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ABSTRACT 

Scarcity of data has lead to confusion concerning the 

prevalence, common sites and types of neoplastic diseases in sheep. 

Sheep neoplasm diagnoses were retrieved from veterinary pathology 

laboratories in New Zealand (316 cases), New South Wales (109 cases), 

Britain (679 cases) and Glasgow University (42 cases). Data of this 

type contains certain biases and cannot be used to calculate prevalence 

rates but it can provide a guide to common sites and types of 

neoplasms. 

Tumours of epithelial, lymphoid and other mesenchymal tissues 

were all diagnosed regularly and affected a wide range of organs and 

tissues in sheep. They were most frequently situated in the lung 

(Britain and Glasgow series only), lymphoid tissues, intestines, skin 

and liver, followed at lower frequencies by cartilage and heart. 

The most common neoplastic diseases were: lymphosarcoma, small 

intestinal adenocarcinoma (SIA), pulmonary adenomatosis (Britain and 

Glasgow only) and cutaneous squamous cell carcinoma (NSW only). Some 

tumours were associated with certain age groups. Nephroblastoma and 

melanoma occurred predominantly in young lambs. SIA, cutaneous 

squamous cell carcinoma, bile duct carcinoma, renal carcinoma and 

tumours of cartilage were found in old (> 5 yr) sheep. Lymphosarcoma 

and hepatocellular tumours were found in all age groups. 

Whilst SIA was known to occur regularly in New Zealand (NZ) the 

frequency of its occurrence in Australia was unknown. The prevalence 
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rate of SIA in Australian sheep was of epidemiological interest. Its 

presence or absence would focus attention on potential carcinogens that 

were either present in both countries or unique to New Zealand. 

A survey of 6,248 adult sheep in 3 export abattoirs in southern 

New South Wales detected 17 cases of SIA (0.27%). Gross and 

histological appearance of the tumours was similar to that described in 

NZ. Factors causing SIA were widespread as 8 of the 30 groups 

inspected contained affected animals (27%). It was concluded that SIA 

was seen regularly in adult sheep at abattoirs in New South Wales. 

A larger NZ study of age-matched groups of adult female sheep 

from 88 plains, hill and high country farms was conducted in the South 

Island to investigate the relative influence of genotype and farm 

environment on the prevalence rate of SIA. A total of 20,678 female 

sheep aged 5.5-7.5 years were examined at slaughter, 125 cases of SIA 

were found in animals from 61 of 88 farms (69%). Mean prevalence rate 

was 0.6% (range 0-3.8%). Non-Merino breeds (0.88%) had a significantly 

higher rate (P ( 0.001) than Merino (0.37%) and Merino-Cross (0.40%) 

breeds. Differences between rates in the 3 farm environments were not 

significant (P = 0.215). 

A correlational study of questionnaire data from the 88 groups 

of adult female sheep surveyed revealed a strong (P ( 0.001) 

relationship between prevalence rate of SIA and exposure to phenoxy 

(Ph), picolinic (Pi) and PhPi acid herbicides. Other variables were 

also related to tumour rate but the herbicide effect explained the 

strength of the relationship between all these variables and tumour 
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rate. Further examination of the herbicide data revealed that tumour 

rate rose significantly in sheep exposed to MCPA, MCPB, 2,4,5-T plus 

picloram and picloram plus chlornitrofen. The trend was consistent 

across several exposure categories and was remarkably strong given the 

small size of the data set. The evidence suggested that there may be a 

biological relationship between Ph, Pi and PhPi herbicides and SIA in 

sheep. More specific toxicological and epidemiological studies are 

warranted. 

Ultrastructural studies of SIA have described the primary site 

and the appearance of tumour cells in tissue culture but none has 

examined metastatic sites and the observations of the previous studies 

have not been confirmed. Ultrastructure at the primary and metastatic 

sites of 10 cases of SIA was studied. Examination of the lymphatic 

metastases was particularly valuable in confirming the histogenesis of 

the tumour. SIA is best classified as a scirrhous tubular 

adenocarcinoma. Polygonal undifferentiated tumour cells exhibited 

desmosomes, folded nuclei, moderate numbers of mitochondria but few 

other organelles. More differentiated cells were columnar with apical 

microvilli and basal nuclei. They contained GERL, Golgi and secretory 

granules. Microvillus-lined cysts (5-10 m dia) were seen in all 10 

cases and confirmed as true intracytoplasmic lumina with the assistance 

of serial section studies. Fibrous ~ilaments (10 nm dia, up to 1.4 urn 

length) and tubular paracrystalline arrays (hexagonal symmetry, 37 nm 

periodicity) in lumina and secretory granules were seen in some tumour 

cells at primary and metastatic sites. 
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Certain areas of SIA research have been hampered by the lack of 

an experimental system either in vivo or in vitro. An attempt was made 

to transplant or transmit SIA to 40 ovine foetuses. Whole cell 

extract, subcell extract or a control solution was injected into the 

foetal abdomen at 90-120 days gestation. Thirty four live lambs were 

monitored and necropsied at 6 yr. One case of SIA was found in a 

female from the sub-cell extract group which died at 52 mth. It was 

likely that this case was due to non-treatment causes. Experiments 

using immunosuppressed or tolerant hosts may have had a greater chance 

of suc~ess. 
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SITES AND TYPES OF OVINE NEOPLASMS 

DIAGNOSED IN VETERINAAY PATHOLOGY LABORATORIES 
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INTRODUCTION 

Veterinary oncology (Moulton 1978, Theilen and Madewell 1979) 

and pathology texts (Jubb and Kennedy 1972, Jones and Hunt 1983) 

contain little information concerning neoplasms of sheep. The limited 

data available are primarily reports of small series of cases. 

Prevalence rate data are rare. Scarcity of data has lead to confusion 

concerning the prevalence, common sites and types of neoplastic 

diseases in-sheep. 

Court.eau (1935) believed sheep to be relatively immune to 

carcinomatous proliferation and Pamukcu (1956) stated that sheep 

possessed some "insusceptibility" to neoplastic growth. Cotchin (1960) 

reported that lymphosarcoma and epithelial liver tumours were important 

neoplasms in sheep. Willis (1967) concluded that although the adrenal 

gland and liver were the two most common sites of epithelial tumours, 

overall, epithelial tumours were relatively rare in sheep. 

In contrast, epithelial tumours were common in each of the 4 

largest published series of sheep neoplasms (Head 1967, Webster 1967, 

Anderson et al 1969, Cordes and Shortridge 1971). Head (1967) listed 

289 tumours from slaughterhouse and farm necropsy sources. The most 

common tumours were: primary liver tumours, lymphosarcoma, thymoma and 

adenocarcinoma of the intestine. 

In a 4 month survey of sheep in a New Zealand slaughterhouse, 

Webster (1967) reported 918 tumours. The most common tumour types 

were: - splenic tumours (found later by Jolly 1967, to be splenic 
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hyperplasia) and intestinal adenocarcinoma. Less common tumours were 

liver carcinoma and lymphosarcoma. 

Anderson et a1 (1969) reported 107 sheep tumours collected 

during a survey of 100 slaughterhouses in Britain. They found that the 

prevalence rate of neoplasms in sheep was below that of cattle and 

pigs. The most common tumours were lymphosarcoma and liver-cell 

tumours. 

Cordes and Shortridge (1971) described 256 cases of sheep 

tumours recorded. at the Ruakura animal health laboratory between 1955 

and 1968. These cases originated from both farm and slaughterhouse 

material. The most frequent diagnoses were: intestinal adenocarcinoma, 

lymphosarcoma and tumours of the liver, bile and pancreatic ducts. 

Sheep neoplasm data can be obtained from slaughterhouse surveys, , 

on-farm necropsy surveys and pathology laboratory files. All provide 

information on primary sites and tumour types • The former 2 sources 

. have the additional advantage of providing prevalence rate data however 

they have the disadvantage of being logistically difficult to carry 

out. 

For part A of this thesis advantage was taken of existing data 

banks in the veterinary pathology laboratories in New Zealand, New 

South Wales and Great Britain. These files were searched for diagnoses 

of sheep neoplasms. Data were tabulated by primary site, tumour type 

and certain features of the more common tumours noted. Comparisons 

were made between each data bank. 
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CHAPTER 1 

NEW ZEALAND LABORATORIES 

MATERIALS AND METHODS 

A search was made of the computerised files of the.5 regional 

animal health laboratories of the New Zealand Ministry of Agriculture 

and Fisheries. Diagnoses of sheep neoplasms for the 7 year period 1973 

to 1979 were located and copies of case records obtained from the 

laboratories concerned. 

Data from each case were collected from the form completed by 

the submitting veterinarian and the reports of gross and microscopic 

findings of the laboratory pathologists. All diagnoses were 

. histologically confirmed. Cases were discarded if no record was 
~ 

available or an equivocal report concerning primary site or tumour was 

given. Some submitters gave accurate age data whilst others indicated 

only "lamb" or "adult". Where different terms were used to describe 

the same neoplasm (eg lymphosarcoma, leucosis, lymphomatosis) a 

standard term was chosen using the histological classification system 

adopted by the World Health Organization (1974 and 1976). . No other 

attempt was made to re-classify any case. 

RESULTS 

Neoplasm diagnoses accounted for 1.13% of sheep cases for the 
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period 1973 to 1979. NUmbers of sheep neoplasm diagnoses in the files 

of each laboratory are listed in table 1.1. A total of 316 diagnoses 

were made. Diagnoses broken down by primary site, tumour type and age 

of sheep are summarised in table 1.2. 

Many organs and tissues were affected by neoplastic diseases. 

The most common primary sites for neoplasms were: lymphoid tissues 

(30%), intestine (22%), liver (15%) and skin (10%) followed by heart 

(6%), cartilage (3%) and kidney (3%). Neoplasms of epithelian origin 

accounted for 49% of cases. Neoplasms of lymphoid origin accounted for 

25% of cases. 

Lymphosarcoma, involving various organs and tissues was the most 

frequently diagnosed neoplasm in this series (25% of cases). It 

occurred as single sporadic cases and there was no evidence of 

clustering. Animals of various ages were affected. The mean of 40 

cases where age was given was 2.7 yr (mode 0-lyr, range 4 wk - 10.5yr). 

Small intestinal adenocarcinoma was also common (21% of cases). 

Metastases were reported regularly in mesenteric lymph nodes and less 

often deposits were seen on peritoneal surfaces of abdominal viscera. 

Many different breeds were affected. The mean of 36 cases where age 

was given was 5 yr (mode 4-5yr, range 1-12yr). 

Various types of neoplasms affected the liver. The most common 

were bile duct tumours (7%) and hepatocyte tumours (6.6% of cases). 

Bile duct tumours were usually malignant (21 of 22 cases) and occurred 

in adult sheep (20 of 21 cases where age was given). Metastases were 
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commonly described throughout the liver and hepatic lymph nodes; 

deposits in the lung were not uncommon. On the other hand hepatocyte 

tumours were usually benign (19 of 21 cases) and were found 

predominantly in lambs. and young adult sheep. 

age was given were in sheep <2yrs. 

Nine of 12 cases where 

A range of neoplastic diseases affected the skin. The majority 

of cases (19 of 32) were benign growths: epidermoid cyst, papilloma, 

fibroma, intracutaneous ·cornifying eplithelioma. The 4 cases of 

melanoma all occurred in lambs. The tumours were located close to the 

spinal cord. They were irregular in outline and metastases were 

reported in 2 of the 4 cases. The 3 cases of squamous cell carinoma 

occurred in adult sheep aged: 3.5, 5 and 6yr. The 2 cases where 

breed was given involved a Merino and a Corriedale. 

Tumours of the heart (6% of cases) involved most of the tissues 

found in that organ: muscle (8 cases), fibrous tissue (4), fat (4), 

nervous tissue (3) and blood vessels (1). 

Tumours of vascular origin (5% of cases) occurred in several 

sites: spleen (8 cases), liver (3), heart (1), haemal lymph nodes (1), 

testis (1), skeletal muscle (1) and limb (1) •. 

Cartilagenous neoplasms (3% of cases) were associated with the 

rib cage and scapula. Most (9 of 10 cases where age was given) were 

found in adult sheep and some (4 of 10) demonstrated malignant 

characteristics. 

Epithelial tumours of the kidney accounted for 3% of cases. 
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Nephroblastoma was predominantly found in lambs (4 of 5 cases) whereas 

carcinomas occurred more often in adult sheep (4 of 5 cases). 

In summary, neoplasms that occurred primarily in young sheep 

were nephroblastoma and melanoma. Neopla~ms.that occurred primarily in 

adult sheep were chondroma/sarcoma, epithelial thymoma and bile duct 

carcinoma. Tumours which occurred in all age groups of sheep were 

papilloma, fibroma of the skin and subcutaneous· tissues, lymphosarcoma 

and hepatocyte tumours. 

Primary site data broken down by origin. of submission are 

summarised in figure 1.1. Submissions from slaughterhouses accounted 

for 59% of cases with the remainder submitted from on-farm necropsies. 

Field submissions consisted of tumours from: intestine (42%), lymphoid 

tissues (31%), skin (15%) and "other" (12%). Slaughterhouse submitters 

sent a greater diversity of material with proportionately less from: 

intestine (6%), lymphoid tissues (28%) and skin (9%) and 

proportionately more from liver (22%), heart (9%), cartilage (4%) and 

kidneys (4%). 
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Table 1.1 Sheep neoplasm diagnoses at each animal health 

laboratory in New Zealand between 1973 and 1979. 

Cases 

Laboratory No. % of Total 
Sheep Cases 

North Island 

Whangarei 13 0.79 

Ruakura 50 0.73 

Palmers ton North 50 0.85 

South Island 

Lincoln 125 1.93 

Invermay 78 1.10 

New Zealand 316 1.13 

" 
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TABLE 1.2. ]16 c •••• of .heop neoplo .... diaqno •• d in the animal heal th laboratori •• of the 
NZ Hiniatry of Aqriculturo and Fioherie. betwe.n 1973 and 1979, cl .. aiU.d by 
pri.ary .it. and tumoure type and 4ge of aheap. 

Primary 51 t. 

Skin and .,e tillU. 
woolly. In 
qWl 
.kin 

, qWl 

.~c fat 

mammary qland 

Huscle 
---.reTetal muscle 

Bone and cartilage 
head 
r!,b c~qe, aca~ul. 

long bone 

~ " 
. var10USI 

thymus 
shoulder 
spleen, haemal nodes 

Cardiovascular system 
heart 

, rib cage 

limb 

Respiratory system 
7 
lunqs 

Liver and Pancreas 
I1ver 

qa11 bladder 
7 

Alimentary tract 
aal1vary gland 
reticulum 
intestine 

Uroljenltal tract 
kl.~ney 

uterus 
t •• tie . 

Endocrine glands 
pituItary 
adrenal . 
thyroid 

Total cases 

Twaour typo 
U .. th 12mth 

epid.rmoid "y.t 
.pulia 
papilloma 
fibroma 
fibrosarcoma 
intracutaneou8 cornifying 

epithelioma 
Iquamous cell carcinoma 
baBal cell carcinoma 
melanoma 
lipoma 
myxoma 
ade"ocarcinoma 

rhabdomyoma 
rhabdomyosarcoma 
undifferentiated sarcoma 
haemang iosarcoma 

osteoma 
chondroma 
chondrosarcoma 
fibrosarcoma 

lymphosarcoma 
thymoma 
reticulum cell sarcoma 
haemanqiosarcoma 

fibroma 
fibrosarcoma 
rhabdomyoma 
rhabdomyosarcoma 
liposarcoma 
neuro{ibroma 
haemanq ioma 
haemanq iosarcoma 

metastasisinq adenocarcinoma 
rhabdomyosarcoma 

hepatoma 
hepatoblastoma 
hepatocellular carcinoma 
haemangioma 
cystadenoma 
bile duct carcinoma 
adenocarcinoma 
metastasising adenocarcinoma 

muco-epidermoid tumour 
squamous cell carcinoma 
papillary adenoma 
adenocarcinoma 
lymphangiosarcoma 
leiomyosarcoma 

2 

14 

20 

.2 
22 

5 
2 

1 
1 
1 

10 

nephroblaBtoma. 4 
renal cell carcinoma 1 
undlfCert:!nt.iated carcinoma 
teratoma 1 
qranuloll& cell tumour 1 
cyaU" papillary adenocarcinoma ·1 
leiomyoma 
.eminoma 
haemangioll&rcoma 

adenoma 
adrenocortical adenoma 
phaeochromocytoma 
neurofibroma 
carcinoma 

8 

] 

6 
4 

-1 
2] 

1 
2 
1 

...!. 

2 
6 
] 

...!. 
12 

60 
5 
1 
7 

73 

2 
1 
2 
2 
3 
3 

...!. 
14 

6 
6 
2 
2 

20 
1 

.2 
]9 

62 

...!. 
65 

1 
] 

1 

1 
1 

...!. 
8 

246 

Total 
ca ••• 

2 
1 
6 
9 
5 

1 
3 
1 
4 
1 
1 

-1 
3.7 (12') 

2 
2 
1 

...!. 

2 
6 _ 4 

...!. 

(2\) 

13 (4\) 

80 
5 
1 

...2. 
95 (30') 

2 
2 
3 
5 
4 
] 

1 
...!. 
21 (H) 

2 

...!. 

11 
8 
2 
3 
1 

21 
1 

.2 

(H) 

49 (15\) 

1 
1 
2 

64 
1 

...!. 
70 (22\) 

5 
4 
1 
1 
1 
1 
1 
1 

...!. 
16 (5') 

1 
1 
1 
1 

.2 

]16 

(2') 
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Figure 1.1 Primary sites of neoplasms from 186 slaughterhouse 

cases and 130 on-farm cases diagnosed in New Zealand 

Ministry of Agriculture and Fisheries animal health 

laboratories between 1973 and 1979. 
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CHAPTER 2 

NEW SOUTH WALES LABORATORIES 

MATERIALS AND METHODS 

A s~arch was made of the files of the 4 regional veterinary 

laboratories of the New South Wales Department of Agriculture. 

Diagnoses of sheep neoplasms for the. 8 year period 1973 to 1980 were 

located by laboratory staff. Summaries of data concerning primary 

site, tumour type, age, sex, submitter class and comments were posted 

to the author for further tabulation. In some cases sections of the 

data were not given. Cases were discarded if no record was available 

or an equivocal report concerning primary site or tumour type was 

given. Terminology was standardized to the histological classification 

of animal tumours adopted by the World Health Organisation (1974, 

1976). No other attempt was made to re-classify any diagnosis. 

RESULTS 

Numbers of sheep neoplasm diagnoses retrieved from the files of 

each laboratory are listed in table 2.1. Wollongbar laboratory in the 

north east of NSW services a region with very few sheep and had no 

sheep neoplasm diagnoses in its files for this period. The Orange 

regional laboratory serving the central west of NSW did not become 

operational until the end of the search period. Prior to this 
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submissions from this region were sent to the other 3 laboratories. 

One hundred and nine diagnoses of sheep neoplasms were made 

during the 8yr period. Diagnoses are broken down by primary site, 

tumour type and age in table 2.2. Many organs and tissues were 

affected by neoplastic diseases. The most common primary sites for 

neoplasms were: skin (24%), lymphoid tissues (23%), liver (19%) and 

intestine (14%) followed by adrenal gland (7%), heart (3%), cartilage 

(3%) and lung (3%). Neoplasms of epithelial origin accounted for 54% 

of cases whilst those of lymphoid origin accounted for 19% of cases. 

Squamous cell carcinoma of various cutaneous sites was the most 

frequently diagnosed neoplasm in this series (18%). The 4 cases for 

which age was known all occurred in adult sheep 3 yr or over. The 17 

cases where site was known occurred on the face (4), eye and eyelid 

(3), vulva (7) and perineum (3). 

Lymphosarcoma involving many lymphoid organs and tissues was 

also commonly diagnosed (17% cases). The 8 cases where age was known 

occurred in a lamb, a·2 yr old and 6 sheep 4 years and over. 

Liver tumours accounted for 19% of cases. Hepatoma occurred in 

8% of cases and bile duct carcinoma in 6% of cases. In addition, 

descriptive comments of the 5% of cases represented by "adenocarcinoma" 

and "carcinoma" suggested that these were of bile duct origin. Age 

data were scarce. The 4 cases of hepatoma where age was known all 

occurred in sheep 3 years and older. 

Small intestinal adenocarcinoma (SIA) was diagnosed in 5% of 



13. 

cases. The 3 cases where age was known occurred in sheep 3yr and 

older. There is good reason to believe that SIA was being misdiagnosed 

as mesothelioma (see chapter 5). If this was the case the frequency 

of SIA diagnoses increases to 12% of cases. 

A range of other skin tumours was also reported and accounted 

for a further 6% cases. These included: papilloma (1), malignant 

melanoma (1), fibroma (3) and fibrosarcoma (1). 

Seven cases of adrenal adenoma (6% cases) were submitted from 

several parts of New South Wales. The 3 cases of chondroma were 

located on the brisket (2) and rib (1). 

Nine neoplasms.were found in lambs. TWo (fibros~rcoma of the 

lung and cranial fibrous meningioma) were congenital. The others were: 

cutaneous papilloma, cutaneous fibroma, adenocarcinoma of the lung, 

lymphosarcoma, "mesothelioma" of the intestine, interstitial cell 

adenoma of the testis and adrenal adenoma. 

The limited amount of data submitted did not pennit further age 

. tabulations. 

Primary site data broken down by origin of submission are 

summarised in figure 2.1. Slaughterhouse submissions (55 cases) 

accounted for. 50% of submissions as did material submitted from on-farm 

necropsies (54 cases). Field submissions consisted of tumours from: 

skin (44%), lymphoid tissues (15%), liver (13%), intestine (11%) 

and adrenal gland (6%). Slaughterhouse material did not include any 
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skin cases. Proportionately more cases were submitted from: lymphoid 

tissues (29%), liver (26%), intestine (18%) and adrenal gland (9%). 
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Table 2.1 Sheep neoplasm diagnoses at each regional veterinary 

laboratory in New South Wales between 1973 and 1980. 

Laboratory Cases 

No. % 

Wollongbar 0 0 

Armidale 25 23 

Orange Not operational 

Glenfield 50 46 

Wagga Wagga· 34 31 

Total 109 
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TABLE 2.2: 109 cases of sheep neoplasms diagnosed in the regional veterinary laboratories 
of the NSW Department of Agriculture between 1973 and 1980, classified by 
primary site, tumour type and age of sheep. 

Primary Site 

Skin and sic tissue 
sklon 
----sltin 

Bone and Cartila~e 
Sternum and ri s 

Lymphoid and 
haemopoloetloc tissues 

thymus 
various 

spleen 
" 

Cardiovascular system 
heart 

Respiratory system 
lung 
" 

Liver, Pancreas 
llover 

Alimentary tract 
lontestlone 

Genital tract 
test loS 

uterus 

Nervous system 
menl.nges 

Endocrine glands 
adrenal 

Total cases 

Tumour type 

squamous cell carcinoma 
melanoma 
papilloma 
fibroma 
fibrosarcoma 

chrondroma 

thymoma 
lymphosarcoma 
lymphangioma 
haemangioma 
haemangiosarcoma 

rhabdomyoma 
lipoma 
osteogenic sarcoma 

fibrosarcoma 
adenocarcinoma 

hepatoma 
bile duct carcinoma 
adenocarcinoma 
carcinoma 

adenocarcinoma 
"mesothelioma" 
leiomyoma 

seminoma 
interstitial cell adenoma 
capillary cystadenocarcinoma 
leiomyoma 

fibrous meningioma 

adenoma 
phaeochromocytoma 

l2mth 

I 
I 

2 

I 

I 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

9 

Age 

l2mth 

4 

1 
1 

6 

7 

7 

1 

1 

5 

5 

3 
2 

5 

1 

1 
1 

3 

1 

1 

28 

? 

16 
1 

1 

18 

3 

2 
i.l 

1 
1 
2' 

17 

1 
1 
1 

3 

4 
7 
4 
1 

16 

2 
5 
2 

9 

5 
1 

6 

72 

Total cases 

20 
1 
1 
3 

26 

3 

2 
19 

1 
1 
2 

25 

1 
1 
1 

3 

2 
1 

3 

9 
7 
4 
1 

(24%) 

(H) 

(2H) 

(H) 

(3%) 

21 . (19%) 

5 
B 
2 

15 

1 
1 
1 
1 

4 

1 
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Figure 2.1 Primary sites of sheep neoplasms from 55 slaughter-

house and 54 on-farm cases diagnosed in NSW 

Department of Agriculture veterinary laboratories 

between 1973 and 1980. 
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CHAPTER 3 

BRITISH LABORATORIES 

MATERIALS AND METHODS 

The VIDA II database (Hall et al 1980) records diagnoses at 

veterinary investigation centres in England, Scotland and- Wales. A 

computer search was made of the database for sheep neoplasm diagnoses 

during the 8 year period 1975 ,to 1982. 

Veterinary investigation (VI) centres recorded neoplasms in 3 

catagories: 

neoplasms". 

pulmonary adenomatosis, lymphosarcoma and "other 

Numbers of diagnoses in each catagory were extracted and 

the assumption was made that diagnoses of pulmonary adenomatosis (PA) 

and lymphosarcoma were correct. 

Records of all "other neoplasms" cases were requested from VI 

centres for screening. Cases were omitted from further consideration 

if: no record was available for checking (29 cases), the case was not 

examined histologically (13 cases) or an equivocal report concerning 

primary site or tumour type was given (12 cases). Age data were 

usually not given. No cases were histologically re-examined. In 

addition, a manual search for sheep neoplasm diagnoses was made of the 

files of the Department of Veterinary Pathology, University of Glasgow 

for the period 1958 to 1982. Cases were screened and assembled as 

for "other neoplasms" above. Detailed age and necropsy data were often 
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available. Diagnoses of pulmonary adenomatosis were tabulated 

separately for both series. 

