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INTRODUCTION

The primary function of meat
inspection is to protect the public
health, but it 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
statistics which can be utilised 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 1is the only place where
certain disease conditions can be
evaluated. Thus extensive meat
inspection data, if retrievable, can
provide an economic method of
accurately investigating and

monitoring many important production
diseases (McIlroy et al., 1987).

This paper describes a computerised
information retrieval system for
slaughterhouse condemnation data
relating to specific 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 collate information on
the specific cause and Tlocation of
condemnations in cattle, sheep and
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all
Northern

pigs in
throughout
(Stewart, 1969).
of condemnations for each
are collated onto specially desidf
forms on a weekly basis.

collation forms for cattle is gi%

T GaghelE The 1input values

individual cells on the form 3
logged directly onto a micro [
computer. The data process!
system consists of a relatiol
database utilising fourth generatl
language tools running on this mic’
VAX computer. Monthly  summé
reports of s]aughterhoﬁ

condemnation data are produced @
distributed manually to
interested parties. The format
the monthly report consists 0 T
matrix with rows (m) detailing
designated reasons for condemnat)
and columns (n) corresponding totﬂ
specific carcase area or or?
affected. An example of the typeé;
information recorded for sheep1
given in Table 1.

within the matrix record the montl
total within each category for €%

v

0

species. The total number of ey
species slaughtered is 8
recorded.

TABLE 1

Reasons for condemnations in Shf
slaughtered in Northern Ireland °
the carcase area affected

1

Rows (m) Columns (n)

Whole carc#
Side J
Fore quart
Hind quart®

Abscesses & Pyaemia
Arthritis

Bruising etc
Contamination

Decomposition Head
Emaciation Tongue d
Fever Other carc®
Insufficient portions_
bleeding Pairs of W
Nephritis & Nephrosis Plucks
Oedema Heart
Parasitic conditions Stomach
Pericarditis etc Intestiné
Peritonitis etc Spleen
Pleurisy & Pneumonia Whole Tive!
Tumours Kidneys
Uraemia Other _~
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Th
m?tidata processing system was
May dted and has been subsequently
DW@EEd for purely administrative

)Ses, However, no database
leva] software  exists  for

and epidemiological
: Furthermore, no routine
MOVaV1n9 of the data onto backing
rat, 29€ is performed and
data are therefore

$t

]y813'

Opy reports.

EHN$986> a system was set up to
‘@mdee, statistical and
SWMJE1OWOgica1 analysis. . of . the
5Theg terhouse condemnation data.

det&fystem has been described in
The by McIlroy et al. (1988).

M@gegonth1y summary reports were
Commlt Onto a VAX 6320 super mini-
DrCeSef via the central data
MvjﬁSWHQ unit  of  Biometrics
tranggon The information was
frop ' Srred in duplicate directly
Vﬂjdatthe hardcopy reports and
Prg ramed by a  "key-to-disc"
?mupme’ running on Sperry-Univac
Negpy ht.  The VAX 6320 computer
ermancorates a virtual  memory
EZanigeﬂt system and has available
' Yigap Ytes  of  main  memory,
torgge tes  of  hard-disk backing
%ape ¥ and a 1600 b.p.i. magnetic
Jm Syg‘t for routine archiving.
'sp1y tem supports over 60 visual
T erminals.

® mas
Snﬂy212 software available for data
o itten” 1S a suite of specially
gﬁb]e FORTRAN 77 programs which
Img = MOutine interactive, complex
; asser1es analysis of  the
Qim“driQ These programs, which are
%fnCtUregn’ are specifically
o Xib g to facilitate the
W?ta, analysis of time series
abtmn th key feature contained
1n”1t 'S suite of programs is the
dag the s% merge the variables held
rnetabaSe dughterhouse condemnation
%m§0r010 _ Wwith corresponding
Sty &veq 9ical variables. This is
ans Cturg Using an index file
ysi.- and enables multivariate

