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INTRODUCTION
The primary function of meat 
inspection is  to protect the public 
health, but i t  has an additional 
economic duty in that there must be 
no unnecessary condemnation of the 
valuable commodity. In recent 
years, however, more attention has 
been paid to another important 
aspect of meat inspection. Accurate 
meat inspection data can provide 
s t a t i s t i c s  which can be ut i l i sed  for 
animal disease control purposes 
(Gracey, 1986). Farm surveys have 
been carried out to determine the 
prevalence of animal diseases in 
different countries. However, not 
all disease prevalences can be 
obtained from a study of the picture 
in selected farms. Indeed, the 
abattoir is  the only place where 
certain disease conditions can be 
evaluated. Thus extensive meat 
inspection data, i f  retrievable, can 
provide an economic method of 
accurately invest igating and 
monitoring many important production 
diseases (Me11rov et a l ., 1987).

This paper describes a computerised 
information retrieval system for 
slaughterhouse condemnation data 
relating to specif ic  disease 
conditions in the cattle, sheep and 
pig populations of Northern Ireland 
since 1969. Examples of the use of 
the system to evaluate trends in 
diseases and the influence of 
weather on the occurrence of disease 
are provided.

MATERIALS AND METHODS
In 1969, a computerised data 
processing system was established to 
collect and col late information on 
the specif ic  cause and location of 
condemnations in cattle, sheep and

. The
pigs in all slaughterhouse ini 
throughout Northern Irel^han 
(Stewart, 1969). Individual reco^Piir 
of condemnations for each sped^et 
are collated onto specia l ly design|sta 
forms on a weekly basis. An ex amp'Ptia 
of one of the abattoir condemnatory; 
collat ion forms for cattle i s  g i % sto 

Fig 1. The inputin
individual ce l l s  on the 
logged d irectly  onto a 
computer. The data 
system consists of a 
database u t i l i s i n g  fourth 
language tools running on 
VAX computer, 
reports of
condemnation data are 
distributed manually
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An additional function of the suite 
of programs is the ab i l i ty  to 
extract data from the database and 
construct f i l e s  suitable for 
analysis by the s ta t i s t ica l  software 
package, GENSTAT. This package 
enables basic s ta t i s t ica l  summaries 
of data and also more advanced 
s ta t i s t ica l  analysis such as 
generalised analysis of variance and 
multiple regression. Tabular and 
graphical output of any analyses is 
available on distributed VT220 
terminals, an HP2686A laser printer 
and an HP7475A graph plotter.

A typical terminal session proceeds 
on a menu-driven, interactive basis. 
Authorised research workers are 
prompted, via the FORTRAN 77 
program, to select from the 
slaughterhouse condemnation database 
the variable under current 
investigation. The corresponding 
matrix f i l e  for the variable 
selected from disk consists of the 
monthly condemnation percentage of 
the total number of animals 
slaughtered. The user i s  then 
prompted to select from a menu a 
specif ic  s ta t i s t ica l  analytical 
procedure. The system analysis will 
normally proceed using individual 
monthly values of any selected 
variable. However, there is an 
option available at th is  stage to 
compute average combinations of 
months (eg, bi-monthly, quarterly 
etc) and automatically store these 
in a new f i l e  for further analysis. 
Fi les of running averages for 
monthly condemnations of data can 
also be constructed for analysis.

During a preliminary analysis of the 
selected variable, the annual 
condemnation prevalence is  usually 
computed and displayed in graphical 
and tabular format, the former 
fa c i l i ta t ing  the visual assessment 
of any trend over the time series. 
Hardcopies of these output f i l e s  are 
available on the graph plotter and 
laser printer, respectively.

The next stage in the analysis 
normally involves the computation of 
average monthly prevalences in 
individual years and over all years.

107



This fac i l i ta te s  the detailed 
analysis of any seasonality pattern 
of the variable under investigation. 
Output f i l e s  are again available in 
both tabular and graphical format. 
I f  seasonality patterns and/or 
s t a t i s t i c a l l y  s ign i f icant  trends are 
identified, an option is  available 
in the menu to perform complex 
s ta t i s t ica l  detrending and 
deseasonalisation techniques on the 
orig inal time series. The resultant 
f i l tered series are automatically 
stored in a new f i l e  for additional 
comparative analysis with other 
variables. Correlograms are 
routinely produced by the system in 
both graphical and tabular format 
and used to assess the stationarity 
of the detrended, deseasonal ised 
series.

