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ABSTRACT

Data from abattoirs were evaluated to determine their usefulness
for disease surveillance. Self-acquired data from three surveys
conducted at abattoirs and routinely generated disease statistics from

meat export slaughterhouses were analysed.

Three techniques were employed in the analysis of these available
data from New Zealand abattoirs. Returns from a large scale survey
of bovine ocular squamous cell carcinoma were indexed on printed cards
as a filing system and those from the serological surveys of two separate
groups of abattoir workers were converted into computer system files.
The "pencil and paper''-calculator method was used for the recorded disease

statistics.

Conversion of survey returns into system files facilitated the
handling of data. Manual sorting in a card index system provided new
information on the epidemiology and economic importance of squamous
cell carcinoma of the bovine eye in New Zealand. The rate of '"cancer eye"
in Herefords and Hereford crosses was 403/100,000 compared to 8/100,000 in
other breeds. Further investigations indicated that these differences

were associated with pigmentation of the ocular structures.

The data from the serological surveys among abattoir workers were
conveniently manipulated in the computer and provided information of the
risk factors involved in three potential zoonoses at the works. Both
leptospirosis and brucellosis were shown to be occupational hazards.

In the case of leptospirosis, direct pig contact appeared to constitute

the greatest risk, while in brucellosis, one of the more important
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correlations was in relation to time employed in the Meat Industry.

Toxoplasmosis did not appear to be an occupational disease.

The information derived on these files were dependent on the manner
of organisation (e.g. establishing variables from measurements, coding
values) of the data originally obtained from the disease surveys carried

out by others.

Routinely generated vital statistics of the prevalence of '"Diseases
and Defects" recorded by the Meat Division of the Ministry of Agriculture
and Fisheries were examined and analysed. Analysis of variance tests were
applied to selected conditions to determine regional variations. The
application of statistical tests uncovered the subtleties of each group
of data and revealed information on disease prevalences. True geographical
variations in the prevalence of sarcocysts, caseous lymphadenitis and

pleurisy of sheep were demonstrated.

Through these techniques useful information was derived from data
generated by these three disease surveys carried out at the abattoir
and from routinely recorded meat inspection statistics. Information
obtained from the surveys is discussed in relation to previous studies
on the same topics. Routinely recorded vital statistics were appraised
for accuracy and their usefulness in studying variations in disease
prevalence. The evaluation of data and information obtained during these
investigations manifests the potential of the abattoir as a source of

useful information for disease surveillance.
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GENERAL INTRODUCTION

While there exist a wide range of technical bulletins, medical journals
and index systems that describe scientific techniques and laboratory invest-
igations, these sources seldom provide adequate surveillance information for
disease prevention and control. Despite the current large volume of scientific
publications, it is difficult to obtain precise, accurate and up-to-date
information of the prevalence and economic importance of many diseases of

livestock in specific countries or regions.

International reports, such as O0.I.E. bulletins, tend to be inexact
as to rates, location and timing of disease problems. 1In an evaluation of
disease surveillance activities of international agencies, Ellis (1979) pointed
out that absolute numbers of outbreaks without reference to the total population
size can be misleading and that reports should indicate the proportion of animals
or herds among those examined (prevalence) or the rate at which new infections are

occurring in the number of animals (incidence) or production units still at risk.

There is an increasing recognition of the paramount importance of
surveillance data from livestock industries, both in developed and developing
countries. Davies (1979) makes reference to two major groups of data customers:
firstly, those organisations and individuals that are responsible for the
control of animal disease, and secondly, those that finance and operate
research and development facilities. Another important and distinct group
consists of the 'agri-business' managers and entrepreneurs, who increasingly

require such surveillance information.
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Davies (1979) attributes this increasing requirement of surveillance

information to three reasons, namely :-

(1) the increasing recognition of the importance of movement of
animals in the spread of disease,

(2) in sophisticated agricultural industries that are technologically
based, industry must be able to identify and measure the difference
between the cost of disease and the cost of prevention not only on
a national scale but also at the producer level, and,

(3) the development of extensive research and development facilities
that in the current economic and political climate must justify

their existence.

The task of instituting surveillance is largely the remit of government.
This is so because the activity should be closely linked with control and
prevention measures which require a widely established and efficient organisation.
Surveillance should either stimulate appropriate actions for the control and
prevention of disease or be used to evaluate actions already instituted

(Brachman, 1979).

For a national veterinary service and its allied organisations,
surveillance may provide information to suggest whether a vaccination, or a
slaughter policy, is a more effective control measure. In some cases it may
show the inadequacy of past or present control measures. Good case reporting
may also make it possible to recognise endemic diseases which previously might
have been only considered sporadic cases as was the case of small intestinal
carcinoma of sheep in New Zealand (Simpson, 1972). If this distinction is
not recognised, an epidemic could ensue. Legionnaire's disease was not
recognised until a returned soldiers convention at Philadelphia in 1976 attended

by 3,683 delegates among whom 183 were affected with 29 deaths (Anon,1978a).
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Its occurrence stimulated the recognition of two previously unrecognised
episodes in England, one happened in 1973 and the other four years later,
among Scottish tourists returning to Glasgow who became ill with alimentary
and respiratory tract complaints after spending holidays in the same hotel

in Spain (Boyd et al, 1978).

Information from surveillanceactivities may also be useful to
health departments in their utilisation of personnel, equipment and money
which should lead not only to increased efficiency but also to better

control of the diseases under surveillance (Brachman, 1979).

The practitioner can benefit directly from surveillance by having
the opportunity to see for himself the relationships of his case to the
occurrence of that disease in the community and should enable him to be a
more effective provider of health care. He may also gain important

information concerning the most effective therapy.

As data customers, businessmen about to venture into a livestock
industry need information to assess the potential profitability of their
new enterprise. Feasibility studies structured on the drawing board must
contain and use valid assumptions and facts that can withstand careful

cost-benefit analysis.

The potential sources of surveillance data are diverse and immense.
A list of direct sources listed by Davies (1979), Brachman (1979) and Schwabe
et al (1977) include practitioners, abattoirs, packing plants, knacker yards,
farms, laboratories, clinics, milk and dairy boards, meat and livestock
commissions, zoo and wildlife study groups, serum banks, case and epidemic
investigations and reports, disease control and eradication reports, quarantine
reporfs, vector control reports, agricultural surveys, population surveys,

biologic statistics, demographic data and the news media.
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Developed countries with well organised and long established animal
health control agencies may have some relatively extensive surveillance programmes
which might include disease scheduling, planned disease surveys, sentinel farms

and disease modelling.

Most of the above-mentioned sources may generate a multitude of data
that has to be converted into useful information. Information is data that

has been collected and modified in such a way that they are useful to somebody.

Data from abattoirs can establish trends in disease prevalence. Blair
(1964) pointed out that as a result of thorough examination and recording of
findings of literally billions of animals, veterinarians engaged in meat hygiene
have made significant contribution to the understanding, control and even
eradication of many serious animal diseases. He cited Meat Inspection Branch
(M.I.B.) slaughtering records to establish that condemnation rates of beef
carcases for squamous cell carcinoma in the U.S.A. was reduced from 147 in

1955 to 7% in the 1960's.

The use of the abattoir as source of surveillance data presents
distinct advantages. Few extra-costs are incurred as studies can easily
be conducted in existing premises and often from data already collected.
Qualified and trained personnel are already available. The high killing
capacity of many abattoirs permits a large number of observations to be made
in a short period. Although examination of animals and carcases are relatively
cursory there are many diseases that can be relatively accurately diagnosed

by normal inspection procedures.

The abattoir is one of the least exploited sources of large scale
surveillance data. Ladds (1979) observed that precise identification of animals
coming to slaughter with information concerning their property or farm of origin,

and the improvements in meat inspection procedures allow abbatoir observations to be
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used as valuable tools in epidemiological and other studies. He concluded that
'successful implementation of research using abattoir methods demands excellent
cooperation between the researcher, the abattoir veterinarian and the meat
inspectors, the abattoir management, livestock buyers and the meat workers
themselves. It is advisable that projects be discussed well in advance with all
concerned and that some effort be made (e.g. seminars, slide evenings) to
provide feedback information and conclusion. In all cases it is essential that
observations and specimen collections be made with no (or at worst, minimal)

disruption to the normal abattoir routine.'

Meat inspection in New Zealand is well-organised and has been established
for many years. Abattoirs are under close supervision by the Meat Division (M.D.)
of the Ministry of Agriculture and Fisheries (M.A.F.) and the Meat Act 1964
(Anon, 1964) and the Meat Regulations 1969 (Anon,l1969) ensure proper execution

of meat inspection procedures and maintenance of high standards of hygiene.

This contribution aims to investigate the possibility of exploiting to a
greater extent the potential of abattoir data as a source of useful information.
With this in mind, two major qualifications of abattoir data were critically
appraised.

1. M.A.F. vital statistics already published routinely in terms of :

(a) Accuracy
(b) Usefulness for showing disease prevalence.

2. Disease investigations from data not normally recorded but easily

generated, i.e. squamous cell carcinoma of the bovine eye (cancer

eye),serological survey of meat inspectors and meat workers.

The work reported in this thesis is not primarily concerned with diseases
themselves but with turning data to information. Therefore the emphasis will be
on techniques for data handling, ranging from manual sorting to computer analysis

and appropriate biostatistical techniques.



It is hoped that the knowledge and skills gained by the author from
this work will provide a better insight and perspective of the current disease
control and eradication programmes of the Bureau of Animal Industry (B.A.I.)
of the Philippines.. A better understanding of surveillance and recording of
data together with a greater expertise in manipulation and analyses of data
and information should improve evaluation of the effectiveness and planning
of certain current disease control programmes such as Foot and Mouth Disease.
It is also hoped a stimulus will be provided to use abattoir data as a

source of surveillance data in the country in the future.
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CHAPTER 1

ANALYSIS OF MEAT WORKS ‘CANCER EYE® SURVEY IN NEW ZEALAND

INTRODUCTION

A survey of bovine ocular squamous cell carcinoma, commonly referred
to as Cancer Eye, was carried out in eighteen selected meat export works (ME)*.
The survey was organised by Professor D.K.Blackmore, Department of Veterinary
Pathology and Public Health and carried out through the cooperation of the
Society of Veterinary Public Health and the M.A.F. It was designed to produce
some unique and fundamental information on the prevalence, economic importance
and epidemiology of squamous cell carcinoma of the bovine eye in New Zealand
and also to provide a clearer understanding of possible causally associated

factors such as breed, location, age and season.

Ocular squamous cell carcinoma is a common spontaneous tumour of
cattle. Ultra-violet radiation, genetic factors, nutrition and infection are
among the many factors implicated in the etiology of the disease (Russell et al
1956) . It was also cited that the disease has been reported widely in North

America and to a lesser extent in other continents.

Majority of previous investigations were carried out in the U.S.A.
Recognising the great research interest and potential of this neoplastic disease,
the Cancer Eye Study Section was organised in 1952 at the University of Texas
M.D. Anderson Hospital and Tumour Institute for the activation and prosecution

of research in bovine ocular squamous cell carcinoma (Clark, 1956). Russell

* Abattoirs in New Zealand are generally referred to as being either local
abattoirs or meat export works.
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et al (1956) have studied the subject quite extensively, and their contribution
provides an excellent historical review and a detailed histopathological

description of the tumour.

Russell et al (1956) cite several surveys using abattoir data. 1In a
review of slaughtering records of the M.I.B. of the U.S.D.A., Brandly and Migaki
(1963) found a prevalence of 190/100,000 in 1955, and 323.3/100,000 in 1962.
Blair (1964), who also analysed slaughtering records found 0.18% (180/100,000)
prevalence in 1950 and 0.36% (360/100,000) in 1963. In Rumania, Ivascu and
Onet (1974) examined 363,000 cattle in 1974 and found that 0.13% of them had
ocular tumours. In India, Naik and Randelia (1975) found 185 cases in 79,492

slaughtered cattle at Madras abattoir or a 0.23% prevalence in 1975.

Abattoir surveys of bovine ocular squamous cell carcinoma are more
reliable compared with other diseases because this tumour is more readily
diagnosed clinically and easier to confirm by biopsy than tumours of other

organs.

The present study was based on the use of a card index system in the handling
of data acquired from Professor Blackmore's '"cancer eye'" survey. Findings were
further supplemented by two smaller studies on pigmentation of the eye of
cattle by the author. One was conducted at Longburn and Feilding meat works
and the other at the Gisborne meat works. An evaluation of the original design

of the survey was also undertaken.

MATERIALS AND METHODS
A card index system was employed to organise the data for analysis using
AZ64 printed cards. This card is similar to a 5"x8" index card except that
it is provided with punch holes, 3mm in diameter, along the edges, each hole

being immediately adjacent and identified to a corresponding letter or number.
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Duly completed forms composed the compilation of individual case

" "

reports of 'cancer eye" (see Appendix 1 : a sample return of '"cancer eye"
survey). Examination and recording of cases were administered by the
supervising veterinarian of the works concerned. Data from these entries

were restructured onto the index card.

Each category of responses to a variable was assigned a code letter
or number on the index card. The codes used to represent response for a
variable were assigned in such a way that they appeared one after another,
or as close as possible. In most variables a code was also assigned to

indicate no response.

Eighteen variables were needed to record the answers to the questions
in the case record forms. Breed responses were coded as A for Hereford, B
for Hereford cross, C — Friesian and Friesian cross, D - other breeds and E
was used where breed of affected animals was not indicated. The list of
variables and the symbols in the AZ64 card used as codes and their description

are shown in Appendix II : Card Index System Code.

Actual entry of data was achieved by clipping through the external edge
of the hole that corresponded to a predetermined code. All data from a case
were entered into one printed card. Figure 1 illustrates an AZ64 card with a

completed entry of data found from the sample return cited above.

Additional data were written on the face of the card. On the first
line were indicated the ME no., submitter's casereference no., and the date
examined. The breed of the affected animal was written on the second line,
followed on the third line by origin, number of animals in the line, and case
reference nos. of other cattle in the line affected. Comments recorded by the

examining veterinarian were listed. The first comment described the gross



FIGURE 1 : AN AZ64 PRINTED CARD WITH DATA ENTERED.

UoooooUoooUoo oqoooUooooooquA
064A B C D E F G H | J K L M M N O/PQ R S T UV WXVY Z[AE I o
Oe pIANE 22 41 27-85" 785 v. O
O e HCI’C‘)[OI“QI 1 q

. ADDRESS Te Auan 2 O
O 15t - ,eehfiue/j 5nm'// primary Jesipry _with /a/,j]g, s O

& mefasfasis  n ’lﬂroﬁc/ /, n. s O

58 s O
O — —— m s O
O 5 2nd - Dbf/'(;gwlsliezz/ macroscopical 'pear/% "1 _parctid I.n. ;0
Oss 8 O
P‘“ 50218 s O
Oss3 10 O
o= 3rd - Specimen taken from paroﬁv/ " O

f v
Q5 120

50 13 0O
Q4 1w QO
L 15 O

% MOORE PARAGON 08135 1
O% 5 a4 43 42 41 40 30 38 37 38 35 34 33 2 31 30 20 28 27 26 25 24 23 2 21 20 19 18 17(5 o
OOOOOOOﬂooooonooononooo O00O000O0O0




-11-
appearance of the lesion, the second provided additional findings on site(s)
and extent of metastases if present and the third contained other comments.The
laboratory reference no., if applicable, was indicated at the lower half of

the right hand section of the card.

Cases were grouped together according to submitting meat works. The
values of the data recorded on the cards were sorted into various categories
by passing a thin pointed metal '"needle'" through the appropriate hole in a
bunch of cards that was carefully '"squared off'". After insertion of the needle
the cards were lifted and gently shaken allowing those which have been clipped
for the attribute under consideration to drop off. Categories were laid out
separately and tally counts were made. The contributing ME's served as sub-
groups, each ME having been represented in the tally sheet. A working total

was reached from these subtotals.

Additional data were provided by the survey summary report that was
submitted by the ME veterinarian upon termination of the survey. The summary
furnished data on the monthly cattle kill, an estimate of the Hereford and
Hereford cross in the monthly kill, the inclusive dates on the duration of the

survey, and the total number of cases encountered.

Various rates such as those relating to prevalence, age, and sex were
obtained by manipulation of data from cards. Breed and geographical distribution
of cases were explored. The economic importance of the disease to the meat
industry was assessed from carcase condemnation rates according to beef export

prices during the time of the survey.

Two projects were undertaken to supplement available data on pigmentation.
The first one was conducted mid 1979 at Feilding and Longburn works for a

comparative examination of pigmentation between Herefords and Hereford crosses.
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Criterion for scoring was the presence of pigment on the eyelid, third eyelid
and sclera. Accuracy of findings was evaluated by microscopic examination of
wax embedded histological sections of the ocular structures using Masson Fontana

method for melanin ( Pearse, 1972).

A larger study of ocular pigmentation was carried out on November 26th
to December 13th, 1979 at Gisborne meat works. Different breeds of cattle
were examined for a more detailed study of pigmentation of the eyelid, third
eyelid and sclera. The examination was carried out after the head had been
severed from the carcase and was being subjected to official inspection by

staff of the M.A.F.

The circumocular pigmentation of the skin and hair of the left and
right eyes of each animal were examined and classified according to the
following categories

(1) negative;

(2) less than one inch reddish-brown spot;

(3) broken reddish-brown;

(4) reddish brown ring;

(5) broken black, and

(6) black.

Left and right third eyelids were classified into negative and positive for
pigment. Sclera of left and right eyes were classified according to the
following categories

(1) negative;

(2) slight at a portion of corneo-scleral junction;

(3) slight around corneo-scleral junction;

(4) distinct, and

(5) abundant.
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Data from the second study of pigmentation were entered into AZ64 printed
cards to facilitate analysis in which each animal examined was treated as an

individual case.

RESULTS

Seven hundred and eighty-four individual case reports of cancer eye
were entered onto index cards. The case records were subdivided into 18 meat
works of origin. 1In cases with bilateral lesions, each case was recorded on a
separate card but data for other parameters, e.g. breed, age, sex, etc. were
recorded on the card for the left eye. The hole on the upper left corner of
the index card was cut to distinguish the right eye lesions from a case in which
both eyes were affected. Similarity of data written on the front page matched

and identified the printed cards used for bilateral cases.

Cards were stacked and arranged according to the ME assigned letter code.
Results were obtained by card sorting the values used for the different variables

and tallying the score.

Table 1 gives an overall summary of the results based on data from the
different meat works. Available figures on cattle kill were entered in the
first column. Breed distribution, sex, pigmentation, etc. were extracted by
summing the values assigned to the data in the index card. This frequency
distribution provided initial results that led to further analysis of

information.

Reports from 15 meat works which provided information on the total cattle
kill were used to study crude and breed specific rates. Table 2 shows the attack
rates in individual works. Seven hundred and fifty-two cases were recorded
from a total cattle kill of 843,853 to register an overall crude rate of 89

cases per 100,000 and a specific Hereford-Hereford cross rate of 403 per

100,000 was recorded.
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: CANCER EYE ATTACK RATES

MEAT WORKS

MEAT WORKS NO.

CRUDE RATE
per 100,000

H'+Hx? RATE
per 100,000

|

Shortland (Auckland) 24 14 -
Horotiu (Hamilton) 23 34 -
Tomoana (Hastings) 10 48 -
Pacific Meats (Hastings) 52 97 -
Gisborne (Gisborne) 9 242 -
Whakatu (Hastings) 29 57 167
CFM (Christchurch) 15 132 212
Mataura (Invercargill) 21 165 222
‘Longburn (Palmerston North) 6 60 238
iMakarewa (Invercargill) 22 147 397
iBalclutha (Dunedin) 26 267 476
;

ESouthdown (Auckland) 36 60 520
EFeilding (Palmerston North) 32 70 660
Whangarei (Northland) 51 120 746
%amaru (Dunedin) 18 560 1133
pverall Total 89 403

} H = Hereford +2Hx = Hereford cross
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Initial analysis of crude rates in the North and South Islands,
from works from which adequate data were available, showed rates of 58
and 222 cases per 100,000, respectively. When possible adjustments for
breed specific rates were made in the calculation (Table 3). Group A
included meat works in the North Island that submitted Hereford and
Hereford cross estimates in the kill. Group B comprised meat works
without such estimates. The Hereford and Hereford cross kill for Group
A represented 17.027% of the total cattle kill. Assuming the same
percentage of Hereford and Hereford cross were killed at the other
works, an estimated kill of 66,556 was arrived at for Group B. Thus
a Hereford-Hereford cross attack rate of 343/100,000 was estimated . .for
the North Island and 409/100,000 for the South Island. There is a
significant difference between the adjusted attack rates of the two

Islands (P<.05).

Detailed investigations of eye pigmentation were undertaken.
Initially a small study was conducted for a comparative examination
of pigmentation of the eyes of Herefords and Hereford crosses. The
study was carried out at Feilding and Longburn meat works. The eyelids,third
eyelids and sclera were classified as either pigmented or non-pigmented,
by gross visual inspection. Eight out of 63 (12.7%) Herefords were found
positive for pigmentation on the eyelids. The heads of 36 Herefords, from
which previous scores on the eyelids have been made and scored as negative,
were examined in more detail at the inspection area and one was found to have

examined /34(‘73.7%)6:{«1 /s.‘qmmlu/ eyelids . Of 75 Hereford crosses

a positive third eyelid and sclera0f 143 Hereford crosses,examined 65 (86.7%)

had pigmented third eyelids and 72(96%)had pigmented sclera.