RESULTS 

Diagnoses of sheep neoplasms in the VIDA series are summarised 

in table 3.1. A total of 679 cases were recorded. The number of 

neoplasm cases represented 3.7 incidents per 1000 total sheep incidents 

in 1975 and rose to 5.3 per 1000 in 1982. The rise was due to an 

increase in cases of pulmonary adenomatosis (PA) which was by far the 

most common tumour (71% of cases). The number of pA cases represented 

2.1 incidents per 1000 total sheep incidents in 1975 and rose to 4.1 

per 1000 in 1982. Numbers of "other neoplasms" (0.95 incidents per 

1000 in 1975, 0.86 incidents per 1000 in 1982) and lym phosarcoma (0.60 

incidents per 1000 in 1975, 0.41 incidents per 1000 in 1982) remained 

relatively constant. PA was also the most common tumour in the Glasgow 

series (21% of cases). 

Diagnoses of sheep neoplasms broken down by primary site and 

tumour type, but excluding PA cases, are shown in table 3.2 (VIDA 

series) and table 3.3 (Glasgow series). In both series many organs and 

tissues were affected by neoplastic diseases. The most common primary 

sites for neoplasms were: lymphoid tissues (VIDA series 47%, Glasgow 

series 24%), intestine (22% and 27%), upper alimentary (10% and 6%), 

followed by skin (4% and 15%), cartilage (2% and 15%), liver (7% and 

0%) and nervous tissue (3% and 3%). Neoplasms of epithelial origin 

accounted for 35% and 42% of cases and those of lymphoid origin for 46% 

and 24% of cases. 
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When PA cases were excluded the most frequently diagnosed 

tumours were lymphosarcoma (46% and 21%) and small intestinal 

adenocarcinoma (21% and 27%) Lymphosarcomas were found in various 

organs and tissues and were submitted to VI centres allover Great 

Britain. 

Of the 29 cases of small intestinal adenocarcinoma in the VIDA 

series 2S cases were submitted to Scottish VI centres. It is possible 

that the 3 cases of mesothelioma (which were also submitted to Scottish 

VI centres) were misdiagnosed cases of intestinal mesothelioma (see 

chapter S). For the 27 cases where breed was known, 10 occurred in 

Scottish blackface and 8 in Cheviot sheep. No other single breed or 

crossbreed accounted for more than 2 cases. 

Less commonly recorded neoplasms .included an array of skin 

tumours: papilloma, squamous cell carcinoma, basal cell carcinoma and 

melanoma. Chondrosarcoma occurred in both series. Most cases 

affected the ribcage but 1 case was found on the ear. 

Upper alimentary papillomas, fibropapillomas and/or their· 

malignant counterparts were present in both series. Liver tumours were 

recorded in the VIDA series but not in the Glasgow series. They 

consisted of 4 benign and 1 malignant hepatocellular neoplasms, 4 

malignant bile duct neoplasms and 1 benign vascular neoplasm. 
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Table 3.1 Sheep neoplasm diagnoses in VI centres in 

England, Wales and Scotland between 1975 and 1982. 

Year Other Lymphosarcoma Pulmonary Total Total Sheep 
Neoplasms Adenomatosis Neoplasms Submissions 

1975 11 7 25 43 11,638 

1976 11 11 36 58 11,202 

1977 20 6 48 74 11,816 

1978 19 12 46 77 14,261 

1979 15 7 49 71 17,476 

1980 15 8 90 113 18,395 

1981 17 4 92 113 20,865 

1982 21 10 99 130 24,328 

Total 129 65 485 679 129,981 



22. 

Table 3.2 141 sheep neoplasms diagnosed in the veterinary 
investigation centres of the British Ministry of 
Agriculture Fisheries and Food between 1975 and 
1982, classified by primary site and tumour type. 

Primary Site 

Skin and associated ----structures 

lower lip 
third eyel;l.d 
skin 
skin 
tail 

Cartilage 

ribcage 
ear 

Lymphoid 

various 
spleen 

Upper alimentary 

gum 
pharynx 
maxilla 
mandible 
rumen 
abomasum 

Tumour Type Total 

no. 

squamous cell carcinoma 2 
squamous cell carcinoma 1 
basal cell carcinoma 1 
melanoma 1 
fibrosarcoma 1 

6 

chondrosarcoma 2 
chondrosarcoma 1 

"3 

lymphosarcoma 65 
haemangioma 1 

66 

squamous cell carcinoma 1 
squamous cell carcinoma 1 
fibrosarcoma 3 
fibrosarcoma 6 
papilloma 2 
adenocarcinoma 1 

14 

Cases 

% 

(4%) 

(2%) 

(47%) 

(l0%) 
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Table 3.2 cont'd 

Primary Site Tumour Type Total Cases 

no. % 

Lower alimentary 

intestine adenocarcinoma 18 
small intestine adenocarcinoma 10 
large intestine adenocarcinoma 1 
small intestine mesothelioma 2 

31 (22%) 
Liver 

hepatocy~es hepatoma 4 
hepatocytes adenocarcinoma 1 
bile ducts adenocarcinoma 4 
endothelium . haefllangioma 1 

10 (7%) 

Urinary 

kidney nephroblastoma 1 
bladder carcinoma 1 
bladder leiomyoma 1 

"3 (2%) 

Nervous 

brain neurofibroma 2 
brain astrocytoma 1 
brain glioma 1 

4' (3%) 

Endocrine 

pancreas adenocarcinoma 1 
thyroid fibroma 1 

2 (1%) 

Mesothelium 

pleura, peritoneum mesothelioma 1 (1%) 

Total cases 141 
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Table 3.3 Sheep neoplasm diagnoses (excluding pulmonary 
adenomatosis) in the department of Veterinary 
Pathology, University of ,Glasgow between 1958 
and 1982 classified by primary site and tumour 
type. 

Primary Site Tumour Type Total Cases 

no. % 

Skin and associated ----structures 

teat papilloma 1 
skin papilloma 1 
dermis liposarcoma 2 
dermis sarcoma 1 

"5 (15%) 

Cartilage 

various chondrosarcoma 5 (15%) 

Lymphoid 

various lymphosarcoma 7 
bone marrow myeloid leukaemia 1 

'8 (24%) 

Upper alimentary -

oral cavity fibropapilloma 1 
rumen fibropapilloma 1 

2 (6%) 

Lower alimentary 
c 

small intestine adenocarcinoma 8 
colon adenocarcinoma 1 

9 (27%) 
Heart 

mycardium fibrosarcoma 1 (3%) 

Nervous 

brain I)ledulloblastoma 1 (3%) 

Reproductive 

ovary granulosa cell tumour 1 
vagina fibroleiomyoma 1 

2 (6%) 
Total 33 
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CHAPTER 4 

DISCUSSION 

LIMITATIONS OF THE DATA 

There are certain strengths and weaknesses which should be borne 

in mind when examining these data. All diagnoses, with·th~ exception 

of cases of pulmonary adenomatosis and lymphosarcoma in the British 

VIDA series were histologically confirmed by veterinary pathologists. 

Equivocal diagnoses were not included. It is reasonable to suggest 

that there were few false diagnoses in each series. 

Some comparisons of tumour pathology and host characteristics 

between data sets could be made but the variable amount of information 

accQmpanying each diagnosis limited the extent of this exercise. 

Accompanying information often included age, se~, breed, submitter 

class, clinical signs, gross pathological appearance and histological 

description. 

It is in epidemiological terms that the data are weakest. 

Firstly, they have no denominator ie a population base and therefore 

cannot be used to calculate tumour prevalence rates. Secondly, the 

numerator, ie the cases submitted, is subject to a large number of 

variables which cannot be controlled. 
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FACTORS INFLUENCING NEOPLASM SUBMISSIONS 

Few of the factors influencing neoplasm submissions are 

completely understood and some can be controlled in specially designed 

surveys but none can be controlled for in the current data sets. They 

are discussed here to illustrate further constraints on the 

interpretation of these data. 

Age structure 

Most cancer in sheep, as with other species, is associated with 

the process of aging. Prevalence rates of several neoplasms including 

squamous cell carcinoma of the skin have been shown to increase with 

age, particularly from the fifth year of life (Ladds and Entwistle 

1977). Age structure of a population will therefore influence the type 

and number of tumours submitted. 

Sex 

Apart from the obvious prevalence differences for neoplasms of 

genitalia and perhaps mammary tissue, the effect of sex on tumour 

prevalence has not been documented in sheep. 
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Breed 

It is likely that breeds which are selected for particular 

environments will reflect the interaction of their genetic 

susceptibility to carcinogens and the carcinogenic potential of that 

environment. Therefore, determining breed susceptibility or resistance 

to neoplasia is difficult. However just as some breeds of cattle 

(Hereford) and dogs (Boxer) are predisposed to high cancer levels it is 

possible that some breeds of sheep either inherently (eg due to skin 

pigmentation or the amount of non~oolly skin) or as a result of breed

related management practices, (eg breeds requiring mulesing, t'hus 

producing more non~oolly skin) may be predisposed to higher cancer 

levels than other breeds. 

Geographical location 

Controlled and sensitive surveys are needed before variations in 

prevalence rates can be attributed to different geographical locations. 

Elimination of confounding factors is difficult and lack of published 

reports on certain neoplasms in a region should not be regarded as a 

nil prevalence rate. An appropriate survey noting a tumour's absence 

is needed before such a conclusion is justified. 

Never-the-less, if sheep prevalence data resemble human· data 

then many real and considerable differences between regions will be 

found. Already, geographical variation in prevalence of neoplasms 

including small intestinal adenocarcinoma (Simpson 1972), squamous cell 
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carcinoma of the skin (Magnol et al 1974), nasal adenocarcinoma (Njoku 

et al 1978) and pulmonary adenocarcinoma (Wandera 1976) have been 

reported. Data from the current British series suggest geographical 

and/or breed differences for small intestinal adenocarcinoma and upper 

alimentary tract tumours. 

Sub-groups of the population 

Account should be taken of the sub-groups of sheep 'included and 

excluded from the data. For example in New Zealand there are two 

distinct subgroups which are submitted to slaughterhouses. 
6 

They are prepuberal lambs (30 x 10 /yr) and caste-for-age ewes 
6 

(8 x 10 /yr). Generally speaking animals presented for slaughter 

represent a healthy subgroup of that part of the population. 

Veterinarians in farm practice in NZ see all subgroups of sheep. The 

subgroups and their relative ratios will vary within and between data 

sets, thus influencing the number and type of tumours submitted. Farm 

survey~ based on sheep deaths tend to under-represent non or slowly 

fatal types of'tumours. Conversely, rapidly fatal tumours may be 

seriously under represented in slaughterhouse material. 

Necropsy technique 

Thoroughness of necropsy technique will vary with each 

veterinary practitioner and will influence the submission, of, for 

example, tumours of the central nervous system. Necropsy technique 

will also vary between slaughterhouses. British abattoirs do not 
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routinely inspect the intestines whereas those in New Zealand do. 

Australian practice is somewhere between the two. Certain parts of the 

animal are inspected thoroughly (musculo-skeletal system, lungs, 

heart, kidneys and liver), whilst others receive no attention 

(genitalia, bladder, rectum, central nervous system). Clearly the type 

of necropsy technique used is another factor influencing detection and 

therefore submission of neoplasms. 

Submission policy 

Submitters of cases in these series were veterinarians engaged 

in meat inspection or farm practice. There were no legal constraints 

on their submission policy which would thus vary with each individual's 

concerns and interests. Such factors as interest in neoplasms; 

attitude to continuing education, enquiring nature, requests from 

owners etc will influence submission policy. 

It is likely, for example, that these series under-represent 

common tumours and over-represent rare types. Evidence to support the 

former contention is available. In New Zealand (Webster 1967, chapter 

6) and New South Wales (chapter 2) slaughterhouse surveys demonstrate 

that the prevalence rate of small intestinal adenocarcinoma (SIA) far 

exceeds all other tumours (88% - 94% of tumours in NZ, 94% in NSW). 

However, in the current series of cases, SIA accounted for only 6% (NZ) 

and 18% (NSW) of submissions from slaughterhouses. 
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Relative frequency of neoplasm diagnoses 

These data do not allow calculation of the frequency of neoplasm 

diagnosis in sheep populations. They do provide some information 

concerning the relative frequency of neoplasm diseases versus other 

diagnoses. 

No data were available for NSW but NZ and British data indicate 

that neoplasms are a small proportion of total sheep submissions. It 

is emphasised that this cannot be taken to mean that prevalence rates 

of neoplastic diseases are much lower than other diseases of sheep. 

PRIMARY SITES OF NEOPLASMS 

Frequencies of neoplasm diagnoses by primary site for each of 

the three large series are given in figure 4.1. The Glasgow series is 

excluded due to its small size. Cases of PA are also excluded. They 

only occurred in the British series where they accounted for 71% (VIDA) 

and 21% (Glascow) of all neoplasm cases. Inclusion of the large number 

of PA cases would greatly reduce the relative frequencies of other 

British tumours and make comparisons with the NZ and NSW data sets 

(where PA does not occur) difficult. 

Neoplastic diseases affected many organs and tissues in all 4 

series. The most frequent sites were the: lymphoid organs and· tissues, 

intestines, skin and liver followed at lower frequencies by cartilage 

and-heart. Given the relatively small data bases and the many factors 
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influencing submission of specimens there is a suprising degree of 

agreement between all 4 series. These findings are also in broad 

agreement with those of other large series from pathology laboratories 

(Head 1967, Cordes and Shortridge 1971). Artifactual errors are 

likely to occur when making comparisons between low frequencies in data 

sets of this type. This may well be the case with tumours of the 

adrenal gland and kidney. Adrenal tumours accounted for 8% of cases in 

NSW, 0.6% in the NZ series. They were not represented in each of the 

British ser~es but accounted for 2% in a previous British series of 107 

sheep tumours (Anderson et al 1969). No kidney tumours were recorded 

in the NSW and Glasgow se~ies. They were represented at low 

frequencies in the NZ (3.1%) and VIDA series (1.4%). 

There are occasions when valuable clues can be gained by such 

comparisons. Tumours of the upper alimentary tract were reported in 

both British series (10% and 6%) but not in the NZ or NSW series. It 

is reasonable to suggest from these data that there may be geographic 

variation. in the occurrence of this tumour and this appears to be the 

case. Furthermore all the British cases were submitted to pathology 

laboratories in Northern England and Scotland. Most of the upper 

alimentary tumours represent a proportion of the cases reported by 

McCrea and Head (1978 and 1981) in association with bracken fern 

ingestion by sheep on the North Yorkshire moors. 

HISTOGENESIS OF NEOPLASMS 

Neoplasms of epithelial origin (Table 4.1) were the largest 
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-group of tumour in 3 of the 4 series. In the VIDA series neoplasms of 

lymphoid origin (46%) were more frequently diagnosed than those of 

epithelial origin (35%). The current data do not agree with some of 

the earlier statements of Courteau (1935), Pamucku (1956) and Willis 

(1967) who suggested epithelial neoplasms were uncommon in sheep. The 

present series do agree with data presented by Webster 1967,' Anderson 

et al 1969 and Cordes and Shortridge 1971 that both epithelial and 

lymphoid tumours are common in sheep. 

TYPES OF NEOPLASMS 

Pulmonary adenomatosis 

This tumour is also known as Jaagsiekte. It is exotic to NZ and 

NSW due to tne ban on importation of sheep from countries where PA is 

_,endemic. PA is known to occur in most other countries with large 

sheep flocks including Britain. It was the most frequently diagnosed 

neoplasm in the current VIDA series (711 of eases) and the second most 

cQmmon tumour in the Glasgow serie. (21% of cases.) The number of PA 

diagnoses increased during the 8 yr search period of the VIDA series 

(2.1 to 4.1 incidents per 1000 sheep incidents). 

Sharp et al (1983) examined the records of PA cases in the 4 

middle years of this series. They found that the neoplasm was confined 

la~gely ,to the east coast and southern border counties of Scotland. 

There were very few cases diagnosed in England and Wales. Between 

April 1980 and March 1981 Hunter ,and Munro (1983) requested specimens 

, 
} -
JI',,' 

',1 ~i 
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of lung material from all sheep over one year of age which had been 

sent to Scottish VI centres and examined them histologically for PA. 

The likelihood of increased awareness and diagnosis of PA by submitters 

and VI centre pathologists during and after this study made it 

difficult to interpret trends in the PA submission rate. Pathological 

details of the British cases were not examined in this study but were 

described by Hunter and Munro (1983). 

Lymphosarcoma 

This neoplasm was either the most common (NZ and VIDA series 

excluding PA) or the second most common (NSW and Glasgow series 

excluding PA) type of tumour diagnosed in all 4 series. In the NZ, NSW 

and Glasgow series cases were sporadic and no geographical clustering 

was apparent. Data for the VIDA series were not available. 

Lymphosarcoma occurred in many organs and tissues. The most commonly 

affected were: lymph nodes, spleen, thYmus, liver and kidneys. 

Pathological features were similar to those previously described by 

Bostock and OWen (1973) and Johnstone and Manktelow (1978). 

Cutaneous squamous cell carcinoma 

This neoplasm was the most common tumour in the NSW series (18% 

of cases) but was present at very low frequencies in the other series 

(NZ - 1%, VIDA - 2%, Glasgow - 0%). The tumour is known to be'of great 

economic importance in Australia (Hawkins et al 1981). Lloyd (1961) 
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suggested that non-wool covered skin, when exposed to sunlight was a 

predilection site for squamous cell carcinoma. The data sets support 

this hypothesis. Cases where site was known, occurred on the: muzzle, 

eye and eyelid, vulva and perineum. Case notes also supported an 

association with the radical Mules operation (Hawkins et al 1981). 

Pathological features were similar to those previously described by 

Dodd (1960) and Ladds and Entwistle (1977). 

Intestinal adenocarcinoma 

SIA was regularly diagnosed in all series. There is evidence 

from NSW (chapter 5) that SIA was misdiagnosed as mesothelioma. 

Reclassification of mesothelioma cases would increase the SIA frequency 

by 7% in the NSW series and 2% in the VIDA series. 

To date evidence of the occurrence of SIA in British sheep has 

been conflicting (Head 1967, Anderson et al 1969, McCrea and Head 

1978)~ The current data clearly demonstrated that SIA was diagnosed 

regularly in Britain. In fact the relative frequency of SIA in Britain 

exceeded those of NZ and NSW (table 4.2). 

In abattoir studies SIA was by far the most common tumour of 

sheep inNZ (Webster 1967, Simpson 1972). In Australia its prevalence 

is . probably only second to that of cutaneous squamous cell carcinoma. 

No slaughterhouse surveys have been carried out in Britain and studies 

of this type are needed to determine whether the prevalence rate of SIA 

reaches those of NZ, NSW and Iceland (Georgsson and Vigfusson 1973). 
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Geographical variation 

reported in NZ (Simpson 1972, 

in the distribution of SIA has been 

Chapter 1) and NSW (chapter 5). These 

reports have associated environmental and genetic factors with its 

prevalence rate. There is also a suggestion of geographical variation 

in the VIDA data. Of the 29 cases in the series, 25 were submitted to 

Scottish VI centres. Only 4 cases were submitted to VI centres in 

England and Wales despite the presence of substantial sheep populations 

in these countries. 

Of the 27 cases where breed was recorded, 10 cases occurred in 

Scottish blackface and 8 in Cheviot sheep. No other single breed or 

crossbreed accounted for more than 2 cases. It is not known if this 

suggests an association with certain sheep breeds or merely reflects 

the distribution of breeds in the areas from which the tumours were 

submitted. Pathological features of SIA in these series were similar 

to those described by Dodd (1960) and Simpson and Jolly (1974). 

Hepatocellular tumours 

Benign and malignant neoplasms of hepatocytes appeared in all 

but the small Glasgow series (table 4.2). The large majority of cases 

were benign and pathological features were consistent with 

described by Manktelow (1965) and Anderson and Sandieson (1968). 

have been reported regularly in both slaughterhouse (Webster 

Anderson et al 1969) and pathology laboratory studies (Head 

Cordes and Shortridge 1971). 

those 

They 

1967, 

1967, 
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Bile duct carcinoma 

These tumours were reported at similar frequencies to 

hepatocellular tumours (3-7% of cases) in all but the Glasgow series. 

They were almost always reported to be malignant (37 of 38 cases). 

Metastases to other parts of the liver and hepatic lymph nodes were 

common and several cases had spread to the lungs. Bile duct carcinoma 

has also featured regularly in both slaughterhouse and pathology 

laboratory series. Pathological features of cases in these series were 

similar to those described by Anderson and Sandieson (1968) .. 

Chondroma/sarcoma 

Tumours of cartilage were reported in all series at low 

frequencies although they represented 15% of cases in the small Glasgow 

series. TWo thirds of the cases were diagnosed as malignant but 

metastases were uncommon. Predilection sites appeared to be the 

ribcage and the point of the scapula. Gross and microscopic features 

were similar to those described by Sullivan (1960). 

AGE RELATED NEOPLASMS 

These data sets, like others of similar type, contain 

variable amounts of information concerning the age of animals affected 

with neoplastic diseases. The 2 series from Britain have no age data. 

The NSW data set (table 2.2) has no age information for 66% of cases 

and the remainder indicate simply lamb or adult. On the other hand the 
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quality of age data in the NZ data set (table 1.2) is good. All cases 

indicate either lamb or adult and 22% give age to within 1 yr. Some 

age trends in the data are apparent but the conclusions are tentative 

as the age structures of the submitting populations are imprecisely 

defined. 

Neoplasms of lambs 

Most cases of nephrob1astoma in this series (4 of 5) occurred in 

lambs. Single cases have been reported previously in lambs (Feldman 

1933, Sullivan and Anderson 1959, Ga10 et a1 1977) including 1 in a 

foetus (Roperto and Damiano 1981). This type of tumour occurs 

regularly in young pigs (Sandieson and Anderson 1968) and children 

(Willis 1967). There is no doubt that many nephrob1astomas are present 

at birth. 

All 4 cases of melanoma where. age was known occurred in lambs. 

Single cases of melanoma have been reported previously in lambs and 

adults (Lund 1923, Steiner and Bengston 1951, Baxter 1960) and 

including one congenital case (Baker 1975). 

current series were malignant. 

Neoplasms of "old" sheep 

Several cases in the 

Old sheep in a farming sense are usually 5yr or older. On farms 

in NZ, NSW and Britain they are usually culled at 5-7yrs. A sheep's 
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natural life span is closer to 20 yr (Altman and Dittmer 1972). 

However defining old as 5 year or older the data suggest that cutaneous 

squamous cell carcinoma, small intestinal adenocarcinoma, bile duct 

carcinoma, tumours of cartilage and renal carcinoma are most often 

found in old sheep. These conclusions are consistent with other 

studies of cutaneous squamous cell carcinoma (Ladds and Entwistle 

1977), small intestinal adenocarcinoma (Dodd 1960, Webster 1967, 

Simpson 1972, Georgsson and Vigfusson 1973), bile duct carcinoma 

(Anderson and Sandieson 1968), tUmours of cartilage (Sulliv~n 1960) and 

renal carcinoma (Sandieson and Anderson 1968). 

Neoplasms found in all age groups 

These include lymphosarcoma and hepatocellular tumours. Similar 

observations have been made by others (Manktelow 1965, Anderson and 

Sandison 1968, Bostock and OWen 1973). This may mean that 

lymphosarc;:oma and hepatocellular tumours form at any age. However it 

is also consistent with slow or non-lethal tumours which form early in 

life and remain undetected for variable periods. It is not clear which 

of these 2 alternatives is correct. 

SEX RELATED NEOPLASMS 

There was insufficient information to draw conclusions 

concerning sex related neoplasms with the obvious exception of tumours 

of the genitalia. 
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CONCLUSION 

These data sets, though primitive and deficient in many areas 

have contributed to the better understanding of primary sites and types 

of neoplastic diseases in 3 of the largest sheep populations in the 

world. 
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SUMMARY 

Data on sheep neoplasm diagnoses were retrieved from veterinary 

pathology laboratories in New Zealand (316 cases), New South Wales (109 

cases), Britain (679 cases) and Glasgow (42 cases). 

Neoplastic diseases originated most frequently in the lung 

(Britain and Glasgow series only), 1ymphoidc tissues, intestines, skin 

and liver, followed at lower frequencies by cartilage and heart. 

Epithelial, lymphoid and other mesenchymal tumours were all 

diagnosed regularly and affected a wide range of organs and tissues in 

sheep. 

The most common tumours were: lymphosarcoma, small intestinal 

adenocarcinoma, pulmonary adenomatosis (Britain and Glasgow only) and 

cutaneous squamous cell carcinoma (NSW only). Some tumours were 

associated with certain age groups. Nephrob1astoma and melanoma 

occurred in young lambs. Intestinal adenocarcinoma, cutaneous squamous 

cell carcinoma, bile duct carcinoma, renal carcinoma and tumours of 

cartilage occurred in old <)5yr) sheep. Neoplasms found in all age 

groups included lYmphosarcoma and hepatocellular tumours. 
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.Table 4.1 Histogenesis of neoplasms listed in the current series 

from New Zealand, New South Wales, Britain and 

Glasgow. 

Histogenesis (%) 

Series n* 
Epithelial Lymphoid Other 

Mesenchymal 

NZ 316 49 25 26 

NSW 109 54 19 27 

Britain** 141 35 46 19 

Glasgow** 33 42 24 34 

* = number of cases in the series 

** = excluding cases of pulmonary adenomatosis 

.' 
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Table 4.2 Common types of neoplasms (excluding pulmonary adenomatosis) 
diagnosed in the current series from New Zealand, New South 
Wales, Britain and Glasgow. 

