. The users of a database management system may
find it hard to understand the outputs from a system when these are presented as
uncontextualised, uninterpreted data elements. A mathematical model can be used
to produce estimates of otherwise unobservable pieces of information, such as risk
of infection, but users may find it hard to accept such predictions without suitable
guidance. An expert system, in mimicking the decision making process of human
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experts, may not be able to complete its inferential process without access to
information contained in a related database.

Therefore, potential exists for the integration of different tools across a wide
knowledge set containing diverse information types. This diversity has often led
information providers to the conclusion that each ‘user need - information type’
pairing must be served by a separate system. While it would be foolish to ignore
the fact that the needs of each user must be taken into account during design and
implementation, the extension of this client-focused view to the creation of a large
number of individual systems brings with it a number of problems. A user may be
primarily interested in one topic which is apparently summarised within a single
structure and hence is well served by a single information tool. However, tools are
often deficient when used in isolation; their full potential can only be realised
through integration, and so a primary tool is likely to benefit from being linked to
other, related materials. The integration of tools alone is not sufficient to ensure the
effective and efficient use of information, consideration must also be given to the
underlying information and knowledge structures.

CONCEPTUAL INTEGRATION

It can be argued that differences in user information requirements may be more

"apparent than real, representing only different routes through the same information

structure. The concept of information integration describes an attempt to organise
data and knowledge into a single cohesive unit. The resultant complexity
necessitates the provision of tools which deliver appropriate access to, and
navigation within, the information structure. Apart from any theoretical arguments
as to the completeness or elegance of this approach, this type of information
integration has important economic implications. Rather than assuming that each
group of users has unique information needs requiring separate systems, one can
assume that these needs can be met from different viewpoints or dimensions on the
same underlying information continuum. If this is the case then maintaining the
information in a unified but suitably flexible manner will enable differing user
perspectives to be captured within a common information structure.

This type of conceptual integration was pioneered in the area of librarianship
with the development of classification systems such as Dewey and UDC to give
conceptual content tags to books. This work was continued and expanded into the
discipline of Information Science, as tools such as thesauri and faceted classification
systems were introduced to supplement the earlier hierarchical or enumerative
approaches (Revie & Smart, 1992). Because of its origins, most of the work in the
area of information retrieval has been focused on dealing with unstructured, textual
information. However, recently it has been noted that completed classifications for
a given domain can be used to index information and knowledge of other types, and
form the basis of meta-data models. The other major use of such classification
schemes has been in the definition of common data formats for database storage.
Within the veterinary domain, the most commonly used format was the Standard



Nomenclature of Veterinary Diseases and Operations (SNVDO) (Priester, 1971),
which is utilised in the North American Veterinary Medical Data Base (VMDB) and
the British Veterinary Investigation Diagnosis Analyses (VIDA), among others.

Research into appropriate meta-models continues to be led by work within the
medical domain, the SNOVET classification being founded on medical equivalents
and since combined into the more general SNOMED (Systematised Nomenclature
of Medicine) (Cote et al., 1993). It is also within the medical domain that the most
notable attempts have been made to move classification tools beyond both
bibliographic indexing and data formatting. A notable effort in this area is the
GALEN project (Rada et al., 1992), although developments are still at an early
stage. There has also been a resurgence of interest in the area of conceptual
mapping as researchers look for methods to index and provide navigation through
the wide range of information resources becoming available on the World Wide
Web and emergent digital libraries (Digital Libraries Project, 1995). It is hoped that
insights gained from these areas will aid in the development of a fuller theoretical
framework, which will in turn underpin the work of integration being carried out in
the area of veterinary informatics.

BENEFITS OF INTEGRATION

The benefits which arise from the integration process which underlies the
development of an HIS fall into three major classes.

First, the system will potentially be much more effective. Situations which’

require decision support are by definition complex, involving many interrelated
factors which require to be viewed in a unified manner. Consider the case of
African dairy farming, where increases in production require the simultaneous
adoption of policies relating to disease control, livestock breeding and animal
nutrition. A piecemeal strategy which addresses any of these interconnected topics
in isolation would be much less likely to succeed. Also, one of the major themes of
sustainability is the need to view systems in a holistic rather than an atomistic
fashion, ensuring that the 'whole' is not obscured by an over-emphasis on
individual parts of the picture. For both of these reasons, it is necessary to provide
decision support over a wide range of topics. System integration is a necessary
prerequisite for any such holistic treatment of information.

An HIS also gains in effectiveness through synergistic effects. At one extreme,
this synergy might be no more than a function of completeness. If an advice module
may occasionally touch upon a topic which is strictly outside its expert domain, it is
clearly preferable that a further module be available to continue the advice session,
rather than the user being forced to ignore what might be an important line of
inquiry. An example of this would be given by decision support for the control of
African tick-borne diseases: advice modules on immunisation, tick control and
chemotherapy are so intimately linked that if they were not hybridised into a single

51



52

system, the resulting ‘stand-alone’ expert systems would be incapable of providing
useful advice.

At the other extreme, the feedback of information between different types of
advice modules can create a ‘virtuous circle’, in which more value is progressively
added to the information. This has been observed in our equine health and welfare
system, EQWISE (Mellor et al., 1994). A mathematical model which predicts the
likelihood of a horse having cyathostomiasis would, in isolation, be little more than
a mathematical curiosity, but when it is linked with hypertext libraries and a
Geographical Information System containing disease prevalence maps, it becomes a
tool of real educational value. This is generally true of many mathematical models
and statistical techniques which can be used to add value to clinical and
epidemiological data. Such techniques have most often been presented in a form
suitable only for the use by the mathematically literate. The ordinary user has had
little chance of following the logic of the technique and even less chance of making
optimal use of it. Embedded within an HIS, mathematical software has the potential
to add value to information which is moving around the system, while other
information tools make mathematical techniques available to any user. HIS provide
a favaurable environment for the development of such synergistic systems.

The effectiveness of any putative HIS is also enhanced in a more subtle manner.
A system is only truly effective if it provides support across a sufficiently complete

-problem domain. Where this domain is complex and multi-faceted, individual sub-

topics, considered in isolation, may appear dauntingly refractory to decision
support. However, where a hybrid system is being developed, attention is focused
on the entire problem domain. When a single sub-topic is considered, the
underlying developmental assumption becomes, “how can a tool for this subject be
fitted into the system?” rather than the more negative, “can I build a tool for this
subject?”. In so far as a hybrid system provides a focus around which researchers
may develop their ideas and therefore perhaps encourages the growth of any system
into relevant subject areas, the HIS framework may promote the creation of more
effective DSS.

The second type of benefit which a DSS gains from hybridisation is that of
increased efficiency. While the system is being used, integrated information
management will ensure that whenever a module requires a piece of information
which has already been entered into another component of the system or which is
stored in a database within the HIS, the relevant information will be passed to the
active module. This has obvious benefits in reducing the effort which is demanded
of users of the system.