Expressing these results as a ratio of pigmentation in Herefords to
Hereford crosses, the ratio for eyelid pigmentation was 1:7, for the third eyelid

1:31 and 1:34 for the sclera (Table 4).
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TABLE 3 : ADJUSTED BREED SPECIFIC RATES

MEAT WORKS TOTAL CATTLE H*+Hx+ CRUDE RATE H + Hx RATE
KILL KILL PER 100,000 PER 100,000
*% Group A 295,015 50,200 74 394
***Group B 391,048 66,556 47 276
North Island Works 686,063 116,756 58 343
South Island Works 157,790 82,413 222 409
Overall total 843,853 199,169 89 378

*H = Hereford

Hx = Hereford cross

** includes Whangarei, Southdown, Whakatu, Feilding, Longburn.

*** jncludes Shortland, Horotiu, Tomoana, Pacific Meats, Gisborne.

H + Hx kill calculated as 17.02% and assumed to be of the same percentage

as Group A estimates.



TABLE 4 : EYE PIGMENTATION OF CATTLE AT FEILDING AND LONGBURN MEAT WORKS

BREED EYELIDS THIRD EYELID SCLERA
No. (-) No.(+) 7% Pigmented No.(-) No.(+) 7% pigmented No.(-) No.(+) 7 pigmented

Hereford 55 8 12.7 35 1 2.8 35 1 2.8
Hereford X 9 134 93.7 10 65 86.7 3 72 96.0
Pigmentation Ratio 1:7 1:31 1:34
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The accuracy of the visual examination of melanin pigment was
assessed by staining wax—embedded sections of the ocular structures of
three Herefords and six Hereford crosses by the Masson Fontana staining
technique. In both breeds microscopic examination scores coincided with
visual inspection scores. Eyelids that showed light brown pigment which
were scored positive on clinical examination revealed slight epithelial
pigment on histological examination. Those in which the sclera was
scored negative showed only slight pigment at the limbus while those

that were scored positive had heavy pigment at the limbus.

A wider investigation was carried out at the Gisborne meat works
which included 891 head of cattle of different breeds. These consisted
of 409 Herefords, 59 Hereford crosses, 328 Angus, 61 Friesians, 26 Murray
Grays and 8 Charolais. A summary of the results obtained from examination
of the eyelids is shown in Table 5. These eyelids were divided into
15 classes dependent on the degree of pigmentation ranging from completely

black skin and hair of all four eyelids to complete absence of pigment.

On examination for pigmentation of the third eyelid, 0.27% of Herefords
were found positive, 28.87% of Hereford crosses and 19.7% of Friesians.
In the case of other breeds examined 1007 were found positive for pigmentation
the third eyelid (Table 6). Table 7 summarises the results of examination of
the sclera. Differences in scores recorded from the left and right eyes are

shown in Herefords and Friesians.

Attempts were made to investigate the geographical distribution of
"cancer eye'". The counties of origin of cases submitted for individual

meat works were determined and plotted on maps. Cases from different works

of
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TABLE 5 : PIGMENTATION OF THE EYELID OF CATTLE AT GISBORNE MEAT WORKS

CHARACTERISTIC OF EYELID BREED

1. Both eyes encircled in black - 21 44 328 26 8
2. One eye black,one eye broken black - 6 1 - - -
3. Both eyes broken black - 7 12 = = -
4. One eye black, one eye clear - 1 1 - - -
5. One eye broken black,one eye clear - 1 - - - -

6. Both eyes encircled in reddish-brown 139 22 - - - -

7. One eye reddish-brown,one eye

broken reddish-brown 56 - - = = -
8. Both eyes broken reddish-brown 118 - - - - -
9. One eye reddish brown,one eye

with spot <1 in. 7 - = = = -
10.0ne eye reddish-brown,one eye clear 5 - - - - =

11.0ne eye broken reddish-brown,
one eye with spot <1 in. 8 - - = - =

12.0ne eye broken reddish-brown,
one eye clear 16 - = = - -

13.Both eyes with spot less than 1 in. 5 - - - - -

14.0ne eye with spot <1 in,, one eye

clear 12 - - - - -
15.Both eyes clear 43 1 3 - - -
Total 409 59 61 328 26 8
A = Hereford D = Angus
B = Hereford Cross E = Murray Gray
C = Friesian F = Charolais
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TABLE 6 : PIGMENTATION OF THE THIRD EYELID OF CATTLE AT GISBORNE M.E.
BREED NO. NEGATIVE NO. POSITIVE % POSITIVE
Hereford 408 1 0.2
Hereford X 42 17 28.8
Friesian 49 12 19.7
Angus 0 328 100.0
Murray Gray 0 26 100.0
Charolais 0 8 100.0
TABLE 7 : PIGMENTATION OF THE SCLERA OF CATTLE AT GISBORNE M.E.
BREED EYE GRADE I GRADE II GRADE III PEPICEST GRADE IV GRADE V SUBDECL,
I - IIT IV - V

Hereford Left 141 149 92 382 27 27

Right 137 125 120 382 27 0 27
Hereford X Both 7 2 4 13 15 31 46
.Friesian Left 6 S [ 0 7 5 49 54

Right 5 0 0 5 6 50 56
Angus Both 0 0 0 0 0 328 328
Murray Grayp ., ¢ 0 0 26 26
Charolais Both 0 0 0 0 8 0 8
Grade I Negative
Grade II Slight pigment at corneo-scleral junction
Grade III Slight around corneo-scleral junction
Grade 1V Distinct
Grade V Abundant
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were represented by different symbols and Figures 2 and 3 illustrate the
origin of cases received by three works in the North Island (Figure 2)

and three meat works in the South Island (Figure 3).

Meat works ''cancer eye' prevalence rates were further related to
ratio of dairy to beef animals in the catchment area. The catchment
area for a particular works was assumed to consist of the counties of
origin of the '"cancer eye" cases. Animal population by counties in
1975 (A.J.Mettrick, pers.comm.) was utilised to derive the following

dairy to beef ratio :

Whangarei 1:2 Pacific Meats 1:20
Southdown 1:1 Feilding 18: 3
Shortland 1:1 Longburn 1:3
Horotiu 1:1 C.F.M. 1.10
Gisborne 1:61 Oamaru 1:18
Whakatu 1:16 Mataura 1:12
Tomoana 1:11 Makarewa 1:10

Balclutha 1:10

There were 203 carcases that were completely condemned due to the
disease. An estimated valuation of the condemned animals, consisting of
four bulls, 28 heifers and steers and 171 cows was made from the schedule
of beef prices for 1974-5, issued by the New Zealand Meat Producers' Board.
The schedule recorded meat prices per kilogram of 32.25, 37.08 and 24.82
for steer, cow and bull. By estimating an average carcase weight of 270,
170 and 300 kilograms, respectively, the loss to the meat industry from

condemnation of these carcases was approximately $10,500.
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DISCUSSION

A. Significance of Findings

1. Breed

The number of animals examined during the survey of 'cancer eye"
as indicated by the total cattle kill of 843,853 represented 397 of
slaughtered cattle in 1975. Of the cases recorded 80.5% were in Herefords,
12.1% in Hereford crosses and 6.47% in other breeds. Herefords and Hereford
crosses accounted for 92.6% (726) of the cases. Computation of breed
specific rates was possible in ten works where 29.47% of 450,805 slaughtered
cattle were Herefords and Hereford crosses. An attack rate of 403/100,000
was recorded in Herefords and Hereford crosses (Table 2) and 8/100,000 in
other breeds. These attack rates show that Herefords and Hereford crosses

are 50 times more likely to have ''cancer eye' than other breeds.

The ratio of Herefords to Hereford crosses was estimated from the June
1976 figures of the distribution of beef cattle in New Zealand furnished
by the Economic Service Sheep and Beef Farm Survey. In a survey of commercial
beef farms representing 70% of all beef cattle in New Zealand (the remaining
30% are run on beef only farms, dairy beef enterprises, small holdings and
government owned farms) the following percentages of Herefords and Hereford
crosses were obtained : Hereford - 167, Hereford x Angus - 25.97, Hereford
x beef Shorthorn - 2.67% and Hereford x other breeds - 1.4% (R.M.Davison, pers.

comm.). Hereford crosses represented 29.9%.

These figures provide a breed ratio of 1:1.9 between Herefords and
Hereford crosses in the national beef herd. In this study 631 cases were
recorded in Herefords and 95 in Hereford crosses, a ''cancer eye' prevalence
ratio of 6.6:1. 1If this latter ratio was adjusted in relation to the expected

ratio of 1:1.9 between Herefords and Hereford crosses in the beef herd, a
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prevalence ratio of 12.54:1 is obtained. This indicates that Herefords
are approximately 13 times more likely to have '"cancer eye" than Hereford

crosses.

These findings support the common belief that as an economic problem
"cancer eye" is of importance only to the Hereford breed (Monlux et al, 1957)
and confirm the work of French (1959) who showed the striking contrast
between the susceptibilities of Herefords and Shorthorns in Queensland.

The Hereford-Hereford cross rate of 403 per 100,000 compares with the
180-360 per 100,000 recorded from reviews of M.I.B. slaughtering records
in the U.S.A. cited by Hoffman (1978) where more than 90% of slaughtered

cattle were Herefords (Russel et al,1956).

2. Sex

A much greater proportion of cases were found in cows (95%). This
could not, however, be related to a difference in sex susceptibility
because it can be assumed that a greater proportion of animals submitted
for slaughter in the older age groups are culled cows. It was probable

therefore that age was an important confounding variable.

3. Pigmentation

Eighty-six percent (613) of the cases were found in cattle with non-
pigmented eyelids. In relating pigmentation to prevalence it is necessary
to establish a scale of measurement of the pigment present. The degree
of melanin pigmentation differs appreciably among different breeds, and
in the case of Hereford cattle, among individual animals and between each

eye of an individual animal.

Recording the score for each eye on a discontinuous scale comprised of

10% units ranging from zero to complete pigmentation, French (1959) measured,
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by visual examination, the percentage of pigmented skin at the margin of
the lids and pigmentation of the corneoscleral junction of 189 mature
Herefords and 150 mature Shorthorns. Anderson et al (1957) described

that the skin of the circumocular region of Herefords varies in shade

from a yellowish brown to an intense reddish-brown. By photography

of the eyes of 105 Herefords and their progeny, he objectively measured

the pigmentation by counting the number of units of area in the photographs
covered by pigment on a scale which divided 1lid lengths into 100 equal
units. The scores ranged from zero percent for an eye completely devoid

of pigment to 100 percent for an eye completely surrounded by pigment and
the scores for both eyes were summed to obtain a measure of total circumocular

pigment.

In the two small studies described under Materials and Methods, the
present author measured pigmentation of the eyelids, third eyelid and sclera
of the bovine eye by visual inspection. Both studies showed marked difference
in the degree of pigmentation of three structures of the eye in the different
breeds examined. The 1:7 eyelid pigmentation ratio found between Herefords
and Hereford crosses examined at the Feilding and Longburn meat works
demonstrated the marked variation of ocular pigmentation which occurs between
these two breed groups. The furthe; study of the 409 Herefords and 59 Hereford
crosses examined at Gisborne ME, using the 15 mutually exclusive categories of
the characteristics of the eyelid, more accurately showed the contrast in
eyelid pigmentation between these two groups. Only in two categories did
individual animals of the two breed groups have similar distribution of pigment.
Thirty-four percent of Herefords and 377 of Hereford crosses had both eyes
encircled in reddish-brown pigment, and 10.5% of Herefords and 1.7% of Hereford
crosses had both eyes without any obvious pigment. Thus, this preliminary
assessment of ocular pigmentation was not directly comparable to differences

in the prevalence of 'cancer eye'" in the two types of animals.
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Eighty-five percent of Herefords from the Gisborne area showed some
degree of pigmentation of the ocular structures compared with only 12.7%
in the Longburn-Feilding area. This difference may be due to less accurate
methods of assessment used in the first study at Feilding-Longburn, or it

may be due to true differences of the Hereford population of the two areas.

4. Age

Only eleven percent of the cases were recorded from cattle less than
five years old, while the age distribution shown in Table 1 indicates that
the disease was encountered mostly in mature cattle. The lack of uniformity
in recording age made it difficult to demonstrate any definite correlation

of prevalence with age.

5. Site of origin

In agreement with the findings of Monlux et al (1957) and of Russell et al
(1956) who also cited the similarity of their findings to that of Steiner and
Bengston (1951) and of Wernicke (1935), this survey indicated that the
corneoscleral junction is the most common site of origin of ''cancer eye'.

Of 547 lesions whose site of origin could be determined, 45% arose at the
corneoscleral junction which approximates to the 507% recorded by Monlux et al
(1957) and compares to the 74.8% recorded by Russell et al (1956). Twenty-seven
percent of the lesions originated on the eyelids and 287% on the third eyelid. The
findings of Monlux et al and Russell et al for the third eyelid were 2% and 7.5%
respectively. Both these previous studies also included other specific structures
of the eye in the determination of the site of origin (i.e. cornea, caruncle,
bulbar conjunctiva, palpebral conjunctiva, limbus, orbital region, lacrimal

lake), which were not recorded in the present study.

6. Evidence of malignancy

Of the 744 cases considered, 397% showed evidence of malignancy. These
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included 130 cases which were locally invasive without metastases and 161

cases with evidence of metastases in the parotid lymph nodes. Forty-eight

of the latter had additional metastatic lesions. Twenty-one of these

were recorded in the atlantal lymph nodes, four each in the retropharyngeal
and submaxillary lymph nodes and two in the prescapular lymph nodes. A

case was recorded to have metastatic lesions in the intra-thoracic oesophagus,
one in the liver and another in the lungs. Of the cases with metastases of the
atlantal lymph nodes, seven had additional lesions in the submaxillary and two
in the retropharyngeal lymph nodes. Of the four cases with metastases in the
retropharyngeal lymph nodes one also had metastases in the submaxillary lymph

node.

B. An Evaluation of the Survey

The survey has provided relevant information on the prevalence of 'cancer
eye'" in New Zealand. The demonstration of an overall rate of 89 per 100,000
and a Hereford cross rate of 403 per 100,000 indicate that the disease constitutes
a definite economic problem. Calculation of the overall rate of ''cancer eye"
in cattle submitted to New Zealand meat works, for the year in which the survey

was carried out, was greater than the overall statistics for all neoplastic

condition of cattle by the Meat Division of the M.A.F.!

The total carcase condemnation valued at approximately $10,500 calculated
on 1974-5 beef prices, may seem to be insignificant in terms of the total New
Zealand meat industry but this does not include animals with lesions too
advanced to be submitted for slaughter. Some of the animals submitted for
slaughter were treated as suspects at the meat works because of evidence of
surgically healed lesions and ablated eyes. This indicates that practicing
veterinarians and owners recognise the problem on the }arm and probably many

affected animals never reach the meat works.
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Preliminary studies, before the survey was initiated, had indicated
some of the likely epidemiological features of the disease and the probable
susceptibility of the Hereford breed. The measurements of the variables recorded
in the questionnaire and submitted as individual case report, provided data
for analysis. Monlux et al(1957)pointed out that "reports in the literature
of cases in other species have been misconstrued by a few writers in recent
years as an indication that the problem is equally as great in other species;
this is simply not true." 1In a study of bovine ocular tumours obtained
from Denver abattoirs where more than 827% of slaughtered cattle were Herefords,
these authors reported that among the 532 cattle with ocular tumours, the
breed of 385 was recorded and 378 (98%) were considered to be of predominant
Hereford ancestry. Many studies on various aspects of the disease such as,
inheritance of susceptibility (Woodward and Knapp, 1950; French, 1959, and
Anderson, 1960a), lid pigmentation (Anderson et al, 1957, and French, 1959)
and nutritional aspects (Anderson, 1960b) were conducted by observations of

herds of Hereford cattle.

In this survey the classification of Herefords and Hereford crosses
as a single breed group was a compromise which was not ideal. It was felt
that most meat works veterinarians would have found the recording of more
precise information to be tedious, if not impossible. A more elaborate
evaluation of pigmentation of the eyelid and other structures of the eye
would have burdened the examining veterinarian and entailed a more complicated

design of the questionnaire.

In studying the location of cases, the 'Locality or Origin' of the survey
returns were plotted on maps. Cases from some works showed evidence of
clustering. The meat works veterinarian at Oamaru had indicated in his
comments that the cases he encountered came from high country. However,
there was insufficient data in most cases to establish definite information

on location. The map plotting done in Figures 2 and 3 relates cases only
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to county of origin and the marks for individual cases do not represent
specific locations. The counties represented relate more or less to the
extent of the catchment area. For example, that of Gisborne works is the
East Coast which draws cattle for slaughter from a fairly definite area. The
Tomoana works is shown (Figure 2) to obtain cattle not only from Hawkes Bay
but as far south as the Wellington region and as far west as the West Coast

of the North Island.

Map plotting also established the overlapping of the catchment areas
among works and formed the basis of the estimated dairy to beef ratio of
cattle submitted to specific works. It was not possible to relate marked
variations of 'cancer eye'" prevalence rates of 167 to 1133 to geographical
location because of two main factors

(1) the ratio of dairy to beef animals in the catchment areas

of the meat works vary from l:1 to l:61, and,
(2) the extent of the catchment areas of the meat works vary

considerably and overlap each other.

Russell et al (1956) established that "many, but not all, of the benign
growth if left untreated will undergo a transformation to carcinoma." These
authors showed 'plaque', 'papilloma' and 'cancer' as the progressive sequence
of the development of the disease. From histological studies of 830 affected
eyes of cattle examined by federal meat inspectors, they found 71.4% to be
invasive squamous carcinoma,l.47 carcinoma in situ, 15.7% benign precursor

lesions and 11.5% to be not associated with carcinoma.
In the study of 613 tumours found in diseased eyes of 548 cattle from
Denver abattoirs, Monlux et al (1957) diagnosed 76.8% as epidermal papilloma

and 12.1% as epidermal plaque.

In this survey, out of 37 primary lesions sent for laboratory confirmation



-32-
76% were confirmed histologically. Of the 24 metastatic lesions 60% were
confirmed. In both cases, the author considered the absence of any results

in the case records as an indication of non-confirmation.

The confirmation of 767 of the primary lesions compares with the findings
of Russell et al and Monlux et al of 72.8% and 81.7% respectively, where
squamous carcinoma and early squamous carcinoma were considered together.

It is speculated that those indicated as discrete single lesions, if
examined histologically, would have been mostly classified as early
squamous carcinoma and benign precursor lesions as described by Russell

et al (1956) and Monlux et al (1957).

Manipulation of the data recorded on the index cards yielded information
recorded in the Results and discussed above. Most findings were straight-
forward, as results were based only on single variables and in a few cases,

a combination thereof. Some variables have not been considered at all :
number of cases in the line, sizes of discrete lesion and local infiltration,
and tissues involved in local infiltration, as they were not related to other
findings and existing available information on "cancer eye'. As a filing
system the set of index cards can easily be accessed for reference purposes
and/or further analysis. Moreover, data generated from the Gisborne study

of eye pigmentation of cattle has been similarly stored in index cards which

may find relevance in future work.
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CHAPTER II
APPLYING THE COMPUTER IN DATA ANALYSIS

INTRODUCTION

Distinction should be made between the purposes of a research programme
and a surveillance programme. It has been stated (Anon, 19685 that research
seeks new knowledge from which better control measures may develop, whereas
surveillance centres on the application of existing knowledge to control
(of disease). It was also suggested that field studies such as multi-
purpose serological surveys can be planned in advance, both to produce data

and to furnish information in surveillance.

Two serological surveys were conducted in slaughterhouses by the
Department of Veterinary Pathology and Public Health. These surveys,
one carried out among meat inspectors employed by the Meat Division of the
M.A.F. and the other among meat workers, were carried out between 1978-79
in connection with a wider study of abattoir-associated occupational zoonoses
in New Zealand. Quite a number of slaughterhouses were involved and returns
were obtained from more than 2,000 workers. It was decided to make use of

the computer in the analysis of data.

Recent progress in the design and manufacture of computer hardware
is impressive. A scientific problem that took an hour on a large 1950
machine at 1,000 operations per second can be run on the fastest contemporary
computers in less than half a second and the running time of a program* can

be reduced to three or four seconds (McCarthy, 1966).

* a set of instructions to the computer. The American spelling is used to
distinguish the technical from the general usage of the word.
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Part of the success of the computer can be ascribed to purely economic
factors. By lowering the effective cost of calculations the computer has
induced a shift towards a greater emphasis on analysis of existing data
in many fields where once only experimentation and comparatively simple

direct measurements were practical (Oettinger,1966).

The increasing use of computers has given rise to statistical packages.
A package program is a programming system available from a supplier (manufacturer
or independent software supplier) that comes complete and ready to perform

specific tasks.

SPSS, the acronym for Statistical Package for the Social Sciences, is
an integrated system of computer programs designed to automate the routine
task of data processing and around which a series of other computer programs
can be built. The system provides a unified and comprehensive package
that enables the user to perform many different types of data analysis in

a simple and convenient manner (Nie et al, 1975).

SPSS has been adapted to the Burroughs B6700, the type of computer
available at Massey University. Proximity to the Computer Centre and
the relatively low charge for computer use, presented enormous advantages.
This study applied the system to the analysis of data from the serological

surveys of meat inspectors and meat workers.

In applying the SPSS the author was able to make use of the computer
system through USERCODE VCOO38HARRIS of Dr. R.E.Harris, Department of
Veterinary Clinical Sciences,which included the availability of the disk
as short access time input medium and the tape as back storage. Computer
users may have individualised input mediums. Dr. Harris' disk and tape

were recognised by the computer as VCOO38HARRIS and VCO255P9HARRIS,
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respectively. For simplicity the author refers to them in the text

as disk and tape.

A BRIEF BACKGROUND AND

GENERAL AIMS OF THE SEROLOGICAL SURVEYS

Workers from two occupational groups at the abattoir were interviewed
and a blood sample was obtained from each respondent. The serum from the

blood sample was examined for antibodies to Brucella abortus, Leptospira

interrogans, Toxoplasma gondii and Coxiella burnetti*. Information was

obtained of previous clinical disease associated with these agents and
other potential zoonoses. Data were also collected on workers' characteristics
such as age, precise occupation, contact with stock etc. (see Appendices

III and 1IV).

Once the data had been organised in a manner suitable for computer
analysis (see following sections)attempts were made to ascertain correlations
and associations between evidence of previous infection based on the
serological tests performed and the possible risk factors associated with

work in the abattoir.