% Cases 

Neoplasm NZ NSW Britain Glasgow 
n* = 316 109 141 33 

Lymphosarcoma 25 17 46 21 

Intestinal 

adenocarcinoma 20 5 21 27 

Cutaneous 

squamous 

cell carcinoma 1 18 2 0 

Bile duct 

carcinoma 7 6 3 0 

Hepatocellular 

tumours 7 8 4 0 

Chondroma/ 

sarcoma 3 3 2 15 

n* = number ~f cases in the series 
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A comparison of the primary sites of sheep neoplasms (excluding pulmonary adenomatosis 
diagnoses) diagnosed in the veterinary pathology laboratories of the New Zealand 
Ministry of Agriculture' Fisheries (1973-1979), the New South Wales Department 
of Agriculture (1973-1980) and the British Ministry of Agriculture, Fisheries , 
Food (1975-1982). 

Inlntln. akin liver upper GIT hearl 
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INTRODUCTION 

Part B reports the results of 2 slaughterhouse-based surveys of 

adenocarcinoma of the small intestine in sheep (SIA). The first study 

was a small one, carried out during January 1979. Its objective was to 

determine whether SIA occurred regularly in the sheep population of 

southern New South Wales. 

The second study was larger and took place in the South Island 

of New Zealand between February 1980 and June 1982. ~Its objective was 

to investigate the relative influence of breed and environmental 

factors on the prevalence rate of SIA. 

The design of both studies was constrained by limited financial 

and manpower resources. Never-the-less they illustrate the valuable 

part descriptive epidemiological studies can play in the investigation 

of neoplastic diseases. 
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CHAPTER 5 

PREVALENCE OF SMALL INTESTINAL ADENOCARCINOMA 

OF SHEEP IN SOUTHERN NEW SOUTH WALES 

The work of Dodd (1960), Webster (1966, 1967) and Simpson 

(1972a, 1972b) has shown small intestinal adenocarcinoma (SIA) to be an 

extremely widespread neoplastic disease in New Zealand. Prevalence 

rates of 1% in adult sheep flocks at slaughter were common. 

In contrast, the only Australian report of SIA was of a small 

"outbreak" of 5 confirmed cases on a farm in Victoria (McDonald and 

Leaver 1965). Informal enquiries of veterinarians and meat inspectors 

as to SIA's prevalence in Australia received conflicting replies. Some 

respondents believed it was occurring regularly whilst others stated 

that they had never seen a case of SIA. 

Comparative epidemiological studies have been found to be useful 

when investigating neoplastic diseases (Doll 1977). If SIA was found 

to occur at vastly different frequencies in the Australian and New 

Zealand sheep populations then careful comparison of environmental and 

genetic components of these populations may identify factors associated 

with this cancer. 
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As a first step in this direction a small study was undertaken 

to determine whether SIA occurred regularly in Australian sheep and 

whether the lesion was morphologically similar to those seen in New 

Zealand sheep. 

MATERIALS AND METHODS 

During January 1979 carcases and viscera of 6,248 adult sheep 

with an estimated average age of 5-7 years were examined for signs of 

neop~sia at export slaughterhouses in Cootamundra, Wagga and Goulburn 

in southern New South Wales (NSW). Sheep were purchased from saleyards 

in Crookwell, Goulburn, Yass, Wodonga, Bungendore, Tumbarumba, Wagga, 

Forbes and Cowra but farm of origin was unknown. Visual inspection 

followed by palpation of viscera was carried out in moving trays at 

rates of 4-8 per minute. This method had been previously found to be 

free of false positive errors (Simpson 1972a). It was not possible to 

estimate the number of false negative diagnoses but the same observer 

was used for all inspections. Particular attention was paid to the 

small intestine, its mesentery and lymph nodes • 

. All lesions suspected of being neoplastic were retained for 

detailed gross examination and specimens were taken for histopathology. 

Tissues were fixed in 10% buffered formalin and embedded in paraffin 

wax. Sections were cut at 6 nm and stained with periodic acid-Schiff's 

reagent (PAS) and haematoxylin. Mean prevalence of SIA in each of the 

3 slaughterhouses was compared using a X2 analysis and mean SIA 

prevalence in finewool sheep (Merino, Merino x Corriedale, Merino x 

Polworth) was compared with that of crossbred sheep '(Merino x Border 
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Leicester, Corriedale x Border Leicester) using a X2 analysis 

incorporating Yate's correction for continuity (Snedecor and Cochrane 

1967). 

RESULTS 

A total of 6,248 sheep were inspected. SIA was found in 17 

sheep and an epithelial thymoma was detected in 1 other sheep. From 

this study, taking a sample size of 6,248 and setting confidence limits 

at 95%, the mean prevalence rate of SIA in adult sheep in southern NSW 

could be predicted as 0.272% with a standard deviation of 0.140% 

(Snedecor and Cochrane 1967). 

Eight of 30 groups surveyed contained at least 1 case of SIA and 

group prevalence varied from 0-2.0% (table 5.1). Slaughterhouse 

prevalence figures were: Cootamundra 0.093%, Wagga 0.192% and Goulburn 

0.487%; these differences approached significance (P = 0.068). There 

were 10 cases of SIA in ewes, 5 in wethers and 0 in rams. In 2 cases 

sex was not recorded. Crossbred sheep (0.581%) had a higher prevalence 

rate of SIA than finewool sheep (0.170%) and this difference also 

approached significance (P = 0.087). 

Gross Pathology 

Carcases of the majority of affected sheep were in good 

condition. However in 6 cases pronounced cachexia with anaemia and 

a large quantity of straw coloured ascitic fluid was present. 
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. SJ1ra1:1intest'inal-aEienocarcinoma ~0ecurred iLl the jejeunum and ileum 

as a dense white ring of fibrous tissue which encircled the gut (figure 

5.1). It involved 0.3 - 34.0 cm of the intestine, although in 2 cases 

the fibrous tissue did not completely encircle it. Mucosal and 

muscular layers were thickened at the primary site causing severe 

constriction of the lumen with marked dilation cranial to the 

constriction. 

Ulceration of the thickened and folded mucosa was uncommon and 

associated only with the 3 cases where 1 - 4 polyps up to 10 mm in 

length and 5 rom in diameter were present (figure 5.2). 

In 11 cases many metastatic scirrhous plaques (4 - 10 rom in 

diameter) appeared on the serosal surface of the intestine. They were 

confluent over the primary site and extended cranially for many 

centimetres, however the caudal border of the lesion was always abrupt. 

In most cases a thick white cord originated from neoplastic fibrous 

tissue at the mesenteric attachment and traversed the mesentery to 

envelope the capsule and invade the substance of the nearest mesenteric 

lymph node (figure 5.3). 

Similar fibrous metastases occurred on the peritoneal surface of 

the abdominal wall (10 cases), diaphragm (9), liver (5), rumen and 

reticulum (3) and uterus and bladder (1). In 2 cases where peritoneal 

deposits were widespread the tumour had also metastasised to the 

thoracic cavity forming numerous plaques over the visceral pleura of 

the left lung, the opposing parietal pleura, pericardium and caudal 

mediastinum. In 1 case, small white nodules 3 - 5 mm in diameter were 
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scattered throughout the liver and lungs. 

Light Microscopy 

The mucosa and submucosa were heavily infiltrated with fibrous 

tissue and often 2 3 times their normal thickness. Glandular 

architecture was markedly disturbed with flattened villi and a reduced 

number of crypts (figure 5.4). Thin cords of fibrous tissue with 

islands of PAS-positive epithelial cells infiltrated the submucosa and 

muscularis and were associated with a marked sub-serosal proliferation 

of dense fibrous tissue which extended along the intestinal wall from 

the primary site. PAS-positive epithelial cells were scattered 

throughout, but accounted for less than 2% of tl~ sclerotic mass. They 

occurred for the most part in clusters of 2 - 6 cells, rarely formed 

distinct acini and became less common as the distance from the lumen 

increased; mitotic figures were rare. 

One or more mesenteric lymph nodes were usually found to contain 

sclerotic metastases. Peritoneal plaques, composed of similar dense 

fibrous tissue with sparse epithelial elements showed no signs of 

invading underlying organs or tissues. In 1 case where metastatic 

nodules were found throughout the substance of the liver and lungs, 

epithelial cells were prominent and many nodules contained distinct 

acini. 
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DISCUSSION 

Cases of SIA in this study were similar to the 5 previously 

des,cribed iil Australia by McDonald and Leaver (1965) and those in other 

countries where detailed pathological descriptions have been published 

(Dodd 1960, Georgsson and Vigfusson 1973, Simpson and Jolly 1974, 

Pearson and McCaughey 1978). Although malignancy was evident, 

classification of the neoplasm was difficult as acini were present to a 

variable extent. Georgsson and Vigfusson (1973) and Simpson and Jolly 

(19]4) used the term carcinoma whilst others including Dodd (1960) have 

used adenocarcinoma. The lesion has features of several 

classifications of the WHO International Classification of Tumours of 

Domestic Animals (Head 1976) including: tubular adenocarcinoma, 

undifferentiated carcinoma and scirrhous carcinoma. 

The neoplasm appeared to spread along the intestine and to the 

mesenteric lymph nodes via the lymphatic system and throughout the 

peritoneal cavity by trans-coelomic seeding, however, occasional 

lymphatic extension to the thoracic cavity and bloodborne spread to 

liver and lungs did occur. These pathological findings were similar in 

all respects to those seen in New Zealand by the author. 

The upper limit of the estimated mean SIA prevalence for the 

sheep population surveyed (0.412%) may be understated as the number of 

neoplasms detected would probably have been slightly higher had more 

time been available for post-mortem inspection. In addition, the sheep 

presented for slaughter were likely to be a relatively healthy 

sub-group of the total sheep population, therefore the true incidence 
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of this neoplasm may be much higher. 

Simpson (1972a), in New Zealand, found SIA prevalence in 

different geographical regions varied significantly (0.20 - 1.58%). He 

also found a significantly higher rate of SIA in British (non-Merino) 

breeds of sheep (0.9 - 1.5%) compared with finewool (Merino, Merino 

crossbred and Corrieda1e) sheep (0.2 - 0.4%). In the present survey 

similar trends which approached significance were found. There were 

differences in SIA prevalence between regional (slaughterhouse) samples 

(P =-0.068) and finewool x British crossbred sheep had a much higher 

cancer rate than finewoo1 sheep (P = 0.087). 

The unknown aetiological factor or factors causing SIA were 

widespread in southern NSW as 8 of 30 groups of sheep involving all 3 

geographical areas sampled were affected. As SIA has been reported to 

occur in both wethers and ewes from many sheep breeds including Romney 

Marsh ewes (Dodd 1960), Merino wethers (McDonald and Leaver 1965), a 

Lincoln ewe and Romney wether (Cordes and Shortridge 1971), Icelandic 

ewes (Georgsson and Vigfusson 1973), Blackface and Swaledale ewes 

(McCrea and Head 1978), Cheviot (chapter 3) and Border Leicester ewes 

(Ross unpublished) it is unlikely that breed is an aetiological factor 

for SIA. It is more likely that breed is passively associated with 

certain unknown environmental factors which are more common in areas 

where certain breeds are used. 

Simpson (1972b), who conducted an epidemiological study of SIA 

in New Zealand concluded that amongst 16 factors statistically 

associated with SIA, access to the weed Cynosurus cristatus, use of 
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potassic fertilizer and some undefined factor associated with fat lamb 

farming were of possible aetiological significance. The findings of 

this survey suggest that the last factor may be of aetiological 

significance, however further epidemiological studies are needed to 

identify it and to explore breed and environment interactions. 
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This chapter described 

Lincoln College Research Fund 

17 cases of small intestinal 

adenocarcinoma detected during a survey of 6,248 adult sheep (0.272%) 

in 3 export abattoirs in southern New South Wales. The neoplasm 

appeared on the serosal surface of the jejeunum and ileum as a ring of 

dense white fibrous tissue which caused stenosis and cranial dilation 

of the intestine. The mucosa and muscularis were thickened and folded 

but otherwise grossly normal except for 3 cases where small polyps were 

present. Metastatic lesions occurred regularly in mesenteric lymph 

nodes and sclerotic deposits were often present on the surface of 

abdominal viscera. In 1 case metastatic nodules were found throughout 

the liver and lungs. 
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Histologically, the glandular architecture of the mucosa and 

submucosa was disturbed and thickened with fibrous tissue. The 

muscularis was intact, however an intense desmoplastic reaction under 

the serosa contained scattered islands of PAS-positive epithelial 

cells. Distinct acini were uncommon and mitotic figures rare. 

Factors causing small intestinal adenocarcinoma were widespread 

as 8 of the 30 groups inspected were affected. It is concluded that 

this neoplasm is seen regularly in adult sheep at abattoirs in New 

South Wales. 
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Table 5.1 Prevalence of small intestinal adenocarcinoma in sheep from 
3 export slaughterhouses in NSW 

Prevalence of 
Neoplasms 

Size 
of Age 

Slaughterhouse Group Group Breed* Sex** Years No % 

Cootamundra 1 290 M E,W 5 0 0.0 
2 296 M E,W 5-7 0 0.0 
3 209 M E,W 5 0 0.0 
4 228 M E,W 5 0 0.0 
5 50 M E,W 5 1 2.0 

Wagga -- 6 1,211 M W 5-7 2 0.2 
7 247 M E 3-5 0 0.0 
8 20 M x P R 2-6 0 0.0 
9 22 M x P R 2-6 0 0.0 

10 250 M x C E,W 5-6 0 0.0 
11 59 Mx C E,W 3-4 0 0.0 
12 22 M x C W 4-5 0 0.0 
13 222 M E 4-5 0 0.0 
14 732 M x BL E,W 5-7 3 0.4 
15 213 M x BL E,W 6-7 1 0.5 
16 50 E,W 0 0.0 
17 72 E, \01 0 0.0 

Goulburn 18 42 M x BL E,W 5-7 0 0.0 
19 220 C x BL E,W 5-7 2 0.9 
20 115 C x BL E,W 5-7 0 0.0 
21 249 H x BL E,W 5-7 1 0.4 
22 204 H x BL E,W 5-7 3 1.5 
23 60 M E,W 5-7 0 0.0 
24 73 H R 2-5 0 0.0 
25 44 M R 2-5 0 0.0 
26 175 M E,W 6-7 0 0.0 
27 125 M E,W 6-7 0 0.0 
28 50 M R 3 0 0.0 
29 48 M R 4 0 0.0 
30 650 M E 5-6 4 0.6 

* M = Merino, C = Corriedale, P = Polworth, BL = Border Leicester 

** E = ewe, W = wether, R = ram 
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Abdominal viscera on an inspection tray. 
adenocarcinoma (arrow) is present in the ileum. 

An 



Figure 5.2 
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Adenocarcinoma of the small intestine viewed from the 
mucosal surface. In this case a polyp is present (open 
arrow) at the primary site. A dense layer of fibrous 
tissue is seen in the sub-serosal area (solid arrow). 
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Adenocarcinoma of the small intestine. Note the scirrhous 
metastases which have traversed the mesentery from the 
primary site (solid arrow) and enveloped the mesenteric 
lymph node (open arrow). 



Figure 5.4 
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Disturbed architecture at the mucosal border of a small 
intestinal adenocarcinoma in the jejeunum of a ewe. M 
indicates the internal muscular laye~, E indicates the 
fused mucosa and sub-mucosa. Note the absence of villi 
and the presence of small irregular acini in the heavily 
fibrosed sub-mucosa. PAS x 80. 
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CHAPTER 6 

GENOTYPE, ENVIRONMENT AND PREVALENCE RATE OF SIA 

IN THE SOUTH ISLAND OF NEW ZEALAND -

A HORBIDITY STUDY 

INTRODUCTION 

Small intestinal adenocarcinoma (SIA) is seen regularly in the 

adult sheep populations of New Zealand (Simpson 1972a), Australia 

(chapter 5), Great Britain (chapter 3), Norway (Ulvund 1983) and 

Iceland (Georgsson and Vigfusson 1973). There have been small numbers 

of cases reported from Germany (Tontis 1982), Kenya (Cotchin 1960), 

South Africa (Jackson 1936) and North America (Jensen and Swift 1982). 

Prevalence rates of up to 1.6% in New Zealand (Simpson 1972a) and 0.96% 

in Iceland (Georgsson and Vigfusson 1973) have been recorded in adult 

ewes at slaughter. Several studies have described significant 

differences between the tumour rates of geographical regions in 4 

countries (Simpson 1972a, Ulvund 1983, chapter 3, chapter 5). 

In New Zealand a retrospective correlational study (Simpson 

1972b) associated several factors with tumour rate including breed, 

heavy use of potassic fertilizer and exposure to the plant Cynosurus 

cristatus. A smaller Australian survey (chapter 5) supported an 

association with certain breeds of sheep but did not investigate the 

other factors. Both studies were of limited value. Neither was 

conducted on age-controlled populations and the former study reported 

significant associations with environmental factors when only part of 
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the exposure history was known. 

The present study used 

full life history was known. 

describes a meat works based 

age-matched sheep populations where the 

It is reported in 3 parts. This chapter 

morbidity survey of SIA prevalence rates 

in 3 breed groups in each of 3 farming environments. Chapter 7 

outlines a retrospective correlational study of .questionnaire data from 

sheep owners and reports significant associations between tumour rate, 

genotype and exposure to specific environmental factors. Chapter 8 

explores the strong statistical association between tumour rate and 2 

chemical groups of herbicides. 

MATERIALS AND METHODS 

Experimental Design 

Prevalence rates of SIA were determined for 3 breed groups 

sampled 

Zealand. 

in each of 3 farming environments in the South Island of New 

The null hypothesis tested was that the data in each cell 

were independent random samples from the same Bernouilli distribution 

and that the number of tumours in each cell was therefore a binomial 

random variable. 

Breed groups were: 

* Non-Merino «25% Merino genotype: Romney, Drysdale, Coopworth, 

Perendale, Border Leicester, English Leicester, their 

inter-crosses and crosses with Corriedale) 
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* Merino-Cross (25-75% Merino genotype: Corriedale and Merino x 

Non-f-lerino Crosses) 

* Merino (>75% Merino genotype: Merino and its crosses with the 

Merino~Cross group). 

Details of each breed and its relationship to breeds in other 

countries are described by Owen (1976) and Carter and Cox (1982). 

~arm environments were: 

"" extensive high· country farms 

* semi-intensive hill country farms 

* intensive plains farms 

These environments represented the only major farming systems in 

the South Island of New Zealand where sheep remained in one environment 

throughout their lives. Summaries of physical, livestock production 

and economic data for these types of farms are described in the Annual 

Sheep and Beef Farm Survey published each year by the NZ Meat and Wool 

Boards' Economic Service. 

Animals 

Between February 1980 and June 1982 export slaughter houses in 

the South Island were asked to report the arrival for slaughter of all 

large (over 200 animals) groups of adult ewes. Owners were then 

contacted and asked for information concerning the breed, age and farm 
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environment of each group. 

To be eligible for inclusion in the study the ewes had to be: 

aged 5.5-7.5 years (demonstrated by ear mark, ear tag or other 

acceptable means), of uniform genotype and exposed to only 1 

environment (farm) for their entire lives. Retrospective verification 

of information was carried out via a postal questionnaire (see chapter 

7) and when discrepancies were found data for those sheep were 

discarded. 

Determination of Tumour Rate 

After slaughter the abdominal contents of each animal were 

displayed in trays which moved past the observer at a rate of 5-6/min. 

Intestines, their associated mesentery and lymph nodes were inspected 

as described in previous studies (Simpson 1972a, chapter 5) and a 

specimen was taken from every fifth case of SIA and every unusual case 

of SIA for histological examination. The author made all gross and 

microscopical examinations. No false positives were found. It was not 

possible to estimate the number of false negatives. 

Data Processing and Analysis 

Data were recorded on worksheets (appendix I), punched onto 

cards, entered and filed on magnetic tape using a Burroughs PDP-II 

computer at Lincoln College. The data were transferred to an IBM 4341 

computer at Victoria University, Wellington and examined using the SPSS 

(Nie et al 1975) and SAS (SAS Institute Inc 1982) statistical packages. 
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Maximum likelihood estimates (L), (Kendall and Stuart 1977) were 

calculated using a fortran algorithm (appendix II). 

RESULTS 

A total of 21916 female sheep aged 5.5-7.5 years were examined 

at slaughter. The sheep originated from 92 farms. One farmer failed 

to return the questionnaire and data from 3 farmers revealed that their 

sheep were of mixed origin. Deletion of these 4 farms reduced the data 

bank t~ 88 farms. 

A total of 125 cases of SIA were found in 20678 sheep from 61 

(69%) groups inspected. Mean group size was 235 + 122 (SO). Overall 

prevalence rate was 0.6%. Tumour rate for individual groups ranged 

from 0% - 3.8% and varied with breed (L = 19.55, 2df, P < 0.001) but 

not farm environment (L = 3.05, 2df, P = 0.215). Non-Merino breeds 

(0.88%) had a significantly higher tumour rate than Herino-Cross 

(0.40%) and Merino breeds (0.37%). Tumour rates did not vary 

significantly between the breeds which constituted each breed group. 

Non-Merino and Merino-Cross sheep from hill farms had slightly 

higher tumour rates than similar sheep from plains farms which in turn 

had higher rates than sheep from high country farms. However, these 

differenc~s were not significant. Numbers of sheep, groups, tumours, 

and tumour rates in each cell are shown in table 6.1. It proved 

impossible to find eligible groups of sheep in 2 of the 9 cells. 
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Eight other tumours were found either by the observer or meat 

inspectors who examined the carcass head and viscera of each sheep 

during their normal duties. The tumours were: lymphosarcoma (3), 

hepatoma (2), bile duct carcinoma (1), epithelial thymoma (1) and 

primary or secondary carcinoma of the lung (1). 

DISCUSSION 

The study was designed to investigate the relative effects of 

genotype and farm environment on prevalence rate of SIA alluded to in 

Simpson's study (1972a). It was not designed to be propor-tionately 

representative of all sheep breeds and fanning environments in the 

South Island. 

Both the current data and Simpson's findings showed that SIA was 

widespread throughout the sheep population of New Zealand. The present 

data supported Simpson's finding that Non-Merino breeds had 

significantly higher tumour rates than Merino-Cross or Merino breeds. 

They also suggested that farm environment was not closely associated 

with tumour rate (table 6.1). 

New Zealand was one of very few countries in which it was possible 

to survey large numbers of sheep of similar age and sex which had been 

exposed to only one environment during their lifetime. The South 

Island of New Zealand was chosen as the site to test the genotype 

versus farm environment hypothesis 

of sheep breeds which could be 

categories. It also contained 

because it contained a wide variety 

readily grouped into 3 genotype 

3 readily identifiable farming 
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environments. 

The number of sheep examined was less than expected due to the 

large minimum group size (200 animals) required. Some meat works 

maintained a policy of only accepting groups of less than 200 animals. 

A minimum group size of 200 was necessary before the group became 

eligible for study but some animals in some groups were later omitted 

due to uncertainty concerning their eligibility. Similarly it was 

deemed prudent to examine all animals in a group rather than choosing a 

subset of standard size and risk a possible bias when sheep with 

advanced neoplasia were directed for early or late slaughter. 

The final size of groups varied and this represented a possible 

bias however mean group size did not differ significantly between 

cells, breed groups or farming environments. In addition tumour rate 

was not associated with the size of the group submitted for slaughter 

(chapter 7) and the same was found in a previous study (Simpson 1972b). 

Sheep were examined in most eligible slaughterhouses in the 

South Island but there was a tendency to examine more sheep in 

slaughterhouses readily accessible to the investigator. This bias was 

largely counteracted by the fact that there is considerable interchange 

of sheep between region of origin and region of slaughter (Young et al 

1979). The age and sex of animals were broadly similar to those of 

previous NZ studies (Webster 1966, Webster 1967, Simpson 1972a). 

Although the study was designed to measure interaction between 

tumour rate, genotype and environmental factors, the lack of sheep in 
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the Merino cells restricted the power of the study to detect such an 

interaction. 

SIA was present in all 3 genotype categories in this study. It 

has been reported in other genotypes (chapter 5) including Icelandic 

sheep (Georgsson and Vigfusson 1973) which have a genotype remote from 

those in New Zealand. Therefore an hypothesis which proposed a genetic 

link with SIA would have to encompass a large number of distantly 

related sheep breeds. 

In man, specific genotypes have been associated with increased 

risk of colon cancer (Winawer et al 1980) but their contribution to the 

heterogeneity of the distribution of colon cancer is generally regarded 

as small when compared to that attributed to environmental factors 

(Doll 1977, Winawer et al 1980). 

Thus the conclusion of this study, that SIA rate in sheep was 

closely associated with genotype but not environment could not be 

accepted without additional investigation. Further examination of 

genotype, environment and SIA is described in chapters 7 and 8. 
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SUMMARY 

A study of age-matched groups of adult female sheep from 88 

plains, hill and high country farms was conducted in the South Island 

of Ne~ Zealand to investigate the relative influence of genotype and 

farm environment on the prevalence rate of small intestinal 

adenocarcinoma (S;I:A). 

