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A bstract 

A total of 2 1 39 cows in six commercial ,  spring-calving New Zealand dairy herds 

were examined for pregnancy by enzyme-immunoassay of oestrone sulphate in mi lk, 

rectal palpation and real-time ultrasonography at 1 37 to 1 80 days after the start of 

mating. The gold standard was based on calving records, observed events such as 

abortion, or examination of the reproductive tract after s laughter. Sensitivity was 

8 1 . 8%, 1 00.0% and 99.9%, and specificity was 8 1 .0%, 9 1 .4% and 90.9% for 

oestrone sulphate, rectal palpation and ultrasonography, respectively. Oestrone 

s ulphate sensiti vity increased in a linear fashion with advancing stage of gestation 

and reached 96.8% for cows at least 1 20 days pregnant. Sensitivity and specificity of 

oestrone sulphate were significantly lower than those of the other two methods were 

significant (p=O.OOO l ). 

In seven additional herds with a total of 967 animals ,  a pregnancy diagnosi s was 

obtained by oestrone sulphate and farmers ' observation. Sensiti vity and specificity 

for these two methods were significantly  different at 85 .4% vs. 98.6% (p=O.OOO l ) ,  

and 80.4% vs .  66.7% (p<0.002), respectively. The sensitivity of  oestrone sulphate 

increased and the specificity of farmers' observation decreased with advancing stage 

of pregnancy. 

Using a partial farm budget, the cost of pregnancy diagnosis by oestrone sulphate 

was establi shed as NZ$ 6 .54 per cow compared to NZ$ 4.34 for rectal palpation and 

NZ$ 4.60 for u ltrasonography. Compared to farmers' observation, oestrone sulphate 

was more expensive at NZ$ 6 .63 vs. NZ$ 6.53 per cow. 
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INTRODUCTION TO PRESENTED RESEARCH 

Oestrone sulphate and its possible role in  pregnancy diagnosis in cattle were 

initial l y  investigated in the 1 970s (Robertson and King, 1 979; Heap and Hamon, 

1 979). Oestrone sulphate is produced by the foetal -maternal uni t. It is present in mi l k  

and plasma of non-pregnant animals, as wel l ,  but its concentration increases as 

pregnancy advances. Several studies report that after day 1 00 to 1 20 of gestation a 

high proportion of pregnant cows wil l  have oestrone sulphate leve ls  above the 

highest concentration found in non-pregnant animal s. The potential value of oestrone 

sulphate l ies, therefore, in l ate-stage pregnancy. 

With the management of dairy cows prevai ling in most New Zealand herds, 

pregnancy diagnosis is usual ly  carried out four to seven months after the start of the 

breeding season. The entire herd is commonly presented rather than groups of 

indi vidual cows at specific times after insemination. General ly, no hormonal 

treatment is implemented for cows found non-pregnant.  Culling and winter feed 

budgeting are the main management decision based on the results of the pregnancy 

diagnosi s .  

A late-stage pregnancy diagnostic method such as  oestrone sulphate might be a 

suitable screening test for seasonal dairy herds in New Zealand. With 2 1 -day 

submission rates of 75 .9% to 86.0% and overall pregnancy rates of 5 1 . 5% to 75 .0% 

(Hayes, 1 996; Hayes, 1 997;  Macmi l lan, 1998) in New Zealand dairy herds, a large 

proportion of cows can be expected to be at least 1 00 days pregnant in late lactation . 

Most herds are enrolled i n  a periodic herd improvement test scheme, where samples 

are analysed for milk quality and composition. Milk samples obtained during the 

autumn herd test could be used for an oestrone sulphate assay. Applied in this way, 

pregnancy diagnosis by oestrone sulphate would offer a non-invasive method 

without involving extra labour or time for the herd owner or stress to the cows. 

Recent advances in  assay techniques have resulted in the replacement of the 

high-cost, l abour intensive radio-immunoassay for oestrone sulphate with the low

cost and faster enzyme-immunoassay. The latter is suitable for the routine processing 
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of large n umbers of samples by uti l izing micro-titre p late wel ls  and a colour change 

as endpoint. 

Reported sensitivity and specificity of pregnancy diagnosis by oestrone sulphate 

in cattle ranges from 83.0% to 1 00.0%, and 80.7% to 1 00.0%, respectively, with an 

overal l accuracy of around 95% (Hamon et al . ,  1 98 1 ;  Power et al . ,  1 985 ;  Henderson 

et al . ,  1 993 ; Kourletaki-Belibasaki et al . ,  1995). For oestrone sulphate to have a place 

in pregnancy diagnosis it  wi l l  have to show sensitivity and specificity close to other 

commonly used methods and be cost competitive. In New Zealand, the main 

methods of pregnancy diagnosis are rectal palpation, real-time ultrasonography and 

farmers ' observations. Progesterone assessment in early gestation is not widely 

uti l ised. The main reason for thi s is that the key purpose of pregnancy diagnosi s is 

identification of non-pregnant cows for cul ling, and not hormone intervention and re

breeding. 