Appendix V, a reprint of ''The Public Health Significance of Leptospirosis
for the Meat Industry' by Professor D.K.Blackmore provides further background
information and details of the methodology employed in the conduct of the

surveys of the two occupational groups.

* results for Coxiella burnetti were hand-sorted and excluded from
computer analysis.
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PREPARING SURVEY DATA FOR SPSS INPUT

The data base

Two sets of questionnaire returns from the serological surveys of
the meat inspectorate and the meat workers groups were made available
as data source documents. These returns were compiled, according
to cooperating slaughterhouses, at the Leptospirosis Laboratory,
Department of Veterinary Pathology and Public Health. Each set of
documents served as a data base for separate statistical analysis. They

were identified as the meat inspector file and the meat worker file.

Establishing variables from the files

An individual worker was considered as the basic unit of analysis.
The measurements, or variables, made for each worker were extracted from
the data base. These measurements were in the form of : (1) questions
asked of each worker, and (2) results obtained from the serological tests
undertaken on the blood sample. Some of the measurements were combined

to establish other variables.

Through requests of Professor D.K.Blackmore directed to the
supervising meat inspector, additional data were obtained later in 1979
pertaining to stock slaughtered within the last 10 to 15 years and when
slaughter of particular types of stock ceased. Also requested were
data on the works at which inspectors had been previously appointed and
the duration. Table 8 lists the type of stock slaughtered at present
and in the past in all works visited. The information supplied by the
supplementary questionnaire was linked to those indicated in the source

documents to establish additional variables.

Determining values of variables

Initially, manual sorting of information on returns was done at the
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Leptospirosis Laboratory by Dr. Linda Schollum. This sorting showed the
format of some of the variables. The values of the other variables were
similarly drawn out of the responses to the questions and results of the
serological tests. These responses and results determined the parameters

of the variables. Some of the variables had discrete numeric values. Others

required an arbitrary coding scheme to describe them.

Assigning variables' code names and numeric values

Code names not exceeding eight alphabetic letters were assigned
to each variable and numeric values were assigned to responses in which
arbitrary coding was required. Assigning of code names and numeric values

was made in accordance with the SPSS language (Nie et al, 1975).

Constructing the codebooks

As the meaning of code names and the characteristics represented by
numeric values are not always apparent, thorough documentation, in a reference

codebook, is essential.

Separate codebooks were constructed for each of the two groups (see
Appendices III and IV, Codebook: Serological Survey of Meat Inspectors and
Meat Workers, respectively). Each codebook was divided into three vertical
sections. The column on the left contained the numbers which located the
variables in the records. The second column contained the brief name used
to reference the variables in SPSS. The right hand portion contained a
detailed description of each variable including a description of the coded

values.

Data coding

The task of putting the data into 80-column general-purpose

coding forms was undertaken by a laboratory assistant* of the Department

* Jayne Chapman,3rd year student,Faculty of Veterinary Science.



-38-

TABLE 8 : STOCK SLAUGHTERED AT THE WORKS

WORKEMP CODE (s) SHEEP CATTLE CALVES PIGS GOATS

2 X X X Until 1973 Until 1972
3,12,44 X X X X -
4,6,24,30 X X X - -
5,11,15,16,25,27,

31,37,40,47,50,51 X X - X -

7 - X - Unti§7garch =

8 - X - X -

9 X X X Unt}§7gune X
10,17,19,41,42,48 X X - - -

13 X X X Until May'78 -

14 X X X - Until 1969
18 X X X X Until 1974
20,26 - X - - -
21,46 X X - Until 1974 -

22 X X X Until 1975 -

23 X X X Until 1971 -

28 X X X Until 1972 Until 1964
29 - - - X -

32 X X X Until June'77 x

33 Until 1974 X X - -

34 X Until Sept'75 - - -
35,38,45,49 X - - - -

36 X X X Until 1975 X

39 X X x In"off'" season only %~

43 X X - X X

* Approximately June to October.
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of Veterinary Pathology and Public Health. It was accomplished by
working through the two sets of questionnaire returns, using the codebooks
constructed for the meat inspector and meat worker files as represented
on Appendices IIT and IV and the listing of stock slaughtered at the
works summarised in Table 8. Separate coding files were prepared for the
two groups. These files were named INSPECTOR data file and MEATWORKER

data file. Checking and editing of the files were undertaken.

Copying the data files onto the input medium

The INSPECTOR and MEATWORKER datafiles were copied separately by
the Computer Centre key-punchers onto the floppy disk*. Upon completion,
printouts showing the loaded data were obtained and these were compared
with the original files (the coded sheetd, to check accuracy in key-
punching. Errors detected by the proofing were rectified. From the
floppy disk, the data files were copied onto the disk resident in the

computer that is accessible via USERCODE VCOO38HARRIS.

STORING THE DATA FILES AS SPSS SYSTEM FILES
An SPSS system file is a special file containing the information
SPSS needs to identify variables (i.e. variable names, labels, missing

values, codes, etc.) as well as the data (Nie et al, 1975).

Preparatory to analysis, the INSPECTOR and MEATWORKER data files were
converted into SPSS system files. SPSS programs were written on program
work sheets and punched onto tabulating cards in accordance with the
directions for using SPSS language (Nie et al, 1975; Anon , 1978b). 1In
the file generating run, the program provided the SPSS with a series of
instructions that involved the tasks of naming the variables, specifying
their locations in the data records, identifying missing values, providing

labels and other related operations.

*floppy disk is a magnetic recording material used at the Computer Centre
as an alternative to punched cards for storing data.
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Converting the INSPECTOR data file into an SPSS system file

Fifty-five variables were initially established from the serological
survey of the meat inspectorate group (see Appendix III). The data files,
the filled-in data coding forms and the printouts of the loaded data, were
kept for verification of data representation on the input medium. An updated

printout was obtained whenever numeric codings were changed.

The data were stored on the disk as MARERO/INSP/DATA. On an initial
file generating run the SPSS system organised the data, together with
the associated information entered on data definition cards, as MARERO/
INSP/SYSTEM. Data definition cards described the data for processing.

Example 1 shows the program used to generate the SPSS file.

The printout from this run stated that the file had been saved with
58 variables. Example 2 shows the listing of these variables in ten
columns, the file name, indicated as RLLEM, by means of which the file

had to be identified in subsequent runs, and the number of cases (1214).

The first three variables in the list : SEQNUM (sequence number),
SUBFILE (subfile structure), and CASWGT (case weight), provided by the
output are automatic variables created by the system. These variables
go with all SPSS created system files and carry with them important
functions that are useful in retrieving certain information from the
file (Nie et al, 1975). Inspection of the variables' values indicated
in the codebook showed some characteristics that had to be modified.

This required the use of data modification cards through which the coding
scheme for some variables were transformed and new variables created.
They can be created in an SPSS system file by COMPUTE and/or IF statements

similar to a program segment as shown on the beginning of page 43.



EXAMPLE 1 : PROGRAM TO GENERATE AN SPSS SYSTEM FILE FOR INSPECTOR DATA.

1
?REGIN JCB 1.k
TI FIL MARER
FROM VCOP=EFUGH
PRUN 5rSS:
FILE

FILE FILE4(TITI
DATE

EILS NAWE

DATA LIBT

IRPUT MaDIUM
I OF CAbls
VAR LAZBLLS
VALUL LaBLLS

VALUES

s

1IBGING

TULUhVEY ; USeR=VYCO0CRRLAR

BITER(TITLE- Mg 15

1(_“

O/ TG FRCTOR/ DT ISNT
KRRIS

J.Lu— gl xi‘ A..\\.))‘ J. NL

I5+CLASS=1 4 MAXLINEDS
RSLDENT THEN COPY MARERGC,/INSFECTOR/DATA

L nY ‘t'\ ‘l —‘-\ﬂ r —-|~'\< 1, _‘
/.LL»:)P/W‘L“, ORI TR ST S SHE O e O

b .11 oTEM 3 KIND-DIoK 3

=13000 ; MAYPROCTIME=500;

7

”ILHmYPI;%

/

RLLEM, SILE ¥XOM 1ROI' BLACKMORL NI LerTO SURVEY, CCT 1979
FIXED(1)/1 URasE 1-2, LABGE 3.6, AGE 7-2, SEX 9, RACE 10,
IMIGRANZ 11. DURIKIG 12-1%, NYKINS 14-16, IGEALE 16, WOCONS 17,
WOUUNG 18, WOUGED 16, woGOhs 20, 5CCUNG 51, LUOCuy, 2223,
LUKGCOHC 24-2%, DUGLCOL 20-27, uLulOlitk 29-29, 5Ux0CUlG 30--31,
QUCLHALL 37, CQUCCEAGD. 77, LUCONAGE 54,0UCOLAG; 35, CUCUNAGG 26,

CUCUND 27,
OUCCNLC a2,
‘ub"'nnb -1?--—0
Leriut C(_‘ s jJ,i:
PUXTEST £2, "‘J.)‘J_..JU 5 )-6 .
RiLeHAR 71, RLLfrObM 72,
LIQR
l \IA\Jnn

@ TICEE
D‘)JLJ 1\k)bLL.-ANJ A ."..’\-‘&’L/

JUCCHD 28,
ek /4- .

(43¢ LL l.;hu/"[.‘ll(vhh:h_;( 1)NGT

CUCCNE 29, QUCONL 40,
CUCChiib &4
VDWMPX :O-\l thOA~
AR B7, l._..tb

RourCUF 73, KLELTAR P,

, SUELLE,
_-;_,,(:')bi_u.x.u.,/{u'u' (T \'ULLL,,J,H.” {2HMAGRIL,{3)ISTANDER

OUCONG 41,
CGCUNIET us, SUFLEP 46-47,
52~-5%, LbBrkik 5S4, IEFIOM 55,
58, BRUBAT E‘. leuQ” ’O BRUAHG €1,
MrRBLED 67-68, YRBLED €C-7C,

RLEFBAL 75

YBuLQ (EeCH,

SlirroLRel, LEPTCS

ATl 11"11‘11\n~n11'l‘ (?); RCM HI;;{brL,

(7)FRCM pLLEWHERE/IGHADE(T ) ASBIST. MI,(2)MI, (%)Si_MI-TUTOR

(4 )EUFRE BI(S)VET (c\ulhinq/uurii»(o)mo HISTCRY (1)1-5 YRS AGO
(2) A21N YES (7) 17-96 YRS (43 15 YAS (s)be IIS3ED (8) NOT
CONFIRMED

AGE(27)/SE% T0 IMIGHANZ (©)/DUKLFIG(99)/WOCONS TG WCCONG (9)/
DUWLCCOHS TG DUWOCK Nu(nq)/vuccnﬂg C CUCCNHII(©)/SUFLEP TO
SUFORF(99) /IEFHAR TG Ll BAL(Q)

READ INFUT DATA

SAVE FILE
FINI&A
?E:\ PYANS ] Ob



EXAMPLE 2

¢ SAVING FILE RLLEM.

AL CAST.

SAVE FILE RLL
FILE KLiEM ~ HAS BLCEN SAVED wi¥ 70 VARIADLES..

SEuhyd SURFILE it WLSWEmk  Lapwls AGE Iy
NgﬁrﬁéNP aaﬁADE dhs LUCUNRE rilabi WOGUNP WuCethg
CPUWUCUNP  puUVQCONG ANAGS _ CUCHIAGH QU GiaGB . DUCLCRAYY  nuCGHAG
ngpue NUCONG JuaC T audnhne T EeCOlED  0UCBLHP I T SUFLER
LEPHAR PEPPON Cor LEFTAR LEFuAL RRUSAT GRUCFT
YBLLD MRELER L RLE~#HAR RLETP W RLEFCCP RLEPTAR

- _ - THE SUSFILES ilees
NC UF
NAME CASES
. 5P FrOgNs ?LL’P‘M ~i£1“ A i W . b
EXAMPLE 3 : SAVING FILE MWORKER.
B e ot == SAME el i uRKER s s
Flit mwiRAL®  HAS oLt wilH 74 VarlASLESee
~%L)xlu»mm 5¢hl LE-~-' Vil WUsaEHP AL RE) Ak £S5
} v"lyi R W“"(l][\ |U[_ qlikl.. ,)L (.-l.\l SL“(;"“‘L. SLN;JL'\J \CLA'U;\T
PoihCnd FLACAL AP Ly PaLatdai  Poutsduh SEPLRAD §¢3E5n5
BLOLGLAT  ebPy0BDY Jlie WUCidC wuCuivi widCUNP WUCUNG
v-JU-'(!lJ 3»)-,..-__l.}1\;§(‘44‘u e -~0“ J!“) - - -J')-:‘\'. u:"”’ - —’}I\}C’ ‘n_( )CC;;A\‘ pucuh
2Ur BRU QUE TUX Subuii LitiAn Lebias LEP TG LEPTAK
Bilistik TUXTEST HP O PR Gty 1205 BRUS
LaLvih FIGCUN G Sibebn
IHE SVD" ILLS '\“Ln )
S S S S [N £ CR ¥ 3 4

RACEL IMI’Q»NZ DUELMIG
NUWOCHNS DUWGEUN DUWUCQNL
(JUCUNS uucnxn,“ CGLiudl
SUFGRU —~ SUFT(X SUFURF
BRUAHG TOXTEST MBLED
RLEPRAL

ke li i MNE - DURLIHTG
ZL3UUR PHMGKALE PoLASHL
SESLCAI SESLUAL  SeScePiy
SASSUL ASSiUL DyHS L
~UECUN - T S SUFLLF
LEZSAL 3RUS A NHULE |
LPGS SHtLuN Crlul
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GET FILE
COMPUTE

COMPUTE
COMPUTE

IF
IF
IF
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16

RLLEM
HPOSI = 1
PPOSI = 1
CPOSI =1

(LEPHAR GT 1) HPOSI=2
(LEPPOM GT 1) PPOSI=2
(LEPCOP GT 1) CPOSI=2

The numbers 1 and 16 indicate columns in the punched cards. These

operations created the three variables HPOSI, PPOSI and CPOSI which are

described below.

Fifteen variables were created by transformation of the values of

existing variables. PCON represented contact with pigs in and outside

the works.

It was made to contain the "O" to "5" values and carried

the same description as the values of WOCONP (contact with pigs at the

works) listed in the codebook. The rest of these variables carried

the following descriptions

BDATE - bleeding date

1 - 12, January to December, 1978

13 - 24. January to December, 1979

RDATE - rebleeding date

DBLED

DHTIT

DPTIT

DCTIT

DTTIT

DBTIT

HPOSI

1 - 12. January to December, 1978

13 - 24. January to December, 1979

interval in number of months, between bleeding and

rebleeding
difference
difference
difference
difference

difference

dates. Exact values.

of hardjo titre between test and retest.

of pomona titre between test and retest.

of copenhageni titre between test and retest.
of tarassovi titre between test and retest.

of ballum titre between test and retest.

hardjo combined test results.

1. negative

2. titre 21:24

PPOST - pomona combined test results. 1,2 as above.
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CPOSI = copenhageni combined test results. 1, 2 as above.

TPOSI - tarassovi combined test results. 1, 2 as above. A
BPOSI - ballum combined test results. 1, 2 as above.

LPOSI - all serovars combined test results.

1. negative 2.any of the 5 serovars 21:24.

Data not available during the initial file generating run were added
to MARERO/INSP/SYSTEM. The data were coded onto forms and copied onto
the floppy disk as RMARERO. After editing, these data,which measured three
variables, were added to the file through the following program :

1 16

GET FILE RLLEM

ADD VARTABLES BRSAT, TESTOX, CONCAT
INPUT MEDIUM DISK

INPUT FORMAT FIXED (3Fl.0)

VAR LABELS BRSAT, BRUCELLA TEST RESULTS/TESTOX TEST FOR
TOXO/CONCAT.CAT CONTACT

VALUE LABELS BRSAT (0) NO TEST (1) €20 (2) 20 (3) 40 (4) 80 (5)
160 (6) 320(7) 640(8) 1280(8) 2560/TESTOX (1) NO TEST
(1)< 64 (2) 64 OR »/ CONCAT (0) NO CAT (1) WITH CAT

READ INPUT DATA

SAVE FILE

FINISH

?7END JOB

A new MARERO/INSP/SYSTEM was created after the addition of variables
BRSAT (Brucella standard agglutination test), TESTOX (test for toxoplasmosis)
and CONCAT (cat contact). Saving of the file was requested through the

SAVE FILE control card.

Converting the MEATWORKER data file into an SPSS system file

Six meat works were involved in the serological survey of meat workers.
A total of 1250 cases were obtained from the questionnaire returns. Basically
the manner of organising the MEATWORKER data was similar to that of the
INSPECTOR data. The original data were stored as MARERO/MEATWORKER/DATA.
The SPSS system file created was referred to as MARERO/MEATWORKER/SYSTEM

and the file name was called MWORKER.
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The program prepared for the initial file generating run contained
procedure cards for transformations to create new variables in addition
to data definition cards. Thus the saved file appeared as in Example 3.
The first three variables in the list indicate the automatic variables
followed next by the original variables. The last twelve variables in
the list were transformed from the original variables. These carried

the following descriptions

HPOS - hardjo combined test results.

1. negative 2, titre =21:24

PPOS - pomona combined test results. 1,2 as above.

CPOS - copenhageni combined test results. 1, 2 as above.
TPOS -~ tarassovi combined test results. 1, 2 as above.
BPOS - ballum combined test results. 1, 2 as above.

LPOS - all serovars combined test results.

1. negative 2.titre of any of the 5 serovars 21:24

SHECON - sheep contact in and outside works.

1. no contact. 2. in contact.
CACON - cattle contact in and outside works. 1, 2 as above.
CALCON- calves contact in and outside works. 1, 2 as above.
PIGCON- pig contact in and outside works. 1, 2 as above.
GOCON - goat contact in and outside works. 1, 2 as above.

STOCON- stock contact in and outside works. 1, 2 as above.

Results of a standard agglutination test performed in connection with
examination for brucellosis titres were added into MARERO/MEATWORKER/SYSTEM
through the ADD VARIABLES convention. The data were put in as variable

BRSAT and carried the same values as BRSAT of INSPECTOR data.

ACCESSING THE SYSTEM FILES

The INSP/SYSTEM and the MEATWORKER/SYSTEM were established as permanent

system files. Both were copied onto the magnetic tape that could be
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accessed via VCO255P9HARRIS, a back storage facility of USERCODE
VCOO38HARRIS. Access to either files were made in succeeding SPSS

runs by identifying them as MARERO/INSP/SYSTEM and MARERO/MEATWORKER/
SYSTEM. Programs were prepared for the manipulation and transformation
of variables and their values to establish correlations. Additional
programs were worked out to answer questions that were raised from the

analysis of results from either the INSPECTOR or MEATWORKER data file.

TYPES OF ANALYSIS PERFORMED

1. Displaying frequency distribution of variables

The first task undertaken in the analysis of data was to determine
the pattern of distribution of the cases for each variable in the file.
In SPSS this was accomplished through subprogram FREQUENCIES. Example 4
shows the distribution of cases for contact with pigs (WOCONP) and goats

(WOCONG) at the works in INSPECTOR file that was derived from the program

segment
1 16
GET FILE RLLEM
FREQUENCIES INTEGER = WOCONP, WOCONG (0,5)

The bracketed numbers after the variables for which frequency counts
were desired, indicate the lower and upper code limits. Subprogram
FREQUENCIES reports the frequency of occurrence of each unique value
detected for a variable. The resulting table presents the raw count
of cases for each value, the percentage of cases based on the total number
of cases including the missing value (relative frequency), and without the

missing value (adjusted frequency) and cumulative frequency.

Special processing options and statistics can be requested by entering
the appropriate numbers of the options and statistics on an OPTION card

and a STATISTICS card (Nie et al, 1975). 1In example 5-A, a histogram, the
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graphic display of the relative frequencies of the variable's values, was
requested through OPTION 8. Mean, standard deviation and variance were
requested through STATISTICS 1, 5 and 6, respectively. The OPTIONS and
STATISTICS card followed the FREQUENCIES card for variable BRSAT (Brucella
standard agglutination test). In the output the histogram of BRSAT's values
and the summary statistics directly followed the frequency table (Example

5-A) as shown in Example 5-B.

The characteristics shown by this subprogram are obviously useful
without further manipulation. These characteristics also become the
basis for subsequent analysis. Information about variable distribution
also helps to locate coding and key-punching errors. These errors become
evident if certain characteristics appeared which should not have been
present. For example, a frequency distribution of variable AGE in the
MEATWORKER file showed 13 and 77 years as age of workers and these had to

be located and corrected.

2. Measuring association through crosstabulation

A crosstabulation, or contingency table, is a joint frequency distribution
of cases as defined by the categories of two or more variables. This
technique of investigating relationships is available in SPSS through the
CROSSTABS subprogram. A measure of the exact probability of the
relationship between the variables is provided by the summary statistic
chi-square. This statistic determines whether the variables are independent
or related.

Example 6 illustrates the crosstabulation of LEPPOM (pomona titres) and
PCON (pig contact in and outside works) in the INSPECTOR file. The
categories of LEPPOM are displayed in rows at the left of the table. These
categories are arrayed by the categories of PCON, the values of which are

indicated on top of the table. The distribution count, and row, column_ and



EXAMPLES 5-A

: PROGRAM SEGMENT REOUESTING FREQUENCY DISTRIBUTION OF VARIABLE BRSAT (BRUCELLA

STANDARD AGGLUTINATION TEST), OPTIONS AND STATISTICS, AND PRINTOUT SHOWING
FREQUENCY DISTRIBUTION OF BRSAT IN INSPECTOR FILE.
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EXAMPLE 5-B :

SUCCEEDING PAGE TO EXAMPLE 5-A SHOWING HISTOGRAM OF BRSAT'S
VALUES AND THE SUMMARY STATISTICS FOR BRSAT.

o e g

a
Y

n

o e e e T v s -

h s g — 4

) .
TPIY ettt

R R T

e

b

P ERE n«—i-;» o o

e T T e R L S PUU G g
: 1

R R A R L B A I R EE R R R E R RN S RN X R 378)
< z0
PR R R R R R R R i R S B 2 ¢ 2342
20 -
kAt wirrrkexakds 125)
LA
rExkhyr { 57
Gu - N o
sk ( S0 W)
480
x ( & 2
320 ..
x ( 113
RN
I '_'\.r
RS
$ { S
2560
VAR R AINNRR A AR T A A A e s R AR N R Ia53
st s ertobdladessbesvloevesocucelore®ocooslonseston )
} - 1ug 2 SeE 400 209
REIYENCY
2:157 STO LEY 14433 VARTANCL 2:199
568 _MISSANG ChsTs ERS )
- - g R s e




-51-

total percentages are indicated in that order in each cell of the
contingency table. By requesting STATISTICS 1 the summary statistic for
chi-square test was printed below the table and included the degrees of

freedom and the level of significance.