Complex situations are described by information of differing types, scale, scope
and structure. It is likely that for each subject of interest in a decision support
situation, one type of tool will be found to be more suitable than the others. The
incorporation of these diverse classes of information within one tool or into a single
type of knowledge representation would remove the ability of the system to make
full use of the richness of this diversity of information. By contrast, within a hybrid



DSS, the most appropriate knowledge tool can be selected for each information
class. Rule-based expert systems provide a means of structuring qualitative
knowledge which has been gathered from experts. Belief networks update
quantitative, probabilistic information in order to express knowledge about the
relative likelihood of different scenarios. Mathematical models utilise qualitative,
factual information in the formulation of the mathematical rules which describe how
the model will evolve, while using quantitative data to estimate the required
numerical parameters. Optimum utility is gained from each type of tool within the
overall system; this can only be fostered within an HIS.

A further efficiency gain can arise from the policy of selecting an appropriate
information tool to handle each separate subject. Since the developer is not
attempting to distort the information structure to fit it into an inappropriate tool, it
is likely that the tool will require little or no modification to handle the information.
Hence, it is reasonable to expect that relatively standardised information tools can
be utilised within an HIS. The use of such generic pieces of software should
produce economies of scale in the production of DSS, where software code can be
written, technically validated and used in a variety of different contexts.
Development effort can be focused on the production of a small number of high
quality generic tools rather than the design of a larger number of less effective,
overly specific tools. '

Efficiency and effectiveness are both promoted by another aspect of HIS
development procedure. The process of constructing an integrated system enforces
contact between the creators of different types of decision support tools, such as

expert systems, mathematical models and databases. The specialist nature of these

tools requires that the developers of such modules be drawn from different
disciplines. The resulting interactions between experts from different backgrounds
maximises the opportunity for fruitful cross-fertilisation, as well as making team
members more aware of the limitations of their own discipline and past perceptions.

The third major class of benefits which arise from the development of a hybrid
system relate to the effect on scientists who contribute to the knowledge acquisition
sessions which underlie any DSS. Just as the construction of models within a single
subject area will highlight topics which require further investigation, the linking of
diverse areas will reveal issues which are poorly understood. These topics may not
clearly fall within the boundaries of an individual scientific subject domain. The
development of an HIS encourages interaction between experts in the various topic
domains under study and highlights areas of potentially useful collaborative
research.

PROBLEMS OF INTEGRATION

While there are benefits to be gained from the use of HIS, any attempt to
structure information across a wider and more complex subject domain leads to a
number of problems. These difficulties arise even at the knowledge acquisition
phase. It is well documented (Hart, 1986) that the potential loss of exclusivity of
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knowledge by domain experts may reduce their willingness to participate in the
knowledge acquisition process. This is compounded within a hybrid framework
because the expert is often required to move to the boundaries of his or her subject,
and beyond. This is a ‘high risk’ activity for any scientist, with increased
intellectual exposure as one moves away from one's specialism. The willing co-
operation of experts is essential to all knowledge acquisition (Goodall, 1985) and
this will become increasingly difficult to achieve if the expert feels threatened. This
is not a problem simply relating to the individual scientist, as an emphasis on single
disciplines is often reflected in the ‘atomistic’ structure of research management.
These structures will often mitigate against the creation of an integrated product
which requires an integrated development team and so appropriate cross-
disciplinary management mechanisms must be set up for HIS development to be
successful.

Once the knowledge has been successfully acquired, a number of technical
problems relating to the representation of this knowledge arise. In particular, it is
necessary to transfer knowledge between tools which utilise radically different
formats for the storage and manipulation of information. In order to facilitate this
transfer of knowledge a common set of conceptual structures, or at minimum a
'translation service' between synonymous structures, is required. Since systems use
widely varying data structures, vocabularies, tools and approaches, the development
of such mechanisms is likely to prove problematic. The GALEN project illustrates

‘one attempt to develop an interlingua between different information systems in the

domain of human medicine.

Identifying and defining an appropriate scope for a system is difficult when a
product is not market-led. By definition, an HIS is unlikely to fit any existing
market niche so part of the developers’ task is to educate the potential users as to
new ways in which to utilise the wider range of knowledge embedded in such
systems. Creating a thirst for knowledge brings with it the responsibility of
providing a source to satisfy such demand, while remaining cognisant of the need to
avoid swamping the naive user with too much information.

The final stage of the development of a DSS involves the validation of all its
constituent elements. Hybridicity complicates this process in that the validation
procedure for each component will differ according to the nature of the data and
models which it contains. For example, the validation of a mathematical model will
require observations of a much more quantified nature than those used for the
validation of a heuristic rule-based system. The use within an HIS of information
drawn from a range of knowledge domains creates fresh problems in validating
those elements which traditionally do not fit within a well-defined subject domain.
In addition, if an HIS is to maintain its utility the process of validation cannot be a
one-off activity, as the knowledge contained within such a system should be
dynamic. The system must actively encourage the continued capture and
restructuring of knowledge as a range of users interact with it. If this information
can be incorporated into the system it will add value and aid the validation process,
in addition to making the advice much more credible to the user. However, any



attempt to update the knowledge on a regular basis leads the developer to problems
relating to editorial policy: Who should control updates; when are these
appropriate; and what mechanisms exist to ensure that consensus is formed from
divergent opinions? All of these issues are once again complicated by the fact that
an HIS will require input from scientists from a broad range of disciplines.

‘INTO THE FIELD’

Many of the benefits, and indeed problems, listed above can only be realised or
overcome as systems move from the research environment into real world usage.
Although the HIS described in this article differ from conventional DSS there are
enough similarities to make a survey of progress in the area of DSS instructive for
our case. Such a survey does not yield particularly encouraging results as the
uptake of DSS in the veterinary and agricultural domain within Europe and North
America has not been rapid. One country which appears to be atypical and has
made substantial use of DSS in a number of veterinary and agricultural areas is
New Zealand (Holmes & Macmillan, 1982; Morris et al., 1993; Kemp et al.,
1994). While there may be many reasons for this it is interesting to note a response
from New Zealand to the question, “why is it that...very few (DSS) have made the
transition from research projects into practical viable tools?” Simon Woodward, of
the New Zealand Pastoral Agricultural Research Institute, makes the following
observation, “in the UK most ‘DSS programs’ seem to be research models with a
bit of interface added, which often require pages of parameters to be filled in. In
New Zealand each version of the software prototype is given to farmers for

evaluation and so our DSS are very much tailored to the clients rather than the -

scientists.” (Woodward, 1995). At the same time, he also makes the point that, “the
underlying models are simple, the parameters biologically meaningful, and where
possible taken from lookup tables by the software rather than entered by the user.”