A total of 20678 female sheep aged 5.5-7.5 years were examined 

at slaughter, 125 cases of SIA were found in animals from 61 farms 

(69%). Mean prevalence rate was 0.6% (range 0-3.8%). Non-Merino 

breeds (0.88%) had a significantly higher rate (P < 0.001) than Merino 

(0.37%) and Merino-Cross (0.40%) breeds. Differences between rates in 

the 3 farm environments were not significant (P = 0.215). 
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Table 6. I Prevalence rate of small intestinal adenocarcinoma 1n sheep by genotype and farm environment 

Genotype Non-Merino Merin~ross Merino All Breeds 
I 

Farm Environment P II H 12 Hi 3 PI HI Hi PI HI Hi PI HI Hi Total 

Groups 19 14 5 21 15 4 10 40 29 19 88 

Animals 3981 3317 1731 5508 2750 94 I 2450 9489 6067 5122 20678 

Tumours 36 31 12 21 13 3 - 9 57 44 24 125 

Rate x 10-3 9.04 9.35 6.93 3.81 4.73 3. 19 3.67 6.01 7.25 4.69 6.05 " ex:> 

Breed Rate x 10-3 8.75 4.02 3.67 6.05 

I PI intensive plains farms 
2 HI semi-intensive hill country farms 
3 Hi = extensive high country farms 



Figure 6.1 

I ':J • 

An advanced case of SIA found during the morbidity study. 
Dense white fibrous tissue associated with the tumour 
enveloped several loops of the small intestine (arrow). 
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CHAPTER 7 

GENOTYPE, ENVIRONMENT AND PREVALENCE OF SIA IN 

THE SOUTH ISLAND OF NEW ZEALAND 

- A CORRELATIONAL STUDY 

INTRODUCTION 

This chapter correlates the SIA morbidity assessment of the 

sheep--population described in chapter 6 with questionnaire data 

concerning genotype and exposure to environmental factors. Several 

variables are associated with SIA and results are discussed with 

reference to selected aetiological hypotheses of intestinal cancers in 

sheep, cattle and man. 

MATERIALS AND METHODS 

Prevalence Rate of SIA 

Characteristics of the sheep population and methods used to 

determine tumour rate are described in chapter 6. 

Exposure Data 

A questionnaire containing 54 response items was designed and 

validated using 10 farm managers and advisors. Information was 

requested concerning physical farm data, animal data, animal remedies, 

diet and plant pesticides. Owners were contacted by telephone prior to 
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slaughter of their sheep to ascertain whether the sheep met the basic 

criteria for the study. If they did, the owner's agreement was 

obtained to complete the questionnaire. Within 1 week of the sheep 

being slaughtered the self administered questionnaire (appendix III), 

together with a reply paid envelope, was posted to the farmer. Where 

necessary 'reminder' telephone calls were made to farmers at monthly 

intervals. 

Data Processing and Analysis 

The primary sampling unit was the individual sheep which assumed 

no cluster effect in the data. However, the possibility of a 

"contagious" tumour was noted throughout the analyses and both 

parametric tests and non-parametric analyses of variance were employed. 

Data were coded and processed as described in chapter 6. 

Correlations betweet1 tumour rate and continuous variables, most 

of which were not normally distributed were assessed using the Spearman 

rank correlation coefficient (Kendall and Stuart 1977). Associations 

between non-continuous variables and tumour rate were examined by 

constructing contingency tables and calculating maximum likelihood 

estimates (L), (Kendall and Stuart 1977) using a fortran algorithm. The 

algorithm (appendix II), which assumed no clustering effect, was 

written to test the null hypothesis that all subsets of the data were 

random samples from the same Bernouilli distribution. The assumption 

of homogeneity within groups was tested when "significant" variables 

were analysed. 
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Missing responses were treated as a separate variable and 

examined against tumour rate for evidence of a '"treatment'" effect. In 

the main they resembled the nil exposure group. Where all responses to 

a question were missing, data for that group of animals were omitted 

from analysis. In other cases they were incorporated in the analyses 

as nil exposure responses. After testing for associations using the 

original responses, several response categories were recoded into 

chemical or biological families and retested. 

Significant Variables 

A variable was considered to be of possible significance if: 

* p < 0.05 and at least 15% of the sheep population had been 

exposed to it 

* and where exposure was graduated, the association demonstrated a 

trend uninterrupted by peaks or troughs. The number of 

'significant' results in the study was compared with the number 

expected by chance using the X2 text (Kendall and Stuart 1977). 

Herbicide Exposure 

Herbicide exposure was examined in 3 categories: 

* 1 = exposure to pastures more than 30 days after herbicide 

applica tion. 

* 2 = exposure to pastur~s 0-30 days after herbicide application. 

* 3 = exposure to both types 1 and 2. 
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RESULTS 

The number of significant results considerably exceeded the 

number expected by chance (table 7.1). The majority of these concerned 

sheep breeds, herbicides and pasture weeds. Those which were linked 

with tumour rate and qualified for further analysis are listed in table 

7.2. Variables not linked with tumour rate are listed in table 7.3. 

The relationship between tumour rate and each variable in table 

7.2 was examined separately (tables 7.4-7.12). A relationship between 

breed and tumour rate (table 7.6) was expected and confirmed a similar 

finding in the morbidity survey (chapter 6). However strong 

relationships between several environmental variables and tumour rate 

were not expected as the "farm environment" variable, which represented 

all environmental variables in the morbidity survey, was not strongly 

associated with tumour rate (P = 0.22). 

The environmental variables most strongly associated with tumour 

rate (P < 0.001) were "woody" weeds which were: blackberry, broom, 

gorse, matagouri, sweet briar and tutu (table 7.10) and phenoxy (Ph), 

picolinic acid (Pi) and/or combined PhPi herbicides (table 7.12). Ph, 

Pi and some PhPi herbicides in New Zealand, collectively referred to as 

PhPi for brevity, are primarily used for the control of "woody" and 

broad leafed weeds on grazing lands (Pesticides Board, 1984). Therefore 

a correlation between them could be anticipated. The PhPi herbicide 

effect was found to explain the strength of the association between 

"woody" weeds and tumour rate (table 7.19). The PhPi herbicide effect 

, , . , 
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was also found to explain the association between all the other 

environmental variables and tumour rate (tables 7.13, 7.14, 7.16-7.18, 

7.20). 

When the interaction between PhPi herbicides, breed and tumour 

rate was analysed (table 7.15) it too demonstrated that the PhPi 

herbicide effect accounted for most of the association between breed 

and tumour rate. There may have been a residual breed effect in the 

interaction but the lack of Merino-Cross and Merino genotype data in 

PhPi e*posure categories 2 and 3 limited the ability to test for this 

effect. 

DISCUSSION 

This study was designed to identify factors worthy of further 

investigation as potential carcinogens. The parametric likelihood 

estimates, which sometimes tend towards type I errors (concluding that 

a difference exists when it does not) are reported wherever homogeneity 

analyses permitted. Weaker non-parametric analyses of variance, in the 

main, identified the same environmental factors as being significant. 

The major finding in this investigation was the strong positive 

correlation between exposure to PhPi herbicides and tumour rate. The 

relationship was remarkably consistent and was able to explain the 

strength in the relationships between SIA and all the other variables 

associated with tumour rate. The PhPi effect on tumour rate is the 

subject of further scrutiny in chapter 8. 
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A relationship between PhPi herbicides and SIA was not found in 

a previous study (Simpson 1971), however the data were examined by 

individual herbicides only (table 7.24) and not by chemical groups. A 

Ph or PhPi group effect could not be examined with the data in its 

present form as they are confounded by false negatives in each nil 

exposure group. A request to re-examine the raw data was made to the 

author but the data had been discarded. 

No significant association between tumour rate and variables 

other -~han PhPi herbicides was detected. Once the data were corrected 

for the PhPi herbicide effect they were often not strong enough to 

adequately test for association between the remaining variables and 

tumour rate. This was particularly so for variables such as province, 

soil type and breed where a relationship with tumour rate could have 

gone undetected. More powerful studies are needed before it can be 

confidently said that the other variables are unrelated to tumour rate. 

Other SIA Studies in Sheep 

In morbidity and correlational studies similar to those 

described here Simpson (1972a and b) found SIA was correlated with 

certain factors but his studies had several limitations. The number of 

significant correlations for sheep whose life history was known did not 

differ from the number expected by chance. The number of significant 

associations between SIA and environmental variables for sheep whose 

life history was partly known exceeded the number expected by chance 

but these associations may have been confounded by exposure of the case 

and/or control sheep to the variables during the unknown period. In 

I. 
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spite of the limitations these are the only other quantitative data 

available concerning SIA breed and environmental factors are now 

cmpared with the findings of the current study. 

Simpson identified breed, annual rainfall, exposure to the plant 

Cynosurus cristatus and length of time sheep were on the farm from 

which they were sent for slaughter as factors associated with 

differences in prevalence rate of SIA. He also examined a subset of 

the data for differences between farms with high and low tumour 

preval~nce and found that exposure to the plant Cynosurus cristatus and 

use of pot~ssic fertilizer were associated with tumour rate. 

Breed 

Non-Merino breeds had significantly higher tumour rates than 

Merino-Cross and Merino breeds in both studies. In the present study 

the breed effect was confounded by the PhPi herbicide effect (table 

7.15). Although it is possible that the breed effect in Simpson's data 

could be explained in a similar manner, his herbicide data (table 

7.24), unlike the current herbicide data (table 7.12), did not show 

significant associations with tumour rate after single factor analysis. 

There is some weak evidence in the present study, for a breed 

effect independent of the herbicide effect (table 7.15). 
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Province 

Simpson's non-Merino sheep data showed significant variations in 

tumour prevalence rate between different provinces in New Zealand. The 

current study also showed a significant province effect (table 7.4) but 

again it was confounded by the strong PhPi herbicide effect (table 

7.13). The corrected data were not powerful enough to test for a 

residual province effect but the trend for Otago and Southland sheep to 

have higher tumour rates than Canterbury sheep echoes a similar trend 

in Simpson's data. 

Future investigations to examine this interaction could study 

sheep of the same genotype placed in different environments. Migrant 

studies of this type have proved useful in determining the 

contributions of genotype and environment to the incidence of carcinoma 

of the large bowel in man (Haenszel et al 1973). 

Stocking Rate 

Based on average sheep and beef cattle stocking rates for each 

county, Simpson (1972a) found a positive relationship between tumour 

rate and sheep stocking rate but was unable to say whether this was due 

to a stocking rate effect per se or some other factor related to the 

intensity of farming. He examined stocking rate again in a later study 

(Simpson, 1972b) and found some support for a relationship with mob 

stocking practices. Sheep from farms with an average stocking density 

of less than 3 per acre had a lower tumour rate than those with high 

stocking density. He suggested the matter warranted further 
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investigation to support a direct relationship between tumour rate and 

stocking rate. 

It is extremely difficult to accurately assess the stocking 

density of a sheep flock over a period of several years. The current 

investigation examined various indices of stocking rate including 

average stocking density greater and less than 3 per acre (table 7.7). 

Tumour rate was closely associated with mob stocking rate (M.S.R.) and 

mob stocking index (M.S.R.x mths/yr mob stocked). However, when 

examin~d within PhPi herbicide exposure groups (table 7.16) the 

relationship disappeared. Thus there is no evidence in the current 

study to support a direct relationship between tumour rate and stocking 

rate. 

Annual rainfall 

Simpson found that high prevalence farms tended to occur in high 

rainfall areas but when all farm data were analysed there was a 

negative correlation between rainfall and tumour rate. He therefore 

concluded that the association was probably due to chance. The present 

data (Corr Coef = 0.14, P = 0.21, 85 farms) did not show a significant 

association between rainfall and tumour rate. 

Cynosurus cristatus 

This pasture plant is commonly known as crested dogstail. 

Simpson noted that a considerable number of farmers were probably 

unaware of the presence of this plant in their pastures and therefore 
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the data may have contained a large number of false negative responses. 

This was also thought to be likely in the South Island during this 

study (D. Lucas, pers comm) where respondents indicated that only 2% 

of the sheep population were exposed to the plant. Thus, an 

association with tumour rate could not be adequately examined in the 

current study. 

Time on farms 

-In Simpson's study sheep that had been on the farm from which 

they were sent for slaughter for less than 4 years had a higher tumour 

rate than other sheep. The former sheep were involved in the practice 

of being sold as "aged" ewes to another farm for 1-2 further breeding 

seasons. He concluded that there may have been some factor associated 

with this type of management which resulted in a higher 

tum~r rate. 

As sheep which did not spend their whole life on 1 farm were 

specifically excluded from the present study this association could not 

be examined. However the association in Simpson's study may have been 

confounded by age and it would be wise to re-examine it on age-matched 

populations. 

Potassic fertilizers 

Simpson's data showed a significantly greater proportion of high 

SIA prevalence farms had used potassic fertilizers. It was intended to 

investigate this in the present study but the questions concerning 
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fertilizer types and frequencies were poorly constructed and the 
,~.-' 

responses inadequate for analysis. Percentage acres fertilised was 

calculated for each farm and found to have no association with tumour 

rate (Corr Coef = 0.003 P = 0.97 88 farms). 

Potassic fertilizers tend to be used on potash deficient farms 

in high rainfall areas and on paddocks after lucerne crops are 

harvested (R.C. Stephen, pers comm). They are not used on the 

majority of South Island sheep farms and therefore are unlikely to be 

associated with the majority of SIA cases. 

Anthelmintics 

Webster (1966) presented circumstancial evidence to suggest that 

the anthelmintic phenothiazine may have been a factor in the high SIA 

rates in NZ sheep. The use of phenothiazine was dramatically reduced 

in the mid 1960's with the introduction of thiabendazole and was not 

used by most sheep farmers in the 1970's. Simpson, who monitored SIA 

rates at the same meat works as Webster, noted during the late 1960's 

that although very few sheep were exposed to the drug there had been no 

decline in tumour rate. No sheep were exposed to phenothiazine in the 

present study. Therefore it can be eliminated as a risk factor for SIA 

in sheep. 

Simpson did not monitor exposure of sheep to other anthelmintics. 

In the current investigation exposure data were sufficient to permit a 

limited examination of albendazole, fenbendazole, thiabendazole, 

thiophanate, febantel and levamisole. The association between total 
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frequency of anthelmintic administration and tumour rate was weak (Corr 

Coef = -0.12, P = 0.14, 88 farms). Exposure to anthelmintics either 

individually or in biochemical action families did not appear to 

influence tumour rate. Although elementary in nature these results 

have relevance to recent work which demonstrated the teratogenicity of 

several of these compounds in sheep (Delatour 1983). 

Chronic enteritis 

-In man, chronic ulcerative enteric conditions such as Crohn's 

disease often carry with them an increased risk of intestinal carcinoma 

(Bayless et.al 1980). Chronic enteritis is common in New Zealand 

sheep. Parasitic gastroenteritis is very common but the lesions are 

most severe in the abomasum and duodenum whereas SIA occurs in the 

jejeunum and ileum. Johnes disease is also common in sheep in the 

South Island of New Zealand. It affects the jejeunum, ileum and colon. 

Inflammation of the lower small intestine, caecum and colon by 

Campylobacter spp of baceria is diagnosed regularly in South Island 

sheep. 

In addition to ulcerative enteritis, Campylobacter spp have been 

associated with a proliferative condition in pigs (Chang et al 1984) 

and other species (Newell 1984). Campylobacter-like bacteria have been 

associated with a proliferative enteritis in sheep (Hoorens 1977). 

Hyperplastic polyps caused by coccidia have been recorded in the small 

intestine of lambs (Ross and Day 1979) but have not been reported in 

adult sheep. The chronic effects of these diseases may be associated 

with SIA but this was not examined in the present study. There are no 
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data to link these conditions with SIA but they should be kept in mind 

when investigations of precursor lesions are planned. 

Intestinal adenocarcinoma in cattle 

Ingestion of bracken fern by cattle in Brazil (Dobereiner 1967) 

and Scotland (Jarrett et al 1978) together with the presence of benign 

lesions caused by bovine papilloma virus (Jarrett et al 1978) have been 

associated with a syndrome of alimentary tract carcinomas including 

some located in the small intestine. In New Zealand a small number of 

SIA cases in cattle have been reported (Johnstone et al 1983, Ross 

1984) and both alimentary papillomatosis (Ross and Day 1982) and 

bracken fern ingestion to toxic levels (Smith and Beatson 1970) are 

known to occur but to date the 2 factors have not been linked to the 

occurrence of SIA. 

The relationship between bracken fern and SIA in sheep has 

received considerable attention. Evans (1968) reported that 1 of 2 

sheep fed bracken developed carcinoma of the large intestine. McCrea 

and Head (1978) reported a high prevalence of fibrosarcoma of the jaw 

in sheep grazing bracken fern on the North Yorkshire moors. They found 

small intestinal adenocarcinoma was associated with 16% of cases. 

Lesions associated with papilloma virus have been reported on 

the skin of sheep (Gibbs et al 1975) but not in the alimentary tract. 

Papillomas have been seen in the rumen of sheep (Head 1967) but their 

pathogenesis is unknown. 
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Feeding dried bracken to sheep in pens (McCrea and Head 1981) 

for 2-5 years produced tumours in the bladder but not in the alimentary 

tract. In New Zealand Simpson (1971) fed dried bracken to rats and 

sheep for 152 and 302 days respectively. Rats were necropsied at 417 

days and sheep at 140-150 weeks. No neoplasms were found in any of the 

animals. 

In both Simpson's epidemiological study (1972b) and the current 

investigation (table 7.21), the evidence strongly suggested that 

exposu~e to bracken fern did not influence tumour rate. Several high 

prevalence farms in both studies reported nil exposure to bracken fern. 

Recently quercetin, ptaquiloside and rho-hydroxystyrene 

glycosides, all compounds isolated from bracken have been shown to 

produce carcinomas of the small intestine, bladder and mammary gland in 

rats (Pamukceu et al 1980, Hirono et al 1984). Quercetin and other 

flavonoids or flavones occur in conjugated or free forms in many edible 

plants. Their biological 

antineoplastic activity has 

(Edwards et al 1979). 

activity which includes 

been the subject of 

cytotoxic and 

extensive study 

These compounds occur at biologically active levels in some 

clover and lucerne dominant pastures on New Zealand sheep farms 

(Connor 1977). They have an oestrogenic action on female and 

castrated male sheep. Clover containing pastures are common on sheep 

farms in countries such as New Zealand, Australia and Great Britain 

where the occurrence of SIA is widespread. 
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Data in the present study did not show a relationship between 

SIA and constant exposure to clover containing pastures (so-called 

"improved" pastures) or lucerne, but the relationship between flavones 

and SIA is worthy of more precise investigation. 

Selected Risk Factors for Human Cancers 

Selenium 

There has been controversy regarding this element and its 

relationship to cancer for some time. Once considered carcinogenic 

selenium is now recognised as having anticarcinogenic properties. Its 

relationship to cancer in animals and man has been reviewed recently by 

Whanger (1983). It has been shown to reduce spontaneous tumours of the 

mammary gland in inbred mice and chemically induced tumours of the 

skin, liver, mammary gland and intestinal tract in rats. 

Epidemiological studies in the USA have revealed an inverse 

relationship between selenium intake and certain forms of 

gastrointestinal cancer in man (Shamberger et al 1976). 

In sheep, '~edderburn (1972) suggested that since the 

introduction of selenium supplementation in the South Wairarapa area of 

New Zealand the proportion of adult sheep exhibiting SIA at necropsy 

had markedly declined. 

Simpson found that tumour 

were and were 

rate did not vary 

not supplemented 

significantly 

with selenium between sheep that 

(Simpson 1972c). In the current study selenium supplementation had no 
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consistent effect on tumour rate when examined within PhPi herbicide 

exposure groups (table 7.22). 

Sheep owners may supplement animals which have adequate selenium 

levels and vice versa. Blood and liver levels of selenium, before and 

after supplementation would need to be examined in a well controlled 

survey before accurate data on selenium status and SIA could be 

gathered. Nevertheless, from the current data it can be concluded that 

selenium supplementation did not significantly affect the tumour rate. 

Cruciferous Vegetables 

Recent work by Wattenberg and Loub (1978) suggested that 

ingestion of the indole components of cruciferous vegetables such as 

brussel sprouts, cabbage, cauliflower and broccoli inhibited the 

formation of chemically induced mammary cancer in rats and stomach 

cancer in mice. Graham (1981) found that the risk of carcinoma of the 

rectum and colon in man was reduced when the frequency of eating 

cruciferous vegetables was increased. 

It is common for sheep in New Zealand to be offered cruciferous 

crops (rape, kale, chou moellier, turnips and swedes) at various times 

of the year when there is insufficient pasture available. Simpson 

found no protective effect from either chou moellier or root crops 

(turnips and swedes). In the present study no protective effect was 

noted (table 7.23). Interpretation of the data is speculative as the 

intake of these crops is only for a few weeks or months each year. The 

indole levels in the cruciferous varieties grown for sheep and the 
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biological activity of indo1es in ruminants are unknown. 

Dietary fibre 

Dietary fibre has been shown to have a protective effect against 

carcinoma of the colon and rectum in man (IARe 1977, Reddy et a1 1983). 

In sheep, metabolic products in the rumen, transit time and faecal bulk 

change with the quantity and quality of dietary fibre (Van Soest 1975) 

but the effect on cancer rate is unknown. 

Fibre intake in sheep can be measured directly but indirect 

estimates whilst easier to calculate, often lack precision. Undigested 

fibre content of pastures will vary with season, rainfall, temperature, 

fertilizer application and pasture species. In addition intake of 

fibre changes with the grazing pressure applied to the pasture 

(Stephens 1976). Dietary fibre was not measured directly in the 

present study. Several broad indices of pasture fibre content such as 

clover content, proportion of improved pasture species etc showed no 

association with tumour rate. 

The association between SIA and several other constituents of 

human diets may be worthy of examination in sheep. The 

anticarcinogenic effect of vitamin A is the most attractive of these 

(Suphakarn et a1 1983, Hinds et a1 1984). Vitamin A has been shown to 

be active against cancers of the lung, bladder, oropharynx and larynx 

in man (Graham 1981). The effect of vitamin A on SIA rates is unknown. 

Sheep consume large amounts of green herbage containing vitamin A. , 

i 

Assessment of the intake and metabolism of vitamin A in . sheep flocks 



97·. 

with high and low SIA rates would test the anti-cancer effect of this 

compound in a different tumour system. 

Other constituents of the human diet which may be examined in 

the SIA model system in sheep include raw vegetables (Graham 1981) and 

vitamin C (Hinds et al 1984). 

Future Studies in Sheep 

__ From the present data it is clear that the PhPi herbicide effect 

on tumour rate should be the subject of further toxicological and 

epidemiological studies. Other factors which should be examined in 

future epidemiological investigations are: breed, province, stocking 

.rate, chronic enteritis, dietary levels of flavones, ptaquiloside, 

rho-hydroxystyrene glycosides, indoles, vitamin A, vitamin C and 

selenium status. 

Study Limitations 

This was a relatively s~all case-control type study with 88 

"cases". Each "case" was a group of sheep which consisted of a number 

of individuals with identical exposure to environmental factors. Each 

~control" was a group of sheep with lower or nil exposure to the 

environmental factor being studied. 

Most data were examined using single factor correlational 

analysis. Cross tabulations were performed to examine interaction 

between those factors linked with tumour rate. Variables likely to 
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significantly influence tumour rate are usually identified by these 

analyses (Armstrong and Doll 1975). Multivariate analysis was not 

performed as there were not usually enough cases in both the case and 

control groups to allow multivariate analysis to proceed. 

The associations between risk factors and tumour rate were not 

expressed as relative risk or odds ratios as such values can be extreme 

and misleading when the numerator or denominator is small. In this 

investigation the actual numerator and denominator values were given as 

it was-felt that they would .more accurately reflect the strengths and 

weaknesses of the data. 

To minimise error, efforts were made to validate the 

questionnaire before use, minimise the non-response rate and build 

consistency checks into questionnaire responses. Data were coded twice 

and verified after punching onto cards. Most computations were done in 

both SPSS and SAS and results of the maximum likelihood algorithm were 

checked against other estimates of binomial probability. Because such 

estimates lose precision when small samples are used, a variable was 

linked with tumour rate only when P < 0.05 and at least 15% of the 

sheep population had been exposed to it. 

Missing responses diminish the strength of the data base. Their 

effect can be seen by summing the groups in each analysis and 

subtracting the sum from the 88 groups in the study. The difference is 

the number of groups (cases) discarded due to missing responses. 

I 

r 
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Respondents were encouraged not to respond to a question when 

they were unsure. After clarification of responses to each item at the 

time the questionnaire was received, no later attempt was made to 

gather additional data to reduce the number of missing responses. It 

was felt that the delay of 1-3 years between questionnaire 

administration and analysis may ha~eaccentuated selective recall and 

bias, thus severely limiting the value of the additional data. 

There are non-sampling errors which may also affect the 

correctness of responses and cannot be accounted for by mathematical 

procedures. Some examples of non-sampling error include: the 

respondent's interest and concentration span, his interpretation of the 

question and his ability to recall events which occurred up to 7 years 

ago. 

On the whole, misc1assifictaion of data, missing data and 

non-sampling errors tend to reduce the power of this type of study to 

detect risk factors (Moser and Ka1ton 1971, Copeland et a11977, 

Greenland 1980). The power will be further reduced if SIA is occurring 

in the general sheep population as a result of causes not examined in 

the study. 