Categories of variables can be added to simplify the distribution of
cases. In Example 7 the values of BRSAT (Brucella standard agglutination
test) are reclassified into negative (titre <1:80) and positive (titre
2 1:80) groups. In the data file there were nine categories for this
variable. The values of WOCONG (contact with goats at the works) are
recoded with value "1" signifying positive goat contact and value "O"

being retained as no goat contact.

In crosstabulation, one (or more) variable can be added as a
controlling variable. Example 8 is a printout portion of a program
run relating three variables : WOCONG, BRSAT and WORKEMP (works of
employment). Initially, the categories of each of the variables were
classified into two. WORKEMP was made to carry two values : "1" -
works slaughtering goats, and "2" - works that did not slaughter goats.
WOCONG and BRSAT were reclassified as in Example 7. The CROSSTABS subprogram

effected a 2 x 2 table for each of the two values of WORKEMP.

SUMMARY OF RESULTS

The INSPECTOR and MEATWORKER data files carried 76 and 75 variables,
respectively. Table 9 shows the number of original, created and additional
variables in both files. Three of the original variables : BRUSAT
(Brucella standard agglutination test), BRUCFT (Brucella complement fixation
test) and BRUAHG (Brucella Coombs test) , were not assigned any values
(blanks). Three of the created variables : SEQNUM (sequence number),
SUBFILE (subfile structure) and CASWGT (case weight), were automatic

variables in SPSS. To display and examine their values, frequency
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EXAMPLE 7 : CROSSTABULATION OF VARIABLES WOCONG (CONTACT WITH GOATS AT THE WORKS)
AND BRSAT (BRUCELLA STANDARD AGGLUTINATION TEST) AFTER RECLASSIFYING
THE VARIABLES' VALUES IN INSPECTOR FILE

- e Tt T T e - we e e 2 an T AT N T e e e e T e TR T s e W e T T e TR G T e T e - = -

STAVILITICAL PACKAGY o Tai Sullan SCLELCES
TFILE T TTRUCENT (CRUATITH TDATC &7 0W7157¢
A % % % k g * k& *k k t * k k * k k ¥ C

HuCONG BY HRIAI

e A g R R e A R A T A T R TR R T TR T R T W T R T i e

—
$3 -

Yo e e e B = e /R

feap )

-

D

L TaBULATIION U F Aok k%

BN SA

y T
b ROTPC T-l gy e e e B ;;:;“’ B
cAl PCT CTGTaL
TA7T PCT 3 N 2 1
NUCUN’J --dmm.mwl-ultoun.bI—-—Nrn-ui )
B e L S & s S Y —— — e
i \'.’):‘o..) { 3l il i 7340
P N S X
A = ; G e - I Y2 U P . e e Sme————hm == e
A u*aumnanuoi-‘.nmm-uwnl
i1 i idv ! w9 1 1o
{ TH.2 I 23.2 L Z1s.8
1 - 17e _ I/ S5 c»l__ _.l_ R ——— B o
TR 19 ST (S S T T
-} ..-«—#—uAqun--‘unn..l
M GIE ! S

CURRECTED CHT §¢
JNUMBEs_CGF MISSI

Bh Do Yasy. . 100ey R B
QUARLE = Tre02850 wllH 1 LLAWLL of FREEDUMe SIGNIFIVANHCL = Qelyu2

MG _UBSERVATLIONS = Ace

_Eg._



—54—

distributions of these variables (Table 10) were obtained, exluding the
automatic and blank variables, and variable LABREF (laboratory reference

number) .

The antibody levels to three diseases were determined by laboratory
technicians. For leptospirosis, the sera of respondents were tested against
five serovars. Results of these tests were coded as LEPHAR, LEPPOM, LEPCOP,

LEPTAR and LEPBAL, corresponding to the Leptospira interrogans serovars

hardjo, pomona, copenhageni, tarassovi, and ballum, respectively. Each

of these variables contained seven values (1 - 7) representing negative

and two-fold increasing titres from 1:24.

BRSAT represented the results of a standard agglutination test for
brucellosis. A code from 1 to 9 was used to represent increasing
titres. A titre of <1:20 was coded as '"1", 1:20 was

coded as "2", 1:40 was coded as "3" and so on, up till code "9".

TESTOX and TOXTEST represented toxoplasmosis test results in the
INSPECTOR file and MEATWORKER file, respectively. 1In both, code "1"
was assigned for titres at <1:64 dilutions and code ''2" for titres at

21:64.

Variables associated with these titres were related to present and
previous contact with different types of stock in and outside the works,
contact with other animals, previous history of a clinical illness (i.e.
leptospirosis, brucellosis and toxoplasmosis), race, precise jobs etc.
(see listing of variables at the codebooks, Appendices III and IV) to
demonstrate the risk factors associated with the presence of antibody
titres. The strength of their systematic relationships was measured
by the chi-square test. Table 10 shows the number of crosstabulations

performed for each of these diseases to demonstrate correlations.



EXAMPLE 8 : PRINTOUT PORTION OF A PROGRAM RUN RELATING VARIABLES WOCONG (CONTACT WITH GOATS AT THE WORKS),
BRSAT(BRUCELLA STANDARD AGGLUTINATION TEST AND WORKEMP (WORKS OF EMPLOYMENT) IN INSPECTOR FILE.
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TABLE 9 : NUMBER OF VARIABLES IN THE DATA FILES

DATA FILE ORIGINAL* CREATED** ADDITIONAL TOTAL
Inspector 55 18 3 76
Meatworker 59 15 1 75

* in each file, three variables : BRUSAT(Brucella standard agglutination
test), BRUCFT (Brucella complement fixation test), and BRUAHG (Brucella

Combs test), were not assigned values.

** in each file, this includes the three automatic variables in SPSS

SEQNUM (sequence number), SUBFILE (subfile structure), and CASWGT

(case weight).

TABLE 10 : SUMMARY OF ANALYSIS PERFORMED ON THE DATA FILES

DATA FILE NUMBER OF VARIABLES EXAMINED NUMBER OF (CR0OSS TABULATIONS OBTAINED
FOR FREQUENCY DISTRIBUTION LEPTOSPIROSIS BRUCELLOSIS TOXOPLASMOSIS

Inspector 69 27 40 19

Meatworker 68 83 41 36

TOTAL 137 110 81 55
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A total of 110 correlations were carried out to demonstrate the risk
factors associated with having titres to Leptospira. Nineteen significant
correlations were established. Eight of these indicated the association of
titres with history of clinical leptospirosis, three with pig contact in
and outside the works, one each with duration of works contact with pigs,
outside works contact with pigs and previous pig-associated occupation,
two with being a slaughterboard worker and primary processor of carcases

and viscera, and three with being employed at works slaughtering pigs.

Of the 8l correlations made with brucellosis titres, 17 were indicated
as significant. Five risk factors (true age, time at the works, work
contact with cattle, all stock contact at the works, and employment at
works that slaughtered goats) each showed a significant correlation.
There was a negative association between brucellosis titres8 and contact
with sheep. Two correlations were shown with history of clinical brucellosis.
Works contact with pigs and goats showed three and five significant

correlations,respectively.

Fifty-five correlations were carried out in relating toxoplasmosis
titres to risk factors. No significant occupational associations were
demonstrated, neither was there any significant association with cat

ownership.

A summary of the more important associations on occupational risk
factors determined by these analyses are given in Appendix V (The public
Health Significance of Leptospirosis for the Meat Industry by Professor
D.K.Blackmore) and Appendix VI (Hazards for Foodborne Infections for

Meat Workers by Professor D.K.Blackmore and Dr. L.M.Schollum).
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DISCUSSION

Leptospirosis

Significant correlations were established in relating titres
to leptospirosis to being employed at works slaughtering pigs, to
present and previous contact with pigs in and outside the works, to
workers concerned with the slaughter and primary processing of stock,
and to a history of clinical leptospirosis. These significant associations
are presented and discussed in 'The Public Health Significance of
Leptospirosis for the Meat Industry' by Professor D.K.Blackmore

(see Appendix V).

Brucellosis

Example 5-A shows the frequency distribution fo BRSAT(Brucella
standard agglutination test) in meat inspectors. This represents the
distribution of brucellosis titres. To determine the titre representing
a specific positive reaction to Brucella antigen, these measurements, as
illustrated in a histogram in Example 5-B, were related to histories of
clinical brucellosis. Only a small proportion of inspectors with
titres of 1:80 and below had clinical histories with brucellosis and it
was therefore concluded that the majority of such titres were non-specific.
Although titres of 2i¢160) proved to be most specific (i.e. able to detect
negative cases), they lacked sensitivity (i.e. ability to detect positive
cases). It was therefore decided to take titres of 1:80 and above as
the best overall estimate of previous infections. The initial correlations
were made with BRSAT (Brucella standard agglutination test) having nine
categories. These were later reclassified to two, representing negative

(«1:80) and positive (21:80) titres.

With inspectors who handle all classes of stock, it was difficult to

correlate specific stock contact with positive titres and no associations
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were statistically significant. However, as might be expected there

was a negative association with contact with sheep and a positive
correlation with cattle. During the initial analysis, several correlations
were demonstrated in relating brucellosis titres to stock contact at the
works but several of the categories describing the duration of specific
stock contact contained less than five cases. When these categories were
condensed into fewer options to increase the number of cases within

each category, no statistically significant correlations were shown

between brucellosis titres and specific stock processed.

Among meat workers, there was a significant association between
brucellosis titres and works contact with cattle (P -.004). There was

a similar association with pigs.

Among meat workers, a significant correlation was shown with goat
contact at the works. Of the six works involved in the survey, two of
them slaughtered goats and both were indicated to have ceased slaughtering
that species, one in 1964 and the other in 1974. To investigate for
confounding factors brucellosis titres were correlated with true age
and time at the works. The association of titres with true age was
not significant (P -.4148) but titres were shown to be significantly
related to time at the works. Since none of the works investigated
were still slaughtering goats, the workers in contact with goats would
have been in the Meat Industry a number of years. The high prevalence
of brucellosis titres among workers with goat contact could therefore
be explained by the confounding factor that this group also contained
those men who have been at the works for a longer period of time than

the general population of meat workers.

Similarly, among meat inspectors, the association between brucellosis
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titres and goat contact at the works (Example 7) was highly significant
(P - .0002). To investigate for confounding factors brucellosis titres
were correlated with two risk factors, goat contact at the works and
works of employment. Fifty works were involved in the serological survey
of meat inspectors. From Table 8, four works were indicated as presently
slaughtering goats and two others slaughtered goats less than ten years
ago. These six works were combined as category code '"l1" to represent

the works slaughtering goats and the remaining works were combined as
category code '"2" to represent works not slaughtering goats.
Crosstabulations (Example 8) were performed with three variables

BRSAT (Brucella standard agglutination test), WOCONG (contact with

goats at the works) and WORKEMP (works of employment). The test now
failed to indicate any significant association with goats (P - .0781),
but a highly significant correlation (P - .0002) was established with
works that are not slaughtering goats. Inspectors recording goat

contact but appearing in WORKEMP category ''2" must have previously
worked in a works slaughtering goats. Brucellosis titres were further
correlated with true age and time at the works. Significant correlations

were indicated with true age (P < .0001) and time at the works (P - .0085).

Once again, in the meat inspectors' group, the significant
correlation of brucellosis titres to goat contact appears confounded

by the age and experience of the group recording goat contact.
In both groups, significant correlations were shown in relating
titres to brucellosis with time at the works. These suggest strong

association of brucellosis titres with longer stay at the works.

Toxoplasmosis

There was no significant difference between prevalence of
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toxoplasmosis titres among meat inspectors and meat workers when
these titres were compared to a control population of blood donors in
1976 (Appendix VI). No significant association could be found in relating

titres with either specific stock contact or cat ownership.

There were three significant correlations with pig contact but these
were negative correlations, indicating that toxoplasmosis titres were less

likely to be associated with pig contact than with no pig contact.

Among meat inspectors, a significant correlation (P - .0124) was
established in relating titres to time at the works. Controlling for true
age, a significant correlation (P - .0326) was shown for inspectors in the
= 40 age group which indicates that presence of titres is associated with

a longer stay at the works only among those who are 40 years old and below.

An assessment of the use of the computer

Most of the problems related to the use of the computer in this
study were encountered in organising the data. Computer rules must be
considered in assigning values to the different measurements undertaken
in data collection. Variables had to be extrapolated from answers to

questions that had been raised and included in the data base.

Routine interaction with the data obtained from the serological
surveys were established through the use of SPSS. The conversion of the
data files into SPSS system files provided a ready access to these data
and after the SPSS language have been grasped, data handling was limited

only by the measurements made on the data base.

Attempts were made to relate serological evidence of a disease to

risk factors that were converted into variables. As far as the data
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allowed, variables were assigned exclusive and exhaustive categories

and were manipulated to establish relationships.

By making use of a package program, the data acquired from the
serological surveys of the meat inspectors and meat workers were
suitably analysed in the computer. The difficult task of establishing
variables could have been minimised if the collected data had been
designed beforehand for computer analysis, but, and to a large extent,
the ease of access and the capability of the computer to handle data

had influenced the extension of this difficult task.

There may well be other statistical packages that can be used
for the analysis of data as acquired from the serological surveys of
meat inspectors and meat workers, but most of them are designed for
experimental data with balanced orthogonal design. The large volume
of data obtained from these serological surveys would be difficult to
assess using a non-computer based statistical system (e.g. card file,
the use of which was described in the first chapter). SPSS is designed
for the survey type of investigation and hence is able to cope with large

amounts of data.

The ease by which a package program such as the SPSS, can be
applied in data analysis puts the onus on the user not to extrapolate

too far beyond the reliability of the input data.
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CHAPTER III

VITAL STATISTICS FROM MEAT WORKS

INTRODUCTION

In New Zealand the term meat works has been applied to meat export
slaughterhouses. These establishments include not only slaughtering
and processing facilities but also provisions for packaging, storage and
by-products utilisation. There are 42 meat export slaughterhouses which
are distributed throughout both islands (see Figure 4) in addition to a

number of local abattoirs, three of which have export licenses.

With only a population of just over three million, New Zealand maintains
livestock consisting of 5,580,000 beef and 2,917,000 dairy cattle, 77,962,000
sheep and lambs and half a million pigs (.A.J.Mettrick,pers.comm.).Approximately
75% of the total meat production is available for export. Britain, USA,

Canada and Japan, in that order, are the major markets. The Meat Industry
is by far the largest single earner of overseas funds for the country and
during the last few years the export of meat and meat products provided

about one third of New Zealand's total export earnings (Petersen, 1979).

To keep major markets open to the Meat Industry, New Zealand pursues
a meat inspection system that could be described as expensive and sophisticated.
This is not hindered by socio-economic factors and other influences that
countries, like the Philippines, have to contend with. Affluent developed
countries are willing and able to pay for a safe, wholesome and high quality
food product. Thus, food hygiene becomes of relatively greater importance

(Petersen, 1979).

Meat inspection is the responsibility of the M.A.F. and is based on the

Meat Act 1964 (Anon, 1964) and the Meat Regulations 1969 (Anon,1969). Figure 5



FIGURE 4 : DISTRIBUTION OF 42 MEAT WORKS INDICATED AS M.E. NUMBERS ACCORDING TO
REGIONS IN THE NORTH AND SOUTH ISLANDS OF NEW ZEALAND.
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shows the lines of control within the Ministry. In each meat works, the super-
vising veterinarian is responsible for the standards of meat inspection and
hygiene, and monitoring and control of disease. Most of the actual inspection
is carried out by meat inspectors trained in the Ministry. Senior meat
inspectors are in charge of inspection units ( e.g. a beef board or 2-3 mutton
chains ) and the supervising meat inspector is in-charge of all inspectors
at the works. The latter is responsible to the regional meat inspector
regarding all staff matters whereas he is responsible to the supervising

veterinarian on matters related to meat inspection functions.

As a quality control check on meat inspection procedures the ''diseases
and defects" system was introduced in 1974 (Christiansen and Hellstrom,1979)
to record diseases and condemnation returns from abattoirs and meat works.
Eighteen diseases and defects are routinely recorded from cattle, calves,
sheep, lambs* and pigs inspected in the establishments. They are : wounds
and bruises (WB); emaciation (EMA); pleurisy (PLU); arthritis (ART);
pyogenic lesions (PYO); neoplasms (NP); septicaemic-like lesions (SAL);

tuberculosis (TB); Cysticercus ovis (C.OVIS); sarcocyst (SAR); caseous

lymphadenitis (CLA); actinoform lesions (ACT); xanthoses (XAN); faulty
castration (FC); skin lesions (SL); contamination (CONTAM); facial eczema (FEX);

and Cysticercus bovis (C.BOVIS). A category ''other causes'" (0CS) covers any

carcase retained or condemned for reasons other than the specific conditions.
Each condition has been assigned its own coloured ticket with the disease or
defect written on it in abbreviated form. Consecutive numbering on each series

of tickets aids counting of animals with each condition.

Systematic post mortem inspection procedures ensure the thorough examination

of carcase, head and viscera, from animals passed at ante mortem inspection.

On a chain, lambs are processed at the rate of 7-9 carcases per minute
and sheep at 5-6 carcases per minute. Inspection is carried out

by up to six inspectors. The first carcase inspector palpates
* separate records are made between cattle and calves, and between sheep and lambs.

The distinction is placed at approximately one year of age in the case of sheep
and lambs.
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the ischiatic lymph nodes, half rotates the carcase by giving it

a slight twist at the base of the tail, and views and palpates the
peritoneal and pleural cavities. The second carcase inspector palpates
the other body lymph nodes and the dorsum. Both inspectors make a
general appraisal of the entire carcase and attach tickets where

appropriate based on their findings.

There are usually three inspectors at the moving viscera table,
sharing the inspection of all viscera and the head and tongue. Their
findings are verbally communicated to the carcase inspectors. The final

meat inspector is at the detain rail re-examining the detained carcases.

For beef up to seven meat inspectors are needed. Two carcase
inspectors examine the upper part of the halved carcase on an elevated
platform and another inspects the lower parts. One inspector examines
the head and tongue, two for the viscera and one at the detain rail.
More lymph nodes are examined than in sheep and the chain speed is
much slower (usually 25-100/hour). The following lymph nodes are
routinely incised : parotid, retro-pharyngeal, submaxillary, atlantal
(if present), mediastinal, bronchial, hepatic, superficial inguinal,
internal iliac, lumbar chain, renal, and except in prime beef, the

prescapular and precrural lymph nodes.

Each of the diseases and defects is recorded by its ticket. If
a whole carcase is condemned a condemnation ticket accompanies the other
individual diseases and defects tickets. A clerk keeps record of a
number of tickets used in each class. Such data form the basis of the
M.D. Vital Statistics*. Return sheets are compiled on a daily and
monthly basis for each works.
* As defined by Blackmore and Harris(1979) vital statistics is a body of
knowledge contained in routinely collected and published data concerning

the structure of a population with reference to births, deaths, breed or
racial group, diseases. etc.
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Monthly statistics are forwarded to the Biometrics Division of the

M.A.F. and their analysis results in compilation of regional and

national figures.

This study was conducted to determine the usefulness of vital

statistics from meat works in epidemiological studies. To establish

an

an

of

an

estimate of the reliability of routine meat inspection procedures
assessment was initially made of the accuracy of diagnosis of one
the diseases routinely recorded. 1In the second part of the study

evaluation was made of a one-year summary statistics of the

percent prevalence of the diseases and defects recorded at the

meat works.

Part A : AN ASSESSMENT OF A RECORDED VITAL STATISTICS

AT A LOCAL WORKS - SHEEP ARTHRITIS.

Post mortem inspection has always been regarded as the most

important single step in the whole meat inspection procedure.

The examination carried out immediately after evisceration offers

the inspectorate staff an ideal opportunity for appraisal of carcase

and organs before their identities are lost (Petersen,1979).

The objectives set by the M.A.F. for post mortem inspection

(Anon, 1978c) are :

1. Remove as a source of human food any carcase, meat or
meat product not fit for human consumption;

2. Ensure that stock is slaughtered humanely;

3. Ensure that carcases, meat and meat products are handled
hygienically throughout dressing and processing, and

4. Comply with the inspection requirements of customer

countries of New Zealand.
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At the mutton chain, established guidelines for meat inspection
procedures ensure strict adherence to these objectives. Fourteen
diseases and defects, including 'other causes', are recorded as
carcases move along the chain. One of the conditions that readily
lends itself to assessment of its accuracy in meat inspection diagnosis
is arthritis. Rules governing the judgment of this disease are

contained in Section 16.140 of the M.A.F.Manual No. 16 (Anon, 1978c).

The inspector employs these guidelines and the expertise he
acquires from training and experience to identify arthritic joints,
along with 13 other conditions. These functions are performed at
chain speed and restricted by the fact that suspected joints cannot
be opened. This is to prevent contamination with infective material.

The suspected joints are tagged for removal at the detain rail.