A number of the projects with which the authors have been involved would
support the view that the end user’s views must be paramount and that a close
working relationship with potential users needs to be built up during the
development of an HIS. For example, a number of our efforts to provide support to
the African dairy sector had been successful from a research point of view but
seemed to have little hope of making an impact on the farmer precisely because
these farmers had no intention (or means) of moving towards computerisation.
However, with the liberalisation of much of the agricultural sector (in particular
milk production in Kenya) the managers of these enterprises are beginning to realise
the importance of ensuring competent and effective management information and,
for example, in large dairy co-operatives the volume of data implies the need for a
computerised system. Thus the HIS can be ‘sold’ on the basis of how well certain
elements within it meet the perceived needs for a management information type
system with the more complex modelling and value added elements being
introduced as a by-product of this more apparent requirement.
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Potentially the largest problem in gaining widespread use of any system is the
issue as how best to distribute the software. A number of options exist, the most
appropriate depending on the situation. One option is to find a market partner
product and distribute the system as part of an existing distribution scheme. For
example, a system on production diseases in Africa may be attractive to an
acaricide manufacturer who would view the product as gaining added value. The
benefits of this approach are an existing customer network and consumer confidence
in the product. However, these strengths are also weaknesses as failure of the
product may also mean rejection of the system. Once again it is interesting to note
the following comment with respect to DSS in New Zealand, “The software is
effectively promoted by word of mouth from farmer to farmer.” (Woodward,
1995).

The most important validation relies on field work and testing in situ. The fact
that an HIS is used means that the process of validation through data capture and
analysis is more effectively carried out. In addition to technical validation the
system must be shown to provide commercial advantages to the user. Once again
the integration of models and cost-benefit type analysis within an HIS mean that
demonstration of this value can be more readily achieved.

'CONCLUDING REMARKS

Most of the individual subsystems within hybrid systems are already used,
though often in isolation, to assist decision makers in agriculture. The integration of
these subsystems within a cohesive information matrix results in systems which
provide enhanced efficiency and effectiveness relative to a suite of stand-alone
decision support modules. There are of course potential problems, particularly in
the areas of design, validation and distribution, but these are out-weighed by the
benefits which accrue from successful hybridisation. In addition, a number of these
limitations may be dealt with through the emergence of broader classification and
indexing standards. This will facilitate the true integration of information and
knowledge and the construction of hybrid information systems which allow users to
interact with the knowledge base in a much more flexible manner.
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VEROTOXIGENIC ESCHERICHIA COLI O157 IN SCOTLAND

W J REILLY*

As part of routine surveillance the Scottish Centre for Infection and Environmental Health
(SCIEH) receives reports from all medical and veterinary microbiological laboratories in
Scotland. The first human isolate of Verotoxigenic Escherichia coli 0157 (VTEC) in Scotland
was reported to SCIEH in 1984, some two years after the first United Kingdom isolate. Since
then the organism has also been recovered from cattle, food and water. In other parts of the
world VTEC began to be reported at the same time. For example only a single isolate was
reported in 1983 by the Centers for Disease Control and Prevention, Atlanta, out of 300
strains examined (Riley et al, 1983). This indicates that this organism was not frequently
associated with human disease before this date.

In Scotland VTEC can now be identified as the most important human gastrointestinal
infection with a zoonotic potential. While numerically not as great as some of the other more
traditional enteric zoonoses such as salmonella, campylobacter and cryptosporidium the clinical
consequences of VTEC make up for any numerical shortfall. As with most enteric infections
the spectrum of illness varies considerably and ranges from sub clinical through simple
diarrhoea to haemorrhagic colitis. It is the added potential for the development of the
haemolytic uraemic syndrome (HUS) that is of major concern. A substantial number of
patients, usually children, develop renal failure. Not all of these are transient, and this can
result in permanent renal failure or death. An estimation of the clinical importance can be
made from the findings of a descriptive study carried out in Scotland during 1992/93 (Table
1) (J C M Sharp - personal communication).

Table 1. E.coli 0157 extended surveillance study 1992-93

Number of cases investigated 139
Number of patients admitted to hospital 81 (59%)
Number of patients developing HUS 21 (15%)
Number of deaths 4

This paper will review the emergence of VTEC as a major pathogen in Scotland during the

period 1984 to 1995 and will be based on laboratory returns and other surveillance reports (o
SCIEH.

*Assistant Director, Scottish Centre for Infection and Environmental Health, Ruchill Hospital,
Glasgow, G20 YNB
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LABORATORY SURVEILLANCE

Routine laboratory surveillance to SCIEH is based on voluntary reporting by laboratories
in Scotland. As such it is subject to all of the biases inherent in any such a surveillance system
and reports in most instances are likely to represent an under-estimation of clinical disease.
This may be less with VTEC than with some other gastro intestinal infections given the
potential clinical severity of the illness. It is still however dependent on the voluntary
submission of clinical samples, the laboratory success in isolating the organism and the
voluntary reporting to the surveillance system. Any of these can be subject to different
pressures and can vary over both time and geography and therefore distort the numbers
reported. At best the numbers should be used to indicate trends. Neither infection with VTEC

nor the development of HUS is notifiable.

With the laboratory surveillance system the trends for different enteropathogens have varied
in recent years. While salmonella has shown a slow steady increase since the mid 1980s,
campylobacter has risen consistently and dramatically yet cryptosporidium has if anything
fallen since the peak in 1989 (Figure 1).
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Fig 1. Annual total of gastro-intestinal infections (human laboratory isolates)
reported to SCIEH, 1980 - 1995

In contrast reports of VTEC have been steadily increasing, with the exception of a dip in
1992/3, since they were first reported in 1984. At 247 the number of isolates reported in 1995
was slightly higher than the previous highest year - 1994 (Figure 2). However the
epidemiology of cases in 1995 was significantly different to the previous year and the number
of sporadic cases, ie. non outbreak, rose dramatically from approximately 100 to more than

240.
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When compared with the rest of the UK, Scotland now appears to have a rate some four
times greater than England and Wales (Figure 3) (Anon 1995). The reasons for these
differences are not clear but appear to be real. For examples Wales has an active ascertainment
surveillance system yet has a rate no greater than the rest of England and Wales.

However even within Scotland there is considerable geographical variation, with
considerable differences between Health Boards. While the average annual rate for the whole
of Scotland from the period 1990-94 was approximately 3.3 per 100,000 this varied from nil
for the Shetlands to 9.7 in Grampian (Figure 4).
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Fig 4. Average annual rates of E.coli O157 in Scotland
by health board of reporting laboratory, 1990 - 1994 per 100,000 population
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In 1995 the differential was even greater - again Grampian had the highest rate of
17.3/100,000 against a national average of 4.8 (Figure 5). It is difficult to account for these
geographical differences, which again appear to be real and consistent. With such relatively
small numbers rates can be distorted by the cases associated with outbreaks. However in 1995
only one small outbreak was reported yet the distribution of sporadic cases varied dramatically.

