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THE DEVELOPMENT OF VETERINARY EPIDEMIOLOGY?

GARETH DAVIES BVSc., Dip.Bact.,MRCVS#*

This paper is dedicated to the late Dr Brian Leech who was a founding
figure in modern veterinary epidemiology and statistics in this country. The
advice and encouragement he gave to a younger generation of veterinarians,
doctors and statisticians has borne fruit in the advances of the last decade.

Boswell once recorded a conversation with Dr Johnson on the sub ject of
hospitality.

"Sir Alexander Dick tells me", said Boswell, "he remembers having a
thousand people in a year to dine at his house".

Johnson: "That, sir, is about three a day".

Boswell: "How your statement lessens the idea".

Johnson: "That, sir, is the good of counting. It brings everything to a
certainty which before floated in the mind indefinitely".

That last sentence encapsulates what most people think of as epidemiology
- the study of disease in quantitative rather than qualitative terms, but it
is a concept that floats indefinitely in the mind of the veterinary community
and as it is one of the tasks of this society to bring it to a certainty, I

want to consider some of the hurdles that we have to overcome.

#The Epidemiology Unit, Central Veterinary Laboratory, New Haw, Weybridge,
Surrey.

PThis paper was read at the Society's inaugural meeting, held at Edinburgh
on 21st April, 1982.
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THE EMERGENCE OF A SCIENCE

We all recognise that the acquisition of medical or veterinary knowledge
depends on an array of sciences and disciplines that range from the largely
observational clinical sciences to the purely experimental laboratory
sciences such as immunology and biochemistry. Somewhere in the middle of
this lies epidemiology and there is still some doubt about its status. Some
hold that it is a discipline, and treat it either as field investigation writ
large, or as an appendage of one of the microbiological sciences. Others see
it as a science in its own right and in advancing their case they have
invested it with the trappings of an established body of knowledge -
'jargon', journals and in some instances a methodology which is cumbersome
and bogus.

The division of opinion may appear to be nothing more than a semantic
argument but it is important. The experimental laboratory sciences have
sustained immense achievements over the last half century, but their
limitations are now becoming obvious and even the most ardent experimentalist
would concede that power no longer comes out of the barrel of a microscope.
Quite apart from the limitations imposed by the cost of modern laboratory
research, experimental studies can only imperfectly reproduce the natural
world where the problems first arise and where the solutions are eventually
employed. If epidemiology is seen merely as an adjunct to experimental
research, it will be shackled with the same limitations and subject to the
same narrow perspectives. It will either continue to be an amateur sport -
that of making subjective observations in the field in order to raise
hypotheses that can be examined at the laboratory’bench, or exist simply to
add some respectability to experimental findings that on their own are
unconvineing. If on the other hand epidemiology is something more than a
discipline then it is a science that can stand on its own feet, develop its
own methodology, and increase our knowledge of the natural events that we
seek to control.

Sir Harold Himsworth, the distinguished former secretary of the Medical
Research Council, advanced another, more mundane reason for defining the
status of an emerging discipline or science. He puts it thus:- "Perhaps one
of the most difficult problems with which a research organisation can be
faced is that of deciding whether a new science has emerged or (which comes
to the same thing) whether a further field of natural experience has become
accessible to scientific cultivation. The (Medical Research) Council was
repeatedly faced by questions of this kind. Almost always these took the
form of asking "What is so and so? What is biophysics? ... And of course
implicit in any such question is the further question "Is there any such
thing?"®,

"To answer questions of this kind is never easy. By the time that the
issue is raised one is always confronted by two conflicting views. On the
one hand is the view of those who hold to traditional opinion and see in the
proposed development no more than a variation of their own particular
knowledge. On the other is that of the protagonists of the proposed
development who feel, always strongly, that the concepts of traditional
subjects are quite inadequate and that only by approaching the allegedly new
field on its own merits can this be developed. The problem is to decide
which is right, for the consequences of an erroneous decision are never
negligible™ (HIMSWORTH 1970). In other words, if epidemiology is a science
in its own right it gets direct financial and administrative support, but if
it is something less then it lives at the coat tails of the other biomedical



sciences.

Himsworth points to two considerations upon which the answers to these
problems turn. The first is one of quality and he invokes Trotter's dictum
"Quackery is the result of a premature attempt to apply the methods of a
science to the domain of a practical art™ (TROTTER, 1932), or as he himself
puts it "Have the data in the field concerned been sufficiently defined to be
susceptable to scientific analysis and if so, are methods available to allow
this to be done". The second consideration is one of distinction: "is the
field of natural experience that it is proposed to investigate different from
that related to other scientific subjects and as such something that can
become a source of knowledge that they cannot supply? If the answer to this
question is 'yes' and a new field of natural experience has indeed become
accessible, then for this to remain tied to the concepts derived from
experience in other fields cannot but retard scientific progress. If on the
other hand the answer is 'no' and we conclude that the allegedly new field of
experience is no more than a part of one already under cultivation then the
proper course is clearly to strengthen its links with endeavour in this field
rather than to unbalance effort by providing for its independant
development™",

It has become clear in the last decade that veterinary epidemiology is
now meeting these two criteria and therefore warrants consideration as an
independant science. One of the best examples of current developments is the
study of Foot and Mouth disease (FMD) epidemics. M Hugh Jones working with
L.P.Smith of the Meteorological office (Smith & Hugh Jones 1970) plotted the
occurence of FMD in Shropshire and Cheshire during the 1967/8 epidemic and
suggested that the virus could have been disseminated by wind. This was a
piece of work in the direct tradition of Snow and the Broad street pump and
it added a new dimension to epidemiological work in the government veterinary
service. Since then the epidemiological data have been refined by staff at
Animal Virus Research Institute, Pirbright to include estimates of virus
excretion and, together with meteorological evidence, have been used to
provide a predictive model of FMD dispersion which is of demonstrable benefit
in dealing with outbreaks of the disease. (Gloster, Blackall, Sellers and
Donaldson 1981). The work fulfils Himsworths two criteria in that the data
are susceptible to scientific analyses and the field of natural experience
that it investigates, i.e. the spread of disease, is a distinctive source of
knowledge.

THE INFLUENCE OF MEDICAL STUDIES

Before going on to discuss the development of veterinary epidemiology I
want to reflect on the development of epidemiology in the medical field
because it is a science that has heavily influenced and in some ways
stultified its veterinary equivalent.

Medical epidemiology was, until the second world war, largely the
epidemiology of infectious disease. We are all familiar with the development
of public health epidemiology, i.e. the identification and tracing of
infectious persons and agents. This discipline contributed greatly to the
control of acute infectious disease at a time when more direct methods were
unavailable but its very success combined with the advent of antibiotics and
mass vaccination campaigns made public health epidemiology redundant. It was
replaced by a completely different field of activity, the study of causation
in chronic or rare diseases. Doll (1959) identified the link between smoking
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and lung cancer and this was followed by a series of investigations into
relatively small effects in large populations, including studies on the
thromboembolytic effect of the contraceptive pill (Vessey and Doll 1968) and
the measurement of the deleterious side effects of certain vaccines.

Methodologies were developed to analyse these effects e.g. case control
studies, and present-day medical epidemiology bears little relation to its
pre-war progenitor. It satisfies Himsworth's two criteria for a science;
thanks to modern data handling systems the data are well defined and
susceptible to analysis, a methodology has been developed, and it is a
distinct area of activity in that one cannot conceive of any other way in
which one could approach the problems that it has dealt with.

The current field of activity in medical epidemiology can be glimpsed
from the contents page of Volume 1 (1979) of Epidemiologic Reviews (Fig 1),
and the list of papers is particularly interesting in that it allows us to
identify the points at which modern medical epidemiology and modern
veterinary epidemiology diverge. Two of the papers deal with the
epidemiology of cancer - Burkitts Lymphoma and breast cancer- and cancer
enquiries aceount for a large part of current activity in medical
epidemiology. But cancer is thankfully a relatively uncommon disease and one
which manifests itself in middle or later life. Farm animals do not live to
enjoy middle or old age and rare diseases do not attract research funding in
the veterinary field because they represent little economic loss to the
livestock industry. I can think of two veterinary studies that are analagous
to Burkitt's investigations - jaw tumours in sheep on the North Yorkshire
moors (Macrae and Head 1978) and rumenal carcinomas in Masai cattle
(Plowright and others 1971) but this kind of epidemiological jnvestigation is
uncommon.

Fig.1. Epidemiologic Reviews Vol.1 1979

Dedication and Introduction

Epidemiologic Aspects of Legionellosis

The Transmission and Outcome of Hepatitis A, B, and Non-A, Non-B.

The Epidemiology of Burkitt's Lymphoma: Evidence for a Causal Assocation
with Epstein-Barr Virus

St. Louis Encephalitis.

A Review of the Epidemiology of Human Breat Cancer

The Effects of Exogenous Female Sex Hormones on the Fetus.

Epidemiology of Chronic Mucus Hypersecretion and Obstructive Airways
Diseases.

Epidemiologic Patterns of’ Blood Pressure in Children

Postneonatal Mortality

Reflections on the Work of the Atomic Bomb Casuality Commission in Japan

Epidemiology and Health Policy

Several of the other papers listed deal with infectious disease =
infectious hepatitis, legionnellosis and St Louis Encephalitis. The latter
paper falls into the category of public health epidemiology, but the paper on
infectious hepatitis describes epidemiological investigations into the
various modes of transmission, some of which were carried out before the
infectious agents were identified. Infectious hepatitis is a deadly disease
and transmission experiments in human beings are unthinkable, but in the
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veterinary field such experiments would be the natural first step with little
demand for the indirect evidence afforded by the epidemiological approach.

Two large fields of endeavour in medical epidemiology are therefore
denied to veterinarians and the methodology carefully developed on the
medical side may be inappropriate to veterinary studies where a more direct
approach bears ample fruit; veterinary epidemiologists must beware of
attempting to determine causality by methods that are unnecessarily complex.

THE MEASUREMENT OF DISEASE

How then is modern veterinary epidemiology to develop? As is often the
case the best way of answering is to ask the direct question - "what is the
objective™? The objective of much of modern medical epidemiology has been to
determine causality in situations where experimentation cannot produce the
answers. Veterinary epidemiology has rather broader horizons; causality is a
minor concern and its objectives are to produce quantitative values that
supplement the qualitative results of experimental research to provide a
rational and comprehensive basis for action to control disease or to maintain
health. For too long judgements on animal disease control in the
agricultural sector have been based in experimental results supplemented by
anecdotal evidence of the effect of the disease in the field. The very
nature of the modern agricultural industry demands something better.

A good example of the production of quantitative values is a recent
retrospective enquiry into breakdowns in herds infected with Bp, abortus.
French experimental studies (PLOMMET and others 1973) showed that it was
possible for female calves born of infected dams to maintain a cryptic
infection (seronegative) until they were advanced in their first pregnancy
when they aborted and infected neighbouring stock. In these experiments 4
out of 22 female calves harboured infection in this way and if that
proportion were reflected in the brucellosis scheme in this country where it
has been the practice to slaughter out only the adult stock in heavily
infected herds there would have been widespread outbreaks of infection in
allegedly clear herds. The matter was of some concern and was resolved by a
retrospective examination of the records of all herds where adult animals
were slaughtered (Wilesmith, 1978). The maximum risk was calculated at 2.5%
of hiefers, born of infected dams, aborting or otherwise disseminating Br,
abertus in re-established herds and this result allowed a rational judgement
to be made on the slaughter policy.

I have said that causality is of minor concern and that is, of course, a
statement that can be made in relation to current veterinary science as a
whole. We already know the cause, in terms of infectious agents or
biochemical deficiences, of most of the diseases that confront us. Our
energies are largely devoted, on the experimental side, to devising new and
better tests for the presence of infection or deficiency, and on the
epidemiological side to measuring contributing factors, notably in diseases
of intensive livestock systems. This has led us, as epidemiologists, to
devise techniques for measuring environmental effects and has faced us with
the problem of obtaining an objective measure of disease as opposed to
infection. The mastitis cell count is a notable example of a measurement
which enables us to gauge the effect of various husbandry and hygiene
practices on subclinical mastitis and at the same time allows us to provide
advice founded on a basis of fact. A cough counter (Miller unpublished)
attempts to provide a similar measure for respiratory disease and we need
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further developments of this kind to help us in investigating so-called
'multifactorial' disease.

Apart from this investigation of disease determinants veterinary
epidemiology is increasingly concerned with the evaluation of production and
economic effects of disease. This takes us into the field of preventive
medicine, hence the title of the proposed society. To some extent we are .
responding to pressure from the livestock industry and the best example of
the benefits that we have been able to offer in return is the herd health
recording systems that have been pioneered by the universities and by general
practitioners. It is appropriate here to return to the need for measures of
disease such as the mastitis cell count, or for objective measures of
productivity - the basic tools without which preventive medicine is in danger
of falling into Trotters definition of quackery.

SURVEILLANCE

I have pointed to some of the achievements of veterinary epidemiology but
looking back over the past decade, and in particular at the international
conferences that mark the state of the art, one must reach the conclusion
that a great deal of time and energy has been taken up with information
gathering. At the 2nd International Symposium on Veterinary Epidemiology and
Economics held in 1979 there were no less than 22 papers in the section on
information gathering and 10 on the analysis and interpretation of
epidemiological data. The number of papers which could be said to describe
work that actually solved problems or tested hypothesis were remarkably few.
This is understandable; a fledgling science is usually preoccupied with
techniques - the benefits come later. But it would be wise to steer a course
between the Scylla of making subjective observations in the field and drawing
from them quite untenable conclusions and the Charybdis of gathering
information for its own sake. Our experience at the Epidemiology Unit,
Weybridge has been that 'surveillance' - a beguiling word - can quickly
consume vast resources in staff time and thought that are better directed to
facing the real problems that we are required to solve. Some form of
continuous surveillance of disease is necesary but I would hesitate to
advocate continious monitoring that cannot, at least, be justified as a
adjunct to commercial or statutory routine activity. The alternative is to
have detailed knowledge of populations, their numbers, their distribution.and
their age structure, something that is sadly lacking in the companion animal
sector, and to mount point prevalence surveys, finite longitudinal
investigation, case control studies and other exercises that are designed to
answer considered questions.