The objective of this study was to measure the meat inspectors'
ability to detect arthritis under practical conditions, i.e. to
determine the degree of accuracy in arthritis judgments. Accuracy
has two components; sensitivity and specificity (Blackmore and Harris,
1979). The sensitivity of the inspection procedures could only be
assessed subjectively as it was not possible to acquire carcases which
had been passed unrestricted for detailed examination of joints. However,
a small survey was conducted at a local works in order to investigate

the specificity of arthritis judgments.

MATERIALS AND METHODS

The collection of material to assess specificity of meat inspection
diagnosis in arthritis was carried out at Longburn Freezing Works in
January 1980. During that time, the daily kill on the mutton chain started

with sheep and lasted until 11.00 am. followed by lambs for the rest of

the day.
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On three successive visits at the works, condemned joints of sheep
that were tagged for arthritis by meat inspectors were gathered from
all operating chains. Arrangements were made with the management for
the trimmers to put into plastic buckets severed limbs or portions
thereof from the detain ed carcases. They were placed in paper bags
and brought to the post mortem room at Massey University immediately

after termination of the sheep kill at the works.

The condemned limbs and limb portions were classified into lots
according to the joint present. For severed limbs that have two or
more joints still intact, only the most preximal joint was examined.
Each joint was examined in two stages; firstly for external visible
and palpable abnormalities, and; secondly, for internal visible
lesions. In external examination the presence of swelling, enlargement
and deformities of the joints and around the region of the joints
were noted, together with irregularities, i.e. dislocation, fracture,

fixation and exostosis.

Thereafter, the joints were opened. Only the more obvious changes
of the effusions such as cloudiness, turbidity and discolouration were
noted. Lesions on the articular surfaces and bone, and thickening of

the synovial capsules were noted for each of the joints.

RESULTS AND DISCUSSION

One hundred and eighteen joints were acquired from Longburn Freezing
Works. They were classified into six lots : Shoulder - 10; elbow - 56;
knee - 11; hip - 3; stifle - 24; and hock - 14. Table 9 shows the
visible and palpable abnormalities on external examination. Abnormalities
are grouped as either consisting of swelling and enlargement or with

irregularities and exostoses.
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TABLE 11:DISTRIBUTION OF EXTERNAL VISIBLE AND PALPABLE ABNORMALITIES OF 118 JOINTS

JOINTS APPARENTLY SWELLING & IRREGULARITIES % WITH
NORMAL ENLARGEMENT & EXOSTOSES ABNORMALITIES
SHOULDER 5 4 1 50.0
ELBOW 1 1 54 98.2
KNEE 1 4 6 90.9
HIP 1 1 1 66.7
STIFLE 2 2 20 ilod)
HOCK 2 2 10 85.7

TOTAL 12 14 92 89.8
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Table 12 shows the internal visible lesions of the joints
examined. Changes either involved the joint capsule, synovial

membrane and fluid or the articular surfaces and bone.

Categories of abnormalities in both external and internal
examinations were not exclusive groupings. In both instances, a
combination of abnormalities, as categorised, may be present in one
joint. A joint that was markedly enlarged would not have been as
closely palpated as one without. In internal examination, the changes
in the joint capsule, synovial membrane and fluid of one which had
ankylosis and/or extensive exostosis might have been only cursorily
considered. 1In cases where joints were found to manifest changes
in all or the majority of these structures, the structure with the

greatest abnormality was recorded for purposes of classification.

Two procedures were employed as diagnostic work-ups to estimate
the specificity of meat inspection diagnosis in arthritis. In external
examination, 89.97% of the joints were found to have visible and palpable
lesions. On internal examination, 90.77% were found to have abnormalities.
The failure to observe abnormalities and lesions in the remainder of the

118 joints examined could be attributable to at least three factors :

(1) Judgment in the trimming of arthritic joints. It has been observed
that the cut-off points of carcases tagged for arthritis were not
consistently marked. In some instances, the trimmer had to ask the
inspector for the part of the 1limb to be cut. This might also
have affected the method employed in this study where condemned

limbs were classified according to the most proximal joint present.



TABLE 12: DISTRIBUTION OF INTERNAL VISIBLE LESIONS OF 118 JOINTS
JOINTS APPARENTLY SWELLING & TRREGULARITIES % WITH
ENLARGEMENT & EXOSTOSES LESIONS
SHOULDER 4 70.0
ELBOW 49 98.2
KNEE 2 81.8
HIP 3 100.00
STIFLE 21 91.7
HOCK 10 78.6
TOTAL 89 90.7
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(2) Inaccurate judgment by the inspector.
(3) Failure by the author to detect any arthritic

changes by gross examination.

Based on these observations it is highly probable that there are
less than 10% false positives from condemned arthritic joints.
Therefore, the specificity of arthritic judgment in meat inspection

is high.

Experiences of the author during the conduct of this investigation
at the Longburn meat works and other visits at this works and at
Feilding and Gisborne meat works, indicate that gross arthritis is not likely
to be missed during meat inspection. On these visits, the author
observed the strict execution of inspection procedures in no less than
20,000 carcases at the mutton chain. Effective supervision was observed
at these works and it ensures the detection of the disease. From these

observations it is assumed that sensitivity is also high.

Therefore, on the basis of gross morphological findings found
in the condemned joints and experiences at the works, the author

contends that there is a high accuracy in the diagnosis of arthritis.

Part B : AN EVALUATION OF THE 1978-79 MEAT DIVISION
VITAL STATISTICS FROM MEAT WORKS

The Meat Division Vital Statistics are a compilation of the
diseases and condemnation returns from local abattoirs and meat works.
Statistics of the routinely recorded conditions have previously been
used in epidemiological studies. Such investigations have usually been
concerned with a particular disease complex where the investigator

attempted to include the available data in field surveys (Kirton et al,
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1976; McGowan et al, 1978).

However, there appears to be no attempt to evaluate all the data
available. This part of the study is concerned with the statistical
analysis of the raw data contained in a one-year summary statistics
that was supplied by the M.A.F. in order to investigate possible

disease trends.

MATERIALS AND METHODS

The M.D. Vital Statistics for the year ending September 30, 1979,
was obtained from the M.A.F. The record file provided is a computer
printout covering percent prevalence and condemnations of each of
the diseases and defects from all meat works. Statistics of each
condition are also recorded separately for individual meat export

slaugherhouses and for abattoirs.

The statistics of each condition for each kind of stock
slaughtered are arranged by meat works. Year to date (YTD) -
and monthly mean percent prevalence are arrayed horizontally by
M.E.numbers Meat Works are grouped into five regions : Auckland,
Hastings, Palmerston North, Christchurch and Dunedin. Data are
presented to two decimal places.YTD mean percent prevalence precedes
the monthly listing that starts off with October. A national mean
percent prevalence is provided at the bottom of the page. Figure 6

shows the format of the M.E. diseases and defects report.

An assessment was made of the percent prevalence of certain
diseases and defects from meat works. Selection of conditions to

be investigated were based on the following criteria



FIGURE 6 :

FORMAT OF THE DISEASES AND DEFECTS PREVALENCE REPORT
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(1) Conditions with a high prevalence and which therefore
could have the greatest economic importance,

(2) conditions that are well-defined and can be easily
and appropriately associated with disease, and

(3) conditions presumed not to be affected by processing

methods at the works.

To better appreciate the application of these criteria, the lowest
and highest values, and means of the percentage prevalence of diseases
and defects in sheep, lambs and cattle, were determined from the data

in the record file and shown in Table 13.

The conditions selected for statistical evaluation were as follows :

arthritis, Cysticercus ovis, caseous lymphadenitis and pleurisy in sheep

and lambs, sarcocysts in sheep, and actinoform lesions and pleurisy in
cattle. These conditions are among those having the higher prevalence
indicated in the statistics. Arthritis is one of the most commonly
seen pathological conditions in lambs and sheep in the meat works and
causes considerable economic loss because affected carcases have to be
either wholly or partly condemned (Kaferstein et al,1972). C.ovis and
sarcocysts are well-defined disease conditions and also cause economic
losses due to carcase trimming or condemnations. McGowan et al(1978)
used pleurisy statistics in a study of enzootic pneumonia-pleurisy

complex in sheep and lambs.

Some of the conditions were not selected for this study. Contamination,
and wounds and bruises are conditions affected by processing methods at the
works (Petersen, 1978; Marshall, 1977). Emaciation, neoplasms, pyogenic

lesions, septicaemic-like lesions and 'other causes' are not well-defined
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TABLE 13 : MEAT WORKS 1978-1979 VITAL STATISTICS : MEAN, MINIMUM AND
MAXIMUM PERCENT PREVALENCE OF DISEASES AND DEFECTS*

DISEASES SHEEP LAMBS CATTLE
T e
MAXTMUM MAXIMUM MAXIMUM

ARTHRITIS 2.06 1.02-5.89 0.93 0.48-1.80  0.56 0.20-1.77
CYSTICERCUS OVIS  4.45 0.81-7.74 0.40 0.10-0.85 - -
CASEOUS LYMPHADENITIS3,  .73-17.23  0.43  0.12-0.89 - -
CONTAMINATION 15.07 6.30-24.78 10.16 5.20-15.95 7.12 1.11-16.10
EMACIATION 0.92 0.18-2.56 0.0l 0.01-0.02  0.09 0.00-0.68
FACIAL ECZEMA 0.02  0.00-0.11 0.0l 0.00-0.04  0.11 0.00-1.39
NEOPLASMS 0.81 0.35-2.15 0.0l 0.00-0.02  0.10 0.01-1.50
PLEURISY 24.97 11.65-47.72  3.14 0.84-8.05  2.59 0.66-10.26
PYOGENIC LESIONS 0.91  0.45-1.86 0.15 0.09-0.27  0.55 0.21-1.11
SEPTICAEMIC-LIKE

LESTONS 0.14 0.03-0.43 0.02 0.01-0.04  0.06 0.01-0.17
SARCOCYSTS 7.32  0.72-17.61 0.0l 0.00-0.02 - -
TUBERCULOSIS 0.00 - 0.00 - 0.17 0.00-1.98
WOUNDS & BRUISES 2.72  0.75-8.76 1.16  0.44-3.03  5.99 1.47-20.37
ACTINOFORM LESIONS - - ’ . 0.89 0.07-1.88
CYSTICERCUS BOVIS - . < - 0.01 0.01-0.05
XANTHESES - 3 . . 0.04 0.00-0.17
OTHER CAUSES 4.10 1.03-7.32 0.94 0.23-2.81  2.15 0.43-5.19

* Underlined conditions for the corresponding species were
selected for statistical analysis.
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disease conditions. Facial eczema, tuberculosis, Cysticercus bovis,

pigmentation, arthritis in cattle,and sarcocysts in lambs, have a

very low prevalence.

Disease statistics of pigs and bobby calves* were excluded from
evaluation. Relatively low numbers of pigs are slaughtered. They are
generally slaughtered in local abattoirs and in recent years some works
have phased out slaughter of this species (see Table 8 , Chapter II).
In the case of bobby calves there were very few disease conditions
found during meat inspection which is not surprising, considering

that these are only a few days old when slaughtered.

The YTD mean percent prevalence of each of the selected conditions
were set up for the application of single classification analysis
of variance (anova) as described by Sokal and Rohlf (1969). Example
9 shows the anova computations of the prevalence statistics of
arthritis of sheep. YTD percent prevalence of the five regions
are arranged vertically in the upper half of the table, each group
consisting of the meat works in a region. The sum of the statistics
in each region is in the next row under the horizontal line. The
mean of each region is in the next row followed by the sum of the squared
prevalence of the works under each region. The last row shows the number
of meat works in each region. The grand mean and the grand totals are
shown in the lower right column. The computational steps are listed below

the table.

* a few days old calves submitted for slaughter.



EXAMPLE 9 ANALYSIS OF VARIANCE COMPUTATIONS OF PERCENT PREVALENCE OF

ARTHRITIS OF SHEEP (after Sokal and Rohlf, 1969)

REGION

AUCKLAND HASTINGS PALMERSTON NTH.CHRISTCHURCH DUNEDINCRAND TOTAL

g 1.82 3.00 2.02 1.33 1.09

o

i 1.70 3.78 1.90 3.50 1.76

(1]

g 1.71 2.30 2.41 1.75 1.52

Y

z 1.17 2.84 1.89 1.02 1.24

Q

§ 2.19 5.89 3.11 1.03 1.45

(4]

§ 1.48 2.28 2.39 3.01

[aW)

2.13 2.67 1.68
S
1.86

TOTAL 12.2 17.81 13.61 15.55 11.75 70.92
MEAN 1.743 3.562 2.268 1.944 1.679 2.149 (GRAND MEAN)
SUM OF
SQUARES  22.019 71.336 31.941 35.483 22.119 182.898
No. of
MEAT WORKS 7 3 6 8 J 33

Computational Steps :
1. Grand total = 70.92
2. Sum of all squared percent prevalence = 182.898

3. Sum of the squared regional totals, each divided by the number of works

within regions _ (15 232 (178132 (13.61)% (15.55)%. (11.75)°
7 ¥~ 5 t+t 7 t—%g v

= 165.523

4. Correction term = Grand total squared/total number of meat works =

(70.92)2= 152.414
33
5. SS (Sum of squares) total = Quantity 2 - Quantity 4 = 182.898 - 152.414 = 30.484.
6. SS among regions = Quantity 3 - Quantity 4 = 165.523 - 152.414 = 13.109

7. SS within regions = Quantity 5 - Quantity 6 = 30.484-13.109 = 17.375
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To obtain the mean squares (MS) the sum of squares (SS) was
divided by the corresponding degrees of freedom (df). Four df were
noted among regions, there being five regional groupings, and 28 df
noted within regions these being the sum of 6, 4, 5, 7 and 6 degrees
of freedom in the five regions. The sum of squares represents the
deviations of the regional means from the grand mean. The mean squares

is the mean variance of the prevalence of meat works.

Variance ratio (Fs) of arthritis of sheep was obtained by dividing
MS among regions, by MS within regions. The resultant ratio is compared
to the F-distribution table (Gomez and Gomez, 1976) to determine its

probability level.

Similar computations were carried out for the statistical analysis
of the data of C.ovis, caseous lymphadenitis, pleurisy, and sarcocysts
of sheep, arthritis, C.ovis, caseous lymphadenitis, and pleurisy of lambs,
and actinoform lesions and pleurisy of cattle. 1In the two diseases of
cattle the 28 df noted within regions was obtained from the sum of 7, 5, 7,
4 and 5 degrees of freedom in the five regions. Some of the meat works
that slaughtered sheep and lambs did not slaughter cattle and there were

works that slaughtered cattle which did not slaughter sheep and lambs.

Computations for the statistical analysis of the data were performed
on a small standard calculator with one memory. These computations were
recorded and checked using a programmable calculator, TI Programmable 59%.
This handheld calculator is provided with modules and the one-way
analaysis of variance could be performed using the program from the

Applied Statistics module.

* manufactured by Texas Instruments, Inc., USA.
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RESULTS

Analysis of variance was applied to the recorded statistics of
eleven diseases of sheep, lambs and cattle. Of the five diseases
of sheep evaluated, four diseases: arthritis, caseous lymphadenitis,
pleurisy and sarcocysts, showed significant (P £0.0l) regional variations

(Table 14). In the case of Cysticercus ovis , a variance ratio of 2.31

was obtained. From the F-distribution table, such a value is expected
in between 5% and 10% of cases with(4/28)degrees of freedom, that is,

0.05 <P «0.10.

Arthritis and pleurisy of lambs showed significant (P<0.0l) regional
variations (Table 15). The variance ratio of 2.69 obtained in caseous
lymphadenitis compares with the Fs value 2.71 of the F-distribution table
at the 5% level. No significant regional variation was found in Cysticercus

ovis (P>0.05).

Significant regional variations (P<0.01) were found in actinoform

lesions and pleurisy of cattle (Table 16).

The means and their standard deviations of regional percent prevalence
of the diseases evaluated for sheep, lambs and cattle are shown in Tables
14, 15 and 16, respectively. These percentages of prevalences are

illustrated in a series of histogram blocks in Figure 7.

DISCUSSION
Percentage figures were used in this analysis. The computed regional
means were not true means but were the average of the individual
percentages recorded from works within a region. Total kills of sheep

in 24 works were between 100,000 and 300,000. Six of the meat works
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TABLE 14 : REGIONAL MEANS AND THEIR STANDARD ERRORS OF PERCENT PREVALENCE
OF ARTHRITIS, CYSTICERCUS OVIS, CASEOUS LYMPHADENITIS, PLEURISY
AND SARCOCYSTS OF SHEEP.
DISEASE AUCKLAND  HASTINGS PALMERSTON NTH. CHRISTCHURCH DUNEDIN  P-VALUE
ARTHRITIS 1.74 3.56 2.27 1.94 1.68 < 0.01
£0.13 £0.63 £0.19 +0.31 £0.24
CYSTICERCUS 4.39 5.53 5.33 4.49 3.42 > 0.05
- £0.48 +0.81 +0.36 +0.55 £0.49
CASEOUS 1.09 2.23 2.49 10.17 6.93 < 0.0l
CEMEHOPENIGEES o IG5 +0.42 £0.56 +1.68 £1.70
PLEURISY 32.53 33.93 29.02 D07 18.59 < 0.0l
£3.46 £3.30 +1.52 +1.03 £1.22
SARCOCYSTS 2.10 9.02 11.18 4.4k 7.65 < 0.0l
£0.48 +£1.06 £1.93 +0.85 £2.02
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TABLE 15 : REGIONAL MEANS AND THEIR STANDARD ERRORS OF PERCENT PREVALENCE
OF ARTHRITIS, CYSTICERCUS QVIS, CASEOUS LYMPHADENITIS AND
PLEURISY OF LAMBS.
DISEASE AUCKLAND HASTINGS PALMERSTON NTH. CHRISTCHURCH DUNEDIN P-VALUE
ARTHRITIS 0.78 1.27 0.82 0.84 0.93 £0.01
+0.07 +0.15 +0.10 +0.07 +0.05
CYSTICERCUS 0.46 0.57 0.54 0.34 0.31 20.05
QVIS +0.07 +0.12 +0.07 +0.07 +0.05
CASEOQOUS 0.28 0.50 0.46 0.36 0.49 >0.05
LYMPHADENITIS +0.04 +0.10 +0.07 +0.04 *+0.06
PLEURISY 4.92 5.26 3.37 1.78 2.15 <0.01
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slaughtered less than 100,000 and three slaughtered more than
300,000. Thus, there was a large denominator population at each
works and these percentage calculations are likely to be a true

indication of mean prevalences.

Figure 4 shows the regional distribution of the 42 meat works
in New Zealand. Three regional groupings are established for the
North Island: Auckland, Hastings and Palmerston North; and two for
the South Island: Christchurch and Dunedin. An attempt was made below
to relate the information derived from the YTD prevalence statistics

of each of the diseases analysed, to geographical prevalence.

Ovine arthritis

The results of investigations presented in the first part of
this chapter indicated a high specificity of diagnosing arthritis
during routine inspection of sheep carcases. A similar test applied
to lambs might have shown a lower specificity than the 89.9 to 90.7%
found in sheep because lesions from condemned joints of lambs
might have been less obvious on gross examination. However, similar
procedures are carried out for both and it is presumed that the
accuracy of diagnosis of arthritis of lambs is approximately the

same for sheep.

Significant regional differences were obtained for sheep and
lambs. The Hastings region showed the highest regional means in
both cases. The means of the other regions vary only slightly from
each other although in sheep, Palmerston North showed a higher

prevalence than the other three regions.



TABLE 16 : REGIONAL MEANS AND THEIR STANDARD ERRORS OF PERCENT PREVALENCE
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OF ACTINOFORM LESIONS AND PLEURISY OF CATTLE

DISEASE AUCKLAND HASTINGS PALMERSTON NTH. CHRISTCHURCH DUNEDIN P-VALUE

ACTINOFORM 0.81 1.14 1.32 0.47 0.53 < 0.01

LESIONS +0.19 +0.11 +0.11 +0.08 +0.13

PLEURISY 2.26 4.75 3.22 1.69 1.18 < 0.01
+0.23 H1yy52 *+0.29 +0.23 +0.19
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FIGURE 7 : REGIONAL PERCENT PREVALENCE OF SOME DISEASES
OF SHEEP, LAMBS AND CATTLE*
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Comparisons of means between sheep and lambs in each region
showed that arthritis of sheep is about 2-3 times more prevalent
than that of lambs. This is a reasonable indication of increased

prevalence due to exposure with age.

A survey aimed at assessing sheep farmers' opinion on the relative
importance of a range of diseases was implemented by the M.A.F. in
the autumn and winter of 1975. A postal questionnaire was forwarded
to approximately 1600 sheep owners asking them to nominate each of 17
"disease" conditions as ''mon-existant', ''present-no problem'",
"moderate problem'" or '"serious problem" in their flocks. This was
followed by having 600 of these farmers interviewed and the farmers
were asked to nominate in order of importance, the four most serious
diseases from the same list as they received in the post (Simpson,1976).
Results from that survey indicated that arthritis is ranked third among
the most serious conditions listed (Simpson, 1976; Anon, 1975). The
present study appears to indicate that arthritis is particularly important

in the lower part of the North Island.

Cysticercus ovis

Table 13 shows a mean prevalence of 4.457% in Cysticercus ovis in

sheep and 0.40% in lambs. It may be assumed that inspection of C.ovis
will be reasonably precise (i.e. repeatable) as the cyst should be easy
to distinguish from other diseases and defects. However, it is probably
not very accurate as many deep-seated cysts will be missed (McNab and
Robertson, 1972) but it may be assumed that the same proportion will be

missed by all inspectors.

Taenia ovis, the adult form of Cysticercus ovis in the final host,

is concurrently under a control programme together with Echinococcus
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granulosus (the true hydatid) and Taenia hydatigena (the false hydatid)

by the National Hydatids Council. All three tapeworms occur in the dog
and as far as is known this animal is the only primary host in New
Zealand (Gemmel, 1961). Taenia ovis was brought under the definition
of hydatids as mentioned by Thomson (1975) because of its overlapping

"ecological niche" with the other two parasites (Harris, 1980).