The evidence suggesting a link between PhPi herbicides and SIA 

in this investigation is strong enough to suggest that a . biological 

relationship exists between them. However an epidemiological 

investigation such as this can only identify a close relationship 

between 2 factors which is unlikely to have occurred by chance, it 

cannot provide direct proof of a cause and effect relationship. 
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Specific toxicological and other studies should be performed to 

test a cause and effect hypothesis. 
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SUMMARY 

A correlational study of questionnaire data from the 88 groups 

of adult female sheep surveyed in chaper 6 revealed a strong (P < 

0.001) relationship between prevalence rate of small intestinal 

adenocarcinoma (SIA) and exposure to phenoxy (Ph), picolinic (Pi) and 

PhPi acid herbicides. Other variables were also related to tumour rate 

but the herbicide effect explained the strength of the relationship 

between all these variables and tumour rate. 
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Table 7.1 A comparison of the observed and expected numbers of 
significant tests of association 

Significant Tests 

Significance Total 
level tests Observed Expected X 2 df P 

0.05 431 72 22 US 1 (0.001 
0.01 431 36 4 233 1 (0.001 
0.001 431 15 1 493 1 (0.001 
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Table 7.2 Variables associated with SIA rate 

Farm Data 

province** 
soil type* 

Animal Data 

breed*** 
mob stocking rate index* 
deaths from metabolic diseases* 
vaccination for clostridial diseases** 

Animal Remedies 

nil·· 

Diet 

woody weeds (broom, gorse, etc. )*** 

Plant Pesticides 

access to plants within 1 month of pesticide application** 
phenoxy herbicides (Ph)* 
phenoxy and picolinic acid herbicides (PhPi)** 
combined Ph and PhPi herbicides*** 

* = P < 0.05 
** = P < 0.01 
*** = P < 0.001 
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Table 7.3 Variables not associated with SIA rate 

Farm Data 

total area 
% area flat 
% area irrigated 
% area fertilizer 
% area cropped for sale 
annual rainfall 
annual snowfall 
soil drainage 

Animal Data 

slaughter group size 
culling policy 
selling policy 
stocking rate 
death rate 
lambing month 
faecal consistency 

Animal Remedies 

anthelmintic type 
anthelmintic frequency 
mineral supplements 
trace element supplements 
vaccines* 
footbath chemicals 
acaricide type 
acaricide frequency 

Diet 

pasture plants 
fodder crops 
conserved feeds 
pasture weeds* 

Plant Pesticides 

insecticide type 
insecticide frequency 
herbicide type* 
herbicide frequency* 

* with the exception of those in table 7.2 

I 
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Table 7.4 Tumour rate by province 

Province Farms Sheep Tumours Rate x 10-3 

Canterbury 69 16847 86 5.10 
Otago 12 2757 26 9.43 
Southland 6 913 10 10.95 

L = 10.02, 2df, P ( 0.01 
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Table 7.5 . Tumour rate by soil type 

Soil 
Index Farms Sheep Tumours Rate x 10.-3 

1 light soils 33 8337 32 3.84 
2 7 1739 8 4.60 
3 31 6641 48 7.23 
4 4 877 12 13.68 
5 4 1157 9 7.78 
6 2 394 6 15.23 
7 6 1057 3 2.84 
8 heavy soils 1 476 7 14.71 

L = 27.05, 7df, P < 0.001 
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Table 7.6 Tumour rate by individual breeds 

Breed Farms Sheep Tumours Rate x 10:-3 

Non-Merino Breeds 

Coopworth 9 1788 18 10.07 
Drysdale 2 539 7 
Perendale 2 412 9 
Romney 13 2802 32 11.42 
Romney x Perenda1e 3 836 7 
BL* x Halfbred** 1 333 1 
Romney x Halfbred 1 488 0 
Other 4 1040 4 
Total 38 9029 79 8.75 

Merino-Cross Breeds 

Corriedale 30 6826 24 3.52 
Merino x BL 1 197 0 
Merino x EL*** 5 1187 8 6.74 
Merino x Romney 1 233 0 
Halfbred 2 496 5 
Other 1 260 0 
Total 40 9199 37 4.02 

Merino Breeds 

Merino 8 2006 7 3.49 
Merino x Halfbred 2 444 2 
Total 10 2450 9 3.67 

All Breeds 88 20678 125 6.05 

Non-Merino vs Merino-Cross vs Merino L = 19.55, 2df, P < 0.001 
5 major breeds (those with rate given) L = 25.09, 4df, P < 0.001. 

* BL = Border Leicester 

** Halfbred = English Leicester x Merino or Border Leicester x Merino 

*** EL = English Leicester 

I, 
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Table 7.7: Tumour rate by stocking rate 

Stocking Rate Parameter 

(a) mobstocked (mths/yr) 
(b) set stocked (mths/yr) 
(c) mob stocked (sheep/acre) 
(d) set stocked (sheep/acre) 
(e) stock units/acre 
(f) mob stocking index (a x c) 
(g) set stocking index (b x d) 
(h) stock units/acre farms 

(3 

)3 

(L = 1.97, 1df, NS) 

43 
45 

sheep 

10224 
10454 

Farms 

85 
83 
75 
70 
81 
74 
69 

Correlation 
Coefficient P 

0.53 0.51 
--0.06 0.50 

0.15 0.07 
0.04 0.64 
0.01 0.32 
0.26 0.03 

-0.07 0.55 
tumours rate x 10-3 

54 5.28 
71 6.79 
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Table 7.8: Tumour rate by deaths due to metabolic diseases 

Deaths 

Metabolic diseases 
Other 

L = 4.01, 1df, P < 0.05 

Farms 

23 
53 

Sheep 

5593 
11876 

Tumours 

43 
61 

Rate x 10-3 

7.69 
5.14 
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Table 7.9 Tumour rate by clostridial vaccination 

Clostridial 
Vaccination Farms Sheep Tumours Rate x lcr3 

No exposure 63 15214 80 5.26 
Exposure 20 4248 38 8.95 

L = 8.62, 1df, P < 0.01 



Table 7.10 

"Woody" Weeds 

No exposure 
1 species 
2 species 
3 species 
4 species 

117. 

Tumour rate by "woody" weeds (Blackberry, Broom, Gorse, 
Matagouri, Sweet Briar, Tutu) 

Farms Sheep Tumours Rate x 10-3 

44 9902 56 5.66 
16 4036 23 5.70 
6 1081 10 9.25 
2 649 1 1.54 
1 209 8 38.28 

L = 21.29, 4df, P < 0.001 



Table 7.11 

Pesticide 

no exposure 
exposure 

118. 

Tumour rate by access to plants within 1 month of 
pesticide application 

Farms 

63 
25 

Sheep 

15279 
5399 

Tumours 

76 
49 

Rate x 10:-3 

4.97 
9.07 

L = 10.25, ldf, P < 0.01 

;.; 
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Table 7.12 Tumour rate by exposure to Ph, Pi and PhPi herbicides 

Herbicide Exposure Category 

Chemical 
Group Nil 1 2 3 

Nil 

farms 21 
sheep 5158 
tumours 16 
rate x 10-3 3.10 

Phenoxy (Ph) acids 

farms 10 4 4 
sheep 2510 596 634 
tumours 11 6 6 
rate.x 10-3 4.38 10.07 9.46 

(L = 3.66, 2d f , NS) 

Picolinic (Pi) acids 

farms 1 
sheep 476 
tumours 7 
rate x 10-3 14.71 

Ph plus Pi acids 

farms 16 3 5 
sheep 4052 575 1340 
tumours 28 13 15 
rate x 10-3 6.91 22.61 11.19 

(L = 11.14, 2df, p < 0.01) 

Total 

farms 21 27 7 9 
sheep 5158 7038 1171 1974 
tumours 16 46 19 21 
rate x 10-3 3.10 6.54 16.23 10.64 

(L = 27.87, 3df, P < 0.001) 
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Table 7.13 Tumour rate by province and Ph, Pi and PhPi herbicides 

Herbicide Exposure Category 

Province Nil 1 2 3 

Canterbury 

farms 17 29 5 8 
sheep 4490 7938 766 1677 
tumours 14 43 8 17 
rate x 10-3 3.12 5.42 10.44 10.14 

Otago 

farms 1 8 2 1 
sheep 233 1889 379 256 
tumours 0 16 8 2 
rate x 10-3 0.00 8.47 21.11 7.81 

Southland 

farms 3 1 1 
sheep 435 198 181 
tumours 2 4 3 
rate x 10-3 4.60 20.20 16.57 

L 1.72 2.18 2.38 0.76 

df 1 1 2 2 

P NS NS NS NS 
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Table 7.14 Tumour rate by soil index and Ph, Pi and PhPi herbicides 



Table 7.14 Contd 

7 

farms 
sheep 
tumours 
rate x 10~3 

8 (heaviest soil) 

farms 
sheep 
tumours 
rate x 10-3 

2 
412 

1 
2.43 

122. 

1 
284 

o 
0.00 

1 
426 

7 
14.71 

1 
158 

o 
0.00 

1 
78 

1 
12.82 
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Table 7.15 Tumour rate by breed and Ph, Pi and PhPi herbicides 

Herbicide Exposure Category 

Breed Nil 1 2 3 

Non-Merino Breeds 

farms 6 14 6 9 
sheep 1349 3801 1078 2044 
tumours 7 27 19 25 
rate x 10.-3 5.19 7.10 17.62 12.23 

L = 13.25, 3df, P < 0.01 

Merino-Cross Breeds 

farms 15 15 1 2 
sheep 3809 3830 95 231 
tumours 9 23 1 0 
rate x 10-3 2.36 6.00 10.52 0.00 

L = 8.86, 3df, P < 0.05 

l-ferino Breeds 

farms 0 1 
sheep 2196 170 
tumours 9 0 
rate x 10-3 4.10 0.00 

L = 1.34, Idf, NS 

L 2.31 2.23 5.76 5.38 

df 1 2 2 1 

P NS NS NS < 0.05 
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Table 7.16 Tumour rate by mob stocking variable and Ph, Pi and PhPi 
Herbicides 

Herbicide Exposure Category 

Mob Stocking 
Variable Nil 1 2 3 

Mob Stocking Rate 

(sheep/acre) 

farms 18 29 7 11 
correlation coefficient 0.07 0.39 -0.36 0.10 
P NS 0.05 NS NS 

Mob Stocking Index 

(mths/yr mob stocked x 
mob stocking rat~) 

farms 18 28 7 11 
correlation coef ficien t 0.07 0.35 -0.36 0.13 
P NS NS NS NS 
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Table 7.17 Tumour rate by deaths due to metabolic diseases and Ph, Pi 
and PhPi herbicides 

Herbicide Exposure Category 

Metabolic Disease 
Deaths Nil 1 2 3 

No 

farms 13 21 4 7 
sheep 2772 5940 558 1403 
tumours 12 31 3 12 
rate x 10-3 4.33 5.22 5.38 8.55 

Yes 

farms ·7 7 4 3 
sheep 2153 1697 785 564 

\".: 

tumours 4 11 17 9 
rate x 10-3 1.86 6.48 21.66 15.96 

L 2.43 0.37 6.71 1.96 
df 1 1 1 1 
P NS NS (0.01 NS 
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Table 7.18 Tumour rate by clostridial vaccination and Ph, Pi and PhPi 
herbicides 

Herbicide Exposure Category 

Clostridial 
Vaccination Nil 1 2 3 

" 

No 

farms 19 30 4 6 
sheep 4851 7891 594 1335 
tumours 15 48 7 13 
rate x 10,-3 3.09 6.08 11. 78 9.74 

Yes 

farms 2 7 4 5 
sheep 307 1936 749 940 
tumours 1 11 13 12 
rate x 10-3 3.26 5.68 17.36 12.76 

L 0.01 0.04 0.72 0.46 
df 1 1 1 1 
p NS NS NS NS 
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Table 7.19 Tumour rate by "woody" weeds by Ph, Pi and Ph Pi herbicides 

( .: 

Herbicide Exposur~ Category "'-.',-

-' -. -

"Woody " Weeds Nil 1 2 3 

No 

farms 17 24 4 10 
sheep 4421 6008 598 - 2114 
tumQUl::S _ ... 12 38 7 22 
rate x 10-3 2.71 6.32 11. 71 10.41 

Yes 

farms 4 13 4 1 
sheep 737 3819 745 161 
tumours 4 21 13 3 
rate x 10-3 5.43 5.50 17.45 18.63 

L 1.28 0.27 0.76 0.78 
df 1 1 1 1 
p NS NS NS NS 

- - - •• - ..>- ._. 
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Table 7.20 Tumour rate by access to plants within one month of pesticide 
application and Ph, pi and Phpi herbicides 

Herbicide Exposure Category 

Access to Plants 
Plus Pesticide Nil 1 2 3 

No 

farms 19 35 1 
sheep 4543 9265 120 
tumours 16 56 1 
rate x 10-3 3.52 6.04 8.3 

Yes 

farms 2 2 8 10 
sheep 615 562 1343 2155 
tumours 0 3 20 24 
rate x 10-3 0.00 5.34 14.89 11.14 

L 4.07 0.04 0.09 
df 1 1 1 
P <0.05 NS NS 
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Table 7.21 Tumour rate by bracken fern by Ph, Pi and PhPi herbicides 

Herbicide Exposure Category 

Bracken Fern Nil 1 2 3 

No 

farms 7 22 3 8 
sheep 3978 5609 528 1813 
tumours 14 40 5 18 
rate x 10--3 3.52 7.13 9.47 9.93 

Yes 

farms 4 13 5 3 
sheep 1180 3584 815 462 
tumours 2 17 15 7 
rate x 10-3 1.69 4.74 18.40 15.15 

L 1.12 2.10 L85 0.85 
df 1 1 1 1 
P NS NS NS NS 
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Table 7.22 Tumour rate by selenium supplementation by Ph, Pi and Ph Pi 
herbicides 

Herbicide Exposure Category 

Selenium 
Supplementation Nil 1 2 3 

0 

farms 3 941 565 537 
tumours 4 3 12 5 
rate x 10-3 8.25 3.19 21.24 9.31 

1 

farms 4 8 1 5 
sheep 1141 2110 -172 748 
tumours 1 17 1 13 
rate x 10-3 0.88 8.06 5.81 17.38 

2 

farms 8 21 3 3 
sheep 1521 5336 398 648 
tumours 4 37 2 3 
rate x 10-3 2.63 6.93 5.03 4.63 

3 

farms 5 3 1 
sheep 1632 665 308 
tumours 6 1 4 
rate x 10-3 3.68 1.50 12.99 

4 

farms 2 1 
sheep 575 34 
tumours 0 0 
rate x 10-3 0.00 0.00 

5 

farms 1 1 1 
sheep 379 200 208 
tumours 1 1 5 
rate ~ 10-3 2.64 5.00 24.04 

L 5.71 13.78 7.18 6.48 
df 4 5 3 4 
p NS <0.05 NS NS 
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Table 7.23 Tumour rate by combined exposure to cr.uciferous crops and 
Ph, Pi and PhPi herbicides 

Herbicide Exposure Category 

Number of Cruciferous 
Crops Offered Nil 1 2 3 

0 

farms 9 14 2 5 
sheep 1761 3420 417 1445 
tumours 7 14 13 15 
rate x 10 -3 3.98 4.09 31.18 10.38 

1 

farms 3 11 2 4 
sheep 495 3022 342 393 
tumours 3 20 1 5 
rate x 10-3 6.06 6.62 2.92 12.72 

2 

farms 9 6 6 2 
sheep 2304 1203 1085 437 
tumours 7 7 8 5 
rate x 10-3 3.04 5.82 7.37 11.4 

3 

farms 2 3 1 
sheep 544 1019 212 
tumours 0 5 1 
rate x 10.-3 0.00 4.91 4.72 

4 

farms 1 
sheep 355 
tumours 0 
rate x 10.-3 0 

L 7.08 2.04 15.78 0.16 
df 4 3 3 2 
P 0.13 NS (0.01 NS 

., 
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Table 7.24 SIA tumour rate by exposure to individual Ph or PhPi 
herbicides (Simpson 1971) 

Sheep Life History 

Herbicide 
Exposure Known Partly Known Total 

2,4,5-T 

nil exposure 

tumours 43 152 195 
sheep 2795 9249 12044 
rate x 10-3 15.4 16.4 16.2 

--exposure 

tumours 25 96 121 
sheep 2455 5415 7870 
rate )C 10:-3 10.2 17.7 15.4 

x- 2.3 0.3 0.1 
P NS NS NS 

2,4,5-T plus picloram 

nil exposure 

tumours 54 225 279 
sheep 4166 13485 17651 
rate x 10-3 13.0 16.7 15.8 

exposure 

tumours 14 23 37 
sheep 940 1179 2129 
rate x 10-3 14.7 19.5 17.4 

x- 0.1 0.3 0.2 
P NS NS NS 

2,4-0 

nil exposure 

tumours 58 205 263 
sheep 3838 11824 15619 
rate x 10-3 15.1 17.3 16.8 
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Table 7.24 Cont. 

exposure 

tumours 10 43 53 
sheep 1278 2840 4141 
rate x 10-3 7.8 15.1 12.8 

x- 3.3 0.5 3.0 
P NS NS NS 

MCPA or MCPB 

nil exposure 

tumours 51 189 240 
sheep 

10-3 
4049 11365 15414 

rate x 12.6 16.6 15.6 

exposure 

tumours 17 59 76 
sheep 1067 3298 4366 
rate x 10-3 15.9 17.9 17.4 

x- 0.5 0.2 0.6 
P NS NS NS 
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CHAPTER B 

PHENOXY AND PICOLINIC ACID HERBICIDES 

AND SIA IN THE SOUTH ISLAND OF NEW ZEALAND 

(1979) reviewed the genotoxicity of TCDD 

(2,3,7,B-tetrachlorodibenzo-paradioxin), a contaminant of the phenoxy 

herbicide 2,4,S-T and reported that it had been sho~ to cause birth 

defects and tumours in animals. The carcinogenic effects of exposure 

to phenoxy (Ph) herbicides themselves have been reviewed by the IARC 

(1977) and more recently by Coggon and Acheson (1982). Several 

Scandinavian studies associated exposure to Ph herbicides with 

increased rates of soft-tissue sarcomas and lymphomas in agricultural 

and forestry workers, but no significant association was found with 

colon cancer (Hardell 1981). A recent study in New Zealand found an 

excess of soft-tissue sarcomas and lymphomas in New Zealand 

agricultural and forestry workers but the cause was not known (Pearce 

et al in press). Clofibrate, a drug closely related to Ph herbicides 

has been associated with an excess of deaths in man due mainly to 

gastro-intestinal cancers (Oliver et al 1978). 

The subject remains controversial and more information is 

urgently needed (Anon 1982). New Zealand is a major user of phenoxy 

herbicides (Smith et al). It was therefore decided to examine, to the 

limits of the data (chapter 7), the relationship between phenoxy and 

picolinic acid (Pi) herbicides and small intestinal adenocarcinoma 
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(SIA) in sheep. 

MATERIAL AND METHODS 

Details of the sheep population studied, determination of tumour 

rate, questionnaire administration and analysis are given in the 

methods sections of chapters 6 and 7. The full questionnaire appears 

in appendix III. 

Pesticide data were tabulated from responses to the following 

questionnaire items: 

A. "Did you use chemicals to spray any pastures, weeds, crops or 

conserved feeds that were then eaten by the ewes within one month 

of spraying. Yes/No." 

B. "If yes, give details ••••••••• " 

C. "Please list all other chemicals used regularly on pastures, 

weeds, crops or conserved feeds anywhere on your property during 

the lifetime of the ewes." 

Questions A & B acted as consistency checks for each other. 

There was no consistency check for question C. 

Responses were first coded as individual pesticides and later 

recoded into chemical groups. Responses to questions A & B were 

designated as category 2 exposure. Responses to question C were 
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designated as category 1 exposure. Where sheep were exposed to a 

herbicide in both categories 1 and 2, exposure was designated as 

category 3. 

Groups of sheep exposed only to pesticides which did not contain 

Ph, Pi and PhPi compounds were included in the nil exposure category 

together with groups of sheep which were not exposed to any pesticide. 

RESULTS 

The numbers of animals "and tumours by genotype and farm type 

were summarised in table 6.1. Eleven of the 88 respondents failed to 

answer either questions A and B or question C but no respondent failed 

to answer all 3 questions. Thirty two herbicides, insecticides and 

fungicides were listed by the respondents. The 9 herbicides which 

contained Ph and/or Pi compounds are shown in table 8.1. 

Tumour rates for exposure to individual Ph, Pi and PhPi 

herbicides broken down by category of-exposure are given in table 8.2. 

Where tumour rate for individual herbicides was compared with that of 

sheep which had not been exposed to any Ph, Pi and PhPi herbicides (the 

nil herbicide group in table 8.2), SIA was most strongly associated 

with MCPB (categories 1, 2 and 3), MCPA (categories 2 and 3), 2,4,5-T 

plus picloram (categories 2 and 3) and picloram plus chlornitrofen 

(category 1). 

The same data consolidated into chemical groups are shown in 

table 8.3. Tumour rate was strongly associated with exposure to Ph 
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herbicides only (categories 1, 2 and 3), Pi herbicides only (category 

1) and PhPi herbicides only (category 2) as well as Ph and PhPi 

herbicides (category 3), and Ph, Pi and PhPi herbicides (category 3). 

Exposure to a commonly used PhPi herbicide was associated with a 

significant increase in SIA and suggested that Ph and/or Pi compounds 

may increase tumour rate. The Ph only group showed a significant 

increase in SIA rate as did the small Pi only group. The latter 

consisted of 1 group of 476 sheep with 7 tumours which had been exposed 

to picloram and chlornitrofen. Although this group had a significantly 

higher tumour rate than unexposed sheep the data were considered 

insufficient to confidently associate Pi compounds with tumour rate. 

Therefore it was not possible to separate the Ph and Pi effects on 

tumour rate from the available data. 

Tumour rate data were tabulated and examined for a TeDD effect 

(table 8.4). The evidence for a TeDD effect was equivocal. The tumour 

rate of sheep exposed only to Ph and PhPi herbicides which contained 

TeDD was not significantly different from that of sheep exposed only to 

those which did not. However, the tumour rate of those sheep exposed 

to both herbicide groups was significantly elevated. This could be 

interpreted as either a TeDD or a phenoxy herbicide effect or both, and 

suggested that the effect may have been related to dose. 

Herbicide dose was not measured in this study but the number of 

Ph, Pi and PhPi herbicides used regularly on the farm was taken as a 

possible indirect guide (table 8.5). The evidence for a dose effect 

was weak and did not become apparent until 4 herbicide types were used. 
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DISCUSSION 

Further examination of these data suggest that there may be a 

biological relationship between Ph, Pi and PhPi herbicides and SIA in 

sheep. The evidence was remarkably consistent given the small size of 

the data set and the study design. 

The association with increased tumour rate was consistent and 

very strong for the Ph individual herbicides MCPA, MCPB and 2,4,S-T 

(pluspicloram) and for both the Ph and PhPi chemical groups. It 

remained consistently strong across the 3 exposure categories. The 

evidence supporting a relationship between Pi herbicides and SIA was 

weaker due to the very limited amount of data available. 

The data must be interpreted very conservatively. They were 

derived from questionnaire responses which required farmers to report 

the retrospective use of certain herbicides over a S to 7 year period, 

to recall specific herbicide names and how soon sheep were exposed to 

pastures after herbicide application. These responses are likely to 

have contained non-sampling errors which would tend to reduce the 

likelihood of finding associations between variables and SIA (Greenland 

1980). 

Ph, Pi and PhPi herbicides can be applied by aeroplane, motor 

vehicle or hand-held means. Coverage of an area may be uniform or 

restricted to boundaries or isolated spots. The amount of active 

ingredient in the spray may vary as might the formulation which 

includes the amine salts (soluble in water) and the but'yl and octyl 
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esters (soluble or emusifiable in oils) . Herbicides exposure may have 

been via skin absorption, inhalation or ingestion. The degree of 

exposure was not measured directly in this study and indirect estimates 

of exposure may be misleading. 

Phenoxy herbicides may be carcinogens or promoting agents 

themselves or they may act indirectly. For example herbicides, 

including the phenoxy acids, can alter the levels of poisonous 

compounds in plants (Williams and James 1983) . The effect may also be 

to make certain plants more or less palatable to grazing livestock. It 

is conceivable that levels of compounds such as nitrosamines and alkaloids 

reach carcinogenic levels in the rumen after herbicide-induced changes 

in plant metabolism. 

There were insufficient data to determine whether it was ph 

compounds themselves, TCDD, or other contaminants that were associated 

with the increase in tumour rate. However, the fact that herbicides 

such as MCPA and MCPB, which are reported not to contain TCDD (Coggon 

and Acheson 1982) were associated with tumour rate suggested that TCDD 

was not the major factor involved. 

Despite a large literature on the toxicology of phenoxy 

herbicides and TCDD, little is known of a possible carcinogenic 

mechanism. In much of the toxicological data the individual effects 

of phenoxy acids and TCDD cannot be separated as they are both present 

in 2,4,S-T and its trichlorophenol (TCD) feedstock. 

TCD has been shown to be carcinogenic in laboratory animals 

(National Cancer Institute 1979) . 
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TCDD is genotoxic and teratogenic but mutagenic data are 

conflicting. Under some conditions TCDD is mutagenic and can 

enchance the mutagenicity of certain polycyclic hydrocarbons (Wassom 

1978) . TCDD is carcinogenic in laboratory animals (rARC 1978, 

Hay 1983) . 

The phenoxy acids 2,4,5-T and 2,4-D are teratogenic and 

embryotoxic in laboratory animals at high dose rates (Roll 1971, 

Neubert and Dillman 1972) • 

They have shown little activity in mutagen~c studies to date 

($eiler 1978) but toxicity varies between species. 

Mutagenicity is usually correlated with carcinogenicity 

(Ames 1979) and the low mutagenic activity of phenoxy acids has 

puzzled research workers. 

Reddy and Azarnoff (1980) postulated a class of carcinogens 

which do not possess mutagenic activity. They act via excessive 

production and or breakdown of hydrogen peroxide with proliferation 

of cell organelles called peroxisomes. This class of chemicals 

may induce neoplastic transformation by the continual release of 

oxygen radicals from the proliferation o£ peroxisomes which then 

causes DNA damage in the cell. 