As is also the case with other enteric infections such as campylobacter, there is a tendency
for an East/West geographical split and also an urban/rural split. It is postulated, but not yet
proven, that this may reflect different exposures to for example livestock or untreated water
supplies. Further studics arc underway to test such hypotheses.
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Fig 5. Annual rates of E.coli O157 in Scotland
by health board of reporting laboratory, 1995 - per 100,000 population
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In the last 4 years it is not clear that there is any consistent seasonal variation (Figure 6).
This is in marked contrast with the other potentially food and waterborne pathogens such as
salmonella, campylobacter and cryptosporidium which show a very marked seasonal
distribution with cases predominantly in the spring and summer months. The apparent peak
in early summer of 1994 reflected a single large outbreak of over 100 clinical cases and 69
isolates. In 1995 there was an increase in isolates reported during thc autumn and carly winter
which was attributed to environmental factors associated with the excessively dry summer
followed by a very wet autumn. One effect of this was on the quality of untreated usually
private water supplies.
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Fig 6. Laboratory reports of E.coli O157 isolates to SCIEH, Scotland, 1992 - 95

Since 1989 increasing dependence has been made on Reference Laboratories to further
characterise and differentiate the VTEC isolates. Phage typing in particular has been an
important epidemiological tool but increasingly differentiation methods such as pulsed field gel
electrophoresis allow further strain identification. This has provided invaluable additional
epidemiological information and again this demonstrated differences between Scotland and the
rest of the UK.

Between 1989 and 1994 phage types 2 and 49 predominated (Figure 7). A similar situation
pertained in England and Wales. However in 1995 while phage type 2 continued to be the
most common type, phage type 28 emerged as a major type (Figure 8). There was no apparent
geographical differences with phage type 28 accounting for some 30% of all typed isolates in
most health boards. Interestingly phage type 28 has not been reported in England and Wales
emphasising the different geographical nature of this infection. In isolates made from animals
phage types 2, 28, 31, 32, 49 and 54 have also been identified, illustrating the potential of this
source for human infection.
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ANIMAL AND FOOD SURVEILLANCE

One of the strengths of the Scottish Surveillance System has been the ability of the different
professional groups to co-operate and this is particularly so with VTEC. While not apparently
an animal pathogen there is no doubt that animals form at least part of the reservoir of
infection. The Scottish Agricultural College Veterinary Services (SAC) began a research
programme in 1992 to examine routine faecal submissions for VTEC. This has demonstrated
the presence of the organism in cattle - but not in other species. The majority of isolates were
from calves under 2 months (Synge & Hopkins, 1994). In addition SAC have been particularly
helpful in investigating cattle contacts of known human cases (Synge et al, 1993), and to date
13 such investigations have resulted in the isolation of strains of VTEC from cattle
indistinguishable from the human isolates.

Not surprisingly the farms where identified cattle have been identified are widely scattered
throughout the country (Figure 9).
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Fig 9. Farms where E.coli O157 infected cattle have been identified, 1992 - 1995

SAC are continuing to investigate herds where the organism has been isolated, to look at
factors such as faecal excretion, seasonal variation etc. This work will be essential to
understand the role of cattle in the epidemiology of human disease. Other ongoing work by
MAFF is looking at the presence of VTEC on carcases in abattoirs in the UK including
Scotland. Very recently infected sheep have also been identified in the UK, but not yet in
Scotland (Chapman, Siddons & Harkin, 1996).

In contrast to the success in isolating VTEC from animals recoveries from human food
sources have been few and disappointing. While now frequently isolated from foods in North
America only three isolates have been made in Scotland - all associated with human disease.
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In three separate outbreaks the suspected vehicle of human infection (milk, cheese and water)
has been shown to carry an indistinguishable strain from the human cases. No isolations have
been made from meat, despite the epidemiological evidence to suggest that meat, and burgers
in particular, is an important vehicle, although such a source has been implicated
epidemiologically (Davis & Brogan, 1995).

OUTBREAK SURVEILLANCE

In addition to laboratory surveillance SCIEH also receives reports on outbreaks of infectious
disease from all Health Boards usually from the Consultants in Public Health Medicine. These
can be part of specific surveillance programmes such as for foodborne disease or ad hoc
reports. Analysis of laboratory data often identifies clusters of cases and may be the first
indication of such an outbreak.

Outbreaks other than family associated were not apparent until 1989. From 1990 onwards
community outbreaks have been reported each year involving foodborne, waterborne, person-to-

person, nosocomial and zoonotic spread (Table 2).

Table 2. General community outbreaks of E.coli 0157 infection, 1990 - 1995

Type of Nos. affected Phage Suspected
outbreak Location (HUS) type Source
1990 Community Grampian 4 + 2 Waterborne
Nursing home Glasgow 8(2) 49 Foodborne
Restaurant Lothian 16 (4) 49 Foodborne
Hospital Lanarkshire 11 (2) 2 Nosocomial
Nursing home Edinburgh 5 49 Foodborne
1991 Community Lothian 5(2) 2 Foodborne
Residential homes  Borders 18 1 Meat
Community Grampian 10 + 2 Restaurant
Restaurant Glasgow 2+ 31 Burgers
1992  Birthday party Borders 5(1) 49 Paddling pool
Hospital Glasgow 5+ 1 Nosocomial
1993 Birthday party Lanarkshire 5@3) 2 Person-to-person
1994 Community Fife, etc 24 (1) 4 Burger meat
Community Lothian 100 + (9) 2 Milk?
Community Highland, etc 8 (3) 2 Milk
Community Lothian, etc 16 28 Burger meat
Community Borders 4 (1) 2 Zoonotic
Community Grampian 22 (1) 28 Cheese®
1995 Community Fife 5 2 Waterborne

*confirmed bacteriologically



Outbreaks identified have emphasised the role of person to person spread from the index
case. For example in one psychogeriatric hospital outbreak in which 4 patients died the origin
was attributed to food brought in for a patient with nosocomial spread (Kohli et al, 1994).
Children’s birthday parties appear to be a particular risk and in one incident contamination of
a paddling pool was involved (Brewster et al, 1994). Food and waterborne sources were
suspected epidemiologically but not confirmed prior to 1994. In one UK-wide outbreak
involving a hamburger chain two Scottish cases were identified only by the uncommon
biochemical properties of the isolates (Thomas et al, 1993). In other episodes it appeared that
cross contamination of food in a restaurant was involved (Marsh ct al, 1992).

In some episodes there were several risk factors identified. For example in a farming
community involving several different families the risk factors identified included consumption
of raw milk, contaminated water supplies, and the use of cattle manure to fertilise vegetables.
VTEC, but of a different phage type, were isolated from one dairy cow.

In another unusual outbreak involving four households the only common factor identified
was the purchase of vegetables from door to door vendors.

In 1994 five foodborne outbreaks were reported and for the first time isolates were made
from two of the suspected foods. These outbreaks accounted for almost 60% of all isolates in
that year.