The progress of the eradication campaign of Taenia ovis could be

monitored through the prevalence levels of Cysticercus ovis found at

the works. In this study, the insignificant regional differences of
mean prevalences of C. ovis in both sheep and lambs from the analysis
of meat works statistics indicate a uniform prevalence of T. ovis in
dogs in the different regions. However, analysis of individual works

might detect area differences as is known to occur in E. granulosus

in dogs.

Caseous lymphadenitis of sheep and lambs

Analysis of Meat Division records (Anon, 1979) obtained from five
killing seasons covering 1974 to 1979 showed an increasing prevalence of
caseous lymphadenitis of sheep and lambs. It was also indicated that
South Island has had, traditionally, a higher prevalence of this disease
than the North Island. Differences in climatic conditions, managerial
approach and meat inspection procedures were cited as possible explanations

to the different prevalence levels in the two islands.

Dayus (1953) reported that in Southland, a province in the South
Island, the maximum levels of stocking frequently occur and that pastures

are extremely bare in winter for upwards of four months.

In this analysis, a significant regional difference was shown for

caseous lymphadenitis of sheep. The means of the two South Island regions
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are much higher than the means of the three North Island regions,
Auckland being the lowest (Table 14 and Figure 7). The statistical test
used did not show significant regional variation in the case of lambs.
The higher means of the South Island regions indicate the presence

of factors in that Island, possibly more adverse weather conditions and
higher stocking densities, that might account for the differences in

disease prevalence of sheep.

A comparison of the regional means showed that caseous lymphadenitis
of sheep is 4-5 times more prevalent than that of lambs in the North Island.
In the South Island, it is 14 and 28 times more prevalent in sheep than

lambs in the Dunedin and Christchurch regions respectively.

Observations by the author of meat inspection procedures at a few
works, indicate that they are likely to have a high accuracy of diagnosis
of caseous lymphadenitis. Ovine tuberculosis, reported as having a nil
prevalence (Table 13), might have presented a problem of differential

diagnosis.

Pleurisy of sheep, lambs and cattle

Significant regional differences in pleurisy were established for
sheep, lambs and cattle. These significant differences are attributed
to higher prevalences in the three North Island regions. Generally, the

trend in cattle is similar to that of sheep and lambs.

McGowan et al (1978) and Dysart (1976) analysed Meat Division
records of pleurisy of sheep and lambs from the 1974-75 killing season
and indicated the substantial magnitude of difference in pleurisy of
both sheep and lambs between the North and South Islands. No explanation

was given for the higher prevalences in the North Island.
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Figure 7 shows an identical trend in the histogram representations
of prevalences of pleurisy between sheep and lambs in the five regions.
The order of prevalence of pleurisy of sheep among regions is the same

as that of lambs.

Computing the ratios of the regional prevalences of sheep (Table 14)
to lambs (Table 15) gave results of 6.6, 6.5, 8.6, 9.7 and 8.7 for
Auckland, Hastings, Palmerston North, Christchurch and Dunedin,
respectively. These figures quantify the relative risks of sheep and
lambs in the respective regions. Kirton et al (1976) showed that lambs
may have subclinical lesions of pneumonia as early as 45 days of age
and assumed that pleural adhesions are sequelae to pneumonia. McGowan
et al (1978) indicated that the increasing prevalence of enzootic
pneumonia-pleurisy in the lamb population may be a function of increasing
exposure with age. A hypothesis that could be advanced from the
information provided by the computed ratios is that at Christchurch,

a greater proportion of "younger'" lambs are brought to the works
than at Auckland or Hastings, or that lambs from the Christchurch region

acquire the disease at a later stage in life.

Sarcocysts of sheep

A significant difference between means of regions was obtained
in the analysis of prevalence of sarcocysts of sheep. The measure
of prevalence records the macroscopically visible and detectable
cysts observed at meat inspection. There are three species of
Sarcocystis in sheep, two of which give rise to macrocysts detectable
at meat inspection; the third is microcystic and dog-derived. The

macrocystic species are both cat-derived (Collins et al, 1979).

In the light of these findings, it can be assumed therefore that the
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recorded prevalences reflect the levels of macrocystic infection of

sheep brought to the works which were indicated to be much higher

in Palmerston North and Hastings as compared to Auckland, and somewhere
in between in the two South Island regions (Table 14 and Figure 7).
Regional differences might have been due to differences in inspection
procedures in these regions. Detection of sarcocysts presents some
difficulties because of its subjective nature and it is likely that nearly
100% of adult sheep are infected with either macrocysts and/or microcysts
(G.H.Collins, pers.comm.). Meat inspection is subjected to scrutiny on
a regional basis by the Regional Meat Veterinarian. It would therefore
not be unexpected to find different standards not only between works

but also between regions.

Close examination of the recorded prevalences revealed that

(1) The Auckland region has the lowest prevalence between regions.
Within Auckland, two works showing the higher prevalences have catchment
areas likely to be adjacent to those of the works from the other two

regions in the North Island with higher means of prevalences.

(2) There is the same prevalence levels between works with the
same catchment areas i.e. Feilding ( 17.61%) and Longburn (16.88%)

within the Palmerston North region.

Although Auckland has a much lower mean prevalence than Palmerston
North or Hastings, it is my opinion that these could not be explained
by inspection inaccuracy. The regional mean prevalences indicate that

there might be true geographical differences in the prevalence of

Sarcocystis infection.
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No studies have been made on the geographical distribution of
Sarcocystis infection in New Zealand. This author suggest that an
investigation of some works from regions that showed different levels
of prevalence be carried out to examine the regional differences

established in this analysis.

Actinoform lesions

Actinoform lesions include those associated with actinobacillosis
and actinomycosis. They are chronic focal suppurative inflammatory
lesions usually with primary foci in the tongue (actinobacillosis),

and maxilla and mandible (actinomycosis).

According to Powell (1979) predisposing factors to these diseases
include those conditions that cause abrasions to the mucosa that occur
in feeding low quality stalky materials as well as seed awns and coarse
hay. He cited Hungerford (1970) as having reported that in New Zealand,
actinobacillosis is seen after the burning of crops on peat country due

to ingestion of gravel and ash causing abrasions of the mucosa.

In a study of 16 cases of actinomycosis in a beef herd, Bruere
(1955), attributed the relatively high incidence of actinomycosis to
the age susceptibility (3 - 4 years teeth erupting), together with
the fact that steers grazed heavy swampy ground and frequently chewed

barks and twigs of trees.

A significant regional difference of means was obtained in the
analysis of prevalence of actinoform lesions. The levels of prevalences
are higher in the three North Island regions than in the two South
Island regions. Taking into account the work of Powell (1979), this

may be attributed to different types of husbandry. Because of the
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localisation of the lesions to the head, actinoform lesions are of

minor direct consequence for the Meat Industry.

Obviously anyone can perform similar analyses of abattoir data
providing vital statistics are available. All analysis were performed
using a small pocket calculator with one memory. It was found that
this task involved approximately one hours work for each disease
condition. The results were later checked using the programmable
calculator, an exercise which could be carried out in about five
minutes for each condition. This, coupled with the fact that the
minimum handling of data on a calculator lessens the probability of
human error, suggests that a programmable calculator is a good choice

for this kind of work.

CONCLUSION

"There is little point in performing elegant statistical manipulation
upon heaps of figures if we do not know what the original data
represented" (Blackmore and Harris, 1979). To be of any use vital
statistics should be reasonably accurate or they should be at least

precise (i.e. repeatable).

To assess the accuracy and/or precision of the vital statistics
is obviously a difficult task but I believe the work described in
the first part of this chapter indicates a high degree of accuracy
of one of the conditions presently recorded. This would’'give some

confidence to some of the data routinely generated by the Meat Division.

In the second part of this chapter an attempt was made to evaluate

disease prevalences in different geographical locations of the country.



-95-

Some of the findings tend to confirm previous studies but it is also
believed that in at least one of the conditions analysed (sarcocysts)
some hitherto unseen geographical distribution of the disease was

discovered. This indicates that close scrutiny and proper evaluation

of available data may form a good basis for further investigation.
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GENERAL DISCUSSION

Three techniques of handling data acquired from abattoirs were
presented in this work. Firstly, a card index system was used to
manually sort information from the '"cancer eye' survey. Secondly,
through a system of computer programs, two serological surveys were
analysed. Thirdly, one-year vital statistics from meat works were
evaluated by conventional methods, the so-called "pencil and paper"
method in which statistical analyses were also performed with the aid
of pocket calculators. Each of the techniques had inherent advantages

and disadvantages.

The AZ64 printed card used in the manual sorting of data could
contain 99 values represented by corresponding alphabetic letters and
numbers cut along its edges. To analyse the data obtained from the
"cancer eye'" survey, 93 values from the measurements made of 784 cases
of "cancer eye'" were put onto AZ64 printed cards. A card index system
is economical and could expedite the acquisition of information from
survey returns. This technique requires no sophisticated equipment.

It is arelatively inexpensive ( 6 cents per card) and effective method

of obtaining information provided that the measurements could be
accommodated on the index card. The card file should be limited to less
than 1,000 units of analysis, or cases, and divided into subfiles of up
to 100 cards each. Otherwise, sorting of information would be a very

tedious process.

Through a system of package programs, two data files, each containing
more than 1,200 cases and each of the cases with more than 70 established
variables, were analysed in the computer. Its use is facilitated by the

availability of a program that is applicable to the type of data for
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statistical analysis. Setting up the basis of data rearrangements

is necessary. Coding, key-punching and copying data, and other related
tasks in entering information to the computer require careful proofing

to check accuracy of data and information. Precise sets of instructions
to the computer must be prepared to process the data correctly. However,
such analysis requires the availability of expensive and large computer
and all the related facilities such as input and output devices, key-punch
machines and card readers. The type of analysis performed would have been

almost impossible without the aid of a computer.

An evaluation was made of the conditions routinely recorded at the
meat works. Data used in this evaluation are continually being generated
from abattoirs. A greater use must be made of this type of data. It
was simple to perform statistical analysis by '"pencil and paper" combined
with the use of a calculator. With further manipulation of data and
the application of computer programs on the data base, similar results
could be obtained. The only requisite for this type of analysis is the
provision of reliable vital statistics and personnel with some knowledge

of the relevant biometrics.

It is believed that all the techniques used in this contribution
can also be applied in handling data that can be obtained from disease
surveillance activities in the Philippines although the situation

is different.

Animal disease surveillance in the Philippines is the task of the
Regulations and Control Division of the Bureau of Animal Industry (B.A.I.).
Under that division is the Disease Intelligence and Epidemiology Section
which records and compiles disease situation reports submitted from field

offices of the Bureau. Such reports contain the number of cases of
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diseases encountered among farm animals in which government veterinary

services are rendered.

To widen the scope of disease surveillance, organised poultry farms
have been tapped as source of disease situation reports. Commercial
poultry raisers employ practising veterinarians, either working as
full-time farm managers or as visiting consultants, who are concerned
with flock health, management and disease control activities and they
could furnish the B.A.I. information on disease surveillance. This
type of surveillance activity could be extended to pig farms and possibly

other livestock industries.

Two specific activities should be given priority in confronting

the task of disease surveillance :

(1) expressing disease situation reports as rates, and

(2) establishing other sources of data.

Rate is the expression of the frequency of disease occurrence in
relation to a unit size of population. Instead of submitting reports
as numbers of cases, these data should be calculated at the source as
rates. It is imperative to establish the denominator population so that
disease frequencies can be expressed as incidence and prevalence (Blackmore

and Harris, 1979).

One source worthy of immediate consideration is the abattoir. This
work showed the usefulness of abattoir data. In the Philippines, data
could be obtained from similar establishments. Several operating policies

established by two government agencies principally concerned with livestock,
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the National Meat Inspection Commission (N.M.I.C.) and the B.A.I.,

could facilitate collection of data from the slaughterhouse

(1) The N.M.I.C. trains veterinarians and meat inspectors for
the execution of meat inspection procedures at the slaughter-
house.

(2) Seven slaughterhouses (Vitas, Pasay, San Juan, Mandaluyong,
Philippine Integrated Meat Co., Food Terminal Inc.and Marulas)
and a number of private meat plants in Metropolitan Manila
operate under the supervision of the N.M.I.C. and during
the period July - December, 1979, the Commission inspected
and passed as fit for human consumption 40,886,481 kilograms
and condemned 174,708 kilograms of meat and meat products
(B.Carreon, pers.comm.).

(3) B.A.I. personnel supervise regular shipment of animals from
the island provinces to Metropolitan Manila.

(4) Animals brought for slaughter are accompanied by shipping/
transport permits issued from field offices of the B.A.I.
Such permits specify the owner/shipper of animals and their

points of origin.

Fascioliasis is one of the diseases for which a slaughterhouse survey
could be carried out. This disease is known to be endemic in some regions
of the country. For the past few years, the B.A.I. has instituted dosing
of cattle and carabaos (water buffaloes) to control the disease in these
regions. At present the efficiency of this control program is measured
only by estimating the reduction of mortalities due to the disease. Its
prevalence can be more objectively measured by the examination of livers
of cattle and carabaos brought to the slaughterhouse from the liver fluke

control areas.
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Perusal of the guidelines employed in meat inspection procedures
(Anon, 1977) shows that reports submitted record the volume of
carcases and specific visceral organs that are condemned. Meat
inspectors are supposed to indicate the causes of these condemnations.
Of the possible causes of condemnations, 29 disease conditions have

been listed and coded (Anon, 1977).

To be useful for disease surveillance a modification of the format
of recording is necessary, and initially, it will probably be necessary
to integrate the objectives of the two agencies, the B.A.I. and the
N.M.I.C. The B.A.I. should make use of the recording system used by
N.M.I.C. inspectors. An understanding must be reached to enable the
recording of numbers of disease conditions found during meat inspection
from which a data base can be established to determine the prevalence

of disease conditions of animals brought to the slaughterhouse.

It is in these areas where the author hopes to apply the techniques
learned from handling abattoir data. A card index system would be useful
for a slaughterhouse survey of fascioliasis. The author most certainly
hopes to improve the conventional method of data handling using ''pencil
and paper" and a calculator, on disease statistics from surveillance

received
reports/by the Disease Intelligence and Epidemiology Section of the B.A.I.
It is also hoped to establish disease prevalence data from some slaughter-

houses in Metropolitan Manila by encouraging cooperation between the B.A.I.

and the N.M.I.C.

It is hoped that the success of these initial projects will provide
the stimulus for more extensive work in the future and the provision of
computer facilities by the Ministry of Agriculture of the Philippines.

This is not an unrealistic aim as such facilities are already available

within the Ministry.
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Appendix II CARD INDEX SYSTEM CODE

Variable Symbol Description

BREED A Hereford

Hereford cross

Friesian and Friesian cross
Other breeds

Not indicated

SEX Male

Female
Castrate

Not indicated
PIGMENTED EYELIDS Yes

No

Not determined

2 0 R 40 D 0 " &H O o0 W

Not indicated

=
0

Pigmented right eyelid only
AGE 3 years old

- 4 years old

<

3

5 - 6 years old
7 8 years old
9 -10 years old
> 10 years old
Full mouthed
Adult

Mature

> 3 years old
Aged

01d

Not indicated
EYE AFFECTED Single eye, left

Single eye, right

Both eyes, left lesion described

Both eyes, right lesion described

c O H H > N <K X 33 < HA n ©® O 9 O =Z

Not indicated

NUMBER OF CASES IN
THE LINE

One case
Two cases
Three cases
Four cases

Five cases

A L BN

Six cases
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7 seven cases
8 eight cases

not indicated

10 more than eight cases
ARTENIROR BRI TRBION 11 single discrete lesion
20 Two or more discrete lesions
28 Local infiltration
18 Ablated eye
SIZE OF DISCRETE LESION 12 <1 cm
13 1 -2cm
14 2 -5cm
15 >5 cm
16 not indicated
SITE OF DISCRETE LESION 21 Nictitating membrane
22 Upper 1id
23 Lower 1id
24 Sclera
25 Cornea
26 Not indicated
SIZE OF LOCAL
INFILTRATION 29 1 -5ocm
30 5 -10 cm
31 10-20cm
32 >20 cm
33 Not indicated
SUSPECTED PRIMARY SITE
OF LOCAL INFILTRATION 34 Nictitating membrane
35 Upper 1lid
36 Lower 1id
37 Sc lera
38 Cornea
39 Not indicated
TISSUES INVOLVED IN
LOCAL INFILTRATION 40 Nictitating Membrane
41 Upper 1id
42 Lower 1lid
43 Sclera
44 Periorbital tissue
45 Not indicated
GROSS SECONDARY
INFECTION IN LOCAL 47 Yes
INFILTRATION 48 No

49 Not indicated



METASTASIS OF PAROTID

LYMPH NODE 50
51
52
METASTASIS ELSEWHERE 53
54
55
DISPOSITION OF PRIMARY
LESION 56
57
DISPOSITION OF METASTATIC
LESION 58
59
CONDEMNATION OF
CARCASE 60
61
62
63

-112-

Yes
No
Not indicated
Yes
No

Not indicated

Sent to laboratory

Sent to laboratory and confirmed histologically

Sent to laboratory

Sent to laboratory and confirmed histologically

Condemned at ante-mortem
Condemned at post-mortem
Not condemned

Condemned due to other causes.
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APPENDIX III
CODEBOOK : SEROLOGICAL SURVEY OF MEAT INSPECTORS

Column Variable Name Variable description and code

1 - 2  WORKEMP Works of Employment
1. Not classified 27.Whangarei Abattoir
2. Borthwicks,Feilding 28 .AFFCo,Moerewa
3. Longburn 29.Hellaby,Franklin
4. Imlay, Wanganui 30.Picton
5. Wanganui Abattoir 31.Blenheim Abattoir
6. Patea 32.Nelson
7. Hawera, (Walkers) 33.CFM,Belfast
8. Eltham,Huttons Meat Co. 34 .CFM,Canterbury
9. Borthwicks, Waitara 35.Kaiapoi
10.Geat Meat, Petone 36.N.Z.Ref.Co.,Islington
11.Wellington Abattoir 37 .Christchurch Abattoir
12.Borthwicks,Masterton 38.CFM,Fairton
13.Horotiu,Hamilton 39,Burnside,Dunedin
14.Gisborne 40.Dunedin Abattoir
15.Gisborne Abattoir 41 .Mataura, Gore
16.Te Puke (Rangiuru) 42 .Alliance Freezing Co.
17 .Wairoa, Swifts 43.Cambridge
18.Tomoana,Hastings 44 Makarewa-Invercargill Works
19.Whakatu 45.0cean Beach Freezing Co.Inv'll
20.Pacific Meats 46.Balclutha
21.Feilding Abattoir 47 .Pukeuri,Oamaru
22.Hellaby,Shortland 48 .CFM,Pareora
23.Westfield,Auckland 49.Smithfield,Timaru
24 .AFFCo,Southdown 50.Hokitika Abattoir
25.Auckland Abattoir 51.Ashburton Abattoir

26 .Hellaby,Auckland

3 - 6 LABREF Lab.Reference Numbers - Exact value
7 - 8 AGE Age 15-65 99. Missing value
9 SEX Sex 1. male 2. female 9. missing value
10 RACE Race. 1. European 2. Maori 3. Islander
4. Others 9. Missing value
11 IMIGRANZ Immigrant to New Zealand 1. No 2. From Europe

3. From Islands
4. From elsewhere
9. Missing value

12 DURIMIG Duration of immigration to New Zealand
1 - 20 Exact value in years
21. > 20 yrs.
00 - non immigrant
99 - missing value
14-15 NYRINS Number of years working as Inspector - Exact value
16 - IGRADE Present status as meat inspector
1. Assistant meat Inspector 2. Meat Inspector
3. Sr.Meat Inspector &Tutor 4. Supervising Meat Inspector
5. Veterinarian 6. Others
17 WOCONS Contact with sheep at works
1. Presently in contact and up to 2 years ago
2, 2-5 years ago 3. 5 - 7 years ago
4, 7-10 years ago 5. >10 years ago
9. Missing value 0. No contact
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18 WOCONC Contact with cattle at works
1 -5, 9,0 as above
19 WOCONL Contact with calves at works
1 -5,9,0 as above
20 WOCONP Contact with pigs at works
1 - 5,9,0 as above
21 WOCONG Contact with goats at works
1 - 5,9,0 as above
22-23 DUWOCONS Duration of continuous contact with sheep at works. Exact value
99 .Missing value
24-25 DUWOCONC Duration of continuous contact with cattle at works. As above
26-27 DUWOCONL Duration of continuous contact with calves at works. As above
28-29 DUWOCONP Duration of continuous contact with pigs at works. As above
30-31 DUWOCONG Duration of continuous contact with goats at works. As above
32 OUCONAGS Previous contact with sheep outside works
1. with previous contact up to 2 years ago
2. 2-5 years ago 3. 5-7 years ago
4. 7-10 years ago 5. > 10 years ago
9. Missing value 0. No contact
33 OUCONAGD Previous contact with dairy dattle outside works
1-5, 9,0 as above
34 OUCONAGB Previous contact with beef cattle outside works
1-5,9,0 as above
35 OUCONAGP Previous contact with pigs outside works
1-5,9,0 as above
36 OUCONAGG Previous contact with goats outside works
1-5,9,0 as above
37 OUCONS Present contact with sheep outside works.
1. Yes 2. No
38 OUCOND Present contact with dairy cattle outside works.
1. Yes 2. No
39 OUCONB Present contact with beef cattle outside works.
1. Yes 2. No
40 OUCONP Present contact with pigs outside works.
1. Yes 2. No
41 OUCONG Present contact with goats outside works.
1. Yes 2. No
42 OUCONDC Contact with Dog and Cat
1. Yes 2. No
43 OUCONHP Hunting possum 1. Yes 2. No
44 OUCONHD Hunting deer 1. Yes 2. No
45 OUCONHPI Hunting pig 1. Yes 2. No
46-47 SUFLEP Previous Clinical Leptospirosis
1 - 15 No of years previous infected. Exact value

16 >»15 years previously infected

77 Yes but No. of years not indicated
66 Yes but not medically confirmed

88 No

99 Missing value
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48-49 SUFBRU Previous clinical brucellosis. As above, 55 self injected
50-51 SUFTOX Previous clinical toxoplasmosis. As above
52-53 SUFORF Previous clinical orf. As above
54 LEPHAR Hardjo test results
0. no test 1. negative
2. + 1:24 3. + 1:48
4. + 1:96 5. + 1:192
6. + 1:384 7. + 1: 2384
9. Missing value
55 LEPPOM Pomona test results, 1-7,9,0 as above
56 LEPCOP Copenhageni test results, 1-7,9,0 as above
57 LEPTAR Tarassovi test results, 1-7,9,0 as above
58 LEPBAL Ballum test results, 1-7,9,0 as above
59 BRUSAT Blanks
60 BRUCFT Blanks
61 BRUAHG Blanks
62 TOXTEST Toxoplasmosis test results
0. not tested. 1. Negative. 2 Positive
63-64 MBLED Month bled. 1-12 corresponding to month
65-66 YBLED Year bled. 78,79 corresponding to year
67-68 MRBLED Month rebled. 1-12 corresponding to month
69-70 YRBLED Year rebled. 78-79, corresponding to year
71 RLEPHAR Hardjo retest results. 1-7,9,0 as LEPHAR
72 RLEPPOM Pomona retest results. 1-7,9,0 as LEPPOM
73 RLEPCOP Copenhageni retest results. 1-7,9,0 as LEPCOP
74 RLEPTAR Tarassovi retest results. 1-7,9,0 as LEPTAR

75 RLEPBAL Ballum retest results. 1-7,9,0 as LEPBAL
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APPENDIX IV
CODEBOOK : SEROLOGICAL SURVEY OF MEAT WORKERS

Column Variable Name Variable Description and Code

2 WORKEMP Works of Employment
1. Tomoana 2. Moerewa
3, Westfield 4. Hellaby,Auckland
5. Franklin 6. Southdown
3-6 LABREF Laboratory reference numbers : Exact value
7-8 AGE Age : exact value 99. Missing value (MV)
9 SEX Sex : 1. Male 2. Female
10 RACE Race
1. European 2. Maori
3. Islander 4. European-Maori
5. Maori-Islander 6. European-Maori-Islander
7. Others 9. M.V.
11. IMIGRANZ Immigrant to New Zealand
0. Not an immigrant 1. From Europe
2. From Islands 3. From elsewhere
12-13 DURIMIG Duration of Immigration to New Zealand :

1-20 Exact value in years
21. > 20 years

14-16 NYRMEAT Number of years as meat worker
Exact value, one decimal place

17-18 MWGRADE Present status as meat worker
1. Live animal worker (yardman, stockman, stock truck driver)
2. Slaughterboard worker (chain foreman, chain worker, beef

butcher, mutton butcher, pig butcher, labourer,previously

a meat inspector).