When the preliminary analysis of the 
slaughterhouse condemnation variable 
has been completed, the research 
worker is  prompted to select any 
individual or l inear combination of 
variables from the meteorological 
database. The selected 
meteorological variable is  also 
subjected to the same preliminary 
analysis and a f i l e  containing the 
resultant f i l tered  series produced. 
After all preliminary analyses of 
relevant slaughterhouse condemnation 
and meteorological variables have 
been performed, the research user 
would normally select from the menu 
the option to cross correlate 
selected variables. The user is  
prompted to select whether cross 
correlations are to be performed on 
data recorded at coincident time 
intervals or data lagged at any time 
interval from one to twenty-four 
months. All  subsequently computed 
correlat ion coeff ic ients are again 
available in both tabular and 
graphical formats. The latter 
fa c i l i ta te s  the visual assessment of 
any associations occurring between 
variables, on a routine interactive 
basis. This is  especial ly important 
in the systematic, exploratory 
analysis of complex epidemiological 
interactions between variables in 
the integrated database.

An additional menu 
is  the ab i l i t y  to

option avail?! 
rank years

ascending order, depending on ; 
overall mean value of 
meteorological variable prevail1! 
Years can then be grouped, typi 
into two categories, high and 
depending on prevail ing wea 
conditions. The average mofl‘; 
percentages of any slaughter^ 
condemnation variable are comp11 
for each selected group of yea! 
These overall monthly averages 1 
be compared s ta t i s t i c a l l y ,  usi^ 
paired t-test,  after the arc-1 
root transformation has 
performed on the data. A final 11,1 
option is  the poss ib i l i t y  
transferr ing any created f i le s  
the s ta t i s t ica l  software pack3; 
GENSTAT, for advanced stat ist1 
analyses.
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R E S U L T S  A N D  D I S C U S S I O N  pv
The importance of slaughter^' 
condemnation data as an effectf ar 
method of disease surveillance 1 f] 
population has been recognise3 p̂ 
Northern Ireland for many Ye: a 
Thus Gracey (1960), reporting ofl; 
disease incidence during the mi3'! 
in 600 randomly selected f3' Ar 
considered concurrent slaughter^ i( 
condemnation data essential , it 
obtain an accurate assessment o1̂  tt 
disease prevalence in the oVe.f ]■ 
population. This extensive sur c- 
which was one of the f i r s t  
conducted in any country, f  ̂
in it iated and administered by j; $1 
Department of Agriculture P 
Northern Ireland. Pi

Slaughterhouse condemnation data d 
been used in many countrie5e( $ 
evaluate the epidemiological asP(i Pi 
of animal diseases. Most s3' f c< 
have been conducted on an 3%  b; 
basis on specif ic  disease syn^i Pi 
(Penny and Mullen, 1975). f 
recently, routine analysis 'Ll  ̂
dynamic database of slaughter^ t| 
condemnation data has been penj H 
in Sweden and Denmark. The Svy l  ̂
system has been used in vetef ; Pi 
preventive medicine programme5  ̂ jjj1 
in epidemiological invest igaV   ̂
However, the slaughte^ 1
condemnation data is  r e s t r i c t
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The importance of ident ifying and 
quantifying the seasonality pattern 
of a disease is demonstrated in 
Fig 3. This Figure shows the 
recorded average monthly prevalence 
of pleurisy and pneumonia in sheep 
since 1969 to 1988 inclusive. Such 
lesions are indicative of pneumonia 
during the production period. A 
d ist inct  pattern is evident with the 
maximum prevalence of lung 
condemnations occurring in the early 
spring and the minimum in the 
summer. Notably, th is  pattern was 
found to be consistent for all 
years. This pattern suggests that 
weather conditions are important in 
the occurrence of such lesions. 
This p o s s ib i l i t y  was examined by 
cross correlating the prevalence of 
pleurisy and pneumonia at slaughter 
with all relevant weather variables, 
lagged at different time intervals. 
S t a t i s t i c a l l y  s ign if icant 
correlat ions were found with several 
lagged weather variables. The most 
highly s ign i f icant  correlation 
between the prevalence of pleurisy 
and pneumonia in sheep was found 
with the combined weather variables, 
rain and windchill, lagged by two 
months (p<0.001). This demonstrates 
that high rain and windchill 
conditions prevai ling within a 
particular time interval may 
precipitate the occurrence of 
pneumonia in sheep. Such a disease 
incident is  subsequently reflected 
in the prevalence of lung 
condemnations due to pleurisy and 
pneumonia, in slaughterhouses 
throughout Northern Ireland, two 
months later.