Over a seven week period from early April, a community outbreak affected 11 persons
resident in several communities in one Health Board, all of whom were associated as shop-
assistants or as customers, with one or other of two butchers’ "shops within shops" as within
a national chain of supermarkets. In addition 13 persons in other districts across central
Scotland were concurrently also reported as having been similarly infected. A case-control
study demonstrated an association between VTEC infection and the purchase of "burgers"
(Davis & Brogan, 1995). v

In May an explosive outbreak involving a "heat-treated" milk supply affected over 100
persons, mainly young children from 69 of whom the organism was isolated. Approximately
one third of cases required admission to hospital, and nine of these aged 11 months to 11 years
developed HUS; one elderly woman developed thrombotic thrombocytopaenic purpura. The
use of immunomagnetic bead separation resulted in the recovery of VTEC from several clinical
and environmental samples, including several from the processing dairy, which originally had
been negative by direct culture (Upton & Coia, 1994). Indistinguishable organisms were
isolated from cattle on one farm supplying the dairy.

In early July, VTEC phage type 2, was isolated from seven persons, mainly children, in five
geographically scattered families. All households had purchased milk in 1 litre cartons
produced by the same dairy. Prior to the onset of illness of the first cases, the dairy had
identified and subsequently rectified a fault in the processing of that particular product. In
later July, 16 cases of VTEC phage type 28, infection were identified across several districts
of east-central Scotland. All of those affected, with two exceptions, lived in and around the
city of Edinburgh or had visited Edinburgh Zoo in the week preceding onset of illness. Most
had eaten burgers or had purchased burger-type meat from local retail outlets, although further
enquiries were unsuccessful in demonstrating a common source.
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In November, 22 people were affected in an outbreak (phage type 28), associated with
locally produced unpasteurised farm cheese.  Organisms indistinguishable from the human
isolates were isolated from samples of cheese taken at the point of consumption, although not
from cattle investigated on the farm of origin of the cheese. The index case in this outbreak
was the checsemaker and the possibility that this person contaminated the cheese cannot be
excluded.

In contrast with 1994 only one community outbreak was reported in 1995. This occurred
when sewage effluent contaminated mains water. There were however 3() single household or
family outbreaks identified, again emphasising the importance of person to person spread
irrespective of the original source of infection.

CONCLUSION

After 13 years some of the epidemiology of VTEC is beginning to become better
understood, yet many questions remain unanswered. Person to person spread may ultimately
be the most important route - emphasising the importance of personal hygiene, yet the source
for the index case must be removed. There is no doubting the role of livestock as reservoirs
or indeed direct sources of infection. Considerable work needs to be carried out to describe
the epidemiology of the infection in cattle before control methods can be considered if
applicable. Food, possibly of animal origin or contaminated by animal by products, is at least
part of the explanation. Work still requires to be carried out not only in refining laboratory
methodologies but in developing the surveillance systems. As is so often the case the
availability of funding will determine the progress made.

In any event Scotland is well placed to take this forward given the size of the problem and
the history of interprofessional co-operation in this and other fields.
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EPIDEMIOLOGY OF MEAT-BORNE ZOONOSES IN NORWAY
EYSTEIN SKJERVE', GEORG KAPPERUD"?

New and re-emerging infectious diseases have increased in humans during the past 20 years and have
reachcd cpidemic proportions in several countries. A substantial proportion of all re-emerging
infections is related to food. Among the agents involved are Salmonella, Campylobacter, Yersinia,
Escherichia coli O157:H7, Listeria, Toxoplasma, and Cryptosporidium. The situation has becn
charactcrized as a serious problem with substantial economical, political, and public health
consequences. Food-borne illness is one of the largest preventable public health problems. Although
factors as travelling are of iniportance for the spread of food-borne infections (Wilson, 1995), there is a
clear pattern that most of the problems are linked to the water-bome infections in poorer countries, and
to animal-linked infections in the industrialised countries. The reasons for the re-emergence of food-
borne infectious diseases are many and complex: Methods of food production, storage, distribution, and
preparation are rapidly changing. The international trade in food, animal feed, and live animals expands
rapidly with establishment of single markets without trade barriers. More intensive farming and
prdduction systems have also contributed to the problem. These changes have brought with them new
challenges in food hygiene (Anonymous, 1995). In Norway, sevcral epidemiological investigations
have been conducted during the last ten years to elucidate the importance of meat products as a vehicle
for Salmonella, Campylobacter, Yersinia, and Toxoplasma. This paper presents aspects of the

epidemiology of these food-borne infectious diseases in Norway.

Salmonella

Salmonella spp. are the most frequently reported bacterial agents of acute diarrhoeal illness in
Norway followed by Campylobacter and Yersinia enterocolitica. In 1994 the national surveillance
system records approximately 1400 bacteriologically verified cases among the 4.3 million Norwegians
every year. During the past decade the number of reported cases due to S. enteritidis has increased

considerably.

'Norwegian College of Veterinary Medicine, Department of Pharmacology, Microbiology and Food
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No similar increase has been observed for other Salmonella serotypes. In contrast to the situation in
most European countrics, a large majority (ca. 90%) of the Norwegian cases have acquired the
infection abroad. The importance of imported meat as a source of infection was emphasized by a recent
case-control study designed to identify risk factors for salmonellosis among patients who contracted the
infection in Norway. Preliminary analysis shows that eating poultry and pork products purchased
during weckend trips abroad is associated with a statistical risk for salmonellosis (OR=11.3 and
OR=5.1, respectively; P<0.02). In contrast, no risk was detected for the following food items produced
in Norway: poultry, egg, beef, pork, mutton/lamb, game, or minced meat products.

A bacteriological survey comprising 23,149 representative food samples was conducted in 1991. The
prevalence of Salmonella spp. in Norwegian meat and meat products was estimated to be 0.1%.
Salmonella was not isolatcd from 7931 eggs examined in 1994. In 1995, an outbreak of S. livingstone
infection in poultry flocks was successfully combated; not a single human case was reported. On the
other hand, there is an endemic reservoir of S. Typhimurium in wild birds. This serovariant is also

sporadically encountered in mesenteric lymph nodes from slaughtered pigs.

Campylobacter

Campylobacter jejuni/coli is the second most common bacterial agent of a acute diarrhoeal illness in
Norway. The number of culture-confirmed cases recorded by surveillance has increased considerably in
recent years: While ca. 600 cases were reported in 1992, the number had risen to ca. 1000 in 1994.
About 50% of the patients had acquired the infection abroad. A case-control study conducted in 1989-
1990 showed that the following factors were independently associated with an increased risk of
acquiring Campylobacter infection in Norway: (a) living in a houschold with a dog (OR=5.19,
P=0.029), (b) consumption of meat at a barbecue (OR=4.37, P=0.002), (c) drinking non-disinfected
water (OR=3.69, P=0.016), (d) eating poultry which was brought into the housc raw (frozen or
refrigerated) (OR=3.48, P=0.024), and (e) living in a household with a cat (OR=4.86, P=0.052). When
poultry consumption was examined according to country of origin, eating poultry purchased during
weekend trips abroad was strongly associated with illness (OR=13.66, P=0.014), whereas consumption
of poultry produced in Norway was not (OR=1.33, P=0.41) (Kapperud et al., 1992).