Clofibrate, a close chemical relative of phenoxy acids, 

is a drug used to lower blood cholesterol. It has been shown to 

both stimulate peroxisome production and produce hepatocellular 

tumours in rats (rARC 1980). Recently the phenoxy acids 2,4-D and 

MCPA were shown to cause peroxisome proliferation (Vainio et al 1982) . 

This may possibly be the carcinogenic mechanism for phenoxy acids. 

-- ,,~ ." 



140. 

FUTURE STUDIES 

Although the use of 2,4,5-T and/or other phenoxy compounds has 

been banned in some countries they continue to be used in others. 

Phenoxy herbicides play an important role in the control of woody and 

broad-leafed weeds on grazing lands throughout New Zealand. withdrawal' 

ro-

of these herbicides from registration in New Zealand would inconvenience! 

the farming industry although alternatives are available (Dr G. Bourdot 

pers comm) . Due to the worldwide concern about phenoxy herbicides 

(Anon 1982, Coggon and Acheson 1982) the findings of this study should 

be examined by more specific studies. 

There are several ways in which a link between Ph, pi and phpi 

herbicides and SIA could be explored. TCDD can be assayed in blood ane 

fat several years after absorption (Hay 1981) and could be used as an 

exposure marker in retrospective studies on sheep. 

Prospective toxivological studies tend to be more definitive 

than retrospective studies due to reduction of confounding effects in 

the data by appropriate study design, but they are also very costly and 

time consuming. Never-the-less prospective studies using different 

herbicides, doses and absorption routes are technically feasible and 

should be attempted. 

There is also a place for further epidemiological studies. 

Internationally, SIA occurs in several sheep populations of the world 

and by comparing and contrasting herbicide exposure data it may be 

possible to support or refute the suggestion that they are associated 

with the prevalence rate of SIA in sheep. Within New Zealand, case-

I 
control studies, which unlike this study, were designed to specifically' 

I 

L ~ 
test for the effect of Ph, pi and phpi herbicides will help to confirm 

or refute the findings of the current study. 
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SUMMARY 

Further examination of the phpi herbicide data revealed that 

tumour rate rose significantly in sheep exposed to MCPA, MCPB, 2,4,5-T 

plus picloram and picloram plus chlornitrofen. The trend was 

consistent across several exposure categories and was remarkably 

strong given the smail size of the data set. The evidence suggested 

that there may be a biological relationship between Ph, pi and Phpi 

herbicides and SIA in sheep. More specific toxicological and 

epidemiological studies are warranted. 

REFERENCES 

Ames, B. (1979): Identifying environmental chemicals causing 

mutations and cancer. Science 204: 587-593. 

Anon (1982): Editorial: phenoxy herbicides, trichlorophenols and 

soft-tissue sarcomas. Lancet i: 1051-1052. 

Coggon, D.; Acheson, E.D. (1982): Do phenoxy herbicides cause cancer 

in man. Lancet i: 1057-1059. 

Grant, W.F. (1979): The genotoxic ef£ects of 2,4,5-T. Mutat Res 65: 

83-119. 



142. 

Greenland, S. (1980): The effect of misclassification in the presence 

of covariates. Am J Epidemiol 112: 564-569. 

Hardell, L. (1981): Relation of soft-tissue sarcoma, malignant 

lymphoma and colon cancer to phenoxy acids, chlorophenols and other 

agents. Scand J Work Environ Health 7: 119-130. 

Hay, A. (1981): New pathways for chlorinated dioxins. Nature 294: 

514-515. 

Hay, A. (1983): Defoliants in Vietnam: the long~term effects. 

Nature 302: 208-209. 

International Agency for Research on Cancer (1977): Some fumigants, 

the herbicides 2,4-D and 2,4,5-T, chlorinated dibenzodioxins and 

miscellaneous industrial chemicals. LARC Monographs on the Evaluation 

of the Carcinogenic Risk of Chemicals to Man. Vol 15. IARC, Lyon. 

International Agency for Research on Cancer (1978): Long-term 

hazards of polychlorinated dibenzodioxins and polychlorinated 

dibenzofurans. Internal Technical Report no. 78/001. IARC Lyon. 

International Agency for Research on Cancer (1980): Some pharmaceutical :. 

drugs. IARC Monographs on the Evaluation of the Carcinogenic Risk of 

Chemicals to Man. No. 24. pp 39-58. 

National Cancer Institute (1979): Bioassay of 2,4,6-trichlorophenol 

for possible carcinogenicity. Technical Report Series 155. U.S. Dept 

Health, Education and Welfare, Washington, D.C. 



143. 

Neubert, D.; Dillmann, I. (1972): Embryotoxic effects in mice 

-treated with 2,4,5-trichlorophenoxyacetic acid and 2,3,7,8-tetrachloro-

dibenzo-p dioxin. Arch Pharmacol 272: 243-264. 

Oliver, M.F.; Heady, J.A.; Morris, J.M.; Cooper, J. (1978): A 

co-operative trial in the primary prevention of ischemic heart disease 

using clofibrate. Br Heart J 40: 1069-1118. 

Pearce, N.E.; Smith, A.H.; Fisher, D.O. 9in press): Malignant lymphoma 

and multiple~yeloma linked with agricultural occupations in a New 

Zealand cancer registry based study. Am J Epidemiol (in press) . 

Reddy, J.K.; Azarnoff, D.L. (1980): Hypolipidaemic hepatic peroxisome 

proliferators form a novel class of chemical carcinogens. Nautre 283: 

397-398. 

Roll, R. (1971): untersuchungen fiber die teratogene wirkung von 

2,4,5-T bei Mausen. Fd Cosmet Toxicol 9 671-676. 

Seiler, J. (1978): The genetic toxicology of phenoxy acids other 

than 2,4,5-T. ~utat Res 55: 197-226. 

Smith, A.H.; Fisher, D.O.; Giles, H.J.; Pearce, N.E. (1983): The 

New Zealand soft tissue sarcoma case-control study: Interview findings 

concerning phenoxyacetic acid exposure. Chemosphere 12: 561-571. 

Vainio, H.; Nickels, J.; Linnainmaa, K. (1982): Phenoxy acid 

herbicides cause peroxisome proliferation in Chinese hamsters. 

J Work Environ Health 8: 70-73. 

Scand 



143a. 

Wassom, J.C.; Huff, J.E.; Loprieno, N. (1977): A review of genetic 

toxicology of chlorinated dibenzo-p-dioxins. Mutat Res 47: 141-160. 

Williams, M.C.; James, L.P. (1983): Effects of herbicides on the 

concentration of poisonous compounds in plants: a review. Am J Vet 

Res 44: 2420-2422. 



144. 

Table 8.1 Ph, Pi and Ph Pi herbicides to which sheep were exposed 

Ch~mical Name 

Phenoxy group (Ph) 

2,4,S-trichlorophenoxyacetic acid 

2,4-dichlorophenoxyaceticacid 

4-chloro -2 methylphenoxyacetic acid 

4-(4-chloro-2 methylphenoxy) butyric acid 

2,4,S-trichlorophenoxyacetic acid plus 
3,6-~ichloro-2-methoxybenzoic acid 

2,4-dichlorophenoxyacetic acid plus 
2,2-dichloropropionic acid plus 
3-amlno-1,2,4~triazole 

Picolinic acid group (Pi) 

4-amino-3,S,6-trichloropicolinic acid 
plus 4-nitrophenyl-2,4,6-trichlorophenyl 
ether 

Phenoxy and Picolinic 
acid group (PhPi) 

2,4,S-trichlorophenoxyacetic acid plus 
4-amino-3,S,6-trichloropicolinic acid 

3,6-dichloropicolinic acid plus 
4-(4-chloro-2-methyl phenoxy) butyric 
acid 

Common Name 

2,4,S-T 

2,4-D 

MCPA 

MCPB 

2,4,S-T plus 
dicamba 

2,4-D plus 
dalapon plus 
amitrole 

picloram plus 
chlornitrofen 

2,4,S-T plus 
picloram 

clopyralid 
plus MCPB 
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I' . 
Table 8.2 Tumour rate by exposure to individual Ph, Pi and PhPi 

herbicides 
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Table 8.2 Cont. 

2,4,5-T plus 
dicamba 

farms 75 2 
sheep 18369 234 
tumours 119 1 
rate x 10-3 6.48 4.27 

(L = 0.20, 1df, NS) 

2,4-D plus dalapon 
plus amitrole 

farms 76 1 
sheep- 18433 170 
tumours -3 120 0 
rate x 10 6.51 0.00 

(L = 2.21, 1df, NS) 

Picloram plus 
chlornitrofen 

farms 75 1 1 
sheep 17871 476 256 
tumours 111 7 2 
rate x 10-3 6.21 14.71 7.81 

(L = 3.9, 2df, NS) 

2,4,5-T plus 
picloram 

farms 45 21 4 7 
sheep 10369 5846 747 1641 
tumours 51 36 14 19 
rate x 10-3 4.92 6.16 18.74 11.58 

(L = 21.28, 3df, P < 0.001) 
:-'. 

MCPB plus 
clopyralid 

farms 76 1 
sheep 18281 322 
tumours 119 1 
rate x 10-3 6.51 3.11 

(L = 0.71, Idf, NS) 

r.-_ 
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Herbicide 

Nil 

farms 
sheep 
tumours 
rate x 10-3 

Ph only-

farms 
sheep 
tumours -3 
rate x 10 

Pi only 

farms 
sheep 
tumours 
rate x 10-3 

PhPi only 

farms 
sheep 
tumours -3 
rate x 10 -

Ph and PhPi 

farms 
sheep 
tumours -3 
rate x 10-

147. 

Tumour rate by exposure to combined Ph, Pi and Ph Pi 
herbicides 

Exposure Category 

Nil 1 2 3 

21 
5158 

16 
3.10 

10 4 4 
2510 596 634 

11 6 6 
4.38 10.07 9.46 

(L = 3.66, 2df, NS) 

1 
476 

7 
14.71 

16 2 1 
4052 366 78 

28 5 1 
6.91 13.66 12.82 

(L = 1.94, 2df, NS) 

1 3 
209 1006 

8 12 
38.28 11.93 

(L = 5.90, 1df, P < 0.05) 

~, .. ' 



Table 8.3 Cont. 

Ph, Pi and PhPi 

farms 
sheep 
tumours -3 
rate x 10 

Total 

farms 
sheep 
tumours 
rate x 10-3 

148. 

21 
5158 

16 
3.10 

(L = 

27 7 
7038 1171 

46 19 
6.54 16.23 

27.87, 3df l P < 0.001) 

1 
256 

2 
7.81 

9 
1974 

21 
10.64 

I 
1-"-
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Table 8.4 Tumour rate by exposure to Ph and PhPi herbicides and TCDD 
content 

Ph and PhPi Herbicides 

Exposure TCDD Non-TCDD TCDD and 
Category Nil only only Non-TCDD 

Nil 

farms 22 
sheep 5634 
tumours -3 23 
rate x10 . 4.08 

1 

farms 24 10 2 
sheep 6381 2510 460 
tumours -3 37 11 4 
rate x 10 5.80 4.38 8.20 

(L = 1.44, 2df, NS) 

2 

farms 2 4 3 
sheep 366 596 637 
tumours 5 6 11 
rate x 10-3 13.66 10.07 17.27 

(t = 1.20, 2df, NS) 

3 

"farms 1 4 5 
sheep 78 634 1307 
tumours -3 1 6 16 
rate x 10 12.82 9.46 12.24 

(L = 0.32, 2df, NS) 

Total 

farms 22 27 18 10 
sheep 5634 6825 3740 2404 
tumours' 23 43 23 31 
rate x 10~3 4.08 6.30 6.15 12.90 

(L = 17.81, 3df, P < 0.001) 

,-. 

i'-' 
;.,;,: 

i:-- ~ 

':--
' , 
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Table 8.5 Tumour rate by number of Ph, Pi and PhPi herbicides used 
regularly on the farm 

Number of Herbicides 

Exposure Category Nil 1 2 3 4 

Nil 

farms 21 
sheep 5158 
tumours -3 16 
rate x 10 3.10 

1 

farms 25 10 1 1 
sheep 6756 2730 203 138 
tumour,s -3 44 12 0 3 
rate x 10· 6.51 4.40 0.00 21. 73 

(L = 7.45, 3df, NS) 

2 

farms 6 1 1 
sheep 962 209 172 
tumours 11 8 1 

-3 11.43 3.83 5.81 rate x 10 ' 

(L = 7.55, 2df, P < 0.05) 

3 

farms 4 3 4 
sheep 778 335 1162 
tumours 6 4 15 
rate x 10-3 7.71 11.94 12.91 

(L = 1.26, 2df, NS) 

Total 

farms 21 34 16 5 4 
sheep 5158 8436 3929 710 1300 
tumours 16 57 27 5 18 
rate x 10-3 3.10 6.76 6.87 7.04 13.85 

(L = 19.71, 4df, P < 0.001) 
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Figure 8.1 A hill country farm in Mid Canterbury. This view shows an 
area of grazing land covered by "woody" weeds (1) - in this 
case mainly gorse. Other areas show gorse recently killed 
by 2,4,5-T plus picloram (2) and farmland that is partially 

(3) and completely (4) free of gorse. 

" 
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PART C 

ULTRASTRUCTURAL PATHOLOGY OF OVINE 

SMALL INTESTINAL ADENOCARCINOMA 
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CHAPTER 9 

AN ULTRASTRUCTURAL STUDY OF SMALL INTESTINAL 

ADENOCARCINOMA IN SHEEP 

INTRODUCTION 

Although uncommon in man, adenocarcinoma of the small intestine 

(SIA) is seen regularly in sheep in New Zealand, Australia, Britain, 

Norway- and Iceland. Cases have been reported from North America, 

Europe, Africa and India. It is by far the most common neoplasm of 

sheep in New Zealand. 

Despite the tumour's importance only 2 electron microscope 

studies of SIA have been published. Simpson and Jolly (1974) described 

the primary site and Norval et al (1981) reported on the appearance of 

SIA cells in tissue culture. This study describes the ultrastructure 

of tissues at the primary sites and lymph node metastases of SIA in 10 

sheep. 

MATERIALS AND METHODS 

Tissues 

after slaughter. 

primary sites 

were collected from female sheep aged 4-9 yr 15 min 

Small (1-2mm) blocks of tissue were taken from 

in the jejeunum or ileum and from metastatic sites in 

mesenteric lymph nodes of 16 cases of SIA in various stages of the 

disease. Peritoneal metastases occurred in advanced cases but were not 

examined. No haematogenous metastases were seen. Blocks were taken 
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from similar anatomical sites in 8 unaffected animals. 

Specimens were fixed for 60 min in 2.5 per cent glutaraldehyde 

buffered with cacodylate to pH 7.3, washed for 30 min in cacodylate 

buffer, post-fixed for 30 min in 1 per cent osmium tetroxide in 

cacodylate, washed in 10 per cent acetone and stained in 2 per cent 

aqueous uranyl acetate for 30-60 min. They were then dehydrated 

through an ethyl alcohol series and finally in propylene oxide. 

Following infiltration by an equal volumes mixture of propylene oxide 

and Spurr's resin specimens were embedded in Spurr's resin. 

One um Sections were cut for light microscopy and stained with 

toluidine blue or periodic acid Schiff's reagent (PAS) and 

haematoxylin. Ultra thin (pale gold) single or serial sections for 

electron microscopy were mounted on collodion-coated 200 mesh or slot 

copper grids, stained with lead citrate and examined in a JEH-100B 

electron microscope operated at 80kV. From 16 cases of SIA and 8 

control cases, 10 SIA and 5 control cases were selected for further 

study. 

RESULTS 

Light Microscopy 

An elevated annular region was present in the mucosa at the 

primary site of most tumours. Normal villous structure at the mucosal 

surface was reduced in height and the tumour cell pattern consisted of 

carcinomatous cells arranged in sheets, trabeculae or short irregular 
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glands. There was a spectrum of cell differentiation between tumours, 

from polygonal undifferentiated epithelial. cells· to columnar well 

differentiated enterocytes and goblet cells. In most tumours a 

proportion of cells contained large vacuoles within their cytoplasm. 

The vacuolar membrane and contents were PAS-positive. 

There was a small to moderate and relatively avascular 

collagenous matrix supporting the tumour cells. In a minority of cases 

one or more hyperplastic polyps arose from the primary site. They were 

compos~d of a similar irregular admixture of tumour cells and collagen, 

exhibited superficial erosion and were infiltrated by bacteria and 

polymorphonuclear leucocytes. 

Similar neoplastic changes disturbed and thickened the 

submucosa. Tracts of tumour cells extended cranially along the 

submucosa and through the muscularis in or close to lymphatics, blood 

vessels and nerve trunks. The muscular layers were intermittently 

penetrated by tumour cells but fibrosis was minimal. They showed 

hypertrophy or occasionally atrophy but remained largely intact. 

An extremely dense proliferation of fibrous tissue occurred in' 

the sub-serosal region of all cases (figure 9.1). In small lesions the 

sclerosis appeared as a nodule close to the primary lesion. In larger 

lesions it had enlarged in an annular fashion to envelope the intestine 

and cause partial stenosis. Fibrosis spread cranially for up to 20cm 

in cases of advanced disease although its caudal boundary remained 

constant and sharply demarcated. Throughout the fibrous mass tumour 

cells were sparsely distributed either singularly or in small nests. 
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In some cases the cells were small and hyperchromatic. In others they 

were larger, formed acini and were occasionally associated with mucin 

lakes. 

Metastatic deposits were seen in the subcapsular, intermediate 

and medullary sinuses of adjacent mesenteric lymph nodes (figure 9.2). 

Glandular formation was more pronounced than at the primary site and 

only accompanied by dense sclerosis in the advanced stages of the 

lesion. 

Electron Microscopy 

Ultrastructural examination revealed the major growth pattern in 

all 10 cases to be scirrhous tubular adenocarcinoma. Most tumour cells 

were arranged in this fashion, although the size and structural 

regularity of the glands varied between tumours and between sites 

within tumours. The degree of cell differentiation was correlated with 

glandular size and regularity. 

Undifferentiated and partly differentiated cells tended to be 

located around an irregular acinus with a discontinuous basement 

membrane (figures 9.3-5). Some cells, however, were found on their own 

or in small cords. Well differentiated cells were found in acini with 

well developed glandular formations and supported by an identifiable 

basement membrane (figure 9.6). 

Undifferentiated tumour cells were irregular in shape and 

. contained pleomorphic mitochondria but few other organelles. Their 
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nuclei were large and heavily folded. Tumour cells had prominent 

fenestrated nucleoli and chromatin which was heavily clumped and partly 

marginated (figure 9.7). Mitotic figures were rare. Interdigitation 

of cell membranes was extensive and desmosomes were common (figure 

9.8). 

Cells became more columnar as the degree of differentiation 

increased. Nuclei were more oval shaped, less folded and basally 

located. Apical microvilli were more profuse (figures 9.9, 9.10). The 

number and type of cell organelles increased and their location in the 

cell became more predictable. Numbers of mitochondria were greater, 

and granular endoplasmic reticulum (GERL), centrioles and tonofi1aments 

were present in most cells. 

In each tumour, a small proportion of moderately differentiated 

cells with prominent mitochondria and GERL contained one or more large 

(5 - 10 um diameter) cytoplasmic vacuoles known as microcysts or 

intracytoplasmic lumina (ICL) (figure 9.11). Each ICL was lined by 

microvilli of similar size and shape to apical microvilli of villous 

enterocytes and unlike tumour acini (figure 9.12) they were not 

associated with desmosomes. 

Retrospective examination of the terminal web, luminal membrane 

and cyst contents showed them all to be PAS-positive by light 

microscopy (figure 9.13). Examination of ultra thin serial sections 

confirmed that IeLs were spherical vesicles. "Although hundreds of 

random cross sections of ICLs were examined, none was seen to 

communicate with the plasma membrane. This observation "was confirmed 



158. 

by serial section studies of over 50 individual ICLs (figure 9.14). 

Filamentous cores of the microvilli. extended into the cell's 

cytoplasm where a terminal web-like region of varying thickness was 

seen (figure 9.15). This was usually free of organelles, but sometimes 

contained small secretory granules of light to moderate electron 

density, some of which appeared to release their contents into the 

lumen (figure 9.16). 

-The contents of each ICL varied. In certain cases small 

lipid-like globules, some of which were membrane bound, were present. 

In others the cyst contained homogenous, finely granular material 

similar to that observed in the secretory granules of goblet cells. 

More often there was a mixture of the two (figure 9.15). 

Occasionally the granular material in parts of the lumen 

appeared as paracystalline tubular arrays with hexagonal symmetry of 37 

nm periodicity (figure 9.17). Similar arrays were found in membrane 

bound vesicles (figure 9.18) in 

containing secretory granules. 

the cytoplasm of tumour cells 

In well differentiated cells secretory activity was present. 

GERL had dilated cisternae and vesicles were present in the Golgi. 

Secretory granules contained finely graQular material of light to 

moderate electron density (figure 9.19). 

The appearance of early goblet cells (figure 9.20) was very 

similar to that of well differentiated columnar enterocytes. Nuclei 
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were ovoid and basally located. There were extensive Golgi in the 

supra-nuclear zone and the cisternae of the extensive GERL were 

dilated. Mitochondria were plentiful. Some cells had apical secretory 

granules similar to those of more "mature" goblet cells. 

Fully laden goblet cells were common in differentiated groups of 

cells (figure 9.6) but absent in primitive cell populations (figures 

9.3-5). They were similar in size and shape to goblet cells from 

non-neoplastic sites. Desmosomes and interdigitations of the lateral 

cell membrane between goblet and non-goblet cells were common. Nuclei, 

when seen, were forced against the basal cell membran~. The cytoplasm 

bulged with sphet:ical, membrane-bound mucin inclusions of approximately 

I um in diameter. Some coalesced to form larger inclusions. 

Not all mucin containing cells were PAS-positive. In ultra thin 

sections most mucin inclusions contained material which was often 

finely granular and varied from electron lucent to moderately electron 

dense. However, some inclusions contained one or two more dense masses 

up to 300 um in diameter (figure 9.21). Similar variations were also 

seen in non-neoplastic goblet cells. In addition a small proportion of 

the more dense inclusions in neoplastic goblet cells situated in 

non-mucosal sites contained slender filaments (figure 9.22) which were 

rather ill-defined. They had no obvious periodicity and measu,red 

approximately 10 nm in diameter and up to 1.4 um in length. 

Ultrastructural examination of the pattern of fibrosis 

complemented the histological observations •. Fibrosis was associated 

with neoplastic epithelial cells at all sites. Muscular layers were 
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least affected (figures 9.23, 9.24) whilst the mucosa and submucosa 

exhibited mild to moderate fibrosis. However, in the subserosal area 

plump fibroblasts and loosely packed fibrils of structural collagen 

formed the bulk of the tumour mass in the early lesions. 

In the more extensive lesions spindle-shaped fibroblasts and 

collagen fibrils were tightly packed around tumour cells and appeared 

to distort their shape (figure 9.26). Some goblet cells were disrupted 

and fibrils were seen amongst cell organelles and mucin inclusions 

(figure 9.27). Tumour cells were seen less frequently than in sections 
~ 

from earlier lesions. Some fields contained no tumour cells (figure 

9.28). No foci of inflammation or necrosis were observed. 

DISCUSSION 

Tumour Type 

The cases in this series exhibit features of several types of 

intestinal malignancy listed in the lower alimentary tract section of 

the World Health Organisation's International Classification of Tumours 

of Domestic Animals (Head 1976). This classification includes 

undifferentiated carcinoma, scirrhous carcinoma, tubular adenocarcinoma 

and mucinous adenocarcinoma. I believe the most appropriate 

description to be that of scirrhous tubular adenocarcinoma. 

Examination of 1 um sections confirmed that the histological 

appearance of the tumours in this study was similar to those described 

in other studies of SIA in New Zealand (Dodd 1960, Simpson and Jolly 
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1974) and elsewhere (McDonald and Leaver 1965, Georgsson and Vigfusson 

1973, chapter 5). Differentiation of tumour cells and the amount of 

associated fibrosis varied between cases and between sites within 

cases. However the present observations agree with Simpson and Jolly's 

conclusion that the morphological variations illustrate the spectrum of 

a single tumour entity. 

The character of lymph node metastases was particularly useful 

in providing evidence of the histogenesis of these tumours. In all 10 

cases, differentiated enterocytes and goblet cells were seen, but in 

contrast to the findings of Georgsson and Vigfusson (1973), 

enterochromaffin cells were not observed. When the interpretation 

of Pearse and Takor (1979) of the histogenesis of intestinal cell types 

is applied to these observations, it suggests that the neoplastic 

process began in the undifferentiated epithelial cells of the 

intestinal crypt mucosa. 

In general, the features of non-mucus secreting and mucus 

secreting cells described by Simpson and Jolly equate to those of the 

undifferentiated enterocytes and differentiated goblet cells described 

here. In contrast, undifferentiated tumour cells in this study 

displayed numerous mitochondria and only occasional intranuclear myelin 

bodies. Interchromatin granules were not seen. 