The f a c i l i t y  to categorise years for 
individual variables i s  also 
demonstrated by lung condemnations 
due to pleurisy and pneumonia in 
sheep. The 18 years under 
investigation were ranked in 
ascending order, depending on the 
mean, value of the annual rain and 
windchill prevai ling. The years 
were then categorised into two
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groups, high and low rain and 
windchill years. The average 
monthly values for each group are 
shown in Fig 4. The mean prevalence 
of lung condemnations due to 
pleurisy and pneumonia for the low 
rain and windchill group was 0.28%. 
The corresponding mean for the high 
rain and windchill group was 0.63%. 
The standard error of the difference 
of the means of these two groups was
0.003. After the arcsine root
transformation had been carried out 
and a paired t-test  performed, a 
very highly s ign i f icant  difference 
between the mean values for each 
group was found (p<0.001). The 
practical s ignificance of this  
important finding is  that, in years 
when the degree of rain and 
windchill was high, the level of
pleurisy and pneumonia in the sheep 
population of Northern Ireland more 
than doubled.

These research findings are of great 
practical importance to sheep 
production in Northern Ireland, an 
area with high rain and windchill
prevail ing between September and 
Apri l.  Notably, the majority of the 
sheep population are not provided 
with any form of shelter during this  
period and are thus continuously 
exposed to prevai ling adverse 
weather conditions. This may 
substantial ly  increase their 
suscept ib i l i ty  to the detrimental 
effects of rain and windchill and 
thus increase the r i sk  of the 
occurrence of pneumonia.

The results  of th is  important 
research, which have been published
recently (Mcllroy et__al_., 1989),
strongly suggest that sheep should 
be protected from the combined 
effect of these two adverse weather 
conditions which commonly prevail in 
Northern Ireland during the winter 
months.

Another practical example of the 
value of analysing the combined 
database of slaughterhouse 
condemnation and meteorological data 
has been the formulation of a new 
mathematical model which accurately 
forecasts the prevalence of

fa sc io lo s i s  ( l ive r  fluke) 
Northern Ireland. Fascio los is  if  
serious economic disease of catf 
and sheep with a worldw1' 
d istr ibution. In the annual contf 
of the disease, i t  is  hi9j 
desirable that the issue of sped' 
veterinary advice on the stratej 
use of control measures, such as * 
use of modern, flukic idal  druf 
should be based on precise foreca- 
of the levels of r i s k  of 
disease. The monthly prevalence; 
l ive r  condemnations due 
fa sc io lo s i s  in sheep has been u't 
in the investigation of 
epidemiology of th is  importj; 
disease of production, 
prevalence of l i ve r  condemnat1 
due to fa sc io lo s i s  was computed 
percentage of the total number; 
sheep slaughtered on a monthly ha• 
and a d ist inct  seasonality pad, 
was found which was consistent j ■ 
year to year. The average mod,, 
prevalence of fa sc io lo s i s  (d 
corresponding standard errors) , 
sheep in Northern Ireland from d 
to 1988 is demonstrated in Fi9 
The minimum prevalence 
invariably recorded in July j 
August with the maximum levels he{i 
achieved throughout the w'd 
period. In view of the consis^ 
and d is t inct  seasonal pattern i n t| 
prevalence of th is  disease and , 
known dependance for i t s  develop111 
on previously occurring favour 
weather conditions (Soulsby, 
a meaningful fa sc io lo s i s  year J: 
defined. Each fa sc io lo s i s  year  ̂
defined as commencing in August

rat,

terminating in the following
id .The average prevalences for ea< 

the eighteen fa sc io lo s i s  ¡̂i 
available from the a badf 
pathology database were computed 
are demonstrated in Fig 6.
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' i s r ^ i gated using the methodology 
i TheCr^bed by Box and Jenkins (1968). 
t th6 m°s1: s t a b l e  ARIMA process for 
i ‘ as  ,annual fa sc io lo s i s  time series, 
if /\[,a.|etermined by the criter ion of 
1 first was f°uncl to Be a
f; prQ 1 order Markov process. The 
{ V ° hr t i°n of variation accounted 
t1 Was f i t t in g  the Markov process