THE NATURE OF SCIENTIFIC ENQUIRY

The current emphasis on information gathering sometimes seems to stem
from a misunderstanding of the nature of scientific enquiry: the assumption
that the accumulation of data inevitably leads to the formation of
hypotheses., Himsworth gives as an example of scientific method and the
development of a hypothesis the observation that if sufferers from rhematoid
arthritis became pregnant or developed hepatitis they achieved a temporary
remission from the illness. Hench, after satisfying himself that these
reports were valid, formulated the hypothesis that in pregnancy there was an
overproduction of steroids. This was tested and led to the use of steroid
therapy. I can think of a similar example that is of more direct interest to
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epidemiologists - Sir Norman Gregg noticed that epidemics of rubella were
followed by the birth of deformed babies. The hypothesis that the virus
damaged the foetus was proved correct and led to the vaccination of girls
before pregnancy. In the veterinary field Wilesmith (personal communication)
tested the hypothesis that tuberculosis might be present in badger population
outside the known infected areas in the west of England. He found that the
probability of cattle herds acquiring the infection was higher in areas
densly populated with badgers and concluded that the hypothesis was correct,
a conclusion borne out by subsequent field studies.

In each of these cases the human mind intervened to note a peculiarity
and to draw a conclusion. Quite often in veterinary and in medical
epidemiology, data seems to be accumulated in such a way as to obscure a
pecularity rather than to throw it into relief and it often needs a certain
amount of patient reflection rather than grinding statistical analyses to
bring out the significant features of the data. Currently we are looking at
the spread of Aujeszky's disease between pig herds. A great mass of
information has been accumulated on the outbreaks in East Anglia and it was
only when these were plotted by geographical location and year of
notification that it became apparent that there was a well defined pattern
suggesting local spread. The spread is rarely from one set of premises to
its nearest neighbour but it is almost inevitably confined to an area less
than 3KM in radius. This pattern is now being faithfully repeated in
clusters of outbreaks in other parts of the country; we do not know what is
responsible for it but the next step is to raise hypotheses and to test them
either by recourse to the epidemiological data or by experimental studies.
For the former we need additional information such as the location and
disease status of other pig units within and without the 3Km circle to
determine whether they have suffered inapparent infection and here we rely on
the demographic data that have been built up in the past. This iterative
process is common to experimental and epidemiological investigation and it
was Claude Bernard who commented that "an experiment is essentially only a
provoked observation".

To return to Himsworth "the natural phenomena of the clinical field are an
integral part of the biological experience. In that this field is now
becoming increasingly accessible to the direct scientific approach it is
increasingly possible to realize its potentialities as a source of original
contribution to biological thought"™. I can only add that at the end of the
day the science of veterinary epidemiology will be judged not by the
complexity of its techniques or the obscurity of its jargon but by the
distinctive contribution it makes to the advancement of veterinary science;
the alleviation of suffering and the improvement of the livestock industry.
It is these objectives that we, as a new society, must keep before us.
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DATA RECORDING AND ANALYSIS
IN DAIRY HERDS






DATRY HERD DATA RECORDING METHODS AND USE IN LIVERPOOL UNIVERSITY'S
LARGE ANIMAL TEACHING PRACTICE

P.C.W. WILLIAMS*

The Liverpool University Large Animal Practice attends twentyfive farms
in the Wirral Area, with groups of students. Handwritten records of the
cases seen have been kept for many yearsj it is only within the last year
that the computerising of records has been started. The recording of herd
fertility information has been approached separately from other non-fertility
records.

Early in 1982 a microcomputer dairy herd program1was acquired to aid in
recording herd fertility information. This system is being used for three
farms, which also have a weekly herd fertility visit.

A separate system, using a microcomputer database2 and a hierarchical
numeric diagnosis and treatment coding system has been tried for the non-
fertility case records. Both systems use an 'Apple II' microcomputer with a
language card giving 64 kbyte RAM, an eighty column screen, two 5 inch disc
drives and an 'Anadex' 132 column printer.

HERD FERTILITY RECORDING

The Dairy Programs are designed mainly for on-farm use. Thus the herd
fertility parts are used, but the feed calculation and gross margin
facilities are not used. However, milk recordings for the cows on two of the
farms are recorded and I hope that this will be of value in relating disease
conditions and production levels,

Fach farm has a separate data disc, but all three farms use the same
program disc. The first task with a new system is to place initial herd
information onto the microcomputer. This is then updated weekly, with a
weekly 'action list' being produced.

Initial data input

The initial information required for each herd consists of those items

*Lecturer, Department of Veterinary Clinical Studies, Liverpool University
Field Station, Leahurst, Neston, South Wirral, L64 7TE.

1Programplan Dairy Programs, Farmplan Computer Systems Limited, Netherton,
Ross-on-Wye, Herefordshire, HR9 7HZ.

2Dataplan, Farmplan Computer Systems Limited, Netherton, Ross-on-Wye,
Herefordshire, HR9 7HZ.



shown in the initial input form in Fig. 1.

Cow No.

Last Calving Date

Dry (D) or in Milk (M)
D.I.M.

305 day yield

Total yield

Group No.

No. of serves
Previous calving date
D.I.M.

305 day yield

Total yield
Cumulative fat
Service dates 1

FWwWn

Bull used

P.D. + ve Y/N

First recorded month

Milk recordings this lac. 1

2

10
Milk recordings previous lac. 1
2
10

Fig. 1. Initial herd fertility data input form

This form can be given to the farmer for him to fill in, or one may go
through his records with him and fill it in. The milk recordings may be
taken straight from Milk Marketing Board recording sheets. The form is laid
out in the same order as is required by the programs. The milk records may
be ignored if one wishes. There are a number of checks within the program
to ensure that sensible dates and figures are entered. The initial input
may take many hours work for each herd, but once it has been done, the weekly
updating is quite rapid.

Weekly updating

Updating is done weekly by the farmer filling in a 'weekly activity
sheet' as shown in Fig. 2. The efficiency with which these forms are filled
in and returned varies; with one farm we obtain as much information as
possible for the previous week at the time of the weekly herd fertility visit
or phone him for the information. The design of the 'action list' printed
out each week means that cows will remain on it until they have been served,
pregnancy diagnosed positive, calved, dried off or sold. Thus, by going
through the action list with the farmer, one can ensure that one obtains all
necessary information except for any new cows entering the herd.



Leahurst herd fertility activity sheet

Farm Week ending/Input date
Bulling Not served Served P.D.in calf Calved
Cow No. Date Cow No. Date Bull Cow No. Cow No, | Date

Herd and group changes

Cow dried off Cows barren Group changes Cows sold - New cows
Cow Cow Cow New Cow| New | Cow| Date
NO o Date No. No. Group No. |Group | No. |Calved|Group

Fig. 2 Weekly input "Activity Sheet!

Herd fertility reports

A range of different reports may be obtained on either the screen or as
a printout on individual cows or on groups of cows, which may be selected by
a number of different parameters, e.g. yield over 30 kg.; cows calving in a
particular monthj cows with a particular sire. The amount of information
printed out for a group of cows chosen in this way may be as detailed as one
wishes to choose.

There is a standard '"Action Reminder' which we print out and send to



each farm every week. This report contains details of the following:-
(i) Cows due to calve
(ii) Cows to dry off
(iii) Cows due 1st service (from 60 days post-calving)
(iv) Cows due for repeat service
(v) Cows seen bulling three weeks before
(vi) Cows due for P.D.
(vii) A list of barren cows
(viii) Cows with a possible fertility problem (served more than three
times, or dry but not P.D.+ve)
(ix) Herd statistics

Many of the items in the action list simply aid the farmer in herd
management. Encouraging farmers to record cows seen bulling, but not served,
gives a list of these cows three weeks later to bbserve for bulling again;
this helps to make the farmer serve cows earlier. The lists of cows due for
first service and cows due for P.D., gives us the group of cows to see at the
next weekly visit. This list is extracted from the rest of the report and
any cows which were seen the previous week have shorthand notes on the
previous week's findings and treatment added so that a comprehensive list and

case details can be taken on the weekly herd visit. Figure 3 shows the
veterinarians' visit list.

Cows due lst service

No., of
visits Cow No. Calving Date D.I.M.
4 Lo-Sm., Ro-Sm, Fol PRID 75 22/11/82 88
1 Lo-Cl., Ro-Fol, Pg 9% 11/12/82 69
1 Lo-Fol, Ro-0ld Cl Watch 137 1/12/82 79
1 Lo-Fol, Ro-Nil Watch 165 13/12/82 67
3 Ro-Cl Pg 173 1/12/82 79
Cows due to P.D. and Problem cows
No. of Cow Calving No. of Days
visits Last visit No. date serves Latest Since
0 (To P.D.) 32 11/8/82 3 22/12/82 58
2  Lo-Nil,Ro-Fol - Watch 49 28/9/82 1 9/11/82 101
2 Lo-Cl,Sm.Fol,Ro Nil - Pg 92 2h/7/82 1 21/11/82 89
0 (To P.D.) 151 13/9/82 2 15/12/82 65
Fige 3 Veterinary visit sheet
Some simple shorthand notation is used including 'Lo' - left ovary;

'Ro' - right ovary; 'Fol' - follicle; 'Cl' - corpus luteum, 'Ut' - uterus;
'Pg' - prostaglandin.

The herd statistics are shown in Fig. 4. Numbers and herd percentages
of milking cows, dry cows, cows PD +ve, cows served and not PD'd and cows
not served are given, and a current and projected calving index. These herd
statistics help us to follow a herd's progress.



Herd statistics

Nos. of cows

No. %

Avg. 1ltrs. last recdg. 2L

P.D. confirmed 41 373 Avg. % diff 1
Served not P.D. 31 28.2 Days to lst serve 77
not served 23 20.9 Herd Calvg. Index - latest 395
' - projected 396

Barren cows 3

Cows in Milk 95 86.4 Conception % to serve No.é gg
Dry 15 13.6 3 3
L3

Cows in herd 110 100.0

Fig. 4 Herd statistics printout

A small amount of disease, or other information, such as cow sires, may
be stored as 'cow codes'. This allows one to allot up to ten codes to each
cow; but this information cannot be dated. Thus, one can record if an
individual cow has a history of milk fever, distocia, mastitis, or lameness.
One can subsequently search the herd for all cows with a particular code,
e.g. milk fever, and print any further information on cows selected. Thus,
one could produce a list of cows which might be prone to milk fever,
together with their expected calving dates. The recording of each cow's
sire and milk yields enables one to relate sire groups and production levels
with recorded conditions.

USE OF A MICROCOMPUTER DATABASE FOR RECORDING OTHER CASE RECORDS

A microcomputer database2 has been set up to record some basic
information, including diagnoses and treatments of all cases seen on a few
farms within the last year. The following is an example of a case record
(Figo 5) .

Record No. L3

Case No. 83

Farm Code w

Date 1lst seen 27/5/82

Diagnosis 1 136 (Left displacement of Abomasum)
Diagnosis 2 -

Treatment 1 L25 (Laparotomy)

Treatment 2 Lz7 (Replacement)

Treatment 3 -—

No. of revisits 2

Outcome -

Fig. 5 An individual case record



The codings are numeric to allow for ease of database searching. They
are also hierarchical; the first diagnosis code number representing one of
nine body systems, as shown in Fig. 6.

Numeric code System
000 Systemic
100 Digestive
200 Respiratory
300 Metabolic
koo Musculo-skeletal
500 Nervous/Spec.Sense
600 Skin & Mammary
700 Urogenital
800 Cardiovascular

Fig. 6 Main system code groups

The second figure in the code represents a sub-division of the main
system. For example code 100 represents the digestive system, code 130
represents the ruminant forestomach, as shown in Fig. 7. The specific
condition is given by using the third figure in the code which in the
example record in Fig. 5 is 136. This represents left displacement of the
abomasum. This can also be seen from Fig. 8.

The database allows searching on any one of the factors within a record.
Thus in the above example one could pick out all the cases with conditions
of the ruminant forestomach by searching on the first two digits (lép);

Numeric code Sub-system
100 Digestive
110 Mouth & Pharynx
120 Oesophagus & Stomach
130 Ruminant Forestomach
140 Small Intestine I
150 Small Intestine II
160 Large Intestine
170 Rectum & Anus
180 Peritoneal Cavity
190 Miscellaneous

Fig. 7 Sub-system codes for Digestive System

whereas if one wished to see only details of cases with left displacement of
the abomasum one would search on the code 136.



Numeric code Specific conditions
130 Ruminant forestomach
131 Bloat
132 ’ Grain overload
133 Traumatic reticulitis
134 Simple indigestion
135 Vagus indigestion
136 L.D.A,
137 R.D.A./Torsion
138 Sq9. cell carcinoma

Fig. 8 Specific 3-figure condition codes

DISCUSSION

I have described two systems being used to aid the recording of Dairy
Herd Data. The Herd Fertility system is efficient at keeping routine
individual cow fertility data up to date, but it is limited in its
recording of non-fertility information. The separate database is an attempt
to record this other information. The numeric codes are readily searched,
and their hierarchical nature allows one to build up a code for an individual
case in a logical progression, enabling one to be as detailed or as
generalised as a particular case allows. However, the numbers are extremely
difficult to remember and my next aim is to produce a similar system using
alpha codeswhich are more easily remembered. Such a system will probably
require a larger capacity microcomputer. Hopefully the case recording
facilities and herd fertility and production data will eventually be
combined into one system to allow cross-referencing of data.



HEALTH AND FERTILITY DATA RECORDED BY MEMBERS OF

THE DAIRY HERD HEALTH AND PRODUCTIVITY SERVICE

E.J. SMITH, B.Sc.,* J.M. KELLY, B.V.M.& S., M.

.C.VIS._X
and D.A. WHITAKER, M.A., M.V.Sc., VET.M.B., MeR.C.V.5.%

The Dairy Herd Health and Productivity Service (DHH&PS) operates at the
University of Edinburgh, Royal (Dick) School of Veterinary Studies, in
conjunction with Dalgety Spillers and practising veterinary surgeons. It
provides a system for monitoring and assessing health and performance in
commercial dairy herds and acts as a stimulus to the maintenance and
improvement of productivity (Kelly and Whitaker, 1982).

A vital component of this service is the recording of data on a
monthly basis. Unlike many of the systems which have been developed (e.g.
Blood et al., 1978; Martin, 1982; Russell, 1983) no attempt has been made
to record detailed diagnoses or to introduce a coding system. Only by
requesting basic information has it been possible to maintain a high
return rate of data from a relatively large number of farms.

MATERTALS AND METHODS

Computer system

The DHH&PS programs are written in Fortran IV and operated on a
Digital RT-11 minicomputer, Data is stored on floppy disks.

Data input

Two hundred and fifty farms throughout the UK participate in the service.
Average herd size is 118.

Participating farmers maintain day-to-day health and fertility records
using a pre-printed barn sheet. At the end of each month these are
accumulated on a data sheet II (figure 1) which is distributed to all the
parties concerned.