Chiller/Freezer/Chamber hand (worker and foreman)

. Carcase Processor (boner,grader,trimmer, carton worker,

cannery/cutting room worker, quality control worker)

5. Viscera Processor (small goods -, guthouse-, offal-,
petfood worker and foreman, casing worker)

6. Shop butcher

7. Fellmongery and hide worker

8. Rendering department worker

9. Maintenance worker (fitter, plumber,electrician,
carpenter, engineer)

10. Lab.staff and management

11. None or little animal contact (canteen worker, staff
cleaner,driver, contractor, retired employees,storeman,
out of job).

12. Unclassified worker

13. General worker (doing several jobs at a time)

99. Missing value

19 SLASHE Sheep slaughterboard worker
0. not a slaughterboard worker
1. slaughterboard worker not in contact with this species
2. slaughterboard worker in contact with this species.

~ W

20 SLACAT Cattle slaughterboard worker. 0,1,2 as above
21 SLACAL Calves slaughterboard worker. 0,1,2 as above
2% SLAPIG Pig slaughterboard worker. 0,1,2 as above

23 SLAGOAT Goat slaughterboard worker. 0,1,2 as above
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24-26 JOBDUR Duration at present job. Exact value, one decimal place
999 missing value
27-28 PMGRADE Previous status as meat worker : 1-3 as MWGRADE
0. not applicable
29 PSLASHE Previous sheep slaughterboard worker
0,1,2 as SLASHE
30 PSLACAT Previous cattle slaughterboard worker. 0,1,2 as above
31 PSLACAL Previous calves slaughterboard worker. 0,1,2 as above
82 PSLAPIG Previous pig slaughterboard worker. 0,1,2 as above
33 PSLAGOAT Previous goat slaughterboard worker. 0,1,2 as above
34-36 PJOBDUR Duration of previous job; exact value,l decimal place

999. missing value

37-38 SEPGRAD Second previous status as meat worker
0,1-13 as PMGRADE

89 SESLSHE Second previous job as sheep slaughter
0,1,2 as PSLASHE

40 SESLCAT Second previous job as cattle slaughterboard worker
0,1,2 as above

41 SELSCAL Second previous job as calves slaughterboard worker
0,1,2 as above

42 SESLPIG Second previous job as pig slaughterboard worker
0,1,2 as above

43 SELSGOAT Second previous job as goat slaughterboard worker
0,1,2 as above

44-46 SEPJOBDU Duration of second previous status as meat worker
Exact value, 1 decimal place
999. missing value

47 WOCONS Contact with sheep at works
0. no contact 1. in contact
48 WOCONC Contact with cattle at works 0,1 as above
49 WOCONL Contact with calves at works. 0,1 as above
50 WOCONP Contact with pigs at works. 0,1 as above
51 WOCONG Contact with goats at works. 0,1 as above
52 SASSOC Previous sheep-associated occupation
0. none 1. <2 years ago
2. 2-5 years ago 3. 5-7 years ago
4, 8-10 years ago 5. 10 years ago
6. Yes, time interval not determined
9. missing value
53 CASSOC Previous cattle-associated occupation. 0,1-6,9 as above
54 PASSOC Previous pig-associated occupation. 0,1-6,9 as above
55 OUCONS Present contact with sheep outside works
0. No 1. yes 9. missing value
56 OUCOND Present contact with dairy cattle outside works

0,1,9 as above

57 OUCONB Present contact with beef cattle outside works
0,1,9 as above

58 OUCONP Present contact with pigs outside works
0,1,9 as above



59

60
61
62
63
64-65

66-67
68-69
70-71
72

73
74
75
76
77
78
79
80

OUCONG

DCCON
POCON
DECON
PICON
SUFLEP

SUFBRU
SUFTOX
SUFORF
LEPHAR

LEPPOM
LEPCOP
LEPTAR
LEPBAL
BRUSAT
BRUCFT
BRUAHG
TOXTEST
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Present contact with goats outside works
0,1,9 as above

Contact with dog and cat. 0,1,9 as above
Contact with possum. 0,1,9 as above
Contact with deer. 0,1,9 as above
Contact with wild pig. 0,1,9 as above

Previous clinical leptospirosis

0. no history

1-15 Exact value. number of years previously affected
16. >15 years previously affected

17. Yes, number of years not indicated

18. Yes,but not medically confirmed

99. missing value

Previous clinical brucellosis 0,1-18,99 as above
Previous clinical toxoplasmosis 0,1-18,99 as above
Previous clinical orf. 0,1-18,99 as above

Hardjo test results

0. no test 1. negative

2. Seropositive 1:24 3. Seropositive 1:48
4. Seropositive 1:96 5. Seropositive 1:192
6. Seropositive 1:384 7. Seropositive >1:384

Pomona test results. 0,1-7 as above
Copenhageni test results. 0,1-7 as above
Tarassovi test results. 0,1-7 as above
Ballum test results, 0,1-7 as above
Blanks

Blanks

Blanks

Toxoplasmosis test results
0. no test. 1. negative 2. positive.
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APPENDIX V

TE PUBLTIC HEALTH STORITICANMCE 07 LiPTOSPIROSTS FOR THE MFAT INDUSTRY

D .X.Blackmore
D@parhmenL of Veterinarvy Pathology and TFublic Health
Massey University
Palmerstor: North
New Zealand.

INTRODUCTION
“The genus leptospira consists of only two species. L.interrogans,
the pathogsnic apecies, is subdivided into more than 150 strains or
serovars while L.0iflexa consists of a variety of non pathogenic sapiuphytic
SeTOoVars.

Although leptospires cannot be considered rrue psychrotophs, most
$eTOVars of L.vﬂtﬁwwoqonu have optimal r'zgowfn n vitro at temperatures
below 30°C and L.piflexa will grow at 137¢. Teptospires are also capavle
of surviviug for periods of several weeks at chilling and freezing
temperatures (Turmer, 1974).

Although leptespires are not associated with meat spoilage, and only
rarely with food transmitted diseases (Hergt, 1371),they can create an
occupational hazard for certain groups of workers :in the meat processing
industry. Iavestigaticns in the U.XK. (Schonell ef 41,1966), the U.S5.A.
(Pence and Milier, 1958, Braun, 1901), Australice (“orbeo and Wannon, 15954,
and Henswan ¢t x%[,1268) and New Zealand (Blackmore 2f al,1979) have
demonstrated that leptospirosis is an occupational hazard of meat worker
and meat inspectors. In most countries, leptospirosis is a relatively
common disease of dorestic stock and wild life aud those serovars wnich
are endewic in a country ave usvwally adapted to specifiec maintenance L,osts,
vhich show m: ninil pathological responses to infection (Blackmnore and
Hathawey, 1979). Such mainteiisnce hosts develop chlironic renal tubular
infection which persists for wany montiis and even years. The infec:ted
kidneys and urine from infectcd animals are the usual source of infect’on
for other inimals inclucing man. Transmission of infecticen from a ma
host to a different species of animal often results ir severe clini

-\:I'-
D

'

ety anc
cezl disease

The major risk for meat workers from leptospirosis is associatea with
the namber of infected animals subuittad for slaughter and the degree of
direct contact with 1nfecLed kidneys and vrine. Contamination of the abatteoir
.

with leptospires capable of surviving in such en enviromnent for some
may incresse the risc.

On an international basis, it appears that endemic leptospirosis of sh
is uncommon; dinfection rates of cattle vary considerably and infection rates
in pigs are iigh. The serovers endewmic in a particular type of stock in one
country may be quite different in another.

5

Only six sercvars are known to be endemic in New Zealand, three of whicn
are maintained in domestic stock. Cattle are the maintenance hosts for Azrdjo
and pigs the nmaintenance hosts for pomora and tarasgovi.. Sporadic cutbrecks
of pomons infsction can occur in cattle, usually as a result of contact i
infected pigs (Blackmore, !578). Surveys have shown that more than 60% of
adult cattle have aggiutinins to herdjo and that the majority of animals
became infccted between one and two years of age and remain leptospivuric fox
9-70 pmonths. Tt has been estimated that in many larger piggeries up to 50%
of pigs between 3 and 12 uwonths are infected with pomora and 10% with
tarassove. .

-

l.l
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Leptospirosis is a notitiable discase in New Zealand and the human
incidence is high compared with many other countries, but the majority of
such human notifications are of dairy farmers. 1t was therefore decided to
initiate serclogical surveys of a variety of occupetional groups in an
attempt to more.precisely define relative occupation risks of leptospirosis.

This paper records the results obtained from meat workers and meat
inspectors. It also gives the results from a study of the survival of
leptospires in kidneys held at chilling and refrigeration temperatures
and discusses some of the public health jmplications of the results,

MATERTALS AND METHODS

Inicial discussions were held with the Ministry of Agriculture, the
Health Department, industry management and workers' unions to ensure maxinum
appreciation and cooperation. Fach abattoir was sent a written explanation
of the aims oif thie survey and a reguest for volunteers to give a2 blood Lnnnle
for subsequent testing for antibodies agzsinst Erucella abortus, Cowizlla
burmetti, Leptospira irterrogans and Toxcplasma gondit.

Abattoirs were visited and approximately 15ml of blced collected by
venepuncture firow each of 1,250 meat workers from six abattcirs and 1,002
mezat inspectors {rom 44 abattoirs. Fach werker was interviewed and a
questicnnaire completed. Information was recorded conceraning the age, sox
and race of tha individual and a wide variety of other variables including
exact type of occupation and time employed, present or previous contart with
animals outsice the abattoir and previous history of clinical leptosgirosis
or other zoonoses. More than 907 of the inspectors cn duty at the time
of the visits and the majoriiy of workers at two of the abattoirs weve bied.
hHt the other four abattoirs most of the workers bled were chose donating
blood to the Faticnsl Blcod Transfusion Service.

Serum was removed from the blood after centrifugation and stored at
-20 C untii cxamined. A leptospiral microagglutination test (MAT) was
carried cv*: according to the method of .ole et al,(1972) with an initial
final serum dilution of 1:24. Cultures of ballwum, copenhagenrni, hardjc,
pomona and tarascovi were used as representative of the serogroups endemic
in New Zealand. Both kardjo and balcanica, which is zlso present in
New Zealand, belong to the Hebdomadis cerogroup and cross react.

Twenty pairs of pig kidneys, condemned because of lesions associ:ted
with leptospirosis were collected and each was divided igto eight edqual
porticns. Ten pairs nf divided kidneys were stored at 0 C for 14 days
and the others at -15°C fer 30 days. At seven intervals during this period
of storage 2 sawple of kidney was removed and cultured in Johnscn-Harris
Bovine Serum Albumin Tween-80 semi solid medium. Leptospiral isolates were
identified by a MAT. These methods have been described in detail elsewhere
(Mo and Blackmcre, 1979).

RESULTS

Tables 1 and 2 summarise the results recorded including the results
obtained frcm 1,003 meat inspectors which have been recorded in greater
detail elswhere (Blackmore et al,1979). Preliminary analysis of the data
obtained from an additional 2]1 meat inspectors from four more abattoirs
revealed no significant differences in’ rates of serological prevalence and
associations.

Tt will be noted that there is a significant difference in the overall
prevalence rate of titres to leptospires of 6.3% in meat workers compared with
the rate of 10.3%Z of inspectors (P>0.001).
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Scrutiny of the prevalence rates of the overall titres to specific
serovars (Table 1) shows that the rodent associatcd serovers ballim and
copenhageni, are the lowest. Although tarasscvi, a pig associated sercvac..
was lowest in meat workers, it was thc second most prevalent in inspectors,
The rate of hardjo titres was less ¢han 1.5% in both occupational. groups.

O
prevalent in both occupational grouvps. Titres to both pomens and tarazsow:
accounted for 3857 of leptospiral titres in inspectors and 497 of titres in
meat workers. Cf 376 inspeccors working at abattoirs processing pigs, S2
(13.8%) had titres to these serovars compatred with 36 (6.1%) at plants
which did not slaughter pigs. This is a highly significant difference
(P>0.001). A highly sigrficiant associaticn also occurred between work
exposure to the processing of pigs and the prevalence of pomona titres
in meat workevrs (P>0.01). 'This associativon was particularly obvious at
Werks T (Table 1) which only processed pigs and where 23.17 of workers
had titres to pomona although the plant had conly been in oparation foxr
four years.

Pomona titres, which can be asscciated with pig contact, were the most

IS

From the resulits of the cuestionnaires, a highly signifirant corvelatiou
(®>0.002) was showvm between contact with pigs outside the abatcoir and the
probability of hsving a titre to pomonc. This contact with pigs outside the

abattoir could account for nhalf the pomonc titres of wovrkers at Abaitcir A
(Table 1) which no longer slaughters pigs.
A total of 21 concurreut reactions fo two serovars were detected. Of

these, 18 were to pomcnz with one other serovar (seven with lurdjo,
taiaseovl, and four with copehagent), two coperhageni with balluri,and o
hardjo with Daliir:. The concuvrent rea:tions of copeniagent and bollen,
iierdjo and powiona, and powiona and torassovi were significancly wmore {(£20.0601)
than would be expected by chance. This is indicative of dual infections and
a cowrmon source of infection of those workers with dual titres, . ji.e. rodonts,
cattie and pigs respectively.

Table 1 demonstrates the prevalence of titres in different occupational
groups. Altnough workers were subdivided into thirteen different occupational
categories for the sake of clarity, these have been reduced tc five in Table 2.
It was interesting tc note that wmore than 70% of workers in each category
bhad not changed their type of job within the abattoir. All the titres of
hardjo and poriona, which are serovars associated with doirestic stock, accur
in workers concerned with the slaughter and primary processiang of stock. The
olher three sercvars show nc obvicus association with specific occupaticn
except for tarassovi in inspectors.

Twenty three (227%) incepectors who had titres to lJeptospires had a history
of previous cliniczl leptospirosis cenfirmed by a medical practitioner. This
compares with 12 (15%) of meat workers. Analysis cf the data relating to
the onset of pravious ciinical disease in meat inspectors showed that titves
detectable down to a level of »1:24 can persist for at least 10 years
(Blackmore et al,1978).

Nineteen of the 20 kidneys yielded leptospires when cultured before
chilling and freezing. All 19 isolates b=longed to the pomona serogroup.
One kidney was culturally negative before, and at all times during, the
chilling experiment.

Seven of the nine kidneys (78%) stored at 0°C were culturally positive
after 14 days (Table 3) by which time there were signs of incipieat specilage.
Eight of the 10 kidneys (80%) stored at —lSoC were culturally positive after
30 days (Table 4) at which time the experiment was terminated.
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Both chilling and freezing (fr01’r com temperature down to the
IOGpe(L]VL temperature of 0 C aud [T C) occurred at an average rate
of 1° C/hb.

DISCUSS1ON

From a kncirledge that redents are the maintenance host of serovars
ballwni and copeniwgzni and the results from this survey, it would appear
that neither are occupational hazards in the meat incdustry. Rodent
infestation ot an abattoir in New Zealand would be virtually impossible in
view of the high standard of hygiene and building consiruction. If infection
had been contracted frem stock, it would be expected that the highest rates
would be in workers concerned with the handling of carcases and fresh viscera
as was the case with hardjo and pemornc, but this was not the case for
workers with titres to pallum and copenmhagent. The duzl reacticns to
copenihagent and bzllwn were significant and indicate a common source of
infection, i.c. rodents. Therefore titres to these serovars should not be
concsidered whan assessing the true occupaticual risk of leptospircsis in
the mcat induery. By ignoring the bulium and ccoperhcgeins. cases and
cerrecting the concurrent titres, only 56 {(4.5%) meat workers had evidence
of occupational leptospirosis. Similar adjustment to the overall figure
for meat izspectors would only recduce the figure to 10%Z.

There was a highly sigaificant associstion (P<0.001) in both meat
vorkers and inspectors between working with pigs and hav1ng & titre to
pomona, but not between processing cattle and having & hardje titre. This
is surprising inviewof the similar high prevalence raLes of hardjo infections
in cattle and pormona infections in pigs.

Both pomera and hardjc titres were only cbservea in workers precessing
fresh carcases gnd viscera and no titres vcre demonstrated in maintenanca
workers aand enginecers. This is in complete contrast to prevalence of titres
to Bruceila c¢horilus, where maintenance workers are in the group most at risk
(Blackmore et al,unvublished). This difference might suggest rhat meintenance
workers cnutiract brucellcsis by aerosol and lepcospirosis is less likely te
be contracted by this method.

Although the overall figure for the occupationally associated prevalence
of titres to leptospires has been estimated at 4.5% and 10% for mzal workers
and inspcctors rezpectively, some cf these seropcsitive cages will have keen
associatced with contact outside the abattoir. A signiricant associaticn
between pomonz titres and contact with pigs outside the abattoir has been
demonstrated and there is cevidence for a similar association between hard.jo
titres and contact with cattle.

Diesch (197)) demonstrated that pomona could survive in the manure
of an oxidatior. ditch for 61 days. Work in the author's laboratory has
shown that this serovar can survive in soil for 42 days under simulated
New Zealard winter ccaditions (Hzllstrom and Marshall,)978). Pomona
was also the c¢nly serovar which could be isolated from drainage water from
a farm with stock infected with both hardio and pomona. The explanation
for this obseivation could be that pomcna is a more persistant environmeatal
contaminant thzn aardJo. However, dark field microscory of urine from
leptospiruric cattle and pigs, has shown that poriona infected pigs excrete
much larger mumbers of leptospires in their urine than do kardjo infected
cattle (Mzckintosh, pers.comm.) and therefore the total environmental
contamination may be greater for pomona than for hardjo, Lhu% favouring
the isclation of the former.

In New Zealand a large number of adult dairy cattle, as well as younger
beef animals, are submitted for slaughter. Only 27 of such culled cows have
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infected kidneys. The majerity of pigs submitted for slaughter are less

than six months of age and if infected are still likely to be leptospiruric
but the ratio of pigs to cattle slaughtered in New Zealand is about 1 to 3,

It is suggested therefore that the greater occupational hazard constituted

by pomona ian pigs than by hardjc in cattle, could be associated with a greater
resistance of pewmiona to environmental factors, a high concentvation of
organisms in pig urine and the high infection rates of pigs submitted for
slaughter. The higher risk for inspectors compared with meat workers may

be associated with the grecater contact with kidneys during inspection
procedures.

Sasse and Reuter (1978) demonstrated that pomonz was able to survive
at =40 C for ten days, when inoculated pest mortem into pig kidneys.
However, the resultis presented in this paper show that pomona is capable
of surviving in nacurally infecced pig kidneys for at least l4 days at 6°c
and more than 3C days at -157C, a temperature frequently used for the storcge
of frozen meat preducts.

These findings reinforce the hypothesis that pomena is a relatively
resistent organism. They alco suggest that chilled or frozen products
could remain 2 hazard for meat workers. 1In this respect, it is interesting
to note (sece Teble 2) that 2.8% of thoze working in chillers and freezevrs
had titres to bolh hcrdjo and pomona. People handling or preparing kidneys
in retail butchers' shops or in the home may alse be at risk. Contrarcing
leptospiresis by such a method has been recerded in Germany by Hergt (1571).