Bacteriological surveys have documented the prevalence of Campylobacter in wild and domestic
animals and in the environment in Norway. The bacterium is frequently encountered in the avian
wildlife fauna, poultry, dogs, cats, pigs, sheep, and in surface water sources. In a study comprising 176
broiler flocks from separate farms, 32 (18%) of the flocks were found to be colonized at slaughter. The

following variables were found to be independently associated with an increased risk of Campylobacter
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colonization: (a) fecding the broilers non-disinfected water (OR=3.42, P=0.045), (b) tending other
poultry prior to entering the broiler house (OR=6.43, P=0.007), (c) tending pigs before entering the
house (OR=4.86, P=0.037), (d) geographic region (OR=2.91, P=0.023), (€) season (autumn versus
other scasons) (OR=3.43, P=0.008). Further analyses indicated that about 53% of the cases of
Campylobacter colonization could potentially be prevented by proper disinfection of drinking water

(Kapperud ct al., 1993).

Yersinia enterocolitica

An annual average of approximately 200 culture-confirmed human cases of Y. enterocolitica
infection is recorded by the surveillance system. In contrast to Salmonella and Campylobacter, a great
majority (90%) of the patients have contracted their Yersinia infection in Norway. A case-control study
conducted in 1988-1990 identified the following independent risk factors: (a) frequency of consumption
of pork products (P=0.02), (b) frequency of consumption of sausage (P=0.03), and (c) drinking non-
disinfected water (P=0.01). Patients were also more likely than controls to report a general preference
for- eating meat prepared raw or rare (P=0.01) (Ostroff et al., 1994). The epidemiological findings
complement bacteriological surveys documenting common carriage of Y. enferocolitica serogroup 0:3
in Norwegian pigs. The bacterium was isolated from the oral cavities of between 32 and 83% of pigs at
slaughter and from up to 63% of pig carcasses. Y. enterocolitica O:3 has also been isolated from
between 0.1 and 18% of retail pork products. Using a DNA probe, pathogenic yersiniac were detected
in 60% of Norwegian pork products (Nesbakken, 1988; Nesbakken, Gondrosen, & Kapperud, 1985,
Nesbakken et al., 1991). A recent serological survey showed that ca. 40% of pig herds may be free
from Yersinia, and indicated an association between Yersinia infection in herds and trade of live

animals into the herd (Skjerve et al., manuscript).

E. coli O157:H7

Infections linked to verotoxin producing E. coli has only occasionally been observed in Norway, and
0157:H7 has not been detected in the cattle population. Recently, 2000 cattle from 200 herds in
Norway were found ncgative for verotoxin producing O157:H7. There were, however, a small number
of samples containing E. coli harbouring the verotoxin gene, and in two out of 200 herds, animals with

E. coli 0157:H- were found (Wasteson et al., manuscript).



Toxoplasma gondii

A serological screening program conducted in 1991 to 1994 encompassing 37,000 pregnant women
from 11 of Norway's 19 counties, showed a seroprevalence of 11% (range 7-14%) (Jenum et al,
manuscript). The incidence of primary infection was estimated to 0.18% among susceptible pregnant
women. A case-control study identified the following risk factors for maternal Toxoplasma infection:
(a) eating raw or undercooked minced meat products (OR=4.1, P=0.007), (b) eating raw or
undercooked mutton (OR=11.4, P=0.005), (c) eating raw or undercooked pork (OR=3.4, P=0.03), (d)
eating unwashed raw vegetables or fruits (OR=2.4, P=0.03), (¢) cleaning the cat litter tray (OR=5.5,
P=0.02), and (f) washing the kitchen knife infrequently during preparation of raw meat, before handling
another food item (OR=7.3, P=0.04) (Kapperud et al, manuscript). By univariatc analysis, traveling
outside Scandinavia was identified as a significant risk factor, but this variable was not independently
associated with infection.

Recent studies on domestic animals complement these epidemiological findings. A serological survey
of meat producing mammals in Norway found the highest prevalence of Toxoplasma specific antibodies
in sheep, where more than 40% of lamb flocks were positive, and 18% of the individual lambs. Only
4.9% of pig herds and 2.5% of individual slaughter pigs were positive. The main risk factors for
introducing the parasite in lamb flocks were: (a) close contact with young cat, atypical (close to farm)

pasture and (c) altitude >200 meters above sea (Skjerve et al., manuscript).

DISCUSSION

Norwegian meat and meat products seem to constitute a moderate health hazard through the spread
of Yersinia enterocolitica and Toxoplasma gondii infections. The production systems specific for
Norway have managed to keep down Salmonella in special and partially Campylobacter infections to
an extent where Norwegian meat seems only to play a marginal role in the epidemiology of these
diseases. A high standard of hygiene in the production of poultry and pigs, a strict control of animal
feed and an animal husbandry consisting of many spread small units of animals might explain the
situation. An important part of this specific epidemiological pattern has been the minimal food import
from other countries and a conservative attitude to eating raw or undercooked meats among the
population. Whether this situation will remain if the Norwegian food marked becomes more integrated
in the European market, also facing the changes in food technology and eating habits, rcmains to be

secn.
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THE ROLE OF THE PUBLIC SECTOR IN CONTROLLING
THE EPIDEMIC DISEASES OF LIVESTOCK

Gareth Davies*

The epidemic diseases of livestock that appear in the Office International des Epizooties
(O.I.E.) List A are those 'that have the potential for very serious and rapid spread,
irrespective of national borders; which are of serious socioeconomic or public health
consequences and which are of major importance in the international trade of animals and
animal products. Of the fifteen diseases currently on the list six (foot-and-mouth disease
(FMD), swine vesicular disease (SVD), contagious bovine pleuropneumonia (CBPP),
classical swine fever (CSF), African swine fever (ASF) and Newcastle disease) have occurred
in the territory of the European Union in recent years.

These diseases are costly to eradicate by stamping out particularly when very large
livestock units, such as the 500 cows or 1000 sow units found in certain parts of the Union,
are involved. The most costly and untractable epidemics in recent years have been the CSF
epidemics in Germany and Belgium. One unofficial estimate has put the cost of the recent
extensive series of outbreaks in Germany (1993-1995) at 1.5bn D.M. (1.0 bn US$). This
figure includes direct and indirect losses in the livestock industry and allied trades (feedstuffs,
abattoirs, meat, transport etc) but also includes the costs accruing to the public sector and
covering compensation payments, market support and the cost of the control operations. The
direct costs to the public sector (control operations and compensation payments) of the 1993
FMD epidemic in Italy (57 herds slaughtered) have been estimated at 4.6M US$ and the
1994 Greek FMD epidemic (95 flocks slaughtered) at 6.1M US$ (Davies and Leslie 1996).

This unsatisfactory state of affairs leads us to ask three questions: What went wrong?
why were the epidemics, particularly the CSF epidemics, so costly? and is it right that a
substantial part of the losses should be borne by the public purse? These questions lead
inevitably to a further, more fundamental question: what is the appropriate public sector
responsibility for controlling epidemic diseases, as they occur in European livestock systems
at the end of the twentieth century.