Recorded are the number of cows culled, and the principal reason for
culling, such as yield, infertility, mastitis, lameness, age and other,
wvhich includes deaths.

*¥University of Edinburgh, Department of Animal Health, Royal (Dick) School
of Veterinary Studies, Veterinary Field Station, Easter Bush, Roslin,
Midlothian.



Number of Cows in Milk Incl. Heifers at
End of Month

Number of Cows Dry at End of Month

Number of Cows Sold Because of Number of Cows Treated for
VET FARMER
Yield
Infertility '
Infertility
Mastitis
Mastitis
Dig Disease
Lameness
Hypomag.
Age
Hypocalc.
Other
Ketosis
Lameness
Other

Mastitis Cell Count (‘000 cells/ml)

Number of Cows Served Al BULL

First Time

Second Time

Third Time

Fourth Time +

Pregnancy Diagnosis by +VE -VE

Milk

Vet

Fig. 1 Monthly data sheet II
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Treatments for disease are identified as those treated by the
veterinary surgeon and those by the farmer. The categories are infertility,
mastitis, digestive disease, hypomagnesaemia, hypocalcaemia, ketosis,
lameness and other. Bach case is recorded once only, even if treated by
both farmer and veterinary surgeon, and even if treated on successive
occasions for the same disease incident. Routine procedures, such as foot
trimming or dry cow therapy, are not entered as "treatments" but may appear
as "other" with an explanation.

Fertility events recorded are the number of first, second services,
etc., differentiating between AI and natural means, and the results of
pregnancy diagnosis by veterinary surgeon or by milk progesterone testing.

Although financial details are not recorded directly for the DHH&PS, all
members participate in a recognised dairy costings service.

Data output

The individual farm data is analysed quarterly and a Herd Health Report
(figure 2) is issued to both the farmer and his veterinary surgeon.

Quarterly comparisons of improvement and deterioration can be made and
constructively discussed.

In spite of only basic information on reproductive factors being
requested, the indices produced provide clear markers of performance,
management standards and trends in fertility efficiency. The chief function
of this is to stimilate a more detailed investigation on the farm so that
control measures can be instituted as early as possible.

RESULTS AND DISCUSSION

The major difference between DHH&PS and other systems is in the
simplicity of the recording system. In the report on Jointex (Anon., 1976),
the principal reason given by farmers for withdrawal from herd health
schemes was the burden of record keeping. Only by easing this as much as
possible and by ensuring that output has practical value on the farm has it
been possible to maintain the co-operation of 250 farmers throughout the
UK. Our present system has evolved over six years to achieve the current
average monthly data return rate of 80%.

Data for approximately 29,000 cows has been made available for
epidemiological purposes. Whilst the major reasons for culling of dairy
cows have been fairly well documented, there is little information on the
national incidence of some diseases. Most published information is based on
treatments recorded by practising veterinary surgeons. The pitfalls of this
are illustrated by the 5.5% incidence of lameness in dairy cows reported
by Russell and others (1982), compared to the 25% incidence found in
DHH&PS herds (Whitaker, in press).

Discussion of recording methods depends entirely on the purpose for
which they are kept. The purpose must be clarified and stated at this
symposium.



11

jxodsy U3 TeeH DPIeH LTxejxend g °S14

,ﬂ 116 0°0 2°56 2°S6 (+ 96 3081m) 9 10A AQ PBUNLIEBXS SMOD JO 838 AdusuBesd
I
_ 0°0 0°0 0°0 0°0 (S 1 ueys s39] 108183) % 5188) N JO 8181 GANEBEN
oL o] 3 2 oA - 187
(413 (o] [+ on BA + 197
0 0 (o] [¢] an - W
{ o] (o] (o] 0 A + NI sisoubeig AsusubBeid
| L°9s s°2h 8°Lls 8°1ns (08-0L 396.83) % 8181 LINIGI-UOU EIIALES 183y ABP OF
=
” % 8°16 - - - (+001 1081w3) 83ja108 182)) ® Buja|e0es
pioy uj 8B Bupyjjw 0 SMO3 jo sBeiusdieg
€ (o] € 0 + 8wiy yunog
3 0 0 3 awi) payy
[ 0 [ 0 awi] puodesg
L 0 i 0 awi] 15414 1ing AQ peaies smod J0 Jequiny
€2 I € 9 + ewn} yunog
T L S f awiy piyy
9s €2 L L 8wi) puodeg
- HEL mm €N 9€ auwiy 1suty IV AQ penies smo5 o sequinp
€LL SLi 8EL L6t (jw /81193 000.) 3uNO 1193 SRRSE “SAY
% L 2 0 (] [¢] 1Yo
% 0°25 ML 62 6L S ssauswen
% L0 i 0 0 0 sisojey
% 0°L (o] 0 S 0 21Waed|8300AH
% 0°0 0 [} [} 0 RIWBRSIUBRWODAK
% 0°0 0 0 0 0 19sdn eansebig
% 6°LE NS n 6L 9l snusepw
% 9°0s 2L 9 8 g Aupiayug 105 p 8M0D 0 Jequinp
% 6€2 ME € € 2L 1e10)
% g°2 1 i 2 8 18410
%8z 1 l 0 0 by
% 9°S 8 0 0 9 ssauawe
% 6°1 L [¢] [¢] 2 snnsew
% L°L A0 3 I € Anpnajug
% 0°0 0 0 0 0 PI3IA JO @SNE38Q PJOS SMOD JO JBqUINN
SIN3IWWO0D shL LEL m 1St paoy u eBe Bunjjiw JO SMOD JO JEGUINN "OAYY
2861 0= 4804
3000 wuvd pepu3 3-".. Jsuenp seuenp
SYIuoOW Z1L .n.-:mo L 1
AWVN 2g6L @ ONIAN3 dOIH3d 3HL HOd 1HOd3H H1Tv3H GH3IH ATH314vNOD
ssapds ARbreq -

2

891n18S AlIAIIONPOLd B YljeaH pidH AlleQq



12

Either accurate detailed data from a very small number of "sentinel
type" herds is required, in which case the more complex systems may be
suitable, or else accurate but relatively superficial data from a large
number of herds is more useful, in which case our type of system is
appropriate.
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A COMPUTER PROGRAM FOR USE IN PRACTICE TO RECORD AND ANALYSE FERTILITY,

DISEASE AND TREATMENT DATA FROM DAIRY HERDS

HUGH BOYD*, DAVID B. ANDERSON#*# and IAN WILLIAMSON%#%

In 1977 Glasgow University bought a mainly large animal veterinary practice
in Lanark to be run on a commercial basis and to be used for student teaching.
Herd fertility control was an area developed by the practice which initially
made use of a computer program to handle fertility data in the Veterinary
School (Boyd, 1972). On this well tested basis a new program was written with
the needs of the veterinary practice strongly in mind. The objectives of the
new program, which was named DAIRYCOW, were:-

1) Low cost in terms of establishment and running
2) To be understood by farmers and to be useful for them

3) To be helpful to the veterinary surgeons in the practice.

DESCRIPTION OF THE PROGRAM

Information required

The general principle used has been to cut down to the minimum the infor-
mation collected; only information which appeared likely to be used is
gathered. This, of course, means that compromises have to be made but this
applies to any program however apparently all-embracing.

Identification of the cow: name or number and current lactation number.
Reproduction data: calving date, normality of calving and of associated
events, non-service oestrus dates (up to 3), service dates (up to 6) with
bull used, breed of bull, natural service or artificial insemination, and

result of pregnancy examination.

Diseases: a simple, flexible, coded system which each user can modify
according to needs. Records are as follows:

Date Disease Type Comment
27/01/83 E. coli mastitis L.F. T.Delta

Culls and Deaths: these are coded as voluntary culls, involuntary culls and
deaths.

# University of Glasgow Veterinary School, Bearsden, Glasgow.
## University of Glasgow Veterinary Practice, Whitelees Road, Lanark.
##% Centaur Consultants (Microcomputers) Ltd., 17 Waterloo Place, Edinburgh.
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Storage in the computer

The computer used is a 64K Tandy microcomputer with expansion disk drive
and printer. The program also runs on a Tandy Model 3 and is being modified
so that it can be run on Glasgow University's ICL 2976 mainframe computer.
One program disk serves all the farms. Each farm has a disk which contains
three files:-

1) Current lactation events and diseases.

2) Previous lactation events and diseases.

3) Cull cows.

A cow's record remains on file for eighteen months after which it is
removed from the file. This allows retrospective analysis for the previous
year but does limit the time over which comparisons can be made. If it is
planned to compare different years, it is necessary to take hard copy at least

once a year.

Action lists

The action lists are produced primarily for the farmer but they offer the
veterinary surgeon a simple review of the status of the herd. If many cows
are overdue for oestrus recording or overdue for service, it is a warning that
efficiency is slipping.

The categories for reporting on the action lists are as follows:-

1) Cows overdue for oestrus occurrence.

2) Cows overdue for first service.

3) Cows due for pregnancy diagnosis.

4) Repeat breeders (3 or more services).

5) Returns (pregnancy diagnosis negative).

6) Calving due in 90 days.

A calendar is also produced which highlights likely forthcoming events.

The-targets for the production of these action lists are easily controlled
according to the specific needs of the farmer or veterinary surgeon.

Fertility Analysis

Although the farmer is interested in an occasional check up on the overall
fertility picture, the main beneficiary of fertility analysis is the veterinary
surgeon for whom analysis ought to point out areas of weakness which require
intervention.

Fertility analysis is always out of date because it is essential to allow
time to elapse for the completion of the various events between calving and
conception and pregnancy diagnosis. For example, if an analysis of calving
conception intervals is done for a group of cows which calved up to 90 days



15

before the date of the last visit, some of the cows will not have been served,
some will have been served but not yet confirmed pregnant and a few will have
been confirmed pregnant. As only cows which have been confirmed pregnant can
supply data for calving to conception interval analysis, only the "successful"
cows will be included and many "unsuccessful" cows will be excluded, because
they have not been served or are not pregnant by the time of analysis. Thus
premature analysis of calving to conception intervals will give not only in-
complete results but inaccurate results with a misleading bias in an optimistic
direction. This applies to calving to first service and service to service
intervals also.

A little thought makes it clear that premature analysis of conception rate
produces a bias towards a poorer than true result because return to service
(that is failure) is recorded before confirmation of pregnancy.

In DAIRYCOW the cows selected for fertility analysis are those which calve
in the 12-month period between 18 and 6 months prior to the date set or date
of visit. This is likely to be about correct for the analysis of intervals
but rather more historical than strictly required for conception rate.

A1l calculations are based on confirmed events; calving to first service
intervals are calculated only for cows which have a first service; calving to
conception intervals are only for those which are confirmed pregnant; concep-
tion rate is based only on cows positively entered as pregnant. The calving
to first service and calving to conception intervals are presented as histo-
grams with groupings of three-week intervals; an average interval and standard
deviation are shown. Both intervals are also calculated on a lactation
number (age) basis.

One table presents the numbers of cows which receive one, two, three, four,
five and more than five services respectively. This is useful information
where pregnancy diagnosis is not available and can give an indication of the
success rate of services.

Inter-service intervals are presented in a visual form: each interval is
marked as a star against a day number from 1 to 99 and more than 99. The
effect is that of an ungrouped histogram. Intervals are also grouped as
"normal" (18 - 24 and 36 - 48 days) and "abnormal" (less than 18, 25 - 35 and
more than 48 days).

Monthly conception rates both for first and all services are presented.

A Summary Table presents herd average calving to first service and calving
to conception intervals and first service conception rate for the period def-
ined. Culling rate is also shown.

The decision to use these particular fertility parameters was made on the
basis of use of the more complicated and wider ranging analyses in the original
program. They are subject to change if users, that is veterinary surgeons,
indicate there is a need to change.

Disease analysis

The basis for decisions about disease classification and analysis was -
what do veterinary surgeons want from the system? Modification will come from
user need and the results of scientific disease surveys when these produce
results relevant to practitioner use.
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The disease table gives a monthly incidence for all diseases for each in-
dividual farm and can be presented in a variety of ways. It is also possible

to compare the fertility of disease groups or treatment groups with the rest
of the herd.

Individual cow disease and fertility histories can be listed as required.

PRACTICAL DIFFICULTIES INVOLVED IN DEVELOPMENT

The practical difficulties stem from two areas, firstly there were problems
imposed by the limitations of the microcomputer itself, and secondly there were
problems stemming from the running of the system in practice, gaining co-oper-
ation from farmers and so forth. Each of these will be dealt with in turn.

Program development problems

There was no choice available as regards the hardware to be used, the
Glasgow University Practice had already installed the Tandy system to handle
the practice accounting and therefore the fertility program had to run on this
system. It was decided to use a compiled version of the BASIC language, this
gave certain advantages as regards the speed and size of programs which were
developed and provided some useful programming tools not available in other
languages.

The amount of disk space available using the system's twin 8" floppy drives
forced a number of decisions. It became apparent that the best method of disk
allocation would be to incorporate all the programs and static data files on
one disk, and all the dynamic files on a second "data" disk. Each farm would
be allocated one such data disk. It was decided that it would be unlikely
that the system would ever have to deal with herds of more than five hundred
cows. This figure gave a reference point from which file size calculations
could be made. Careful consideration was given to the amount of information
which was to be stored about each cow regarding the number of non-service and
service heats and records of disease and treatment. When these parameters were
finalised it became apparent that historical information could only be amassed
for one previous lactation.

The data entry program was the next most important consideration. The
entry of information had to be as fast as possible, the slower the data entry
the fewer the herds which may be managed. To expand on this point, the micro-
computer was originally installed in the practice to handle the accounts and
is not available for use on fertility management all of the time. As well as
being quick it was crucial that the data entry program minimised operator time,
to this end a batch entry process was developed. This solution has proved to
be satisfactory during testing and commissioning.

_Having chosen a batch entry system it became important to develop a series
of error checking routines. During the testing of the system it became appar-
ent that the original error traps were too stringent. This caused the amount
of time taken to update the file to increase as mistakes were rectified. The
error traps have been gradually refined with the experience of many users and
will, in some instances, attempt to indicate and correct wrongly entered data.

The reporting programs provided few development problems. The experience
gained in developing another system (Boyd, 1972) helped in setting out the
parameters for these reports. The choice of producing largely graphical out-



17

put for the analysis program has proved beneficial from the point of view of
both veterinary surgeons and farmers.