day. Y81
atabasé ;?rtthe overall integrated
Stem.
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An additional function of the suite
of programs is the ability to
extract data from the database and
construct files suitable for
analysis by the statistical software

package, GENSTAT. This package
enables basic statistical summaries
of data and also more advanced
statistical 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 file for the variable

selected from disk consists of the
monthly condemnation percentage of

the total number of animals
sTaughtered. The user is then
prompted to select from a menu a

specific statistical analytical
procedure. The system analysis will
normally proceed using individual
monthly values of any selected
variable. However, there is an
option available at this stage to
compute average combinations of
months (eg, bi-monthly, quarterly
etc) and automatically store these
in a new file for further analysis.
Files 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
facilitating the visual assessment
of any trend over the time series.
Hardcopies of these output files 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.




This facilitates the detailed
analysis of any seasonality pattern
of the variable under investigation.
Output files are again available in
both tabular and graphical format.
If seasonality patterns and/or
statistically significant trends are

identified, an option is available
in the menu to perform complex
statistical detrending and

deseasonalisation techniques on the
original time series. The resultant
filtered series are automatically
stored in a new file 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, deseasonalised
series.

When the preliminary analysis of the
sTaughterhouse condemnation variable
has been completed, the research
worker 1is prompted to select any
individual or Tlinear combination of
variables from the meteorological
database. The selected
meteorological variable is also
subjected to the same preliminary
analysis and a file containing the
resultant filtered 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 wuser is
prompted to select whether cross
correlations are to be performed on
data recorded at coincident time
intervals or data Tagged at any time
interval from one to twenty-four
months. Al1l subsequently computed

correlation coefficients are again
available in both tabular and
graphical formats. The Tatter

facilitates the visual assessment of
any associations occurring between
variables, on a routine interactive
basis. This is especially important
in the systematic, exploratory
analysis of complex epidemiological
interactions between variables in
the integrated database.
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An additional menu option avail?® j

is the ability to rank years '
ascending order, depending on

overall mean value of &
meteorological variable prevaill
Years can then be grouped, typic?
into two categories, high and u

depending on prevailing weﬂ}
conditions. The average mon’
percentages of any slaughterh®

condemnation variable are comp!
for each selected group of yé?
These overall monthly averages

be compared statistically, usiM
paired t-test, after the ar¢
root transformation has f
performed on the data. A final ®

option is the

possibility ,
transferring any created files |
the statistical software pack?
GENSTAT, for advanced statist’
analyses.

RESULTS AND DISCUSSION y
The importance of slaughterf’
condemnation data as an effedf

method of disease surveillance '

population has been recognise¢
Northern Ireland for many Y&
Thus Gracey (1960), reporting O
disease incidence during the m1¢f
in 600 randomly selected f@
considered concurrent s]aughterh
condemnation data essential |
obtain an accurate assessment Off
disease prevalence in the OV?;
population. This extensive st
which was one of the first
conducted in any country, |
initiated and administered bY |
Department of  Agriculture
Northern Ireland.

Slaughterhouse condemnation dat?
been used in many countrie%;
evaluate the epidemiological aﬂw
of animal diseases. Most sU'
have been conducted on an 3
basis on specific disease syﬂ‘m
(Penny and Mullen, 1975).
recently, vroutine analysis |
dynamic database of slaughtel’s
condemnation data has been peffn
in Sweden and Denmark. The 51
system has been used in vete'
preventive medicine programmeﬂm
in epidemiological 1nvestigah@
However, the sTaughte’,
condemnation data is restrict



; Daagkstronl and Bremer,

, royt
b QSgent“‘!t1 ne

?193 and

iNiteq available

number of

only from a
slaughterhouses
1978). The
Pigs System is again restricted to
Majq but collates data from the
in” "1ty of slaughterhouses involved
e he slaughtering of pigs in

ark  (WilTeberg, 1980). This
also been wused in
preventive medicine
1nVes : ~and epidemiological
abnit19at1ons and also has the
Stat, Y to monitor the disease
S of individual farms
animals for slaughter.