Intracytoplasmic Lumina 

Studies of IeLs in human tissues have shown that they are 

primarily, but not exclusively a feature of neoplasms of glandular 
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epithelium. ICLs are particularly common in a wide range of breast 

tumours (Gould et al 1980). In addition to being found in carcinomas 

of the stomach (Kondo et al 1970), lung (Churg 1978), kidney 

(Tannerbaum 1971) and salivary gland (Mohamed and Cherrick 1975) they 

have also been reported in carcinomas of the sweat gland (Yeung and 

Stinson 1977), ovary (Spriggs and Jerrome 1975), fallopian tube 

(Johnson et a1 1978). cervix (Paulsen et a1 1980), bladder (Alroy et al 

1979), liver (An et al 1983), thyroid (Johannessen et al 1978) and in 

cultures of colonic adenocarcinoma (Rutzky et al 1979). 

lCLs have also been described in pleural mesothelioma (Wang 

1973), meningioma (Kepes 1975), choroid plexus papilloma (Wakai et al 

1979), synovial carcinosarcoma (Nunez-Alonso et al 1979), dysplasia of 

nasal mucosa (Boysen and Reith 1980) and in follicular stellate cells 

from normal adenohypophysis (Cinti et al 1983). 

In a study of metastatic neoplasms lCLs did not occur in cells 

of squamous carcinoma, lymphoma and malignant melanoma (Sobrinho-Simoes 

et al 1981) although lCLs have been described elsewhere in one case of 

juvenile melanoma (Abrahams and Sckudowitz 1979). 

In animals lCLs have been reported in normal gastric mucosa of 

the bat (Ito and Winchester 1963) and ferret (Stephens and Pfeiffer 

1968) normal thymic cells in the guinea pig and mouse (Kohnen and Weiss 

1964) and organ cultures of normal thyroid cells in the pig and rat 

(Remy et al 1977 and 1983). They have also been seen in carcinogen 

induced dysplasias and neoplasms of rat trachea (Klein-Szanto et a1 

1980) rat colon (Shamsuddin and Trump 1981) rat and dog stomach 
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(Hananouchi 1974; Kimoto 1983) rat intestine (Takemiya et al 1982) rat 

bladder (Alroy et al 1979) rat kidney (Dees et al 1976) and dog stomach 

(Kimoto et al 1983). leLs have been described in spontaneous carcinoma 

of the canine bladder (Alroy et al 1979). 

Some investigators (Sykes et al 1968, Tannerbaum 1971, 

Nevalainen and Jarvi 1976) have confirmed the lack of continuity 

between IeLs and the extracellular space whilst others (Seiki 1962, 

Wellings and Roberts 1963, Ozzello 1971, Dees et al 1976, Battifora 

1975) have reported the opposite. This study supports the former 

-findings and confirms the earlier reports of leLs in SlA in vivo 

(Simpson and Jolly 1974) and in tissue culture (Norval et al 1981). 

Although their genesis is not known, it may be no coincidence 

that, in the main, they have been reported in tumours of cells involved 

with fluid transport and secretion. Simpson and Jolly saw no secretory 

activity in cells containing leLs but some cells in the current series 

were observed to exhibit secretory activity. Small membrane bound 

secretory granules were seen in the cytoplasm, together with dilated 

cysternae of GERL. These granules were most numerous in the terminal 

web area and were occasionally seen discharging their contents into the 

leL lumen. 

leL contents sometimes included membrane bound granules. In 

addition, observation of similar crystalline material in secretory 

granules and leLs suggested transfer of secretory product into leLs. 
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Their origin is unknown, but as IeL containing cells did not 

exhibit microvilli on their surface, it is unlikely that they were 

formed by endocytosis of the cell membrane. The non-neoplastic 

equivalent of these cells exhibited microvilli from the 

undifferentiated stage onward. It is therefore possible that aberrant 

membrane synthesis in the reticulum system of the neoplastic cell gives 

rise to the cyst membrane and microvilli. 

Filaments 

Some actual or artifactual pleomorphism in fh~ appearance of 

mucin inclusions was observed in both neoplastic and control cells, but 

filaments were only observed in the former. They may be an anomalous 

product of mucin metabolism and storage, or they may be a product of 

unrelated metabolic pathways. A superficial resemblance to fibrin 

microfibrils is displayed, although the characteristic 25 nm 

periodicity was lacking. Similar fibrils to those in this study have 

been described in the basal laminae of the normal rat glomerulus 

(Kincaid-Smith 1975) and the abnormal human glomerulus (Yoshikawa et al 

1982). Other studies (Frederickson et al 1977, Jones et al 1980) 

describe immature collagen fibrils which vary in diameter and lack 

characteristic periodicities in rapidly proliferating connective 

tissue. There is evidence to suggest that some epithelial cells 

secrete their own basement membrane (Pierce et al 1964, 

Martinez-Hernandez and Amenta 1983). The fibrous structures described 

may be a form of basement membrane (type IV) collagen but their exact 

composition and origin must await further investigation. 

1--. 

I 
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Paracrystalline Arrays 

The genesis of the paracrystalline arrays is unknown. Similar 

intracisternal arrays have been reported in adenocarcinoma of the small 

intestine (Balazs 1983), melanoma (Mackay and Ayala 1980) and 

osteosarcoma (Marquart 1981) in man. It has been suggested that they 

may be pathological protein products of tumour cells (Marquart 1981). 

However, similar arrays can be artifactual (Ghadially 1980). 

Desmoplastic Reaction 

The dense fibrous stroma is a feature of SIA. It occurs in 

association with tumour cells at all sites, and is particularly 

dominant in the sub-serosal area. Careful study of SIA deposits in 

lymph nodes gave a clearer picture of the relationship between tumour 

cells and stroma. Early lesions exhibited prominent gland formation. 

Cells in these glands were well differentiated, secreted mucus, and 

were supported by a prominent basement membrane. Occasional single 

cells, without a basement membrane were seen. Although fibroblasts 

were present structural collagen was usually absent. 

In nodes where tumour cell deposits were widespread, structural 

collagen was prominent and, in nodes with extensive fibrosis, the size 

and number of tumour cells were small. Disrupted tumour cells were 

common. Simpson and Jolly (1974) observed the presence of whorls of 

immature fibrous tissue surrounding neoplastic cells. 
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It therefore appears likely that the presence of tumour cells, 

their secretory products and/or their basement laminae provoke a 

continuous fibrous reaction to their presence. There is recent 

evidence to support this suggestion from studies of human colorectal 

and breast carcinomas (Ohtani and Sasano 1983, Kao et al 1984). The 

recent observation of collagen production by mesothelial cells (Harvey 

and AmIot 1983) may explain an additional mechanism which adds to the 

intensity of the fibrotic reaction in the sub-serosal region. 

SilllMARY 

Ultrastructural features of 10 cases of adenocarcinoma of the 

small intestine (SIA) were compared with those of similar sites in 5 

unaffected sheep. Samples were taken from primary sites in the 

jejeunum and ileum and from secondary sites in mesenteric lymph nodes. 

Tumour cells in the mucosa and submucosa were embedded in a moderate 

stroma which became extremely dense in the sub-serosal region. The 

muscularis was left relatively intact. In lymph node metastatic sites, 

the numbers of fibroblasts and structural collagen fibrils increased 

with the number and size of tumour cells. 

There was a spectrum of cell differentiation between tumours and 

between sites within tumours, however all cases exhibited features of 

scirrhous tubular adenocarcinoma. Some areas contained polygonal, 

undifferentiated epithelial cells, which had large heavily folded 

nuclei, and a moderate number of mitochondria, but few other 

organelles. Moderately differentiated cells contained more regular 
I 

nuclei, granular endoplasmic reticulum (GERL) and occasional Golgi. i 
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Some cells contained one or more large (5-10 um dia.) microvillus-lined 

intracytoplasmic lumina (lCLs) in their cytoplasm. Serial sections 

revealed lCLs to be spherical and none was seen to communicate with the 

cell surface. 

Well developed cells were columnar, with apical microvilli and 

large basal nuclei. Cisternae of Golgi and GERL were dilated and the 

cytoplasm contained secretory inclusions of mixed electron density and 

homogenity. Goblet cells were found in well ordered glandular 

structures. Rather ill-defined fibrous filaments (10 nm dia., up to 

1.4 urn length) were present in some mucin-like secretory inclusions. 

Paracrystalline arrays of tubular material with hexagonal symmetry and 

a cross periodicity of 37 nm were seen in some lCLs and membrane bound 

cytoplasmic inclusion bodies. 
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Figure 9.1 A typical case of adenocarcinoma of the intestine of sheep. 
The jejeunum has been opened longitudinally to reveal mucosal 
polyps (p) at the primary site. A dense white layer of 
fibrous tissue is present in the subserosal region (arrow). 
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Figure 9.2 Tumour acini in a mesenteric lymph node. Note the pronounced 
glandular development and prominent basement membrane. PAS x 
40 



Figure 9.3 
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Primitive tumour acinus . Note the acinar structure contains 
5 undifferentiated epithelial cells sourrounded by a 
myoepithelial cell (M) a smooth muscle cell (arrow) and a 
supporting basement membrane. lymph node x 4,540. 



Figure 9.4 
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Undifferentiated cells in tumour acinus. Multiple nucleoli 
are prominent and nuclear shapes are bizarre. Mitochondria 
and glandular endoplasmic reticulum are common in the cells 
on the right of the micrograph. ileum x 7,950. 



Figure 9.5 
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Partly differentiated neoplastic cells in glandular 
structure. Note folding and pleomorphism of nuclei and 
prominent nucleoli. Glandular endoplasmic reticulum, 
mitochondria and apical microvilli are prominent. 
Glandular architecture is irregular and no basement 
membrane is identificable. lymph node x 2,720. 
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Figure 9.6 Well developed tumour acinus. Neoplastic epithelial cells 
have differentiated into goblet cells (G) and columnar 
enterocytes (E) with basally placed oval nuclei. The acinus 
is supported by a sparse basement membrane (B). jejeunum 
x 2,760. 



Figure 9.7 
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Neoplastic goblet cell with prominent fenestrated nucleolus 
and clumped, marginated chromatin. jejeunum x 15,820. 
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Figure 9.8 Undifferentiated neoplastic epithelial cells in a tubular 
acinus. Note interdigitation and tight junctions (arrows) 
of cell membrane and early keratinisation (K). lymph node 
x 36,500. 



Figure 9.9 
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Neoplastic goblet cell. The contents of the mucin inclusionl 
are homogenous and non-granular but there is variation in the 
degree of electron lucency between inclusions. ileum x 9,130. 
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Figure 10.lO Fine structure of microvilli on the acinar surface of 
neoplastic columnar enterocyte. Note the core of actin 
filaments in each microvillus which extends well down into 
the apical cytoplasm of the cell. ileum x 104,800. 
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Figure 10.11 Three moderately differentiated neoplastic enterocytes, eacl 
with a large ICL. The lumina are lined by well developed 
microvilli and contain electron dense material which is 
PAS-positive on light microscopy. lymph node x 2,750. 
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Figure 10.12 An acinus of neoplastic cells. Desmosomes (arrows) are 
prominent between the lateral cell membranes close to the 
acinar surface of both mucus producing and non-mucus 
producing tumour cells. jejeunum x 12,650. 
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Figure 10.13 PAS-positive intracytoplasmic lumina (arrows) and goblet 
cells (G) in tumour cells infiltrating the ileal sub
mucosa. PAS ileum x 400. 
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Figure 10.14 Eight sections from a series which illustrate the typical 
site and shape of intracytoplasmic lumina (ICLs). This 
ICL (arrow) is spherical in shape and does not communicate 
with the plasma membrane. ileum x 4,550. 
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Figure 10.15 ICL containing a mixture of globular and granular material. 
It is lined by microvilli which contain a filamentous core 
extending into a cytoplasmic terminal web-like area which is 
free of organelles. jejeunum x 7,720. 
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Figure 10.16 Intracytoplasmic lumen. Note the diluted cisternae of the 
granular endoplasmic reticulum. Membrane-bound secretory 
granules (small arrows) appear to be releasing their 
contents (large arrow) into the cyst lumen. ileum x 11,420 
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Figure 10.17 A higher power view of figure 10.14 showing granular 
material within the ICL. This is composed of hexagonally 
packed tubular arrays with a cross periodicity of 37 nm. 
x ileum x 56,400. 
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Figure 10.18 Cytoplasmic vesicle containing paracrystalline material 
in tubular arrays similar to those seen in some ICLs. 
ileum x 53,300. 
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Figure 10.19 well developed neoplastic columnar enterocytes. 
Mitochondria and swollen granular endoplasmic reticulum 
are prominent a n d apical granules (arrow) are visible at 
the top of the micrograph. jejeunum x 7,280. 
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Figure 10.20 Goblet cells in a neoplastic acinus. Spherical membrane 
bound inclusions occupy most of the cytoplasm. Swollen 
granular endoplasmic reticulum (arrow) is seen in some 
cells which are not yet full of mucinous inclusions. 
jejeunum x 3,020. 
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Figure 10.21 Neoplastic goblet cell. The contents of the mucin 
inclusions are foamy. Some inclusions also contain one 
or two moderately electron dense masses. jejeunum x 36,500 
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Figure 10.22 Neoplastic goblet cell. The contents of the mucin 
inclusions vary from electron lucent and finely granular 
to moderately electron dense and agranular. Some of the 
more dense inclusions also contain filaments. ileum x 
43,000. 
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Figure 10.23 Tumour cells invading the muscular layers of the small 
intestine and exhibiting a tubular adenocarcinoma growth 
pattern. Fibrosis is not associated with invasion of 
the muscular layers. ileum x 2,010. 
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Figure 10.24 Neoplastic goblet cells migrating through the muscular 
layers of the jejeunum. Note the absence of structural 
collagen. jejeunum x 4,480. 
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Figure lO.25 Neoplastic goblet cells releasing mucin granules into a 
fibrosed tract in the submucosa of the jejeunum. As thf 
amount of structural collagen increases it restricts the 
space available to goblet cells. jejeunum x 5,810. 
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Figure 10.26 The remnants of neoplastic goblet cells in a heavily 
fibrosed area between the jejeunal muscularis and serosa 
jejeunum x 5,810. 



Figure 10.27 
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Fibrils of structural collagen amongst mucin inclusions 
and organelles of a disrupted keratinised neoplastic 
goblet cell in the sub-serosa. jejeunum x 11,420. 
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Figure 10.28 A representative section through a densely sclerotic sub
serosal area of the jejeunum showing mature fibroblasts 
and large amounts of closely packed structural collagen. 
jejeunum x 2,720. 
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CHAPTER 10 

AN ATTEMPT TO TRANSMIT AND TRANSPLANT SIA 

TO LAMBS IN UTERO 

Tumour transplantation in animals is an important area of cancer 

research (Penn 1980). Transplantation of neoplasms has produced animal 

models of human neoplasia and permitted the study of human tumours in 

animal hosts. Studies of this type have made substantial contributions 

to our current knowledge bf the pathogenesis, diagnosis and therapy of 

neoplastic diseases (Green 1980, Klein 1980). 

Tumour transmission via cell-free extracts is the classical first 

step towards proving a tumour has a viral aetiology. In sheep this has 

been demonstrated for pulmonary adenomatosis - a naturally occurring 

infectious neoplasm (Sigurdsson 1958, Martin and Stamp 1980). 

For many years research work on pulmonary adenomatosis was 

hampered by the long latent period of several years between infection 

and tumour development. Recent work has improved transmission 

techniques in newborn lambs and reduced the latent period to 6 weeks 

(Herring et al 1984). A substantial increase in research work is 

expected to follow (Sharp pers comm). 

In the proceedings of a workshop on colon can~er in man the 

Medical Research Council of New Zealand noted that small intestinal 
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adenocarcinoma of sheep (SIA) was a possible animal model for colon 

cancer in man (MRC 1977). At that time no experimental tumour system 

for SIA existed either in vivo or in vitro. 

This chapter describes an attempt to transplant or transmit SIA. 

The study was begun in 1977 and had two aims. The first was to produce 

an experimental model of SIA which would be a reliable source of 

affected animals and viable tumour tissues for research workers. The 

second was to investigate a viral aetiology for the tumour by 

transmi~ting it with cell-free extracts. 

MATERIALS AND METHODS 

Animals 

Sixty-one Romney ewes aged 5-7 yr were mated to a Romney ram in 

May 1977. A harness incorporating a crayon was worn by the ram to 

identify ewes which he had served. Marked ewes were recorded daily and 

expected lambing date. calculated. After pilot surgical trails at 40 

and 60 days laparotomies and tumour extract treatments were performed 

at 90-120 days gestation. Ewes were placed in pens 1 wk before lambing 

and parturition monitored. 

Newborn lambs were identified with numbered ear tags in both 

ears, tails removed and, male lambs castrated. All lambs were 

maintained as a commercial flock on an intensively managed farm on the 

Canterbury plains. Animals were weighed and examined 3 times per year 
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and those in poor condition were necropsied when noticed. The 

remainder were necropsied at 6 yr. 

Treatment 

Ewes were submitted to treatment groups in order of expected 

lambing date. On most surgical days 3 ewes, 1 assigned to each 

treatment group, were treated. 

Whole Cell Extract 

Tissues from SIA cases found during post-mortem inspection at a 

local slaughterhouse were washed and immersed in chilled tissue culture 

medium (Eagles minimum essential medium, Gibco, Grand Island, New York) 

which contained 400 units/ml of sodium penicillin G (Crystapen, Glaxo, 

Auckland) and 35 units/ml of nystatin (Mycostatin, Squibb, Chicago) 

within 30 min of the animal's death. Specimens were refrigerated and 

transported to the laboratory where extracts were prepared and 

innoculated into foetuses on the same working day. 

Two g of tissue from the mucosal surface of the tumour was 

minced, forced through fine wire mesh and suspended in 10 ml of the 

tissue culture medium mentioned above (TCM) together with 2 ml of 

membrane filtered, heat inactivated foetal calf serum (Gibco, Grand 

Island, New York) and 20 mg of collagenase (Collagenase, 190 u/mg, 

Sigma Chemical Company, St Louis). The suspension was agitated in a 

shaking water bath at 37°C. 
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After 30 min the suspension was filtered through fine wire mesh, 

spun in a bench top centrifuge at 600 G for 5 min, resuspended in 

chilled 'TCM, foetal calf serum (FCS) and antibiotics and stored at 4°c. 

Viable and non-viable cell numbers were assessed using the typan blue 

test (Liebelt and Liebelt 1967). Cell suspensions were unacceptable 

when less than 70% of cells were viable. Cell suspensions were 

adjusted to approximately 250,000 viable cells/ml and stored at 4°C 

with a gas phase of 5% C02 in air. 

Sub-cell Extract 

Tumour tissue was harvested as described for the whole cell 

extract. Ten g of tissue was minced in 5 ml of chilled TCM containing 

FCS and antibiotics at the concentrations used for preparation of the 

whole cell extract. The tissue was ground to a paste consistency with 

carborundum powder using a chilled mortar and pestle. 

The paste was diluted with 20 ml TCM and ground to a soup-like 

consistency with aluminium oxide powder and spun at 5000 G for 10 min 

in a 'refrigeratedultra-centrifuge (RC-5, Sorvall). The supernatant 

was removed, stored at 4 C and used as the sub-cell extract. 

Control Extract 

A solution of TeM, FCS and antibiotics, similar to that 

described above was used as a control extract. 

, 
, .. 
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Surgery 

A 15 X 5cm area of wool was removed over the lumbo-sacral spine. 

The skin was swabbed with a 5% aqueous antiseptic solution (Hibitane, 

leI Tasman, Upper Hutt). With the ewe standing, a sterile 18G X 1 1/2" 

needle was inserted into the subarachnoid space between L6 or 7 and Sl 

(Hecker 1974). 

Placement of the needle was confirmed by the aspiration of 

cerebro§pina1 fluid. Ten m1 of 2% lignocaine (Xylocaine, Astra, 

Auckland) was injected slowly and perineal skin sensitivity checked at 

10 min post-injection. 

The ewe was strapped in dorsal recumbency, her abdomen shaved, 

the skin washed with soap and water, swabbed with 70% ethanol in water 

then with 20% Hibitane (leI Tasman, Upper Hutt) in water and sterile 

surgical drapes fixed in place. 

A 25 cm caudo-cranial midline incision was made through the 

abdominal skin and linea alba, beginning close to the symphysis pubis. 

The pregnant horn of the uterus was exteriorised, the foetus palpated 

and 2 ml of warmed treatment extract injected into its caudal abdomen. 

The uterus was not opened and the sex of the lamb was not determined. 

Replacement of the uterus was followed by spraying of the 

incision with a neosporin spray (Neosporin Aerosol, Upjohn, Kalamazoo). 

The linea alba was sutured using size 1 dissolving catgut (B. Braun 

Melsungen A.G. West Germany) and horizontal mattress sutures placed 2 
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cm apart. The skin was closed with size 1 non-dissolvable suture 

material (Braunamid, B. braun Melsungen A.G., West Germany) and single 

interrupted sutures placed 2 cm apart. 

When twin foetuses were encountered (in 3 ewes) 1 was identified 

by injecting 2 ml of sterile colloidal carbon solution subcutaneously 

between the shoulder blades. The marked foetus was assigned to a 

treatment group and its unmarked sibling to the control group. 

The ewes were given 1 million units of 

(Penicillin Hypodermic 500, leI Tasman, Upper Hutt) 

penicillin 

and kept 

G 11M 

under 

observation in pens for 24 hrs before being released into a small 

paddock. Skin sutures were removed at 10 days. 

A laparotomy was performed on all surviving lambs at 27 mth to 

examine the abdominal viscera for gross pathological changes. An 

intravenous barbiturate anaesthetic was used (Nembutal, May and Baker, 

Naenae) but otherwise the surgical procedure was similar to that 

described above. 

RESULTS 

Fifty five of the 61 ewes were pregnant at the time of surgery. 

Three were carrying twins. Twelve (21%) lambs subsequently aborted and 

9 of these abortions were accompanied by a maternal septicaemia. 

Twelve (21%) lambs died in the perinatal period from dystocia (5 

cases), mismothering and exposure (4 cases), navel infection (1 case) 

and cause unknown (2 cases). These data are summarised in table 10.1. 
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Six lambs died between 1 mth and 6 yr (4 sudden death, 1 accidental 

death, 1 SIA). None of the 28 animals necropsied at 6 yr had developed 

SIA. 

The 1 animal in the series which did develop SIA was a female 

aged 52 mth. The tumour was located in the lower ileum (figure 10.2) 

and there were widespread metastases to the surface of abdominal 

viscera, particularly in the cranio-ventral part of the abdomen. 

Histological examination of tissues from the primary and metastatic 

sites confirmed the gross diagnosis of SIA. 

Examination of the abdominal viscera via laparotomy at 27 mth 

revealed that 80% of lambs had glistening white fibrous plaques on the 

mesentery and/or intestine (figure 10.3). These plaques were unrelated 

to treatment group and were not seen in the same animals when 

necropsied at 6 yr (table 10.2). 

The 

(figure 

occurrence and frequency of fibrous mesenteric 

10.3) in lambs 27 mth old was not related to treatment 

plaques 

group. 

Whilst the exact nature of the lesions will never be known as specimens 

were not taken, similar lesions were seen in lambs at slaughterhouses 

in· the South Island of New Zealand (figure 10.4). They were seen 

regularly in some groups of lambs (aged 4-8 mth) but were uncommon in 

ewes (most aged 5-7 yr). Histological examination of plaques from 

slaughterhouse sheep showed the lesions consisted of dense fibrous 

tissue but none was seen to contain tumour cells. 
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DISCUSSION 

The single case of SIA in a sheep aged 52 mth probably occurred 

due to non-treatment factors as the point prevalence rate of SIA for 

sheep of similar age, breed and background is 0.9% (chapter 6). Based 

on this rate and using 95% confidence limits up to 2 cases of SIA could 

have occurred in the experimental group of 58 lambs due to 

non-treatment causes. 

The results of this study were inconclusive. Tranplantation and 

transmission did not occur consistently under the current conditions 

but may have done so under others. Constraints such as the lack of 

minimal disease animal housing meant that this study was of a 

relatively crude type. Interruption of the supply of SIA tissue for 

preparing tumour extracts delayed innoculations until after the 

foetuses were able to mount a host/graft rejection response. These two 

factors were considered to have prejudiced the chance of the experiment 

succeeding. They are discussed in more detail together with other 

factors below. 

Perinatal Deaths 

The number of foetal deaths due to abortion was unexpectedly 

high. Although aborted foetuses were not examined microbiologically, 

the presence of maternal septicaemia in the majority of abortions 

suggested a breakdown in aseptic technique. Tumour extracts were 

prepared from contaminated tissues and it is possible that some 

extracts were not rendered sterile by the antibiotics used. Tumour 
1-" , 
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extracts could have been prepared from deeper, less contaminated SIA 

tissue. However, due to the tumour's sclerotic growth pattern extracts 

from deeper sites would have been largely composed of fibroblasts 

rather than neoplastic epithelial cells. The occurrence of maternal 

septicaemia with abortions in the control group suggested that other 

sources such as wound infection were more likely to be the cause of the 

maternal septicaemia and abortion. 

Perinatal losses were also high. Gumbrell (1980) surveyed sheep 

farms in Canterbury and found that 11% of lambs were aborted or died in 

the perinatal period. In this study 21% died in the perinatal period 

9% dystoci~, 7% mismothering and exposure and 5% other causes). 

Dystocia and mismothering were probably higher in this experiment due 

to maternal stress. The ewes were transferred from groups in paddocks 

on a gr9ss diet to isolation pens on a hay and sheep nuts diet and back 

again at several crucial times: prior to surgery, after surgery and 

during the last week of parturition. Handling during surgery may have 

contributed to malpresentation as all 3 sets of twins died due to 

dystocia associated with malpresentation. 

Failure of Transplantation and Transmission 

There are many possible reasons why transplantation and 

transmission did not occur. A pilot trial at 40-50 days gestation 

illustrated the difficulties of locating, immobilising and innoculating 

the foetus without opening the uterus. As a consequence surgery was 

rescheduled for 60-80 days gestation but, due to the temporary closure 

of local slaughterhouses, tumour extracts were not available until 
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90-120 days gestation. 