Operational problems

The main operational problem which has been encountered has been data
retrieval. It was important that the farmer should not be involved in a great
deal of extra recording owrk but that the system should be convenient for him
to use. Three different méthods of data collection have been tried.

1) Individual record cards and herd sheets: This method proved difficult
to operate in two respects. Firstly some farmers were unwilling to
allow the information to leave the farm in this form and secondly
searching through the information to collate data entry forms was
tedious, because the information was not readily translated into a
form suitable for the computer.

2) Duplicate pad: These pads were produced quite cheaply be a local
printer. They are laid out in a form which ideally suits program
input without compromising the ease of recording. The farmer or herds-
man's observations are translated for input by the computer operator.
The only problem encountered has been the "non user-friendly" environ-
ment within the cow shed!

3) Carbonised sheet within plastic wallet: This appears to be the best
solution yet tried. The idea is similar to the above but has the
advantage that the sheet is protected within the envelope.

STANDARDISED RECORDING SYSTEM

Whilst, from the point of view of national records and analysis, the
benefits of a standardised recording system are obvious, the problems faced
in introducing such a system are manifold. The number of different computer-
ised recording systems which have been developed, particularly over the last
two years, is large and the developers of these systems may be reluctant, or
indeed unable, to change their systems to conform.

It is reasonable to assume that each individual program has been developed
to solve a particular problem. The problem is not merely to develop a computer-
ised dairy herd health and fertility recording system and it would be an over-
simplification to suggest such. There are many other variables which one must
take into account: e.g. to which group should the programs be geared (farmers,
veterinary surgeons or research workers); and how advanced is the existing
recording system and should the computer try to emulate this and so forth.

Each individual system of programs will have been developed with factors like
these in mind, and will, we hope, provide a suitable solution to the problem
as defined.

There will be certain factors which are common to each program. There are
a number of items which each individual designer will have included and these
items will be the basic essentials required to operate any system of this
nature. These items can be fairly readily enumerated and include figures for
each of the following:-

1) Number of cases of mastitis, lameness and digestive disorders.
2) The incidence of these conditions at given times of the year.
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3) The effect of these conditions on the fertility of the herd.
4) The effect of these conditions on the culling rate.

When developing a national system, it is items such as these which should
be concentrated on and a general consensus should be reached as to which are
most valuable and most readily accessible. It would also be necessary to
define the minimum amount and type of information which has to be recorded to
define any specific event. In the Glasgow University system, four items
define an event:-

1) The date of the event.

2) A code which describes the nature of the event.

3) A two character "type", e.g. LF signifies Left Fore.

4) A ten character comment to further elucidate symptoms or treatment.

It can be seen that this coding system, although simple, gives an accept-
able method of recording the event. As an example the system differentiates
between twelve different types of lameness at the first, or code, level. In
standardised system it may not be possible to incorporate this amount of
detail although it would be preferable to see slightly more information than
rough outline headings, such as mastitis or lameness.

When these items have been agreed it would seem feasible to then produce
a standard means of representation. This representation could take a number
of forms, and each system could then produce output in the form most approp-
riate to that system. The presentation of the data may be in the form of a
magnetic medium, for example, a standard IBM 8" floppy disk format. As an
alternative, a printed form of the data may be produced, suitable for machine
processing or manual input.

It may be necessary to introduce some financial or other incentive to gain
co-operation in the collection scheme, as the individuals running the system
will be put to some inconvenience in order to produce these reports. The in-
convenience may stem from the amount of time taken to develop a reporting
program and, indeed, to run this against the various farms' data.

REFERENCES
Boyd, H. (1972). A complete program for the analysis of herd breeding records.
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DATA RECORDING AND ANALYSIS IN DAIRY HERDS

R.W. BLOWEY, B.Sc., B.V.Sc., M.R.C.V.S.*%*

For the past 14 years the practice has been operating a fertility control
programme in dairy herds and more recently has 'instigated a mastitis
monitoring system. Both recording systems are extremely simple and both are
manually operated. This paper describes the scheme and some of the data
obtained from them and discusses possible future trends.

Fertility Monitoring

Visits are made to farms at either two or four-weekly intervals,
depending on the size of the farm and the requirements of the farmer. At the
surgery there is a box for each herd, containing individual cow cards, an
example of which is given in Figure 1. A few days prior to the visit the
cards are sorted and a list is constructed of those cows which we consider
require examination, the basic examinations being as follows:

PC = post calving check. A manual per vaginum examination, looking for gross
evidence of endometritis in the cervical mucus.

An = anoestrus. Cows which have not shown oestrus by 6-8 weeks post calving.

PD = pregnancy diagnosis; usually 7-9 weeks post-service.

One list is sent to the farmer (Fig.2) and a copy is retained by the
veterinary surgeon who is to carry out the visit. On receipt of the list,
and usually on the evening prior to the visit, the farmer deletes those
animals no longer requiring attention, viz. 'An' cows which have been served
and 'PD' cows which have returned to service. The remaining animals are
retained for examination. Whenever possible the same veterinary surgeon
visits the farm at the same time and on the same day of the week, this having
been arranged in advance to cause least disturbance to the farming routine,
usually immediately after morning milking. Results of the fertility
examinations are written onto the checklist, the farmer retaining one copy
for his information, the other being returned to the surgery, together with a
record (Fig.3) of all other fertility events which have occurred since the
previous visit.

%#124 Stroud Road, Gloucester
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Date Trmt Date Trmt Date Irmt
Abort
Sy
PC Endo
Btesuus Pya
2nd Cysts
3rd Nymph
.ﬂemce CL
2 nd Clexpr
3rd Kamar_
4 th Ov. inact
5th LH
6 th Implant
7 th
‘E ~ s
PD +-v stitis
Calvi iever
Hypomag
Fig.1 1Individual cow record card
Mr R Philli Routd Visit T ! 12,183
17 PC (c.28.3.83)
22 PC check (16.3.83) 29.3.83 w/o
27 An (c.15.2.83) 8 weeks
33 An check (c.30.1.83) 10w. 29.3.83 R11 PCK
41 PD (s. 22.2.83) 7w
55 PD (s. 12.2.83) 9w
60 PD check (s. 10.2.83) 9w
67 An (PD-ve 29.3.83; LO cyst PG)

Fig.2 A typical check-list of animals to be examined
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CALVINGS

OESTRUS NOT SERVED

SERVICE DATES

cow

DATE

cow

DATE

cow

DATE

SERVICE NO.

Fig.3 Data sheet compiled by the farmer

This information is now used to update the individual cows cards, ready

for the construction of a new list for the next visit.

Analysis of the data is a vital part of the monitoring and this is

carried out every six months (Fig.4).

and the performance of each month's calving group is assessed.
delay in approximately two months from calving to service and a further two
nonths from service to manual pregnancy diagnosis, the data will always be at

least four months retrospective,.

Data is analysed by month of calving
As there is a
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Taking the month of November 1982 (Fig.4) as an example, it can be seen
that 43 cows calved and by April 1983 30 of these had been confirmed
pregnant. Five were culls (either to be sold or having died or been disposed
of already), which means that there were 8 cows which had not been confirmed
pregnant by April 1983. The mean calving to conception interval of the cows
which conceived was 87 days and this was achieved without any extreme values
(ie. a range of 47-115 days) and with a very good first service conception
rate of 60%. The minimum calving to the first service interval for all cows
in that month was 43 days, although clearly this cow did not conceive, since
the range of calving to conception intervals started at 47 days.

Mr R Phillips Fertility Analysis Correct to April 1983
Month of Calving October November December
No. of cows calved 31 43 26
No. conceived 22 30 16
No. sold/died 3 5 2
No. not yet Pregnant 6 8 8
Mean Calving-Conception 101 87 82
Interval
Calving-Conception range 45-124 47-115 50-94
Calving-1st Service 45 43 45
period (minimum)
1st Service CR ¢ 52 60 56
Predicted Calving Index 384 370 366
Means - Calving - Conception Interval = 90.3 days
% CR to First Service = 54,5%
% Cows not yet Pregnant = 24.4%

Fig.4 Part of a six-monthly herd fertility analysis.

This analysis is sent to the client together with a table indicating how
his results compare with the other herds monitored (Fig.5) and an
accompanying letter indicating how his results compare with his previous
figures and discussing any corrective measures which may be necessary. If
there have been any other health problems on the unit then their incidence
and possible control measures are also mentioned and the fertility analysis
then becomes the basis of a general farm health report. Mastitis incidence
is calculated and discussed in the same report.
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Mean herd fertility data

Includes all calvings from June 1981 to May 1982 inclusive.
Data compiled in September 1982.

Herd No. Mean days calving Conception % cows 4 cows

-conception Rate ¢ sold/died not yet

(ideal 82) (First Service) pregnant
1 102 66 19 -
2 89 53 22 1.6
3 98 52 10 3
4 101 45 15 7
5 93 51 14 17
6 99 53 10 T
7 93 53 5 -
8 92 y7 10 1
9 103 59 16 T
10 83 55 1 7

Fig.5 Results obtained from ten herds.

Mastitis Monitoring

The basic information is collected by the herdsman in a small loose-leaf
booklet supplied by the practice. As mastitis cases occur, each cow is
allocated a page and deails of the date of treatment, quarter affected,
antibiotic used and bacteriological results (if any) are recorded (Fig.6).
Cow pages are then arranged in numberical or alphabetical order in the
booklet so that they are easily found should further cases occur in the same
cow. Every six months the booklets are recalled and the performance of each
herd calculated as shown in Fig.7. The analysis is divided into a 'whole
herd' section, where mastitis incidence and tube usage are assessed on a herd
basis and, secondly, on the basis of the performance of the cows which have
actually had mastitis during the preceeding 12 months. The first part gives
an idea of the extent of mastitis within the herd and the second gives
information on recurrence rates. A fuller explanation of the column headings
in Fig. 7 is given in Fig.8.

Data collected from 31 herds over the three-year period up to March 1982
has been analysed and consists of 114 herd recordings, each recording being a
six-monthly analysis of the previous year's results for a particular herd.
Mean figures are given in Fig.9. The annual milk sales and rolling mean
leucocyte counts suggest that the herds recorded were above average and
undoubtedly they were the better herds within our practice. However, the
mastitis incidence (27% of cows affected each year and 52 cases per 100 cows)
was surprisingly high compared with the 12% and 17% figures respectively
found by the Ministry of Agriculture's National Mastitis Surveillance Scheme.
The figures varied considerably between herds, with one herd reaching 54% of
cows affected over a 12-month period, while another herd has had a
consistently low incidence, varying from 4% to 7% of cows.
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COW NO.: .ccereecreineenrcsacseesssesssesosne

DATE QUARTER TUBES SAMPLE

Fig.6 A page from the herdsman's mastitis recording book

For whole herd For mastitis cows
Herd No. of Rolling Mean
number cows mean herd Cases Tubes used
cell yield % cows per 100 Average no. 8 which Quarters
count (ann. sales) affected cows per cow per case cases recurred per cow

1 65 321 5800 38 60 3.5 5.7 1.6 15 1.4
2 81 745 6000 21 30 0.9 2.9 1.5 12 1.3
3 46 275 5850 19 40 4.1 9.4 2.2 45 1.2
4 134 267 5178 21 30 1.2 4.6 1.2 1.2
6 95 346 29 70 9.8 13.5 2.5 33 1.6
7 110 333 6500 27 70 2.7 3.8 2.6 40 1.6
8 132 272 6036 28 60 1.8 2.9 2.2 29 1.6
9 50 441 30 70 2.1 3.1 2.2 36 1.4
10 60 210 18 60 1.7 2.8 3.4 35 2.2
11 110 314 25 50 1.3 2.3 2.2 41 1.3
12 80 456 34 40 1.9 4.6 1.2 3 1.1
13 107 264 7121 4 5 0.2 3.8 1.2 20 1.0
14 123 252 6000 20 40 3.3 8.6 1.9 15 1.6
15 110 557 35 60 4.6 7.7 1.7 20 1.3
16 116 305 6127 27 50 1.4 2.9 1.7 16 1.5
17 95 668 20 30 3.5 11.6 1.5 14 1.3
18 127 236 22 40 1.7 3.8 2.0 36 1.3
19 105 217 30 70 4.1 6.0 2.2 28 1.6
20 65 304 5847 45 50 2.3 4.2 1.2 - -
21 88 323 5097 29 80 2.6 3.3 2.6 34 1.7
22 110 332 7090 44 90 2.5 2.8 2.1 22 1.6
23 100 177 5500 18 30 0.6 2.2 1.5 15 1.3

Mean 346 26.5 51 2.6 5.1 1.9 25 1.4

Fig. 7 A 'League Table' derived from mastitis data analysis
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the whole herd -

% cows affected - this is the proportion of cows in the herd
affected in one or more quarters over a 12-month period.

cases per 100 cows - defining a 'case of mastitis' as one
quarter affected once, this figure is the total number

of cases which occurred, divided by the total number

of cows in the herd x 100

tube usage - intramammary antibiotic tube usage is
calculated from the client's sales invoices over
the same 12-month period. It does not rely on the
herdsman and is therefore an independent figure.
It does not include dry cow preparations.

mastitis cows -
i.e. data relating only to those cows which had mastitis over
the previous 12 months.

Average number of cases - if there is a herd problem of
down-calving mastitis in all four quarters or a high
incidence of repeat treatments, this figure will be high.

quarters per cow - this figure will be high in the down-
calving mastitis situation, but low if the problem is
one of continually recurring cases.

% which recurred - this expresses the number of cases
which required one or more repeat treatments during the
12-month period. However it does not give any information
on the total number of repeat treatments carried out.

This information is included in the figure of 'average
number of cases' above.

Fig.8 Elaboration of column headings from Fig.7

Despite this however, the intramammary antibiotic tube usage (2.67

tubes/cow/year) is similar to the national average (2.54 tubes/cow/year).

The
was

mean recurrence rate of treated quarters over a 12-month period (17.85%)
disappointingly high and possibly reflects the quite significant

incidence of chronic Staphylococcal and Streptococccal infections which still
exists within the herds.
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Cell Count (x 103) 314 + 123
Annual milk sales/cow (Lt) 5,913 + 705
% cows affected within a herd 26.98 + 10.34
Mastitis cases per 100 cows 52 + 28
in herd
Antibiotic tube usage -
- per cow in herd 2.67 + 1.75
- per clinical case 4,83 + 2.87

For clinically affected animals
- cases per cow affected 1.4 + 0.027
- % recurring within 12 months 17.85 + 8.89
- quarters per cow 1.41 + 0.25

Fig.9 The Mean +

1.0 SD for 114 herd recordings

Linear regression analyses have been carried out on the data and the
results are given in Fig.10. Increasing cell count was positively correlated
with an increased proportion of cows affected, again suggesting that a major
component of the mastitis in our herds was associated with Staphylococei and
Strep, agalactiae and Strep, dysgalactiae. This was further substantiated by
the fact that there was a positive correlation between recurrence rates and
cases per cow in the herd, indicating that the greter the incidence of
mastitis within a herd, the higher was the change of a 'chronic carrier!
developing. Routine bacteriology on all cases was not carried out however.
The negative correlation between recurrence rate and tube usage was also
interesting in this report, suggesting that if an infected quarter was not
adequately treated, then there was a much greater chance of recurrence.