What went wrong? The risk factors associated with CSF in pig herds in northern Europe
have been described elsewhere (Davies 1994). Some of the outbreaks have been caused by
feeding untreated swill containing wild boar meat, or by direct contact between infected wild
boar and domestic pigs. Once the infection gains access to the domestic pig population in
this way it spreads to widely dispersed units through the long distance transportation of pigs
and locally, from farm to farm, by traffic in pigs, farm machinery, supply vehicles and farm
workers.

* Zinnia, Kettlewell Hill, Woking, Surrey, GU21 4JJ, U.K.



These processes are illustrated by the events leading to the major CSF epidemic in Lower
Saxony in 1993-1994. A small breeding unit on the Franco-German border contracted the
infection after the sows were put out in fields adjacent to a forest that was known to contain
infected colonies of wild boar. Breeding stock sold to pig units in Baden-Wiirttemburg
caused a few small scale outbreaks, but no further losses until weaner pigs purchased by a
dealer from a holding incubating undetected disease, were transported to Flanders and Lower
Saxony, both areas that contain some of the highest densities of pigs in Europe. In Lower
Saxony the infection spread like wild-fire and was only contained after a determined and
sustained eradication campaign.

Clearly there were failures on the part of the industry; breeding sows should never have
been allowed contact with wild boars, greater care should have been taken in purchasing
weaner pigs from areas where there had recently been outbreaks of the disease and finally
the local movements of pigs, vehicles and personnel between large fattening units should
have been subject to greater discipline. These are failures of preventive medicine.

There were also identifiable failures on the part of the authorities. Some cases were mis-
diagnosed although it has to be said that the clinical signs of CSF are so variable and
laboratory diagnosis so uncertain that in the circumstances the diagnostic failure rate was
remarkably low. There were also failures to control movements, but in some areas
movement controls in infected zones were regarded by owners and dealers alike as an
unjustifiable restraint on trade.

Why were the epidemics so costly? Although the public sector costs associated with the
CSF epidemic in Germany have not been separately estimated they were substantial and
probably accounted for a large part of the global 1.5 BN D.M. estimate referred to earlier.
The costs fall under three headings.

- the costs of general control actions by the veterinary authorities, police etc.

- the costs of measures on infected premises. These include compensation, cleansing
disinfection and associated measures. (These costs, in FMD infected herds in Europe
have been estimated at anything between 5000 US$ and 416,000 US$ (1987 values)
per herd depending on the size of herd and species involved (Davies 1993).

- the cost of market support. Community Market support measures were employed
during the CSF epidemics to purchase slaughter weight pigs from units quarantined
within infected zones. The pigs were killed and as there was no market for the meat
the carcases destroyed.

These market support costs were a result of the movement restrictions imposed within the
Union following outbreaks of CSF (Council directive 80/2217/EEC as amended). Similar
restrictions are in force for other List A diseases. All movements of pigs are prohibited
within zones of 3 Km radius from the infected premises (protection zone) and 10 Km radius
(surveillance zone). Movement controls have played an essential part in the eradication of
epidemic diseases of livestock since the 17th century but rapid transport systems and dense
livestock populations have made it difficult to maintain these controls for any length of time.
In certain communes in Flanders there are up to 9000 pig places per km, of agricultural land
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and in Germany the density of pig units can be as high as 7.2 units per km, . Table 1 shows
the epidemic control resource implications based on these admittedly extreme densities.

The CSF epidemic in Lower Saxony and the movement zone restrictions associated with
it, lasted several months and, involved a large part of the land covering several coalesced 10
km zones. It can be seen that in the absence of any other relief up to 90,000 fat pigs would
have to be culled in each zone each week. It is clear that a major epidemic of FMD, CSF
or any other rapidly spreading disease in these dense livestock regions would tax the
resources of even the best equipped veterinary service.

The role of the public sector? The final question is whether it is right that the substantial
costs involved in controlling epidemics should continue to be borne by the public sector and
brings into question the role of the public sector in controlling epidemic diseases of livestock.

To understand the development of the present responsibilities of the public sector one
must look at the origins of the veterinary services. The British service was founded in 1865
and took over responsibilities for controlling epidemic diseases previously shouldered by
local authorities. The method of eradication has changed little since 1714 when an epidemic
of Rinderpest was conquered by destroying all infected cattle, disinfecting cow byres,
quarantining in-contact herds and controlling movements. Compensation was paid to all who
complied with the orders and during the 1745 epidemic cost the authorities £7,000 a month.

The authorities did not appear to question their role in controlling these epidemics
although there was some dissent over the policy of stamping out. It is not often that the
Exchequer readily accepts such financial responsibilities and when it does it is usually a case
of the defence of the realm. The control of epidemics of disease in livestock was regarded
as defending an essential national interest, i.e. maintaining the country’s food resources that
would be vital to the survival of the nation in times of war.

This precept has served us well through two world wars, but it is timely to ask whether
it remains valid today. War, if it occurs, will be nasty, brutish but short and unlikely to
involve a protracted siege. In times of peace food is plentiful on the world market and it is
no longer the case that we must be reliant on food from our own resources. Power and
Harris (1973) attempted to measure disruption costs in the distribution sector of the
agricultural and food industry during the 1967-68 FMD epidemic in the UK when 2,364
herds were destroyed. They concluded that the epidemic had no significant effect on the
British meat market.

The livestock industry at the end of the twentieth century is no longer a resource vital to
the national interest, it is an industry like any other subject to the disciplines of the market
that should in theory force it to adopt efficient husbandry and trading practices including the
controls associated with preventive medicine.

Before we rush to conclude that the public sector must divest itself of responsibility for
controlling epidemic diseases of livestock, we should ask whether there is a feasible
alternative. The public sector does two things: it regulates the movements of livestock and
takes remedial action when disease outbreaks occur and it bears the costs of those actions and
protects the industry through compensation payments.



Table 1:
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The resources required to maintain 3 and 10 Km radius control zones, assuming densities of
7.2 pig units per Km, and 9000 pig places per Km,

Surveillance Zone
(3-10Km radius)

Protection Zone
(3 Km radius)

No of pig units
(7.2 per Km,)

No of pig places
(9000 per Km,)

Surveillance resources

(@) Clinical surveillance
assuming 5 units/
person/day

(b) Laboratory resources

(serological surveillance)

Assuming 2 rounds:

- at Day 1 to identify true primary

- at Day 40 to identify secondaries
(60 samples per herd)

Financial resources
Market support costs

Assuming fat pigs
(30 weeks to slaughter)

203 2,057

254,340 2,574,000

40 veterinarians 400 veterinarians
(daily inspection)
6 veterinarians

(weekly inspection)

S9 veterinarians

12,000 samples 123,420 samples
Weekly cull Weekly cull
8,333 pigs 83,333 pigs
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It is difficult to conceive of a private sector arrangement that will result in effective
remedial action although attempts have been made in South America and possibly elsewhere,
to get the industry to police movement regulations. The eradication of epidemic disease,
particularly FMD (Marangon et al. 1994) demands prompt action supported by the rule of
law. The case for the public sector to continue with this responsibility is overwhelming.