The ovine foetus is able to mount an antibody response to some 

antigens as early as 50-60 days gestation (Silverstein et al 1963a, 

1963b) and a cell mediated response to skin homografts as early as 77 

days (Silverstein et al 1964). Since tumour extracts in this 

experiment were given at 90-120 days a host/graft rejection response 

was quite likely. The lambs had not been immunosuppressed, nor made 

tolerant and were not closely related, in an immunological sense, to 

the donor animals. Therefore potential success of this experiment 

rested largely on innoculation of lambs prior to development of their 

host/graft respon~e. This potential was lost during the course of the 

experiment due to the logistical problems mentioned above. 

Simpson (1971) attempted to transmit SIA to 40 newborn lambs and 

20 sheep aged 1 yr. Tumour cell extracts were derived from pooled SIA 

tissues and were frozen to -40°C and thawed twice before use. No 

tumours were seen during necropsy at 160-170 wk. In the present study 

tumour extracts were not frozen. This was done to avoid disruption of 

viable tumour cells and/or reduction of infectivity of viral particles 

in sub-cellular components. 

A further difference between the studies was the choice of 

innoculation site. Simpson chose to innoculate the wall of the small 

intestine whilst the extracts in this study were deposited in the 

caudal abdomen. It is possible that the latter site may not have been 

optimal - for example some extracts may have been deposited in the 

urinary bladder. 
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Simpson (1971) discussed several other factors which may have 

caused transmission failure in the presence of infective viruses. 

These included virus dose, virus infectivity, virus lytic activity, 

route of transmission, host immune response and other host factors such 

as age, breed and diet. Simpson was forced to quote Inainly from 

studies in poultry and rodents. These factors are not reviewed in 

detail here. 

There is no strong evidence of a viral aetiology for SIA. No 

virions have been seen in ultrastructural studies in vivo (Simpson and 

Jolly, 1974, chapter 9) and in vitro (Norval et al 1981). The origin 

of the paracrysta1line arrays seen in dilated endoplasmic reticulum of 

SIA cells (chapter 9) is 'unknown. Similar structures in other tissues 

have proved to be viral products but others have been artifacts 

(Ghadially 1980). It is of course, possible that a virus was present 

in a non-infective form or had disappeared as is the case with the 

bovine papilloma virus associated with malignant neoplasia of the 

gastrointestinal tract (Campo et al 1980). 

Future Studies 

Immunosuppression of the foetus by X-irradiation, chemicals such 

as azothiaprine and antilymphocyte antiserum have been successfully 

used in other species to enhance tumour transplantation (Owen, 1969, 

Owen et al 1981). These techniques were not available for the current 

study. They also require minimum disease housing if the animals are 

required to survive for long periods. 
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Transplantation of tumours in dogs has been shown to be enhanced 

by induction of tolerance to the tumour donor's cells (Owen 1969). The 

foetuses were exposed to donor spleen cells in late pregnancy before 

being innoculated with tumour cells immediately after birth. 

Subsequently, the recipient's ability to recognise donor tumour cells 

as "non-self" was impaired and a host/graft rejection response was not 

mounted. Had this approach been adopted here the donor's SIA cells 

would have had to have been stored for several weeks. Storage 

facilities were not readily available and the viability of SIA cells 

after f--reezing ,.;ras not known. 

Another approach to transplantation of tumours has been to 

select immunologically privileged sites in other species (Sparrow 

1980). The most widely used systems of this type are subcutaneous 

transplants in nude mice and transplants into the cheek pouch of the 

hampster. These alternatives were not available for the current study. 

Although this and the previous experiment (Simpson 1971) failed 

the aims remain valid. Future experiments are more likely to succeed 

in immunosuppressed, tolerant or immunologically privileged 

experimental systems although the immunologically "naive" foetal lamb 

should not be disregarded. The latter, when used prior to the onset of 

cell-mediated immunity (circa 77 days) may still prove to be a 

successful and simple experimental tumour system for research work on 

SIA. Future experiments must also overcome the potential contamination 

problem associated with preparation of tumour extracts from 

contaminated sites such as the intestine. 
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More recent studies by Norval et al (1981) and Ross and 

Allardyce (unpublished) have demonstrated that SIA can be grown in 

tissue culture from tumour explants. This will allow research work to 

proceed on SIA in vitro and may be a source of uncontaminated tumour 

extracts for future experimental studies of SIA in vivo. 
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SUHHARY 

In an attempt to transplant or transmit SIA 40 ovine foetuses 

were injected with SIA extracts. A suspension of whole cells, 

disrupted cells or tissue culture medium was injected into the caudal 

abdomen at 90-120 days gestation. Thirty four live lambs were 

monitored and necropsied at 6 yr. One case of SIA was found in a 

female in the sub-cell extract group. The neoplasm killed the animal 

at 52 mth. It was likely that this case was due to non-treatment 
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causes. 
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Table 10.1 Lamb treatment data 

Treatment Group 

Lambs Whole Cell Sub-Cell Control 

.. -. 

treated in utero 20 20 18 
aborted 6 1 5 
perinatal deaths 2 9 1 
live 12 10 12 
deaths 4 wk-6 yr 2 1 3* 
necropsied at 6 yr 10 9 9 

* 1 animal not subjected to necropsy 

, 
f' 

! 



Table 10.2 

Lambs 
Plaques - 27 

6 
SIA 

223. 

Frequency of mesenteric plaques_ and small intestinal 
adenocarcinomas 

Treatment Group 

Whole Cell Sub-Cell Control 

10 9 10 
mth 7 8 9 
yr 0 0 0 

0 1 0 

,~, .' 

, :.' ~ 

,-
',,'-.-

i ' 
f ~. 



Figure 10.1 
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Tumour extract about to be injected into the caudal 
abdomen of an ovine foetus 
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Figure 10.2 The only case of SIA seen in the study. The neoplasm was 
situated in the lower ileum of a female aged 52 mth in 
the sub-cell extract treatment group. 
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Figure 10.3 A fibrous plaque in an experimental lamb, reaching from 
the mesentery to the small intestine. These lesions were 
common in lambs aged 27 months, from all 3 treatment 
groups. 



Figure 10.4 
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Fibrous plaques extending from the mesentery to the 
intestine in a lamb aged 6 months at a Christchurch 
freezing works. These lesions were seen regularly in 
lambs at freezing works and are similar to those seen in 
experimental lambs (figure 10.3) 
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APPEN!HX I 

SIC SURVEY 1980/81 
~pt. Veterinary Science, Lincoln Colleqe 

Owner: ••••••••.••••••••••••••••••• Survey N~er:DDDD 0 
Address: •••••••••••••••••••••••••• Survey Category: 0 D 

DateDO-OD-198D 
No. in Mob 0 U 0 0 

Phom!: •••••••••••••••••••••••••••• Sex: ••••••••••••••••••.••••••••••••• 

Chain No.: ••••• Works: •.•••••••••••••••••• Works Code: DO 
Breed: •••••••••••••••••••••••••••••••••••• Breed Code: 0 0 
Farm type: •••••• 'H •• , ••••••••••••••• 5-7 y.tt sheep insoected DODO 
Questionnaire Sent: old sheep inspected 

Received: ..................... total sheep inspected 

UDDD 
DODO 

PATHOLOGY REPORT 

No. 5-7 y.o SIC D 0 
................................................ No. old SIC DO 

DO 0 = 
Total \ SIC - --- J-----
Total SIC 

No. specimens taken: ••••••••••• 

COMMENTS: 

.............................•........................................... 
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APPr.NDIX II 

TO PARTITION A GROUP INTO SUB-GROUPS ACCORDING TO RESPONSES ON 
A COLLECTION OF MULTIPLE RESPONSE ITEMS, AND TEST THE HYPOTHESIS 
THAT THESE SUBGROUPS ARE INDEPENDENT RANDOM SAMPLES FROM THE SAME 
DISTRIBUTION OF A PARTICULAR CRITERION VARIABLE. 

WRITTEN BY R.M. RENNER INSTITUTE OF STATISTICS AND OPERATIONS 
RESEARCH, VICTORIA UNIVERSITY OF WELLINGTON 

IMPORTANT: ALWAYS CHECK STATEMENTS _001 __ 130_ AND _888_ 
READ FORMAT WILL ACCEPT UP TO 16 MULT. RESP. ITEMS. 

. . 

THIS PROGRAM READS MOBSIZE, TUMOURS AND A MULTIPLE RESPONSE 
BLOCK OF QUESTIONS. IT CALCULATES THE FREQUENCIES OF INDIVIDUAL 
CODES FOR EACH MOB, TOTAL EWES, TUMOURS AND PER-THOUSAND TUMOUR
RATE FOR ALL MOBS WITH THE SAME FREQUENCY ON A GIVEN CODE. 
MISSING VALUES ARE INCLUDED, BUT MOBS ON WHICH ALL RESPONSES ARE 
MISSING ARE EXCLUDED FROM THE ANALYSIS FOR CODES GREATER THAN -1 

NOTE: M = NUMBER OF MOBS 
N = NUMBER OF MULTIPLE RESPONSE ITEMS 

. NUMBER OF VARIABLES = N + 2 
DIMENSION NEWES(100),NTUM(100),MULT(100,20),KFREQ(100),MISS(100), 

*NNE(100),NNT(100),LFREQ(100) 
M=88 

001 N=3 
WRITE <13,002) 

NOTE: N = THE NUMBER OF MULTIPLE RESPONSE ITEMS, 
NOT THE TOTAL NUMBER OF COLUMNS. 

002 FORMAT (25(IHO/),31X,'THE MISSING VALUE CODE -1 IS TREATED AS A LE 
*GITIMATE OBSERVATION',/1HO,31X,'BUT MOBS FOR WHICH ALL RESPONSES A 
*RE MISSING ARE EXCLUDED FROM THE EXAMINATION',/1HO,31X,'OF ALL OTH 
*ER CODES',) 

DO 003 I=1PM 
MISSO )=0 

003 CONTINUE 

DO 100 I=I,M 

NOTE: INITIALIZE A CODE FOR MISSING VALUES 

NOTE: INPUT SHEEP,TUMOURS,MULTIPLE RESPONSES 



C 
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READ (10,*) NEWES(I),NTUM(I),(MULT(I,J),J=1,N) 
100 CONTINUE 

DO 999 K=-1,99 
DO 120 I=1P 20 
NNE(I)=O 
NNT(I)=O 

120 CONTINUE 

NOTE: NEXT LINE, K = A POSSIBLE VALUE OR CODE 

C NOTE: FORM FREQUENCY OF CODE K FOR EACH MOB 

C 

C 

DO 150 I=1,M 
KFREQ(I)=O 
LFREQ(I)==O 

150 CONTINUE 

DO 160 I==1,M 
DO :1.70 ,J=1,N 

C EITHER KFREQ(I)=l+KFREQ(I), OR, KFREQ(I)=l AT IF STATEMENT 888 
C THE FIRST COUNTS THE NUMBER OF TIMES CODE K OCCURS, THE 2ND 
C RECORDS PRESENCE OR NOT. LFREQ(I) IS USED TO TOTAL MISSING 

C VALUES WHATEVER USE IS MADE OF KFREQ(I). 
C 

888 IF (MULT(I,J).EQ.K) KFREQ(I)=l+KFREQ(I) 
IF (MULT(I,J).EQ.K) LFREQ(I)==1+LFREQ(I) 

:1.70 CONTINUE 
C NOTE: RECORD IF ALL RESPONSES MISSING 

IF «K.EQ.-1).ANQ.GLFREQ(I).EQ.N» MISS(I)=-1 
.160 CONTINUE 

C NOTE: IF K NOT OBSERVED, GO TO 999 
KTOTAL=O 
DO 171 I=1,M 
KTOTAl=KTOTAL+LFREQ(I) 

171 CONTINUE 
IF (KTOTAL.EQ.O) GO TO 999 

C NOTE: IF NOT, DOCUMENT THE OUTPUT 
WRITE (13d30) 

130 FORMAT (lHl/IHO,lX,' MULTIPLE RESPONSE GROUP = EWE DEATHS 
* HYPOTHESIS 24, ',/1HO) 

WRITE (13d40) 
140 FORMAT (2X,7H CODE,lX,7H WEIGHT,1X,7H MOBS,lX,7H SHEEP,1X, 

, ... .... ,-. 
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*7HTUMOURS,lX,7HPERTHOU,/1HO) 
C NOTE: MERGE ALL MOBS WITH SAME FREQUENCY ON K 

DO 180 L=O.N 
NNEWES=O 
NNTUM =0 
MOBS =0 
DO 190 I=l,M 
IF (K.NE.-l.AND.MISS(I).EO.-l) GO TO 190 
IF (KFREQ(I).NE.L) GO TO 190 
NNEWES=NNEWES+NEWES(I) 
NNTUM =NNTUM+NTUM(I) 
MOBS =MOBS+l 

190 CONTINUE 
Ll =L+l 
NNE(Ll)~NNEWES 

NNTCL1)=NNTUM 
C NOTE: SKIP OVER KFREQUENCIES WITH NO MOBS -

IF (MOBS.EQ.O) GO TO 180 
. X=FLOAT(NNTUM) 

Y=FLOAT(NNEWES) 

IF (NNEWES.NE.O) PERTHO=(X/Y)*1000 
WRITE (13,200) K,L,MOBS,NNEWES,NNTUK,PERTHO 

200 FORMAT (lHO,lX,S(I7,lX),F7.2) 
180 CONTINUE 

C NOTE: GOSUB FOR SIGNIFICANCE 

C 

CALL LOGLIK (NNT,NNE,N) 

999 CONTINUE 
STOP 
END 

SUBROUTINE LOGLIK (IX,IS,Nl) 
C THIS PROGRAM CREATES THE LOG-LIKELIHOOD FOR 
C M INDEPENDENT RANDOM SAMPLES FROM A BERNOUILLI 
C DISTRIBUTION 
C BECAUSE THE INPUT FORMAT IS FREEFIELD, 
C XJ AND SJ MAY BE ENTERED ON ONE OR SEPARATE LINES WHERE, 
C XJ=THE TOTAL (SUM OF ZEROS AND ONES)FOR THE J-TH SAMPLE, 
C SJ=THE SIZE OF THE J-TH SAMPLE (ALSO=NJ). 
C 



C 

C 

c 

C 

c 
c 
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REAL*16 XJ,SJ,T1,T2,T3,T4,T5,T6,SUH1,SUH2,SUH3, 
1SUHXJ,SUHNJ,D,W,ZERO,RINT1,RINT2,CDF,TAIL 

DIHENSION IX(100),IS(100) 
ZERO =0. O(HOO 
SUH1 =ZERO 
SUH2 =ZERO 
5UM3 =ZERO 
SUMXJ =ZERO 
SUMNJ =ZERO 
N2 =Nl+l 
M =0 

DO 999 1=1,N2 
IF (IS(I).EO.O) GO TO 999 
IS1 =IS(I) 
SJ =OFLOAT(IS1) 
IX1 =IX<I) . 
XJ =OFLOAT(IX1) 
M =H+1 

T1 =ZERO 
IF (XJ.GT.ZERO) Tl=XJ*OLOG(XJ) 
SUM1 =SUM1+T1 
D =SJ-XJ 
T2 =D*OLOG(D) 
SUM2 =SUM2+T2 
T3 =SJ*OLOGCSJ) 
SUM3 =SUM3+T3 
SUMXJ =SUMXJ+XJ 
SUMN.J =SUMNJ+SJ 

999 CONTINUE 

T4 =ZERO 
IF (SUMXJ.GT.ZERO) T4=SUMXJ*OLOG(SUMXJ) 
D =SUMNJ-SUMXJ 
IF (D.GT.ZERO) T5=D*OLOG(D) 
IF (SUMNJ.GT.ZERO) T6=SUMNJ*OLOG(SUMNJ) 



C 
C 

C 

c 
c 

C 
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W =SUH1+SUH2-SUH3-T4-T5+T6 
W =2*W 

H =H-l 

IF (W.GT.80.000+00) CDF=1.000+00 
IF (W.GT.80.000+00) GO TO 009 
CALL RINTEG(W,H,RINT1) 
CALL RINTEG(82.000+00,H,RINT2) 
CDF =RINT1/RINT2 

009 TAIL =1.000+00-CDF 
TAIL =100*TAIL 
WR I TE <13,004) 

004 FORHAT (5(1HO/» 
WRITE- <13,0(2) H 

002 FORHAT (11X,20HDEGREES OF FREE DOH =,13,/) 
WRITE (13,003) W 

003 FORHAT (11X,20HLOG LIKELIHOOD =,F15.7,/) 
WRITE (13J007) TAIL 

007 FBRHAT (11X,20HSIGNIFICANCE /. 
RETURN 
END 

SUBROUTINE RINTEG(X,M,SUH) 

=,F15.7,' PERCENT ',I) 

C THIS SUBROUTINE COMPUTES THE INCOMPLETE GAMMA FUNCTION 
C 

REAL*16 X,R,TERH,SUM,TEST,U,Y,V,FACT,T, . 
lD-, W, ZERO 

ZERO=O.OO+OO 
FACT=1.000+00 
T ==2.010+00 
V =7.000+01 
TEST=1.00-40 
R=OFLOAT(M) 
Y=X/2 
R=R/2 
IF (Y.LT.V) GO TO 555 

. .. 
,-... 
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554 IF «R.LT.T).AND.(Y.GT.V» GO TO 555 
FACT=(R-1)*FACT 
R =R-1 
GO TO 554 

5SS U =V**R 
D =ZERO 
SUM =ZERO 
TERM =U/R 
TERM =TERM*FACT 

100 CONTINUE 
SUM =SI.JM+TERM 
TERM =R*TERM 
R =R+1 
D =D+1 
TERM =-(TERM*V)/(R*D) 
W =QABS(TERM) 
IF (W.GT.TEST) GO TO 100 
RETURN 
END 

* * * END OF FILE * * * 



236. 

APPENDIX III 

sheep Cancer survey 

As you know, your sheep were' recently surveyed by me during processing at 
Canterbury {ree,zing works. I would now like you to give me some background 

'information concerning these sheep. 

This survey is supported by Lincoln College and the Medical Research Council 
of New Zealand. It is the beginning of an investigation to try and find out why 
British breeds of sheep appear to have a cancer rate three times that of finewool 
breeds. Many thousands of dollars have been contributed for this project and we 
seek your co-operation in filling in the attached questionnaire and posting it to 
Lincoln College in the enclosed envelope at your earliest convenience. 

When filling in the questionnaire please answer all questions and be as 
accurate as you can. If unsure about what the question-is asking, please write 
"unsure" next to that question. We will then telephone you later to discuss the 
question concerned. Some questions will require a bit of head scratching but in 
view of their possibly important link with intestinal cancer please do your best. 

I would like to stress that the animals went through normal meat inspection 
procedures at the freezing works and received no special attention whatever. You 
may be interested in some brief animal health notes made during the inspection of 
your sheep. These are located on the last page of the questionnaire. If they are 
of interest to you, please tear off the page and keep it for your records. 
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EWE CANCER SURVEY 

A group of ••••••••••• eves in the name of 

were killed at ........................... works on ................. . 

FARM BACt:GkOUND 

Owner or ~:anager' s Name: •••••••••••••••••.••...•••••• 

Farm Address: ........................................................ . 

county: ••••.••• ,...................... Phone 110.: ••.•••••.••••••••• 

Please tick the category which approximately de?scribes the? propert\' or. 
which the ewes were born and bred. 

a. Intensive brecdinq and fattening property - a high stocl:in9 rate 
on flat or rolling country with a large area of the farm ferti
lized. 

b. Hill country property - a larger type of farm on rolling or hill 
land with lower stocking and fertilizing rates than farm l~'pe a. 

c. Hiqh countn' run - an extensive grazing system witl". very little 
fertilized pasture and almost no cultivated land. 

01 
0' 
o 

d. Other (please describe) - ......................................... 0 

Size of farm (acres) Total acres irrigated 

Total acres fertilized Stock units per acre 

Total acres cropped for sale Annual rainfall (ins.) •••••••• 

Altitude of farmhouse (feet) 

~Ihat percentage area of this ~~~. ~~ • flat enough to be cropped? ••••• % 
Over what percenta~e area of this farm can a tractor be driven with 

safety? ••••.•••• % 
For how many weeks in an "average" year would snow cover one or more 

grazing paddocks on this farm? ••••••••••• weeks per year 

FOR OFF'ICr: USE 
O:lLY 

• ----
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2 

Would you describe the soil types on this farm as mainly: 

light soils: D medi\DII soils: D heavy soils: D 

Would you describe most of the land on this farm as: 

free draining: D average draining: D 

poor draining: D swampy: D 

EWES BACKGROUND 

THIS QUESTIONNAIRE IS ONLY CONCERNED WITH THE GROUP OF EWES INSPECTED 
AT THE FREEZING WORKS BY:LINCOLN COLLEGE. 

Va any of THESE ewes have a different background to the others? (please 
tick). 

YEs:D NOlO 

If ~, give details (use back of this page for more space) •••••••••• 

............................ , ......................................... . 

Breed of ewes (if crossbred give full details e.g. 1st cross Romney x 

Corriedale): ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Were the sires of THESE ewes born and bred on this farm? YEs:D 

NO: 0 
If NO, give name and address of breeder: ••••••••••••••••• ; ••••••••••• 

Number of ewes in THIS group that were born: 

(a) In 1975 to 1980: 

(b) In 1972 to 1974: 

(c) before 1972: 

(If possible, 
give number of 
ewes born in 
each year) 

Were other ewes of the SAME AGE, BREED AND BACKGROUND sold to freezing 

works this year? YEs:D NO: 0 
If YES, give number of animals, works and approximate date killed. 

FOR OFFICE USE 
ONLY 

,,-. 
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3 

Were other ewes of the SAME AGE, BREED AND BACKGROUND sold to fairs 
and sales for further breeding this year? 

YES: 0 NO: 0 
If YES, give number of animals and date of sale: 

Please explain how you decide which ewes go to the sales and which go 
to the freezing works? 

In what month did this group of ewes usually lamb? 

What percentage of your adult ewes die on the farm each year? ••••••• \ 

Do you know why they die? NO: 0 SOME: 0 YES: 0 
If ~ or ~, give causes: 

On average, how many months in each year were these ewes: 

mob stocked: •••••••••• months per year 

set stocked: •••••••••• months per year 

What was the average stocking density when the ewes were: 

mob stocked? •••••••••• ewes per acre 

set stocked? •••••••••• ewes per acre 

EWE HEALTH 

For how'many months IN AN AVERAGE YEAR were their faeces so soft that 

they did NOT form pellets? •••••••• months 

How often each year did you drench these ewes? ••••• times per year. 

List the names of ALL worm drenches given to the ewes and the approx
imate number of times each was given during the ewes' lifetime: 

...................................................................... 

FOR OFFICE USE 
ONLY 

• 
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4 

/1o,,' many times !,,'r yeiJr did these owes get seleni urn? .•.••••.• times 

I\';H' t!IC sde,.iun, IlIb:~·d with' drenches, 0 vaccines:. 0 
Did you give the ,",wes salt, minerals, ornU .. ,r trace elements, 

n:s,O NO'O 
If Yl:!:', list them wi th the approximate numller of times each was 

given during the ewes' lifetime ..................................... . 

....................................................................... 

Other than feed, ,,'ater and the compounds you have mentioned above are 
there 1,1;), OTHER HAIl-~IADE SUBSTANCES which these ewes have come in 
contil::t "'ith (injected', breathed in, eaten etc.)? 0 0 

" , YES, NO: 

If YLE, list then. "'ith th~ approximate number of times each ,,'as given 
during the ewes' lifetiT.'.e: 

How many times per year did you DIP the ewes? ••••••• times per year. 

List the names of dips used and the approximate number of times each 

was used and tile type of dip: ••••• 

Did you use chemicals to spray any pastures, weeds, crops or ~onserved 
feeds, that were then eaten by the ewes within one month of spraying? 

YES: 0 NO:O 
If ~, give details: .............................................. . 

FO" OFFICI: USE 
ONLY 
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Please list ALL OTHER chemicals used reqularly on pastures, weeds, crops 
or conserved feeds anywhere on your property during the lifetime of the 
ewes . 

.. .. .. .. .. .. .. .. .... .. .. .. .... .. .. .. .. .. .. .. .. .. .. .... .. .. .. .. .. .. .. . " ..................................................................... .. 

EWE FEED 

(Please summarise the feeding history of the ewes as best you can and 
qive the number of months in the ewes lifetime that they had access, to 
that feed). 

}:ajor pastures (those grazed on average for 1 month or more per }'ear) 

~ir,or pastures (those grazed on average for less than 1 month per year) 

Common pasture weeds (those available to ewes for 1 month or more per 

year) grazed by these ewes: 

Major crops (those grazed on average for 1 month or more per year) 

grazed by these ewes: •••••••••••••••••.••••••••••••••••••••••••••••••• 

FOR OFF} cr; .uSE 
ONLY 
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Co 

Millor crops (those grazed on average for les!' than 1 month per year): 

............................................................................................................................................ 

Conserved fe"d used (on average for 1 month or more per year) by these 

ewes: ................................................................................... . 

...................................................................... . ' ........................................................... .. 

Does bracken fern grm,' in paddocks grazed· by these ewes? YJ:S: D 
D 1:0: 

Pleas" place the questionnaire in the: stamped envelope and return it to 
Lincoln College at your earliest convenience. 

Than): you for your help. 

A.D. Ross. 
Senior Lecturer. 
Dept. Veterinary Science 

FOR OFFlCE liSt: 
ONLY 
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