114 Recordings 31 herds
Cell count v % cows affected R = 0.282522 R = 0.2073
Cell count v cases per cow in herd R= 0.056 R= 0.1144
% recurrence v cases per cow in herd R = 0.4622 R = 0.452
% recurrence v tubes used per case R = -0.07 R = -0.45222
% recurrence v cell count R = =0.1202 R = -0.18

a significant at 0.01 level
aa significant at 0.001 level

Fig.10 Regression analyses of data

It is worth recording that there was no correlation between decreasing
cell count and increased cases per cow and that the data does not therefore
support the view that by discontinuing dry cow therapy, cell count will rise
and act as a preventive measure against environmental mastitis.

We have found that a simple routine analysis of mastitis incidence such
as this has several uses. Firstly within a herd it gives some information on
the type of mastitis which is likely to be the most prevalent (i.e.
environmental or chronic staphylococcal/streptococcal infections) or whether
there are simple a few chronic cows present. It also provides a means of
monitoring the progress of any control programme and this is most important.
Secondly between herds it allows an objective assessment of where problems
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actually exist. One farmer's opinion of what is an acceptable mastitis
incidence will be very different from that of another and often the
practitioner needs numerical data to convince the herdsman that more effort
in control is needed. Finally the herdsman is made aware of mastitis. Many
take a personal pride in trying to improve performance and by providing them
with a six-monthly 'league table' their enthusiasm is continually stimulated.
In addition, it means that records of mastitis are being kept and chronic
carrier cows can be more readily identified and culled or treated
accordingly.

Discussion

There can be no doubt that objective monitoring will become a much more
important facet of disease control in the future. The farmer already
examines his margin over concentrates, financial achievements and compares
them with targets and it is logical that figures on disease incidence will be
reuired to know which conditions are at an above-average incidence on a
particular unit. Conversely one may wish to demonstrate that a herd problem
does not exist and that there are only a few isolated cows causing
difficulties. Equally, when a control programme is in operation, it is of
value to be able to monitor its progress. Fluctuations in performance will
occur with fertility, mastitis or any other disease. These may be due solely
to chance, but only with a system of monitoring incidence can we hope to
identify some of the causes. Disease recording has two separate objectives,
firstly for use on an individual farm and secondly on a national basis for
disease evaluation. For the latter I believe that a standardised form of
recording is essential, although we should at least initially restrict our
attention to phenomena which are relatively easy to record, e.g. mastitis,
lameness or displaced abomasum. Other diseases may often be only slight
variations from normality (e.g. calf pneumonia, scouring or digestive
disturbances) and recording of these becomes much more difficult.

Individual farm recording is somewhat different and requires a different
approach. The on-farm system should ideally record only data which can be
extracted and used for the benefit of the farm. The system in use should be
simple and easily understood by the farmer and his advisers. It should be
selective, in that the parameters of disease recording are figures which the
farmer becomes accustomed to using. It needs to be like a second language,
viz. used regularly and therefore easily understood. I feel that one of the
great problems of computerisation is that the machine is so efficient that in
some areas it has outpaced our knowledge of disease. For an on-farm system,
it is pointless receiving sophisticated analyses of fertility data if the
personnel associated with the farm was unable to handle its interpretation.

Our own manual mastitis monitoring scheme has been described and even in
its present form I feel that it offers an adequate routine service to the
farm. Computerisation would undoubtedly produce faster results, but I have
serious doubts over whether this would be cost-effective. On the fertility
side the situation is different however. It would be a great advantage to
both farmer and veterinarian to have the capability of carrying out routine
analyses of inter-ocestral intervals, heat detection rates and several other
criteria.

As dairy herds progressively increase in size, attention to individual
cows becomes more difficult. On the other hand, margins are being eroded and
with feed the largest single item in the costs of production, attention to
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the detail of feeding will be vital. Despite the installation costs,
computerised individual out-of-parlour feeding is becoming very popular and
this lends itself very readily to careful control over concentrate intakes,
e.g. using the Brinkmanship system. In the future I feel that there will be
a greater tendency to cull individual animals, rather than treat them,
especially as nursing facilities become less availble. The farmer will want
to know which, if any, of the disease conditions of his unit are at a level
where either control and/or treatment are cost-effective and he will be
acutely aware of the efficiency of utilisation of the feed. Both these areas
need sophisticated recording and analysis systems, but in addition an
'interpreter' will be required to select those items which particularly need
attention. The practising veterinarian is one obvious choice of person for
this post, but there are plenty of others who would readily fill the gap for
us.

I believe it is up to us to show the interest and competance in this
field and to maintain the momentum which is already gathering. If we prove
ourselves to be the source of the new ideas, then it is only natural that the
farmers will come to us for help and advice in the future.
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COSREEL - COMPUTER SYSTEM FOR RECORDING EVENTS
IN ECONOMICALLY-IMPORTANT LIVESTOCK

A.M. RUSSELL*

Much data about individual farm animals are potentially available, in
the sense that someone becomes aware of them. Some are lost because the
observer believes them to be unimportant and keeps no record. Other data
are kept, but in a way that makes them useable with difficulty and only by
the recorder. Yet most, and probably all, of the potentially available
data could be useful not only to the farmer and his veterinary surgeon,
who are the principal recorders of livestock data, but also to the whole
livestock industry as a basis for epidemiological research. A system is
needed to facilitate this collection and use of livestock records by
farmers and veterinary surgeons, which can also assemble a large databank
for research purposes.

COSREEL could form the basis of such a system. It has been developed
to run on a large computer, and to handle full lifetime data about cattle,
sheep and pigs. A wide range of types of data can be recorded; veterinary
events in particular can be recorded in considerable detail (Russell, 1980,
Russell and Rowlands, 1983). COSREEL has been used at this institute
since 1975, and for shorter periods in six commercial farms and veterinary
practices, to provide the usual listings for herd management (Rowlands,
Lucey and Russell, 1982). It is also being used to provide data for
research (Rowlands, 1982). The success of this project suggests that
COSREEL could be developed to provide a suitable information system for
wider use by the livestock industry.

Three questions need to be considered:

Coding: what data to record and how to code them?
Retrieval: how to process and present the data?
System organisation: where and how to collect, input, store
and retrieve the data?

CODING

Obviously, data must be entered into a computer in accordance with rules
which define the meaning of each item, i.e. they must be coded, and the
codes should be as short as possible to keep input time to a minimum.
Management events (Table la) can be input relatively easily using codes
which are both short and easy to remember, because the range of alternatives

*Veterinary Research Officer, Agricultural Research Council, Institute for
Research on Animal Diseases, Compton, Newbury, Berkshire.
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for each item is small, or because the data are numeric. For example, in
COSREEL, "123 O 120283" is sufficient to indicate that cow 123 was in
Oestrus on 12/3/83, and "234 W 130383 456" to record that cow 234 Weighed
456 Kg on 13/3/83.

Table 1. Events which may be recorded by COSREEL

a) Management events

Freeze-branding Weaning
Weighing Body-scores
Oestrus-not-served Drying-off
Service

Disposal

Start of period spent by female with male
End when service may have occurred

Movement between premises

Parturition (calving, lambing or farrowing)
Assignment to feed groups

Assignment to experiment
Return from

b) Veterinary events

Pregnancy diagnosis

Post-mortem examination

Tests on animals or samples from them

Veterinary attention - Routine or Prophylactic purposes
Infertility investigation
Therapy

Veterinary events (Table 1lb) are more difficult to describe because the
subject is inherently complex, and the coding arrangements need to cope with
this complexity inm as logical and straightforward a way as possible. For
example, an organ may need to be referred to in a diagnosis with an
indication of the abnormalities present, as the subject of a surgical
procedure, as the source of a sample for bacteriological tests, or as the
site of injection of a medicament. Similarly, a particular bacterial
species may need to be quoted in a diagnosis as the cause of an abnormality
in an organ, in the result of a test on an animal or sample from it, or in
vaccination or antiserum therapy. COSREEL veterinary codes use both letters
and numbers, the former as abbreviations or initial letters, and the latter
where the data have some numerical significance. These codes are linked
together using punctuation marks, which serve to separate groups of codes
from one another and to indicate their clinical relationship. In the
above example, the coding for an organ (or a bacterium) is the same however
it is used, but its position relative to other codes and symbols differs.

The various aspects of veterinary attention are listed in Table 2, and
any selection of these may be recorded on each occasion that a case is
examined. The strings of characters defining different aspects are
separated from each other by a space. The first character of each string



is a symbol (Table 2), and the codes which are allowed to follow it depend
upon the aspect being described.

Table 2. Aspects of veterinary attention, which may be recorded
by COSREEL, and the symbols leading strings of each type

Symbol Aspect
? Diagnosis
% Surgical
4 Medical treatment
" Vaccination
! Antiserum therapy
@ Local symotoms
$ General ymp
& Therapeutic management changes

Experimental medication
Case progress assessment

Diagnoses begin with a ? followed in curved brackets by 3 characters,
usually letters, to define the organ involved (Russell and Rowlands, 1983).
The first of these letters identifies the body system to which the organ
belongs, and the other two letters indicate the organ. Thus ? (RLU)
indicates a diagnosis involving the Respiratory system, specifically the
LUngs. These would be followed by pairs of letters separated by slashes
to indicate the abnormalities present. Thus ? (RLU)CG/IN indicates that
the lungs were congested (CG) and inflamed (IN). The veterinary surgeon
can record the diagnosis as simply as this, or may make it more detailed.
For example, the organ, or parts of it, may be defined more accurately by
location characters (e.g. L for left) placed after the organ letters, and
separated from them by a comma. The severity of an abnormality may
optionally be indicated by a number ranging from 5 (= normal) up to a
maximum of 9 (most severe) placed after the abnormality. A cause (e.g. P
for Parasites) may also be suggested using a single letter placed after
the abnormality (or after the severity). Thus ? (RLU,L)CS8/IN7P means
fairly severe consolidation (CS8) and moderately severe inflammation caused
by parasites (IN7P) of the left lung (RLU,L). Appropriate combinations
may be selected from codes for 140 organs, 25 locations on the animal, 75
abnormalities and 291 causes, comprising 23 of a general nature and 168
bacteria, viruses and parasites.

Diagnoses of systemic diseases are constructed similarly, except that
the 'system' letter is D. This is combined with 2 letters to indicate the
type of disease; DIN, DME, DDE, DPO and DNS respectively for INfectious,
MEtabolic, DEficiency, POisoning, and Non-Specific diseases. The 2 letters
for abnormality are replaced by codes for the specific disease. Thus
? (DIN)SA means the infectious disease SAlmonellosis. Combinations of
systemic and systematic diseases are allowed, for example ?(DME)HC(GPL)RE

means a diagnosis of the metabolic disease (DME) hypocalcaemia (HC) and
retention (RE) of the placenta (G=genital system, PL= placenta). Seventy-
eight systemic diseases affecting cattle, sheep and pigs may be described,
and also 14 types of dystocia.
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Strings of characters describing the other aspects of veterinary
attention listed in Table 2 may be assembled in a similar way.

This coding system enables simple conditions to be described briefly,
whilst permitting greater detail to be recorded when required.

RETRIEVAL
Analyses may be considered at three levels:
1) Routine

Managers of dairy herds and their veterinary surgeons need regular
guidance in two main areas; the maintenance of fertility and monitoring of

lactation performance. COSREEL can provide weekly information for the
veterinary surgeon about the cows now ready for pregnancy diagnosis, and
those which need infertility investigation. All veterinary events and

management events relevant to fertility which have occurred since the last
calving are itemised, so that the most appropriate treatment can be
selected. Two weekly lists are available to the farmer; one shows the
lactation performance and fertility state of each lactating cow, and the
expected calving date of each cow in calf. The information is arranged

so as to highlight problem animals which do not conform to the normal

herd pattern. The observation of oestrus is especially important in
successfully maintaining dairy herd fertility, and another list shows those
cows which are likely to be in oestrus on each day of the coming week.
Graphical representation of milk yield, both actual and expected, for the
whole herd, and also for subdivisions by lactation number and calving month,
is also available to the farmer. This presents data for the past year in
a form which can be understood easily, and it enables periods of good or
poor performance to be related to management factors such as diet.

2) Occasional

Other analyses of a herd's performance are required less frequently,
and COSREEL provides a variety of such facilities. For example, fertility
analyses are available which show calving to first service and calving to
conception periods as histograms, and mean conception rates to different
service numbers and bulls can help in understanding fertility problems.
Graphical representation of conception using cumulative summation (Q-sum)
charts may also show how periods of good or poor fertility are related to
management factors. Programs are available to list calves for vaccination,
castration and dehorning, cows for Brucella testing, and for classifying
mastitis and other diagnoses during any recorded period. Analyses of this
type contribute to decisions about herd management policy, and may also be
valuable in understanding disease problems when these appear.

3) Research

The database, produced by the farmer and veterinary surgeon during
their normal operation, provides opportunities for epidemiological research,
which have not been available hitherto. Two examples of such a use are
given below.
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Heritability of longevity: Few cows in dairy herds die of old age; most are
culled when their usefulness falls below a critical level. The farmer
considers the fertility, disease history, lactation performance and other
factors in making this decision. Retrievals were made of the lactation
performance, length of life and sire of all cows which had produced at least
one calf at the institute since 1975. Figure 1 shows the average values for
each bull with at least 10 daughters. Three bulls had daughters which
yielded poorly and did not live long. Apart from these, there is little
variation in lactation performance among the daughters of the remaining bulls,
and little relationship between milk yield and longevity. The productive
life of a cow does not start until about 3 years of age, and the mean
productive life of the daughters of different bulls varied by a factor of
about 3. Much of this variation is likely to have been due to differences
in fertility and disease susceptibility. It seems probable that bulls

could be selected by this means whose daughters would continue to satisfy

the farmer's requirements during a long life, and not at the expense of
yield performance.
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Fig. 1 The relationship between longevity and milk yield of
the daughters of different bulls

Coincidence of disease: The diagnoses of 6 important diseases of adult cows
(Table 3) were retrieved. For each pair of diseases, cows which had been
affected by the first were identified, and further classified according to
whether or not they had also suffered from the second. Proportions,
averaged over all age groups were then calculated for each of these pairs
to show the relative incidence of each second disease in cows which
respectively had and had not suffered from a first disease. Table 3 shows,
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for example, that mastitis was 6.1 times as likely to have occurred in cows
which have also had ketosis than in those which have not. The link between
retained placenta and uterine disorders is easily explained. The strong
association of ketosis with retained placenta, mastitis and solar ulcer
implies that these conditions are linked metabolically, as does the negative
relationship between hypocalcaemia and solar ulcer. Observations such as
these can be a starting point for more specific experimental work to
investigate the underlying mechanisms.