Leptcspirosis receives greater reccgnition in New Zealand as a
common endemic discase of domestic stock z2nd petential cccupational hazard
than in many other countries. However, surveys in Furope, Novih America
and Australia,vhich have been referred to in the dintroduction of tihiis
paper, tiave shown similar or higher prevulences of titres to leptogpiral
agglutinins in meat workers,to those recorded here. The particulsr r
of pigs in relatiou to pomoaa infection in abattoir workers has also
been ncted in Morth America {(Braun, 1961). it is therefore suggested that
leptospirosis may be a much greater inteinational occupational hazard of
meat workere thas hitherto suspected, € specially in those countries + th a
large and intensive pig industry.

T woald likc to acknowledge the financial support of the New Zeiland
Accident Compenzation Commission, without which this work would have becen
impessible. I would also like te thank Di. Linda Scholluim for her
enthusiastic assistance in collecting and processing the blood samples,
and Dr. R.Marero for his assistance in the computer analysis of results.
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works Number Approx. #%4 Animals Speciiic Serovar Rgsponse ' i
bled of total slaughtered herdjo perona tarasaovt copennagent ballum Total
: work force No. % No. 7 No. % No. % % No. A
A 224 sheep,cattle 6 2.7 13 £.8 1 0.04 1 0.04 1.8 25 11.2
B 124 sheep,cattle 0 0 3 2.4 0 0 6 4.8 0.8 10 8.1
C 232 sheep,cattle 1 0.4 6 2.5 0 0 9 3.9 0 16 6.9
D . 588 - 70 Sheiféfattle 9 1.5 9 1.5 1 0.2 @ 2 0.3 0.2 28 B
E 56 5“’33{,’;;3“13 0 0 5 85 0 0 1 1.8 0 6 10.7
F 26 90 pigs only 1 3.8 6 23.1 0 0 2 7.6 3.8 10 38.5
Total
6 1250 - 17 1.4 42 3.4 2 0.2 21 1.7 0.6 89% /8
Meat - 1 ol
1003 76 - 12 1.2 78 7.8 i9 1.9 4 0.4 0.1 114 11.4
Inspectors

# dinclude 1C duel veactions, i
+ include 11 dual reactions, i

..
..

total seropositive indi.iduals = 79 or 6.3%
tetal seropositive individuals =103 or 10.3%.

TABLE 2

: ASSOCIATICN CI' SEROVAR REACTICN WITH GCCUPATION

Type of Work

Number in reaction te specific sexovar

(<] 3 -
% with

Overall 7% of

Group karéig poinona.__ tarassovi copenhagent ballum serovar reaction

With live animals in yard 60 nil nil nil nil 1.7 1.7
Slaughter,evisceration

and carcase dressing 364 2.7 6.6 C.5 Bse 0.8 12.6
Turther processing of weat

or offal 340 0.9 ) nil 1.8 0.9 6.5

In chillers & freezers 109 2.8 2.8 nil nil nil :

OFneF type of'employment 393 ~11 0.6 2, 1.9 ek S E

within abattoir
*Meat inspection 1002 1.2 7.8 1.9 C.4 0.1 11.4

mOC [
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TABLE 3 : RECOVERY OF LEPTOSPIRES FROM PIG XIDNMEYS CHILLER AT OOC
)ay storage 0 1 2 3 5 710 14
Kidney*
C - + + + ¢ + + + +
C, C + + + + + + +
Cy - + - - - - - -
Cs C A - - - - - -
Ce + - + + + + + +
Cy + - + 4 + + + +
Cs + + + -+ + + + +
Co + + + + : + + +
Cic + + + - + + + +
C = contamination + = growth - = 1o growth

* Kidriey C was apparently not infected and therefore has been omitted.

TARLE 4 : RECGVERY (F LEPTOSPIRFS FROM P13 XIDNEYS FROZEN AT -15°C

Day storage 0 1 3 5 7 10 14 30
Kidney
Fi + - + - + - + F
F, C + + + + + - -
F3 + + + + - + +
Fy + + + + + + + +
Fs (¢ + - - - - - -
Fg + + + + + + + +
Fy C C + + 4 + + +
Fg + C + + + + + +
Fo + c + ¥ + + + +
Fio + + + + + + + +

C = contamination s + = growth - = no growth
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HAZARDS FOR FCO )HQHNK INFECTICMS FOR MEAT IUP‘uRS

D.K. BLACIZMORE and L.M. CY"HHVA
Department of Veterinsry Patholopy and Public Health
Masseyv University
Palmersten North
New Zealand,

INTRODUCTION

Meat hygiene is the discipline conaernrd with the hygzienic production
of safe and wholescwe meat products, and a prime ohjective is consumer
protection. However, the hygienic measures instigeted must also be desigrned
to protect the nealth of the workers producing the products.

ine and,when related to workers

Occupational health is 2 cowmplex discipt
in the livestnck industry, must inrlude consideration of occuvation associcr=d
zoonoses,  Scme of the zoonoses of domestic stock which have been recovded z=

hazards for meat workers incivde anrhrax, cellosis, ervsireloid, leproznix
and tuberculicsis (Van der Hoeden, 1994). Tuo zoonoses which still appear to
be mzjor occupational biazavds 121 ““at wor'wrs in many countvies are
brucellosis and Q. fever (Schovell eé al,1%5, and Bausran et ai, 1¢16].

The risks from zocnoses 111 vary apr diiferent countries according to the
prevalence of the discases in domcstic stock and standards of hygiene ia

the abasttoir. .

Of the 130 zoorcses recogaised ia the world enly about 20 are andemic
in New Zezland and less than tea affcct domestic svock. However, soprosimacelv
35 willion sheep aud lanbs, 2.4 willion catile, 1.2 milizon calves and
800,000 pigs cre slaugutered each year and =zpproxirztely 30,030 wvorkers ure
exposaed to these animals (Jduring their siaugnter end processing. wWith the
advent. of the Accident Cempensation Commission, which pays ceompenseticon to
any Hew Zealars vesident who sufiers an acnident or contraces certain
occupational diseases, including bruc l and leptospiros is, it lLecame
increasingly imsoriant o g2in woroe info .atios on the inecidznce of < h
diseascs in diffzveni occupaticnal grougs.

V'(_:

"(

3

1t was with thesc facts in wiad and the author's professioral interest
in veteriiary pudlic hcalth that it was decided te instipgate 2 serologic
survcy of weat uwcrkers to ,11n more irforwstion on peossikle cccupetionyd
aseonciaticns vith biuceilos leptaspirenis and tovoslasmesis., Alrhaugl
Q fever dees w»ot occur ir New Zealand it waz decided te test scwe sora iov

A P T T o Eya i G P 10 PR, e e
evidence of antibodizs o «,.,v..-',iba D*.‘.‘.l.‘.;.',;_, EO [COSHESN W ioh vezults from

©

J:

other countries. It was aled noped to gaw seome less obiective informztion
on the incidence of other possiklic vcuwupaticrel zoonoscs.

MATERIALS AND METBODS

Initial discus:ions were Lzid with the Ministry of Agriculture, the
Realth Departizent, industry wanagemeint and workers' vaions in order re
ensure maximum cooperation. Fach ahbatteir was sent a written crplanation
of tha aims of tha survey and a vegunri for valunteers o give a nio%d
sawple for sxosaquent LPoL'ﬂg fex ivmivodies agaiust brucel CPIAE,
Coxiella burnettii, Lepicspira tnierrszacs and Toropliasmz gondii.

Ahattoirs were V151ted and approximately 15m) of blood collected d¥
venepunciture frem each of 250 maeat workers from six abattoirs amd 1,003
meat inspectors from 44 abatto;rs. fach worker was interviewed and a
questiomnaire completed. [nformation was racorded concerning the age. Sex
and race of the individual and a wide variety of other variables including

exact type of occupation and time employed, present or previous cantact with
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animals outside the abatteir and previous history.sf clinical leptospircsis
or other zooncses. This included showing each perscn a colour phorograph
of an orf lesion on a worker's hand. More than 90% of the inspectors on
duty ar the tiwme of the visits and the majoritv of workers at two of the
abattoirs were bled. At the other four abattoirs most of the workers bled
were those donating blond to the National Blood fransfusion Service.

Setum was removed from the blocd after centrifugation and stored at
-20°C until examined. A leptospiral microagglutination test {MAT) was carried
out asccording to the method of Cole et al (1973) with an initial final serum
dilution of 1:24. Cultures of ballwn, copenhageni, hardjc, pcmora and
torassovi were used as representativc of the scrogroups endewic in New Zecaland.
Both hardjo and leanica, which is also present in New Zealand, belong to
the Helbdomadis scrogroup and cross react.

- Tests for Brucella and Toxoplasma antibodics were carried out by the
Naticnal Health Institute. The Brucelle tests were by a Standarc Agglutinacios
Test (SAT) (Alton et al,1975) with initial serum dilutions of 1:20 aund hLy
subscquent testing by the Coambs test {(Kerr et al, 1966). Tne Tovoplaswa tests
were by an indirect fluorescent antibody test (iFAT) (Sulzer ~nd Hall. 1967)
with an initial serum dilution of 1:16,

Tests for Coxiella antibodies were carried out at the Wallacevili=
Animal Research Centre, by a complement fixation test (CFT) as described
by Lennett and Schmidt (1969) using 2 commercial antigen®*¥

RESULTS

Table 1 indicates thé number of people who clazimed to have suffered
from a medically confirmed zoonosis, which could have been contracted as =
result of their occupation. It was not possible te check on the validity
of the statements. However, in respect of leptospirosis and brucellnsis,
there we s a highly significant correlation (P<0.001) betwecn a claim of
previous clinical disease and having a titre to the appropriate antigen
at the time of ths survey.

TABLE 1 : REPORTED CASES CF CLINICAI DJSEASE

Disease Meat Workers Meat Inspectors
No. % No. A
Pseudocowpox * 5 . 0.4 1 0.1
Orf 15 1.2 40 4.0
Q fever nil - nil =
Erysipeloid nil - nil =
Leptospirosis 23 1.8 _ 42 4,2
Brucellosis 39 3.1 34 2.8
Toxecplasmosis nil - nil =

"% all cases contracted while working or dairy farms.

Or.ly the sera from 112 meat workers and 243 inspectors frot 24 abat
were cramined by the C¥I for evidence of Q fever, but 2ll shoved a negzriva
reacticn.

It must be appreciated that these figures in Table ! fedicgsip s
the aonual incicence of Lh; various diseases, ana include dat: 4 WO R VS
who had only 1ecently joina: the industry as well as some who nad u=fn 2mploved
for more thar 30 years. Thn questjons were also biased in favour of goining

QAT T 2
¥ Behving Inatitute, Fedorel Republic of Germany.
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~Information on leptospirosis, brucellosis and to a lesser extent orf. There
was an indication of an incrcasing incidence of orf im meat workers in recent
years. It was alsc interesting to notz2 that all cases of the other pox
virus zoonosis, pscudocowpox, had been contracted while working cn dairy

farme,

Sixty four percent of meat inspectors had titres of antilody to T.gondiz,
which is a very similar figure to that obtained from a control population
of blood doners in 1976 of 617 (Metcalfe et al,1973). No significant
association cculd be found with either specific stock contact or cat ownership.
Preliminary data from meat workers indicat2s very similar results.

The results related to leptospirosis have been published in detail
elscwhere (Blackmore et ai, 1979, Blackmore and Schollum, 1587). Inspcctors
are apparently at greater risk than mecat workers with the overall serological
rates being 10.3% and 6.37% respectively (see Table 2). However, some reactionsz
were associated with the rodent adapted scrovars; Lallwn and copenhagent,
which were not considered to be indicative cf occupational exposure. Thus
the overall serological rates corrected for occupaiional exposure were 107
and 4.5%. Seropositive cases only occurred in these persons haudling frc%h
carcases and viscera and the pig adapted serovars of ruVOﬁC and tarasscvi
constituted much greater occupational hazards thaan hardio, the cattle adapted
serovar. Forty two (4.2%) of inspectors and 23 (1.8%) of workers claimed
to have previously suffered from madicaliy confirmed leptospicosis (see
Table 1).

'

TABLE 2 : SUMMARY OF OVERALL PREVALENCE CF TITRES IN WORKERS AT DIFFERENM

ABATTOIRS
Works Number Animals : Specific Serovar Respense 1
Bled slaughtered hardjo pomoro tovassoot copeviazoni ballw: total
% 4. 7 % - %y B

A 224 sheep. 2.7 5.8 0.04 0.904 1.8 11.2
cattle

B 124 sheep, 0 2.4 0 4.8 0.8 8.1
cattle

C. 232 sheep, 0.4 2.6 0 3.9 0 6.6
cattle

D 588 sheep, 1.5 1.5 0.2 0.3 0.2 3.7
cattle,
pigs .

E 56 sheep, 0 8.9 0 1.8 0 10,7
cattle,
pigs

F 26 pigs onlvy 3.8 23.1 0

Total
6 1250 - 1.4 1.4 042
Meat 1C03 - 1.2 1.8 1.9
Inspectors

* include 10 dual reactions, i.e.total seropouiti
+ include 11 dual reacticns, e.i.total 'sercpositiv
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Thirty four of 1,214 (2.8%) inspectorsand 39 of 1,183 (3.1%)wurkers
claimed to have prev1ouoly suffered from medically confirmed brucellosis
(see Table 1.). :

Table 3 .shows the overall distribution of different- titres to
B.abortus antigen in both meat workers and inspectors, and the percentage
of individuals with a specific titre and a historv cf previous medically
confirmed brucellosis. It is apparent that only a small preportion of
inspectcrs with titre of 1:80 and below bad clinical histories and it might
therefore be concluded that the majority of such titres were mon-specific.
Although titres of 31:160 would be the most specific (i.e. ability to dectect
negative cases) they would lack sensitivity (i.e. ability tc detect positive
cases). It was therefore decided to take titres of 1:80 and ahove as the best
overall estimate of previous infection. This titre also corresponds to that
assumed to be associated with previous infection by some cther workers (Wilson
and Miles, 1967, and Coghlan and Longmore, 1973).

The serological prevalence of titres of 1:80 or greater of antibodies
to B.abortus was 14.6% for meat inspcccors compared with 4.3% for meat
workers. Hcwever, it must be appreciated that the workeis bled at three
works were a very biased ssmple, because as a result of union activity, the
majority had a vestea interest in brucellosis. This bias is believed o be
partially responsible for the higher percentage of workers,compared with
inspectors, with a history of clinical brucellosis and titres of 1:40 or grez
(see Tatle 3). Thus a smaller proportion of titres belcw 1:60 were non-speeci
than in the inspector group. The overall serological rate from those three
abattcirs was 8.4% compared with 3.17 from the three other ahattoirs whore
larger and more representative campies of the workers werc bled.

8
-

i
24
b

TABLY 3 : OVFRALL DISTRIBUTICON OF TITRES TO B. ABORTUS ARND CORRELATIGN
WIiTH HISTORY OF UNDULANT TEVER.

Titre Percentage of Population Percentage with Historv of Tiscase
inspectors  Vorkers Inspectors Workers

< 20 43.6 75.8 0.3 1.1
20 27.4 12.9 1.7 2.0
40 14.4 6.5 2.5 15.6
.80 6.6 2159 3.7 23.6
160 4.7 1.4 27.8 23.0
320 , 0.9 0.3 38.5 33.3
640 1.3 0.1 - 11.2 nil
1280 0.6 0.1 40.0 ' nil
2550 0.6 0.1 ’ nil nil

Total sera

. 868 1183 844 1181
tested

With inspectors, who handle all classes of stock, it was d‘ffi:nlt To
correlate specific stock contact with pnsitive titres and no associations wavo
statistically significant. However, as might be expected there was a nezetive
association with contact with sheep and a positive cuvvelziion with cattie.

In addition there was a significanily higher (P<0.0%) wate of titres in
inspectors from the North Isiand (15%) compared with those frem the Souun
Island (11%).
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As might be expcected there was a significant assgceciation beuween workervs
with a titre to B. abortus and work with catitle (P<0.004). There was a sim5]1*
association with pigs but cattle handlers are alsc the group who process pigz
A smaller proportion of workers handling shocp had positive vitves compared
with those Handling other classes of livestock. Sera from meat workers from
one abattoir were also subjected to a CFT using Brucella ovis as an antigen
and posilee results were only obtained from 11 workers, all of whom had
concurrcat titres to 5. aborituz. The highest percentege of seroponsitive
cases were in those working in the rendering departricat and workers employed
as maintenance engineers. Nireteen of 148 (12.8%)people in thece groups
had titres of 1:80 or greater and this was a significant occupational
associaticn (P<0.001). There was a trend towards an iucreasing pravalence
of titres with the time a worker had been employed in the industrvy. For those
employed for less than five years the rate was 2.9% compared with 6.4% for
thase employed for move than five years. Sera were aisc examined from 53
veterinarians working in abattoirs. Twenty (34.5%) had positive titres and
23 39.5%) had a history of previous clinic:l brucelleosis, but all beiieved
that they had controcted the disecsze when in geuneral practice and often as
a result of accidents involving S19 vaccine. Therc woere no significant
associations between the prevalance of titres to leptospirosis and titres co
B.abortus in any of the occupational groups.

DISCUSSICON

laformation on the incidence of occupation associzted zoonoses in
meat workers and inspectors was only obtained from interviews, and oaly
in a few cases was the validity of a positive response coniirmed by
contacting the patieant's physiciza. The data on medically conf{irmed
cccupational zoonoses (Table 1) can only be considered eon indication
cf the relative risks. The relatively low occurvence of some of these
diseases may indicate, a true low incidence, a low diagrostic rate or
the failurc of the worker to remember the illuess or the diagnosis.

As pseuvdocowpos is most lilely to be contracted fron coatact with
infected cow's teats, it would be unlikely to be a comwon diseasc of meat
workers. Tt is intercsting to note that all six cases reccerded wore coatvacyed
by the individuals while they wcre working on dairy farus.

Fiftyfive persons reported orf infection of the hands. This ic a
comnon diszase of New “Zealand lesses and it is estimated Lhat appreainately
183,000 infected aninnls are slaughtered cach vear (A.J.Robhinson, pers. comm. ).
Recent chsages in shecp dressing prucedurns which evelve cewplete skinning
cf the head, may have increased tlie risk of contracting the discase. Claims
to the Accident Compensation Commission, for contracting this disease from
occupational contact, have increased from four in 1974 fo 143 in 1979 (D.Clcusto
pers. comm.).

There was no evidence of cxpesure to ¢ fever in any of the pecple from
wham sera were examined, and these results confirm once more that this
disease is not endemic in New Zealand. It could be that occupationzl groups
witli a high expecsure to animals constitute a useful seatinel growp for
detecting the presencc of certiin zconoses, aud in countries in which Q fever
is endemic, a relatively high serological prevalence can be detecicd in mear
workers (llansman et o¢l,1966; Schonell et al,1966).

It vas interesting to note that no person was recorded &t having
suffered frem eryasipeleaid. Althsush erys:pal*" i a reiayiviely uncomnon
disease of pigs in New Zealand, irysipelobiix tneidises 1i a relatively

common cause of arthritis in lambz {Kaferstein, e al, 1977).
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Toxcplasmosis is apparently. a widespread and common: infection of sheep
in New Zealand and a relatively common cause of ovine abortien. Howevewv,
although the serological preavalemce of titres te T.gondi? was high in ueat
inspectors (647%), it was not significantly higher than expected from a
normal population of New Zealanders. No significant correlations betwsen
seropositive peivsons and either stock contact or cat owaership were
demonstrated. ’

Leptospirosis has been clearly shown to be an occupational hazard in
the groups studied, and the results have been discussed in detail elsewhere
(Blackmore et al, 1979 and Blackmcre and Schollum, 1980). Two of the more
important findings were the particular risk associated with the slaughter
and processing of pigs and the greater risk to inspecters is associated with
their greater contact with infected kidneys during inspection procedures.
This study also demonstrates the irportance of & knowledge of the epideniovlegy
of cach leptospiral serovar endemic in a ccuntry, when attempting to carry
out such a study.

Compared with surveys frcm other countries (Buchanan et al, 1974, Hansnma:n,
et al, 1966 and Schonel ¢t al, 1966) the prevalence of werkers with titres to
B. abortus was not high. 7This was uot unexpected as the nationai boviue
brucellosis eradication programce is progressing well. In Januarv 1950 iess
than 1% of Lerds were infected, and the annual human incidence of undulant
fever has decreasad from 119 in 1974 to 45 in 1973 (Anon, 1979). The
significantly lower percentage of inspectors with titre to A. aberius in
the South Island is probably associated with a sraller number of dairy
herds in this region of MNew Zealand. KEvaa whaon oovire brucellosis wes
at a highar endemic levzl, the rate of infecticn in beef cattle wac alvays
less than irn dairy breeds. It is interesting to note that the groups of
meat workers most at risk to brucellosis were those working in the rendering
departments which process condemned and inedible byproducts and those crplioyed
as neinteuance cnginecers. It is suggested that a proportion of thece cascs
could have been infected by the aerosol route. Puchanan el of, (19743
sugpested a similar route of infection for maintenance workers in pig absttoirs
in the U.S.A. Another factor which may be associated with the high risk {cx
such vorkers, is the lower standards of hygiene in areas precessing products
considered inedible for humans. The apparent incireased risk for ivspectors
could te associatcd with the incision 3f 1ymph nodes of infected cattle aud
the handling of uteri during routine inspection of viscera.

We have demonstrated that at least two diseases of stock (leptospirosis
and brucellesis) constitute important occupational hazards for meat workers
and inspectors in New Zealand. Although the risks are no greater, or even
less, than those reported from other countries, they still constituze important
public health problems. Other countries which have larger numbers or a
greater prevalence of stock associated zoonoses, will have even greater
problems. It is believed that this aspect of mecat hygiene is often negiected
and warrants greater international concern.
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