1sh

DY‘ESent.ing
Th
mﬁthaVai1abi11ty of data on a
Conge y basis since 1969 for each
the “Mnation variable has enabled
Ormation of a large database
the "1€ investigation of diseases in
Sheg total population of cattle,
featur and  pigs. The special
Prayi oo, Of the software described
OUsly enables the systematic
wm1ysmaCe of advance time series
>1s, The creation of a
interactive FORTRAN
rform such analysis on
basis is considered
al for exploratory research.

0 y
Cl gram to pe

An
1da£?amp]e of the importance of

In Fs ng disease trends is given
the g 2. This Figure demonstrates
]ive NNual average prevalence of
Cmnhoc-ondemnations in pigs due to
a ;ﬂs- Such cirrhotic lesions
mth Most  jnvariably associated
lage 1€ migration of the larval
Pig neof the economically important
mhdquétOde Ascaris suum during the
]DcrEaS1°U period. The annual
ﬁse ee_1n the prevalence of this

Ins; 1S very highly statistically
Prey; '€ant  (p<0.001). It was
accepted that this
. Oden was adequately controlled
prhy] "N management methods and
t j aCtic anthelmintic treatment.
early apparent from the
1hat thi analysis of the database
uese 1ms Supposition is erroneous.
nzed Portant findings are being
m@QSSarO stress  the continued
Noamjesy Use of strategic control
rgwhern to the pig industry in

Portsp Ireland. Assessing and
the efficacy of any

Co c]
thmputer
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control measures implemented will
form the basis of future analysis of

this economically important
condition of pigs.
The importance of identifying and

quantifying the seasonality pattern
of a disease 1is 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
distinct pattern is evident with the
maximum prevalence of lung
condemnations occurring in the early
spring and the minimum in the
summer. Notably, this pattern was
found to be consistent for all
years. This pattern suggests that

weather conditions are important in
the occurrence of such lesions.
This possibility was examined by
cross correlating the prevalence of
pleurisy and pneumonia at slaughter
with all relevant weather variables,
lagged at different time intervals.
Statistically significant
correlations were found with several
lagged weather variables. The most
highly significant correlation
between the prevalence of pleurisy
and pneumonia in sheep was found
with the combined weather variables,
rain and windchill, Tlagged by two
months (p<0.001). This demonstrates

that high rain and windchill
conditions prevailing 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 sTaughterhouses
throughout Northern Ireland, two

months later.

The facility to categorise years for
individual variables is also
demonstrated by Tlung 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 prevailing. The years
were then categorised into two




low rain and
The average

groups, high and
windchill  years.
monthly values for each group are
shown in Fig 4. The mean prevalence
of Tung 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 vroot
transformation had been carried out
and a paired t-test performed, a
very highly significant difference
between the mean values for each
group was found (p<0.001). The
practical significance of  this
important finding is that, in years
when the degree of rain and
windchill was high, the Tlevel 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
prevailing between September and
April. Notably, the majority of the
sheep population are not provided
with any form of shelter during this
period and are thus continuously
exposed to prevailing adverse
weather conditions. This may
substantially increase their
susceptibility to the detrimental

effects of rain and windchill and
thus increase the risk of the
occurrence of pneumonia.

The results of this important

research, which have been published

recently (McIlroy 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
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fasciolosis (Tiver fluke)
Northern Ireland. Fasciolosis 15
serious economic disease of catl
and  sheep  with a  worldwl
distribution. In the annual contll
of the disease, it is high
desirable that the issue of speC1f
veterinary advice on the stratéf
use of control measures, such as
use of modern, flukicidal drt
should be based on precise forec®
of the Tlevels of risk of
disease. The monthly prevalenceé,
liver condemnations due
fasciolosis in sheep has been %
in  the investigation of
epidemiology of  this 1mporﬁ
disease of production. ‘
prevalence of liver condemnatﬁ
due to fasciolosis was computed &
percentage of the total number
sheep slaughtered on a monthly b®
and a distinct seasonality patt
was found which was consistent ﬂ
year to year. The average monﬂ
prevalence of