Table 3. The occurrence of different pairs of diseases in the lives
of dairy cows

No of Retained X Solar Milk . Uterine
Mastitis Ketosis .

cases placenta ulcer fever disorders
Retained
placenta 41 - 1.7 2.9 2.4 5.3 9.7
Mastitis 200 2.5 - 4.6 1.1 6.1 1.8
Solar
ulcer 45 2.9 2.2 - o 5.8 2.6
Milk
fever 24 2.5 1.0 o - 1.5 1.0
Ketosis 32 4.2 1.8 5.1 1.5 - 1.7
Uterine
disorders 66 16.6 1.4 2.7 1.0 1.9 -

a No cow had both milk fever and solar ulcer

Cows which have had a disease listed on the left are more likely by the
factor shown to have a disease listed across the top than cows which have
not had the first disease. These diseases can occur at any time in the
animal's life, and no temporal relationship is implied.

SYSTEM ORGANISATION

COSREEL runs at present on the ARC ICL System 4 computer at the ARC
Computing Centre. A postal service is provided to 4 farmer/veterinary
surgeon pairs, and two other pairs have their own. terminals on the farm and
in the practice to allow direct input of data and retrieval of analyses.
Direct links enable these users to enter data and retrieve up-to-date output
more rapidly, and users like the closer involvement with their data. The
main disadvantages are the telephone costs and the procedure for data input,
both of which can be much improved by the use of a small computer in the
practice, and perhaps on the farm as well.
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One way of handling livestock data has been the installation of small
computers on farms so that data collected there can be stored and accessed
easily. However, this offers extremely limited facilities for storing
veterinary data, and means that the veterinary surgeon cannot be involved in
herd analysis. This approach also makes the comparison of results from
different herds almost impossible, particularly if they use different
recording systems.

An alternative arrangement is to process and store all data, veterinary
and management, on a larger computer in the veterinary practice. Whilst
easing the problems of compiling full life histories for each animal, and
possibly making comparisons between herds, some problems remain. The
separation of farmers from their records is undesirable, and requires the
reqular transfer of records to the practice for entry, and of listings for
management in the reverse direction. There is a trend towards the automatic
collection of numerical data about milk yields, feed intake and body weight.
This requires some computing capacity on the farm for logging and processing
the accumulated data before transfer to the practice computer. An
improvement would be to make all of these transfers between farm and practice
computer by electronic means.

The next logical step, exactly analagous to the centralisation of farm
records in the veterinary practice, is to keep both farm and veterinary
records on a larger regional computer, to which practices and farms would
"have free access. This would allow comparisons between practices of
disease and fertility rates, for example, and would release practices from
the responsibilities of maintaining their farmers' data, without interfering
with its use. At this level of centralisation, reliability and security of
the records would be much easier to ensure. Analyses for local use and for
research would become easier, more valuable because of their greater
coverage, and would cause no inconvenience to other users of the system.
This is the arrangement which COSREEL currently resembles most closely.

CONCLUSIONS

A widespread system for recording all types of livestock data in a
common database could simplify the recording process for farmers and
veterinary surgeons, and also provide them with valuable assistance in herd
management. The database, containing full data from many herds and
veterinary practices, could provide data for epidemiological research
relating performance with disease.
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DAISY - HEALTH AND FERTILITY MONITORING FOR DAIRY HERDS

H.J. PHARO*

DAISY, the Dairy information system, is a suite of computer programs that
have been developed to satisfy the need for better monitoring of dairy herd
performance in order to cut costs by improving herd management and health, i.e.
by shortening calving intervals, improving calving patterns, reducing culling
rates and improving margins (Brooke, 1980; Stephens et al 1981).

The forerunner of the DAISY system was MELBREAD, which ran on the
University of Reading mainframe computer (Eddy and Esslemont, 1973; Esslemont
and Ellis, 1975). The limitations of the mainframe system (batch processing,
slow turnaround) were particularly apparent when it was expanded to an
integrated Dairy information system, DANDAIR (Stephens et al, 1981).

This led to the development of DAISY 1 in 1978, initially as an
experimental "interactive display" system, written in Fortran, for operation on
a Computer Automation (C.A.) minicomputer (VEERU, 1980). DAISY 1 was designed
from the outset as a stand alone, single user system, with data and programs
held on diskettes, to be situated on or near the farm.

The success of the new system resulted in the abandonment of the mainframe
computer in favour of the new, relatively low cost, minicomputer concept
(Stephens et al, 1981). Nevertheless, initial cost considerations meant that
the DAISY 1 system would only be cost-effective on the largest of dairy farms,
but the shared use of a machine proved successful, based around a machine in
the veterinarian's practice office. DAISY 1 has been in regular commercial use
in the UK since 1979, and now runs on 5 identical minicomputers at 4 sites in
the South of England, handling data from 250 UK herds (30,000 cows), and
40 French herds (1500 cows). DAISY 1 is continuing to provide a valuable
service to its users (Collick, 1982; Eddy 1982). The programs are continually
being upgraded to cope with the changing needs of farmers - this continuing
development of DAISY 1 (and the development of DAISY 2) is now self-financing
at Reading.

However, DAISY 1 can only run on the C.A. minicomputer for which it was
initially written, and it would have required considerable programming time to
adapt the Fortran programs to run on another machine. It was felt that DAISY
should run on as many machines as possible, and the rapid development of
microcomputers since 1980 meant that microcomputers now had the capability to
run programs of DAISY's complexity. In addition, it became obvious that
microcomputers would continue to become better and cheaper, and that hardware
price was a very important factor in rate of adoption of agricultural software
(Stephens et al, 1981). The decision was therefore made to rewrite the DAISY
programs for microcomputer usage in a transportable language that would make it
machine independent and therefore portable. The language chosen was the
MicroCobol system operating under BOS, the Business Operating System, which is
supported by a large software house in the UK and Europe and also in North
America (Esslemont et al, 1981).

*Research Fellow, VEERU, Department of Agriculture and Horticulture,
Reading University, Earley Gate, Reading RG6 2AT
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BOS would run on about 25 microcomputers in 1981, and it will now run on
more than 50. This, and the continuing development of microcomputers (the
advent of the 16 bit chip and the hard disc) has vindicated the original
decision to aim DAISY 2 at microcomputers and to write it under BOS.

In DAISY 1, and MELBREAD, health and fertility records were collected
using a two-digit code based on the early Melbourne model. The code
incorporated three levels, i.e. Reason put forward, Finding, and Treatment,
e.g. Code 42 is for a cow that is presented for oestrus not observed, where a
corpus luteum is found and the treatment is prostaglandin.

This coding system allowed quick data entry which could be easily
validated, and the simple two-digit codes were found to be easy to remember.
But the system was difficult to adapt as more treatments became available as
99 codes was the limit. Therefore, the chance was taken in designing DAISY 2
to create a new health and fertility coding system (Esslemont et al, 1982).

DAISY 2 FEATURES

DAISY 2 was developed in 1981/82 and was released in late 1982 (VEERU
1982) . There are now five DAISY 2 systems installed on micros in the UK,
handling data of 30 herds (6000 cows) on a commercial basis.

Portability

DAISY 2 is a suite of nearly 300 programs, written in MicroCobol under
BOS. It can operate on more than 50 different micros at present, and this
number is growing all the time. It has been designed for flexibility and ease
of operation.

Operation

The DAISY 2 system is controlled by the operator from a series of on-
screen menus. The operator is taken from one menu to the next by answering
questions put on the screen by DAISY.

Detailed individual cow records are maintained, and herd size is limited
only by the capacity of the microcomputer's attached storage deviges.

DAISY 2 also keeps a continuously updated summary of each cow's status,
health and fertility and production history for the current lactation, which

can be viewed on the screen or printed during data entry and amendment.

Animal identification

Cow identification is by an alphanumeric ''cow name" of up to 5 characters
which are set for each herd in one of five standard formats:

1. 99999 e.g. 256

2. X9999 e.g. A256 where A is code for year of birth
3. 9999X e.g. 256A ————— ditto --=—=--

4., XXXXX e.g. Daisy

Bull identification is both by a unique short alphanumeric code of up to
7 characters and by a long name of up to 19 characters. A cow can be labelled
with a certain bull code if that cow is not to be served by any other bull.
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DAISY 2 copes with calf identification by a 10-character alphanumeric
code, but does not presently integrate heifer data.

Lactation-oriented records

All data stored on DAISY 2 is lactation-record oriented, i.e. associated
with a particular lactation of a cow. The calving of a cow "seals 'up" the
previous lactation, so that any new data entered will go onto the latest
lactation record.

DAISY 2 DATA ENTRY

Data entry is not restricted to any particular frequency with DAISY 2,
but may be done as often as the operator wishes. All data entry is performed
easily using formatted screens by means of simple responses to questions and
prompts.

During data entry the printer keeps track of what data has been entered
or amended by means of a ""data log', which serves as a check against original
data sheets at the end of the job.

DAISY has many complex checks built into the programs to ensure that only
reasonable data is accepted. If an unexpected value or event is entered,
DAISY will display a "comment" or an "error'" message, depending on the type of
data, and the type of irregularity detected. All data is kept in detail on a
cow's record, until past lactations are voluntarily archived by the operator
in order to leave more room on the microcomputer's storage devices for the
addition of more current lactations.

Production Data Entry

Production data can be entered onto DAISY in various ways, depending on
how it has been collected.

Milk yield: Milk yield can be entered easily for one, two, or three milk
recordings per cow to cater for different on-farm practices. Recordings
entered for the same cow on the same day will be added together, and the
facility exists to enter a two character code against any data as a C.A.R.
(condition affecting record). The C.A.R. will be permanently associated with
that milk record. DAISY will accept an unlimited number of milk recordings
for a single cow lactation. Data is checked as it is entered, and any up or
down variation compared with previous records over an operator-defined level
is "flagged" by DAISY, resulting in a warning message being shown on the
screen and on the printer's data log.

Milk quality: Fat, protein and lactose can be entered for dates on which a
milk yield has already been entered for a particular cow.

Weight and score: Weight and score can be entered separately or at the same
time through a common screen. Variation is '"flagged" in the same way as
described for milk production. Weight and score can alternatively be entered.
in association with a health and fertility event (e.g. service) by being
entered through the appropriate health and fertility data entry screen.
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Group: Groups are identified by an alphanumeric code of up to 4 characters
which is associated with a group long name of up to 20 characters, e.g. the
code HY3X might be the high yielding, three times daily milking group. Groups
can be defined and added by the operator. DAISY keeps a continuous history of
a cow's movements between groups which can be viewed during data entry or
amendment, as described.

Health and Fertility Data Entry

The basis of the DAISY health and fertility coding system is that a cow
is presented for examination or action for a particular "Reason", e.g.
calving, milk fever, oestrus not observed, heat, service, etc. When put
forward, certain important features about the case are noticed ("Findings"), a
"Diagnosis" may be made, which may or may not be related to the original

reason for the examination, and certain "Treatments'" or "Actions" are
performed.

For each "Reason'", there is a separate list of "Findings", "Diagnoses"
and "Treatments" that are applicable; this list is stored in the DAISY Table
File. The list is readily accessible to the user, so that additional codes
may be added, or existing codes may be amended. Identification of Reasons,
Findings, Diagnoses and Treatments is in a common format: a 4 character alpha-
numeric code which is attached to a 20 character alphanumeric long name. To
enter any one of these onto a cow's record, the code is entered by the
operator, and the long name is retrieved from the Table File and displayed on
the screen. Both the code and the long name are shown on DAISY printouts.

Health and fertility Reasons currently fall into two categories. The
"system-defined Reasons' are an integral part of the DAISY programs, and the
"non-system-defined Reasons" can be determined by the operator. The system-
defined Reasons currently include such events as calving, abortion, heat,
service, pregnancy diagnosis etc. The non-system defined Reasons may include
any events that the operator wishes to record, e.g. mastitis, lameness, milk
fever etc. There is a specific list of Findings, Diagnoses and Treatments
associated with each Reason.

The coding system of DAISY 2 is therefore more flexible than that of
DAISY 1. 1In fact, there is theoretically no limit to the number of "Reasons"
on file, or the number of Findings, Diagnoses, and Treatments for each
Reason. Practical limitations will apply in terms of capacity of storage
devices and speed of operation of the programs. The DAISY 2 systems so far

installed have been supplied with a pre-defined Code Table File, modified to
individual needs.

The DAISY 2 revisit system is a particularly powerful tool for better
herd's health management. If a cow requires a revisit for any reason, the
DAISY operator can set up a revisit "flag" at the time of entry of the
original event. The revisit can be set up days, weeks, or months ahead.
Several outstanding revisits can be held on an individual cow's record. Cows
with revisit "flags" outstanding will be picked up by DAISY when generating
certain reports (e.g. the Vet's Action List, A7). When the revisit data is
entered onto DAISY, the revisit "flag" is unset so that the cow will not be

included on A7 reports, but the fact that the revisit was made is retained on
the cow's record.



41

Identity and History Data Entry

Summaries of past lactations and pedigree information can be entered onto
the cow's record in this program.

Data amendment

Amendment of previously entered data that is in error is easily done by
calling the appropriate record onto the screen, making the change and then
accepting it. The amendment is checked against the rest of the record, and
the updated record is redisplayed on the screen. Error and comment messages
are again displayed and printed on the data log.

DAISY 2 REPORTS

There are three types of reports that can be generated once sufficient
data has been entered onto DAISY 2 :

1. Action Lists

2, Herd Data Review

3. Brinkmanship Reports

Action Lists

Action lists are produced in several different formats:
a) Pocket size summary for the herdsman, 5 inches wide;
b) Farmer's copy, containing more information on each cow, 13 inches wide;
c) Full width report, usually for the vet or the farm office, containing
full details of every cow selected.