annual time
by

series 
ranking

was further 
fa sc io lo s is

The

> & d .
On 1nto ascending order depending 
Coricl' t deve  ̂ °f all possible weather 
inv0iltions Prevailing. This process 
^nthned comPuting the average 
Weatu  ̂ value of all individual 
l l * r  variables and all possible 
Vaiup combinations of such monthly 
The S- 0ver the entire time series. 
thenei9hteen fa sc io lo s i s  years were 
^9h CaTegorised into two groups, 
toeatk and low, depending on the 
bei0w6ff conditions being above or 
Timo medium value of the entire 
P r e v a i l  es. 
for th SriCes
c0nipu e years within each group were 

Tbe computed values were 
transcfTed to the arcsine root 
9$^ ,0rroation and a paired t-test  
®ach compare the mean values for 
Pt"oc f the two groups. Using this  
^rg Ure> f ive weather variables

The average monthly 
of l i ve r  condemnations

signifassoci ated with very highly 
f| ̂  leant çj"j AV'An/'nr / r\ y C\ flfll \ i «

fsc.«. annual
'cant differences (pcO.OOl) in 

prevalences of
as determined by

th6

f e ° s is
f 1 Ve l i ve r  condemnations. These 
temPe^ 6 ather variables were mean 
"1°rithsa''LJre> wind and rain for the 
jN  ̂’ June, July, August (summer), 
%  an temperature and wind for
f ‘̂ incnn^ s Ma^ch, Apri l,  May 
^Vejj) .  The inclusion of these 
re9 r e s ! ^ er variables in a multiple 
S h i ,  l0n model yielded a very 
r'Vei 34.. s ign i f icant  multiple
tu = QrJ0n coeff ic ient of 0.95 
^his S . ' S  The f itted values from 

model and the observed
f°r individual fa sc io lo s i s& * n a '

Iciest*00 shown in Fig 7 and clearly 
S r aj:e the establishment of an 

e system for determining the
0Homi prevalence of

CaHy important disease.
this

The forecasts are made at the end of 
August when all of the 
slaughterhouse and meteorological 
components of the model are 
available. The accurate forecasts 
can therefore be made at a time when 
strategic preventative measures for 
the control of the disease over the 
ensuing fa sc io lo s i s  year can be 
effectively implemented. The new 
computer system can be used to 
forecast accurately the annual r i sk  
of fa sc io lo s i s  in any region of the 
world where information on the 
previous years prevalence, as 
determined by specif ic 
slaughterhouse condemnation data, 
and the relevant temporal 
meteorological conditions are 
available (Mcllrov et a l .. 1989).

C O N C L U S I O N S
This computerised data analysis 
system encorporates a large database 
of slaughterhouse condemnation 
variables and meteorological 
variables. The entire population of 
the three major production species 
slaughtered in all slaughterhouses 
throughout Northern Ireland is  being 
monitored on an ongoing basis. The 
customised software enables 
systematic time series analysis of 
condemnation variables and also 
their  cross correlation with 
concurrent meteorological data. The 
software also fac i l i ta te s  the 
investigation of complex 
epidemiological interactions and 
permits the accurate assessment of 
the cost of many disease syndromes 
to animal production in Northern 
Ireland. The system is established 
on a permanent basis and routine 
reports are issued to all interested 
parties concerned with profitable 
animal production.
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F I G U R E S

Slaughterhouse condemnation data collat ion form for cattle.

The annual prevalence of l i ve r  condemnations in pigs due to 
c ir rhot ic  lesions.

The overall average monthly prevalence of lungs condemned due to 
pleurisy and pneumonia in sheep from 1969 to 1 9 8 8 .

The overall average monthly prevalence of lungs condemned due to 
pleurisy and pneumonia in sheep in years when the prevai ling rain 
and windchill was either high or low.

The average monthly prevalence of l i v e r  condemnations due to 
fa sc io lo s i s  in sheep.

The average annual prevalence of fa sc io lo s i s  in sheep.

The observed and predicted annual prevalence of fa sc io los is  in 
sheep.
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