fasciolosis
corresponding

4

standard errors) 4
sheep in Northern Ireland from
to 1988 is demonstrated in Fi9,
The minimum prevalence ;
invariably vrecorded in July i
August with the maximum levels bé,
achieved throughout the W1%
period. In view of the consisty
and distinct seasonal pattern i1,
prevalence of this disease and
known dependance for its deve10pﬂ
on previously occurring favour?
weather conditions (Soulsby, 19%
a meaningful fasciolosis year |
defined. Each fasciolosis yeal
defined as commencing in August :
terminating in the following Y|
The average prevalences for eacm
the eighteen fasciolosis fl
available from the abat’,
pathology database were computed
are demonstrated in Fig 6.

The detailed mathematical mew}
used in the formulation of thew
forecasting model have :

described in detail by Gooda!
al. (1989). A wide variet)
autoregressive  integrated m%g
average  (ARIMA) processes _ {
fitted to the time series 0! i
annual prevalence y

of fasc101ow
Such ARIMA processes
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BSeps gated using the methodology
The - 1Ped by Box and Jenkins (1968).
the MOSt suitable ARIMA process for
fasciolosis time series,
aietermined by the criterion of
ﬁfste (1978), was found to be a
Propg order Markov process. The
for Oftion of variation accounted
Was g%% fitting the Markov process
Th
ani]a””Ua1 time series was further
Ysed by ranking fasciolosis
onti nto ascending order depending
1ei1eve1 of all possible weather

in Ons prevailing.
fmxghved computing
Wau1y value of all individual
11neae“ variables and all possible
Val,or combinations of such monthly

e . : :
The .5 Over the entire time series.

This process
the average

| U@nelghteen fasciolosis years were

4’ Weat

Categorised into two groups,
h and  Tow, depending on the
WEr conditions being above or
the_medium value of the entire
afEYIes. The average monthly
€nces of 1liver condemnations

high

b:ﬂo
Hme
Drev

: Q%mute years within each group were

- The computed values were
‘ted to the arcsine root
Ormation and a paired t-test
0 compare the mean values for
Ceq the two groups. Using this
Wepg dUPe,  five weather variables

“gn1f§350ciated with very highly
the ""1Cant differences (p<0.001) in
fa“ﬁol annual prevalences of
Megie, 081 as determined by
Five ' 'C Tiver condemnations. These
tomy. "ather variables were mean

Mot Zat“re, wind and rain for the
dng N June, July, August (summer),
the "®an temperature and wind for
§$mwanNths March, April, May
ﬁve wg)- The inclusion of these
h§MQSS§th€r variables in a multiple
19h1,°'0"  model yielded a very
(mgre] _ significant multiple
ér_t %tEOH coefficient of 0.95
w1s nOA), The fitted values from
ahms W model and the observed
Yeaps” for individual

e fasciolosis
;Wigatre shown in Fig 7 and clearly
Clypsy & the establishment of an

?mUﬂ © system for determining the
QQnmm prevalence of this
€ally important disease.
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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 fasciolosis year <can be
effectively implemented. The new
computer system can be used to

forecast accurately the annual risk
of fasciolosis in any region of the

world where information on the
previous years prevalence, as
determined by specific
slaughterhouse condemnation data,
and the relevant temporal
meteorological conditions are
available (McIlroy et al., 1989).
CONCLUSIONS

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 facilitates 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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1.
2.

STaughterhouse condemnation data collation form for cattle.

The annual prevalence of Tliver condemnations in pigs due to
cirrhotic lesions.

The overall average monthly prevalence of Tungs condemned due to
pleurisy and pneumonia in sheep from 1969 to 1988.

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

The average monthly prevalence of Tliver condemnations due to
fasciolosis in sheep.

The average annual prevalence of fasciolosis in sheep.

The observed and predicted annual prevalence of fasciolosis in
sheep.
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