Each list can be sorted by various criteria, which the operator can
choose, e.g. cow name, calving date, expected next calving date, drying off
date, lactation number, group, etc.

Cows to be dried off: The operator specifies the start date for the report,
the period in days the report is to cover, and the length of the dry period.
A special feature of this report is the mastitis history; the number of cases
recorded in the current lactation is shown (only up to six cases) together
with the number of days into lactation that each case occurred, therefore
showing whether the cows suffered chronic repetitive attacks, or a series of
apparently unrelated attacks of mastitis. Cows that are overdue for drying
off are "flagged" with an asterisk next to the cow name.

Cows due to calve: The operator must specify the start date and the end date
for the report. The output options for this action list include a month-by-
month calving pattern for all pregnant cows in the herd. Cows that were
assisted at their last calving are flagged, and any problems that occurred
within 30 days of the last calving are also listed, e.g. milk fever, retained
placenta, mastitis, vulval discharge. Thus likely problem cows can be
identified and given special attention.

Cows not yet served: This lists the cows that have not been served since
calving, together with information for each cow on production level, days
since calving, number of heats since calving, date of the days since last
heat, etc. High yielding cows are flagged. This is the first of three
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reports which cover all cows not yet confirmed pregnant. These three reports

allow the farmer to:

a) spot cows requiring special post-calving examinations as the result of
calving problems;

b) identify cows not yet seen in heat after calving which should be examined;

c) identify cows with unusual reproductive cycles; and

d) maintain a check on heat detection.

Cows PD negative, serve again: This lists all cows that have been served and
have subsequently been found to be empty by pregnancy diagnosis. These cows
must be carefully observed for heat if they are not to have long calving
intervals.

Cows for pregnancy diagnosis: This list includes all cows that have been
served but have not yet been tested for pregnancy.

Cows pregnant then odd event: If a cow aborts, is served, or is recorded as
on heat after having been diagnosed pregnant, she will be included on this
list.

Cows for the Vet to see: The date of the last Vet visit and the date of the
next Vet visit are entered by the operator, and then the following inter-
vention targets are entered for the herd:
a) the days after calving that a cow should be seen in heat; and
b) the number of days after calving by which time cows should have been
served.
The operator then specifies the PD policy for the herd (i.e. whether cows are
milk PD'd only, Vet PD'd only, or whether both are used). The cows for the
Vet to see are then chosen, based on criteria selected by the operator from a
list of 19 possible criteria. The Vet's copy of this report is a full health
and fertility and productivity history of every cow that is to be seen,
together with the reason(s) each cow is to be seen. The Vet list can be run
on the morning of the Vet's routine visit if there is a computer on the farm,
so that the list is completely up to date.

Cows with status NS or CU: This list is effectively a culling list, showing
all cows that are labelled NS (not to be served again) or CU (to be culled).

Herd Date Review

The Data Review reports allow the whole herd or chosen cows to be listed
for comparison with one another or with targets. The reports can also be
used to check entered data against the original recording forms.

Health and fertility datalist: Full or summary reports on the health and
fertility history of a selected group of cows in past or current lactations
can be produced by use of this option.

Herd production reports: These are full or summary reports of the milk yield,
score, weight etc of chosen cows.

Feeding group report: This report allows the analysis of cows productivity
by feeding groups.

Herd reproductive performance analysis: This report is a comprehensive
analysis of the month-by-month reproductive performance of the whole herd
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over a selected 12 month period. The herd is divided into monthly calving
groups, and for each group the number served since calving, submission rates,
conception rates, average dry period etc., is calculated.

Individual cow lactation summaries: Thése are two page reports tor each cow,
suitable for filing after each complete lactation. The report includes a
summary of production and health and fertility data for the completed
lactation, and a plot of milk yield over time.

Brinkmanship Reports

The Brinkmanship reports are a linked set of 3 programs (Bl to B3)
designed to cope with the tedious arithmetic involved in using the Brinkman-
ship system of dairy herd management. The use of these programs depends on
weekly milk recording, the plotting of milk yield graphs for each month of
calving group, and skilled assessment of the nutritional value of the forage
available. It can cope with in-parlour and out-of-parlour feeders, either of
which can have the variable component of the feed allocated to it.

Bl - Herd milk production summary: In this report, the following information
is shown for each month of calving group:
number of cows in the group, and average age at calving in months
average peak yield and average yield so far
average expected milking rate
average yields for the last 3 milk recordings
weekly change of average yields over the last two dates

B2 - Weekly management report: The Weekly Management Report is produced after
forage values and concentrate feeding levels for each group are entered by the
operator. For each cow in the herd, the following information is listed:

lactation number, status and calving date

days open, number of serves, date of last serve, and sire number

number of cases of mastitis so far

days in milk, peak yield so far, total yield so far

last 3 milk recordings, C.A.R. (if any) for the last milking

percent weekly change between last 2 recordings

expected 305 day milk rate

daily concentrates required for the last 2 recording dates

Feedlist: The feedlist lists the concentrate requirements for each cow in
parlour, in an out of parlour group ration, and in an out of parlour feeder
(if the farm has one). The Feedlist comprises 4 parts:

a) Managers report b) Parlour feed list
c) Group totals d) individual cow margins and group margins
DISCUSSION

The DAISY 2 programs are one of the most comprehensive and flexible
computerised management aids available to dairy farmers and their veterin-
arians today. The use of DAISY reports in conjunction with regular
veterinary visits can lead to a reduction of calving to conception periods
by improving heat detection and improving conception rates. Lower culling
rates and higher margins over concentrates enable more efficient milk
production and therefore greater farm profits.
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A DAIRY COW HERD AND PRODUCTIVITY PROJECT

IN THE WEST OF SCOTLAND

E.D. SARGENT#¥, D.D. MAINLAND*¥* and M.A. GREEN¥¥¥

THE DEVELOPMENT OF THE PROJECT

In the autumn of 1976 Mr Brian Martin a private veterinary practioner
from the practice of McKenzie, Bryson and Marshall of Kilmarnock,
Ayrshire, approached the West of Scotland Agricultural College with a
proposal for the establishment of a research and development project
to investigate the feasability of developing a comprehensive programme
of preventative medicine, disease and fertility control; intensive
technical, husbandry and management advice which might ultimately be
offered to commercial dairy farmers as a 'package deal’'.

Brian Martin had long been an advocate of the need for much greater
involvement by practitioners in prevention and control rather than in
merely curative medicine. He also had a keen appreciation of the need
to demonstrate to farmers that the financial benefits from prevention
and control would outweigh the costs incurred.

The College welcomed his proposal and an inter-disciplinary project
team was set up. This consisted of, on the veterinary side, Brian
Martin plus the Head of the College's Veterinary Medicine Division
(who is also the Regional VIO) and the VIO at Auchincruive; others
were the Director of the College's Advisory and Development Service,
representatives of the local Area Advisory Office and College special-
ists in animal husbandry, agricultural chemistry and agricultural
economics.

The objective was "To assess, in terms of improved productivity and
profitability, the effects of a planned programme of veterinary,
husbandry and management advice on certain dairy herd”.

%¥ Head of Farm Planning Unit, Advisory and Development Service;
%% Senior Agricultural Economist, Agricultural Economics Division;
%¥%*¥ Project Officer/Adviser, Advisory and Development Service;

The West of Scotland Agricultural College, Auchincruive, Ayr.
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Initially, six pilot dairy herds with a total of 652 cows were used to
develop the programme and additional herds have since been included.
In 1981/82, fifteen herds with a total of 1455 cows were involved in
the project.

The study is limited to adult dairy cows and includes calving heifers
whose first lactation performance may be adversely affected by disease
in the pre-calving period. Young stock are excluded because of
difficulty in evaluating the cost of disease in non-productive cattle.

ESTABLISHING BASELINE DATA

In order to measure the costs and benefits of a programme of fertility
control, preventative medicine and intensive advice it was first
necessary to establish the base line levels of herd health, fertility,
management procedures, productivity and profitability on participating
farms. This was done as follows:

Health Records: calvings, disease incidents, culling and death were
recorded for each individual cow.

Fertility Records: every calving, non-service oestrus, service and
drying—off date were recorded. Farmers were not told that this data
would be used, retrospectively, to assess the fertility management
status of the herd in order that baseline management performance would
not be influenced.

Management Procedures, Productivity and Profitability: these were
established from data obtained by advisers and through cooperators
being included in the Milk Production Systems Investigation (MPSI).
MPSI has been operated by the College since 1972 and this scheme's
data on herd numbers, milking and dry cows, calvings, disposals,
transfers, milk production and feed use are recorded monthly. Each
cooperating farmer receives a monthly 'feedback' of data showing
average milk production per cow in herd per day and per month,
concentrate use per cow and per litre, the contribution of forage to
production and monthly margins over concentrates in total, per cow and
per litre. After a year in the scheme a monthly comparison 1is also
given of "this year"” with "last year"” plus a twelve month rolling
average of milk production, concentrate fed and margin over
concentrates. Farmers record other variable costs of milk production
so that, at the end of each year, financial results can be presented
to the gross margin stage (per cow and per hectare) and physical
performance expressed in terms of averages per cow and per litre.

Other Records: included the veterinary costs incurred by cooperators
plus the nature and extent of any existing disease control measures.



A fundamental feature of base-line establishment was that no
veterinary, technical or management advice was offered to farmers,
unless specifically requested, so that base-line performance was not
influenced by action taken as a result of such advice. Inevitably,
the very act of keeping records stimulated some thinking and
farmer—action but only to a minor extent.

BEYOND THE BASE-LINE

Following completion of the base-line year, recording has continued -
but in greater depth.

Health records are kept as before but mastitis and lameness are
recorded in greater detail. In cases of mastitis a milk sample is
taken, the causative organism identified and this and the affected
quarter recorded. In the case of lameness, the affected foot and the
nature of the lameness are recorded.

For health problems, curative measures and preventive advice are given
where necessary. Investigation into the possible causes and nature of
some disease incidents has been a countinuing activity.

Originally fertility records were kept on sheets which set target
dates for first oestrus, service and conception but this has been
superceded by computerized methods. A fertility control programme
designed to reduce calving to conception interval to no more than 85
days has been implemented through a monthly veterinary visit.

Recording through MPSI has continued. Results are discussed at group
meetings of cooperating farmers and management advice given. Targets
for the herds' physical and financial performance for twelve months
ahead are established using the College's Dairy Herd Long Term
Forecast computer program which produces both tabulated print out and
a production graph which enables actual performance to be logged
against predicted performance.

Forage and other feeds are analysed and winter rations are calculated
using the College's COWRAT computer program. A representative number
of cows are blood sampled some 3 or 4 weeks after housing and also
after the start of summer grazing. The biochemical affray of
appropriate metabolic parameters 1is used to check the nutritional
status of the herd.

Monthly bulk milk samples are collected for analysis of compositional
quality, cell count and bacterial count as measures of herd nutri-
tional status, sub—clinical mastitis and 'cleanliness of milk'.

47



48

The cost of veterinary, laboratory and advisory inputs are recorded so
that the cost of the programme can be calculated.

Currently the project counsists of the continuation of wmonitoring,
recording and advisory programmes together with the production of
action lists for farmers in fertility control.

With a number of specialists being involved, there were pressures for
the recording of a large amount of data. Some has been found to be of
limited value and abandoned eg daily milk yields, measurements of
parasitic burdens, and analysis of herbage for grazing and
conservation. It was necessary to 1investigate these aspects to
determine that they were, in fact, superfluous.

Conversely, some items have been added to the programme. Because
Leatherjackets (Tipula spp) are a problem in the area, count-sampling
is undertaken in January-February and any necessary action
recommended. Advisory letters are sent to cooperators at appropriate
times giving advice on silage making, feeding cows at grass, control
of mastitis, inspection of milking plant, prevention of milk fever,
hypomagnesaemia and summer mastitis. Cooperating farmers meet twice
yearly to discuss the physical and financial performance of their
herds and any other matters of importance. ATB courses on foot care
and oestrus detection have been organised.

COMPUTER]I ZATION

During the development of the project it became evident that the
volume of data could not be handled and analysed manually. The need
to provide action lists for farmers to follow in the fertility control
programme, together with the recording of data on each individual cow,
including breeding, exacerbated the problem.

Various methods of data recording and processing were examined and it
was decided that a computer-based system was necessary. The ARC's
COSREEL program and Reading University's DAISY system were
investigated and assessed. Despite their merits, neither of these
programs was entirely suitable to meet the needs of the project and
the amount of analysis which would be required. 1In the circumstances
it was decided that the College should write its own "tailor made”
program and a start was made in 1980. The program - known as VIRUS
(Veterinary Investigation Recording User System) - has been written
and developed by the two co—authors of this paper.



VIRUS Details of the program were published in 1982*%, VIRUS is
mounted on a microcomputer, however various options with regard to
large scale analysis of the aggregate data from all farms, which would
be outwith the ability of a microcomputer to handle, are possible via
communication links to a mainframe computer. Currently the program is
run on a Northstar Horizon microcomputer with printout on a Tandy LP3
printer., The program is written in MBASIC and will run on any micro-
computer using a CP/M operating system.

To obtain the recording flexibility needed for a development project,
a database type of structure has been adopted. This enables any
number of recordings to be made for each cow and allows for the
program to be easily amended to record additional items of infor-
mation. The present amount of recording permits the lifetime history
of over 400 cows to be stored on one floppy disk.

The main features of the program are curreantly:

a) storage of individual cow records

b) production of fertility control action lists for farmers

c) production of a monthly and annual monitor of herd fertility
d) fertility analysis for each herd

e) conception analysis for each herd

f) monthly and annual health monitor for each herd

a) Storage of individual cow records

These contain a full lifetime history of each cow including breeding
information, health and disease events, calving and calf data, milk
yields, all fertility events and culling/death data.

b) Fertility control action lists

These are produce under the following headings:

Cows due to be dried off in the next 30 days

Cows due to calve in the next 30 days

Cows not observed in oestrus by day 42 after calving
Cows 1in target service period

Cows due for pregnancy examination

cows served twice or more and not pregnant

cows confirmed pregnant

* Martin, B, Mainland, DD and Green, MA "VIRUS: A computer program
for herd health and productivity” Veterinary Record (1982) 110,
446-448
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Under each heading, comprehensive data 1is provided for each animal
giving, for example, identity; lactation number; previous (or
predicted) calving date; previous history (eg dystocia or milk fever
events at previous calving - providing an 'early warning' system),
etc. A full 1isting of entries under each heading 1is given in
previous publications (Martin, Mainland and Green - op cit).