The present arrangements for bearing the cost of disease eradication are less defensible.
The events leading to the CSF epidemic in Germany were largely due to poor preventive
medicine practices - the feeding of untreated swill, the purchase of pigs from unaccredited
sources through a network of dealers and the failure to maintain sanitary barriers, such as
all in - all out systems on the farm. They suggest that under the present arrangements,
certain segments of the livestock industry pay little heed to preventive medicine, knowing
that they will be compensated if and when disease occurs. Would they pay more heed if they
knew that they would not be compensated. The answer is probably the same as it would
have been in 1714; some would tighten up their sanitary regimes, whilst others would
continue to gamble on making a quick profit from buying cheap stock and further would
conceal the disease if and when it occurred. The case for maintaining compensation
payments is irrefutable.

Nevertheless, the present arrangements do little or nothing to force the livestock industry
to accept the disciplines of preventive medicine. Is there a feasible alternative that would?
A system to be effective would have to encourage the good and penalise the errant
stockowner. The farmer who employs the principles of preventive medicine in his business
is a low risk for all diseases spread by direct contact whilst the farmer who does not is a bad
risk. This risk assessment points to some form of insurance system.

Insurance systems are based on risk and for them to be effective they must identify and
quantify the relevant risk factors. The main risk factors affecting the spread of diseases such
as CSF are well known, but are worth repeating.

- the purchase of stock from sources of known health status, without passage through
markets or dealers premises.

- the maintenance of sanitary barriers on the farm.
- the employment of all in - all out systems that allow for proper disinfection.
- the siting of units so that they are not easily contaminated by neighbours.

It is possible to conceive of a universal livestock insurance system based on these factors
in which all licensed animal keepers paid a premium and the premium varied according to
their preventive medicine status. The receipts would be held in a trust fund to pay the costs
(including compensation) of an epidemic.

It might be said that such a system would impose a further cost on a long suffering

industry and would add another bureaucratic control. If the scheme was successful in
persuading errant stockholders to mend their ways the costs of epidemic disease, to the



industry and to the public purse, would be reduced. There may be a case for questioning the
premium payment system but I venture to suggest that controls imposed directly on stock
owners who are clearly responsible for the state of their holdings will be more effective than
the controls presently imposed, ineffectively on the movement of stock.
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A HEALTH PROFILE OF SWISS DAIRY COWS
K.D.C. Stiirk', P.P. Frei!, C. Frei-Stiheli!, D.U. Pfeiffer’, and L. Audigé!

INTRODUCTION

Before disease control programmes can be developed and implemented, base-line information on
the incidence of discase, the costs incurred as a result of particular discases and possible risk factors
associated with their occurrence must be obtained. Such information on cndemic disease problems is
not currently available in Switzerland. In other countries health and productivity profiles, as
recommended and described by Morris (1991), have been established. For selected examples
conceming the dairy industry sec: Dohoo et al., (1982/1983), Bendixen et al. (1986), Emanuclson
(1988) and Kancene and Hurd (1990).

The concept of animal health and productivity profiles has been adopted in this study aimed at 1)
investigating incidence of disease in Swiss dairy cows, 2) estimating cost of disease and 3) identifying
possible risk factors for common diseases of dairy cattle.

MATERIAL AND METHODS

With the help of the Swiss Federal Office of Statistics a random sample of 284 dairy farms was
selected from a total of approximately 60,000 dairy farms in Switzerland. The sample was stratified by
herd size and geographic location. The farmers were contacted by mail and asked to participate.
Finally, 113 (42%) of the farms were enrolled in the study on a contract basis (for detailed description
of farm recruitment see: Stirk et al., 1994).

During a period of 15 months (May 1993 - July 1994) special recording sheets were used by
farmers and their vets to record health-related events. All health-related events were coded using an
hierarchical system which allowed for different levels of detail in regard to the specificity of diagnosis
(for example, Code 110 = Calving disorders not otherwise specified, 111 = Dystocia, 112 = Uterine
torsion, 113 = Caesarean section, 114 = Embryotomy, 115 = Stillbirth and 119 = other calving
disorders). A written case definition for each code was provided. A total of 89 disease codes were used.
For the analysis reported here, different types of diseases were summarised in broad categories (Table
1). For each case, the cost of veterinary services and drugs was recorded, in addition to the period
during which treatment with antibiotics prevented sale of the milk for human consumption. Recording
sheets were retumned to the investigators every sccond week.

Farms were regularly visited by either of the two study veterinarians. During visits, farm
management data were recorded using a set of questionnaires. Blood and facces were also collected for
a range of laboratory analyses. The first three months of the study were considered as a training time
and all data recorded during this period were excluded from the analysis.

! Institute of Virology and Immunoprophylaxis, PO Box, CH-3147 Mittelhdusem, Switzerland
2 Department of Veterinary Clinical Sciences, Massey University, Palmerston North, New Zcaland
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TABLE. I: Disease categorics

Category Diseases

Reproductive disorders Non-cycling, endometritis, ovarian cyst, other ovarian dysfunction,
early abortion or absorption, other disease of the reproductive tract

Diseases of the udder Acute mastitis, subclinical/chronic mastitis, injury of the udder,
decreased milk flow (without injury), pathological cdecma, skin
disease, other disease

Lameness Sole ulcer, panaritium, laminitis or limax, discascs of the claw pad,
other diseases of the claw, arthritis/tendinitis, limb injuries, other
discases of the musculo-skeletal system, other lamencss

Puerperal disorders Calving injuries, placental retention, milk fever, other puerperal
disorders

Metabolic disorders Hypomagnesaemia, ketosis, liver disorders, other metabolic
disorders

Calving disorders Dystocia, uterine torsion, cesarcan section, embryotomy, stillbirth,

other calving problems

Discases of the digestive tract Diarrhea, foreign body, abomasal diseases, other diseascs of the
forestomach, anorexia, discases of the oral cavity, displaced
appendix, colic due to various reasons, other discases of the
digestive tract

Two measures of disease incidence were used. For calving and pucrperal disorders, cumulative
incidence (CI) was calculated (Kleinbaum et al., 1982). CI is the measure of choice in dynamic
populations, such as dairy herds, if discasc occurrence is associated with an event and the period of risk
is restricted to a short time following an event. All first recordings of calving and pucrpcral disorders
were used in the analysis, but secondary and tertiary visits linked to the same event were excluded. Cl
is expressed per 100 calving events.

For all other disease categories incidence density (ID) was calculated (Kleinbaum ct al., 1982). ID
is the preferable measure when disease occurrence is not restricted to a defined period of time, but is
continuously present. Animals which experienced multiple events of the same type during the study
period would therefore be counted more than once. In order to calc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>