An action 1list is printed and sent to farmers before the
practitioner's regular visit which is carried out on a fixed day of
each month for each farm. The practitioner nominates the minimum
number of days from last service at which he wishes to carry out
examinations for pregnancy. The findings are coded (eg PR = pregnant;
NP = non-pregnant; CL = Corpus Luteum) on to the action 1list which is
then returned to the computer operator for entry into the program and
updating of the following month's action list.

c) Fertility Monitor

The fertility performance of herds 1s monitored monthly and
cumulatively and is compared with performance in the previous year.

The following information is presented:

Number of cows calved

Number of cows seen in oestrus

Mean days calving to first oestrus
Number of cows served

Mean days calving to first service
Number of cows which have conceived
Mean days calving to conception
Potential number of oesturs observations
Actual number of oestrus observations
Mean days between oestrus observations
Oestrus detection rate (%)

d) Fertility analysis

For each herd, performance is summarised under the following headings:

i) Days from calving to first oestrus
i1) Days from calving to first service

iii) Days from calving to conception



e) Conception analysis
Performance is summarised under the following headings:

Conception to first service
Conception rate for the herd
Conception rate of cows to different bulls

For both d) and e) above, comprehensive information is given as
described in Martin, Mainland and Green (1982 - op cit).

f) Health monitor

Disease events are recorded and analysed monthly, cumulatively and
with comparative figures for the previous year. Disease incidents can
be expressed as percentages of cows in milk (eg mastitis) or as
percentages of cows calved (eg milk fever). All results are
periodically scrutinized by members of the project team to identify
needs for advice or for further investigation.

Codes

All items entered as data are coded, mostly as two or four letter
abbreviations. The farmer records some data on simple farm recording
sheets requiring 'tick' entries.

For certain other events, a simple coding list is provided. All data
are entered into the program in coded form to simplify and speed up
operation. However, all visual displays, action lists and other
printouts are translated by the program into full text - essential for
clarity, interpretation and farmer acceptance.

FURTHER USES OF THE VIRUS PROGRAM

The program 1is being developed towards analysis of data for the
presentation of Research and Development reports. ULong term, use of
the program would make 1t possible to search for genetic differences
in sire progeny groups and cow families in their susceptibility to
infertility and diseases such as mastitis and lameness.. Provision
will also be made to search data for other relationships.
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The existence of the VIRUS program has attracted interest from a wide
range of sources. In October 1981 two veterinary practices, one in
Gloucestershire, one in South Wales, representing a practioners'
computer user group, studied the program and then purchased it from
the College to be operated 1in seven veterinary practices in England
and Wales. The University of Edinburgh has also expressed a wish to
use the program on one herd for teaching purposes. ARC Compton have
studied the program and enquiries to purchase the software have also
been received from Canada and South Africa.

RESULTS FROM THE PROJECT

The project will continue to 30 April 1984 when an assessment of the
results will be made and a report issued.
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POPULATION BIOLOGY AND CONTROL OF OSTERTAGIASIS

IN FIRST YEAR GRAZING CALVES

B. T. GRENFELI* and G. SMITH*

We present a mathematical model of the epidemiology and population dynamics
of Ostertagia ostertagi and parasite control by anthelmintic treatment. We use
the model to assess the relative impact of various anthelmintic control
strategies, focusing on the effects of continuous intraruminal release of the
drug via a sustained release device (Jones, 198l1). Model predictions are com-
pared with observed patterns in field trials.

MATHEMATICAL MODEL

The model comprises nine coupled first order differential equations which
describe the rate at which parasites enter and leave various stages in the
life cycle (Fig. 1). The rate of change in the abundance of individuals in
each stage with respect to time is determined by:

(1) stage development time

(2) Stage mortality

(3) "Emigration/immigration" processes (translocation, infection)
(4) Fecundity of the reproductive stages

arrested mature
deaths  EL4 worms deaths
d I /
eveloping
deaths LL4 CALF
L3 eggs deaths
dewihs < herbage faeces >
3 |
L3 L1+L2 [death
deaths < faeces — faeces ’ aths

Fig.l Life cycle of O.ostertagi

* Department of Pure and Applied Biology, Imperial College, London University,
Prince Consort Road, London SW7 2BB
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The total number of parasites varies in time as a result of the
influence of density-dependent and density-independent processes on the stage
specific rates listed above. As examples, we describe two of the models most
important components: the effect of climate on the development and survival of
the free living stages of O.ostertagi (density-independent), and variations in
the fecundity of mature worms (density-dependent).

DEMOGRAPHY OF THE FREE LIVING STAGES

We have reanalysed the results of a long series of field plot experiments
carried out by Persson (1974) (L. Persson, pers. comm.). Persson placed fresh
faeces containing known numbers of O.ostertagi eggs and L3 larvae on small
field plots at intervals throughout a two year period. The faeces and plots
were regularly sampled, and the parasite numbers in each sample estimated using
calibrated extraction procedures. Persson interpreted his results in terms of
the variations in air temperature and rainfall that occurred during the period
of the experiment.

(a) Non infective free living stages (Eggs, L1 and L2 larvae)

The rate of change in abundance of the non-infective free living stages
(E(t)) in Persson's experiments is given by

dE(t) = -(u;+0(T))E(t) (1)
dt

where H; is the average instantaneous per capita death rate. The average
instantaneous per capita rate of development, o(T) is shown as a function of T,
the average teEEEfature prevailing for the duration of the experiment on each
plot. The value of T can be calculated from the climatic data provided by
Persson (1974).

An approximate estimate of O(T) can be obtained via the formula

o(T) = (2)

1
D(T)

where D(T) is the number of days between the deposition of faeces on the plot
and the sampling date when infective larvae were first recorded.

The development rate of the non-infective free living stages was found to
be a simple linear function of the average temperature (Fig. 2) but it is
important to note that the development rate so measured is about half that
measured in the laboratory (Fig. 2). Young et al. (1980) report a similar
result.

(b) Translocation and survival of the infective stages (L3)

The movement of infective larvae from the faeces onto the herbage in
Persson's experiments may be approximated by the following equations:

dr(t) = -(ua+Y)F(t) (3)
dt
dH(t) = YF(t) - ugH(t) (4)

dt
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Fig. 2 Temperature-dependent development times of the non-infective
free living stages of O.ostertagi. Laboratory data from
Ciordia and Bizzel (1963), Gibson (1980), Pandy (1972), Rose

(1961) and Young et al. (1980). K = 1/(development time x
temperature) .

Changes in the abundance of L3 larvae in the faeces and herbage (F(t) and
H(t) respectively) are determined by their mortality rates (u; and uj
respectively) and the migration rate (y) between two phases.

Contrary to our expectations we could find no evidence that the values
of Yy, Hp or Y varied with either the prevailing climate or the age of the
larvae. Assuming a multinomial distribution for the observations, a joint
maximum likelihood fit of observed and expected L3 counts yielded the
following parameter estimates:

Parameter Estimate Standard Error
(/larva/day)
oy 0.0284 0.00002
M3 0.00887 0.000014
Y 0.00884 0.000016

There was no improvement in the agreement between observed and expected L3
counts if mortality and immigration were made explicit functions of (say)
temperature, rainfall, or soil moisture deficit. The observed and expected
results based on the model represented by equations (3) and (4) are given in
Fig. 3. :

10 Faeces 10% Herbage

ud

L, larvae per plot
i, larvae per plot

10+ — =

— =y T .
40 0 20 40 60 80

Time (weeks)

Time (weeks)

Fig. 3 Observed and expected third stage larval survival
in faecal pats and on herbage
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VARIATIONS IN THE FECUNDITY OF THE MATURE WORMS

Experimental studies demonstrate that the daily faecal egg output in
calves infected with O.ostertagi rises rapidly to a peak in the two or three
weeks following patency, then declines in an apparently exponential manner.
The pattern is similar whether the calves have been infected once only with
L3 larvae (Murray et al., 1970), or subjected to continual daily infection
(Michel, 1963, 1969; Burden et al., 1978).

The results of two long-term trickle infection experiments reported by
Michel (1969) can be described by the following equation:
dR(t) = re O1F
dt

(1-8,P (£) )P (t) (5)

where R(t) is the total faecal egg output per calf per day. We found that

R(t) depended on the mean intensity of infection (P(t)) and the time (t) since
the start of the experiment. A biological interpretation of the functional
form described by equation (5) above is that the marked decline in fecundity
observed by Michel and others is due to a host response that is related in some
manner to the extent of the antigenic stimulation or abomasal damage that
occurs during the course of the infection.

A least squares estimation procedure yielded the following values for
the constants A, §; and §,.

Parameter Estimate Standard Error

379.65 30.6
0.016 0.0082
2.39x10™5 6.7x10~6

Fig. 4 illustrates how well the model describes the results.
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Fig. 4 Observed and predicted mean total daily faecal egg
output from calves infected with 1000 L3 larvae/day

OBSERVED AND PREDICTED EPIDEMIOLOGICAL PATTERNS

Having illustrated how we set about assembling the model's various
components, we now compare predicted epidemiological patterns with those
observed in the field. 1In the simulations that follow, we assume that calves
are turned out on the 7th May and housed on the 1lst November. The stocking
density remains at 10 calves ha~l throughout, and the density of overwintered
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4

L3 larvae is 500kg~l (dry herbage) on the 1st April. For simplicity, the
simulation results are presented in terms of daily faecal egg counts, and the
density of L3 larvae on the pasture (Fig. 5).

We begin by considering the epidemiology of an untreated outbreak of
ostertagiasis under temperate European conditions. We then assess the impact
of three different anthelmintic control options, namely;

(i)

Four discrete doses applied during
(ii)

Continual intraruminal release of
with an expected life of 90 days.
calves on the day before turnout.

(iii) As (ii) above, but the bolus is administered in mid season, at the start
of the'midsummer rise'

the 'midsummer rise'.
drug from a sustained release bolus
The device is administered to the

Typical observed epidemiological patterns in the absence of anthelmintic

control and arising from the use of early and mid season boluses, are displayed
in Fig. 6.

The drug used is Morantel tartrate, which has been shown to reduce both
the survival and fecundity of the parasites, when administered in a bolus.
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Fig. 5 Predicted variations in pasture larval contamination
(solid line) and daily faecal egg counts (dashed line)

(a)
(b)
(c)
(d)

No anthelmintic control

Four single doses during July and August
90 day early season bolus

90 day mid season bolus

(a) Untreated controls

The observed patterns are naturally variabledue to the sampling difficult-
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ies associated with overdispersed distributions (of parasite numbers per
host). Inspection of Fig.s 5 and 6, however, shows that the model captures
the essential features of a 'typical' outbreak of ostertagiasis; namely, the
"midsummer rise" in the abundance of L3 larvae and the double peak in daily
faecal egg counts. This double peak is a consequence of the changing balance

between the number of mature parasites and their per capita rate of egg
output.
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Fig. 6 Results from field trials (Armour et al., 1981)

(a) No anthelmintic control
(b) 90 day early season bolus (see arrow)
(c) 90 day mid season bolus (see arrow)

(b) Chemotherapy and Chemoprophylaxis

Both the observed and predicted results indicate that a 90 day bolus
applied just prior to turnout is a very effective means of reducing pasture
larval contamination. The "midsummer rise" is virtually eliminated. The
application of a similar device in mid season is much less effective.

A series of discrete doses (a conventional regime) leads to short term
reductions in the mean intensity of infection and daily faecal egg output
but the overall level of pasture contamination is almost indistinguishable
from that of the untreated control groups. It should be stressed that our
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"conventional regime" assumes that the calves are set stocked on the pasture
throughout the grazing season. Our simulation is a striking illustration of
why conventional dosing must be accompanied by a sensible grazing management
policy (i.e. aftermath grazing) if it is to be of any benefit.

CONCLUSION

The mathematical model of the epidemiology and control of bovine
ostertagiasis outlined above successfully mimics the typical pattern of
disease in the field, in the presence and absence of control by anthelmintic
application. It is important to note that the model was constructed
independently of the field data used to validate its properties.

During the construction of the model we found:

(a) that there was no evidence in the data presented by Persson (1974)
that the migration rate of the free-living infective larvae or their
mortality varied with the prevailing climate or the age of the larvae and

(b) the total daily faecal egg output rate per calf per day was a declining
exponential function of time since first infection and a quadratic
function of adult worm burden.
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MODELLING ANIMAL DISEASE USING METEOROLOGICAL DATA
J GLOSTER*

For many years man has realized that animal diseases and weather are
often closely related. The financial penalties of disease have encouraged
much time and effort to be spent on trying to elucidate these relationships.
Fundemental research workers, epidemiologists and modellers are involved at
various stages in this work. The research worker provides the fundamental
knowledge of the disease and the epidemiologist studies the pattern of disease
spread in the field. The modeller synthesises the results of the other two and
attempts to explain past disease patterns and to provide a practical means of
forecasting the pattern of future disease levels. Whilst the research worker
can make precise measurements of important parameters e.g. an animal's skin
temperature, the practical modeller must work without the advantage of such
specialised information, and devise schemes that use basic data obtained
perhaps several tens of kilometres from the site in which he is interested.

In his work the modeller finds it convenient to distinguish between the
direct weather challenge to pathogen numbers (including effects of weather on
an intermediate host), the direct effects of weather on the primary host, and
the effects of weather on immune function (including synergistic effects). 1In
addition he also has to consider the biological response times involved since
these will determine both the time available to management for useful inter-
vention and the resolution of the environmental data required. These will
range from a period of months down to a few hours. The type of model proposed
will also influence the resolution of the input data. Models based on broad
associations of disease with environmental variables may only require values of
data averaged over a period of months. Others, for example where the develop-
ment phases of a life cycle of a parasite are simulated will require daily or
hourly data. In the latter case useful advice on future disease spread may be
limited by the period ahead for which environmental data can be adequately
forecast (climatological averages can always provide some basis for projection
forward in time).

The object of this paper is to indicate the types of meteorological data
which are currently available to the modeller and then describe some prediction
models which have successfully used these data.

AVAILABILITY OF METEOROLOGICAL DATA ,

Each year large quantities of meteorological data are collected and
archived by the Meteorological Office in a form accessible to the modeller.
Smith (1975) concluded that with the possible exception of astronomy no other
science has a comparable treasury of information. This contrasts quite markedly
with the limited quantity of data for some diseases.

Meteorological data comes from a variety of sources and these include
synoptic, climatological, agro-meteorological, health resort and rainfall
stations. Observations at synoptic stations are taken and supplied to the
central Meteorological Office; most of these stations report three or six
hourly, but some make hourly observations. Measurements at the other stations
are usual<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>