One of the main requirements for the compari son of different diagnostic methods 

is a perfect control method. In the case of pregnancy di agnosis in cattle, a truly 

precise gold standard is  cunently not avai lable. Return-to-oestrus relies on the 

observer' s abi lity and cal ving records on the close supervision of animals between 

the time of pregnancy diagnosis and parturi tion to detect foetal loss. Hormonal 

assays can show cow-to-cow and day-to-day variations (oestrone sulphate: Heap et 

al . ,  1 983 ;  Henderson et a l . ,  1 995 ; progesterone:  Booth , 1979), may be influenced by 

uterine or ovarian abnormalities (progesterone), and concentrations may remain 

elevated after parturition or foetal loss has occurred (bovine pregnancy-specific 

protein B: Ruder and Sasser, 1986; Szenci et al . ,  1 996). Clinical examination 

methods, such as rectal palpation or ultrasonography, rely on the examiner' s abi lity 

with the possibi l ity of an enoneous diagnosis. Foetal loss, especially when the foetus 

is absorbed, adds to the problem. 

In the absence of a perfect control ,  investigations into the accuracy of a particular 

method can only  be aimed at relative comparisons rather than establishing absolute 

values of accuracy. This is achieved by comparing the method under investigation to 

other relevant methods in the same population. Performing pregnancy diagnosis by 

all the different methods within a short time period ensures that foetal loss wi l l  affect 
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al l  the methods to the same degree. Investigations must also be carried out in  a true 

sample of the population and under relevant management situations. 

Veterinary procedures in farm animals have to be viewed in an economic 

context. Optimum outcome or high accuracy alone do not guarantee that a particular 

intervention is the most cost-effective. An economic analysi s is necessary to allow a 

rational comparison. Each method of pregnancy diagnosis involves certain direct 

costs (for example, cost of test payable to third party, need for equipment, extra 

labour or time). But the biggest cost connected with pregnancy diagnosis,  regardless 

of method used, i s  the cost of any misdiagnosi s .  Management decisions are 

invariably based on the results of pregnancy diagnosis (for example, culling vs. 

retaining in  the herd), and losses ari se from a wrong decision. 

Aims and objectives 

The aims and objectives of the presented research were: 

(i) To establish sensitivity, specificity and posi tive and negative predictive 

values of pregnancy diagnosis by an enzyme-immunoassay of oestrone sulphate 

in mi lk in seasonal dairy herds in New Zealand. 

(ii) To establish sensitivity, specificity and positive and negative predictive 

values of pregnanc y  diagnosis by rectal palpation , real-time ultrasonography and 

farmers ' observations. 

(i i i)  To compare al l  diagnostic methods in an economic model .  

The l iterature relevant to  pregnancy diagnosis in cattle i s  reviewed in  Chapter I .  

Oestrone sulphate in milk for pregnancy diagnosis  was compared to rectal palpation 

and real-time ultrasonography in six commercial, spring-calving dairy herds and this 

study is described in Chapter ll. The second study, comparing pregnancy diagnosis 

by oestrone sulphate in milk and farmers' observation in seven seasonal dairy herds 

is presented in Chapter m. In Chapter IV, an economic evaluation of the four 

methods of pregnanc y  diagnosis was performed, using the results of Chapters ll and 

m. 
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CHAPTER I 

LITERATURE REVIEW OF 

PREGNANCY DIAGNOSIS IN CATTLE 

History of pregnancy diagnosis 

Egyptian papyri from as long ago as 2200-2 1 00 BC contain notes about the 

effect of urine on wheat and its use for pregnancy diagnosis .  Urine from pregnant 

females suppresses germination and shoot growth of the wheat. Veena and 

Narendranath ( 1 993) confirmed the val idity of this  ancient test for cattle. The Asian 

author Arthaveda in 1 200 BC describes reproductive problems such as steri l ity, 

abortions and twinning (quoted by Leclainche, 1 955)  and treatment of steri lity i s  

mentioned i n  Indian texts (quoted b y  Smithcors, 1 957) .  Despite these references to 

steri l i ty and obstetrics in cattle in ancient texts, l ittle can be found about pregnancy 

diagnosis in  domesticated animals .  Egyptian drawings from about 1 500 BC show 

assisted calvings. Rectal examination for digestive disorders is not only mentioned in 

a Kahun papyrus from about 1 900 BC (Dunlop and Wil l iams, 1 996), but also advised 

by the Roman Vegeti us in the 4th century (quoted by Smithcors, 1957), suggesting 

that the art of palpation had been di scovered. The vi sual examination of urine for 

diagnostic purposes became popular in the Middle Ages and a text from the 1 5th 

century describes the characteristics of urine of pregnant cows (Kei l ,  1 988) .  

Fleming ( 1 896) reviews a whole range of techniques including oestrus 

observation, changes in the mammary gland, abdominal distension, rectal and 

vaginal palpation, bal lottement and auscultation of the foetal heartbeat. Rectal 

palpation for pregnanc y  diagnosis started to be used in the early 1 800's and has been 

a routine procedure during the 201h century (Momont, 1 990). Detai led descriptions of 

the changes in the pregnant uterus can be found in texts from the 1 940' s  (Hammond, 

1 948 ;  Benesch and Wright, 1 962) . In 1 927, Ascheim and Zondek described the 

discovery of the rise in oestrogenic hormones during pregnancy and postulated their 

use for pregnancy diagnosis, but imrnunoassays for detecting substances in the 
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peripheral circulation were not developed until the 1 960' s, about 70 years after the 

discovery of antibodies in 1 890 (van der Lende et  al . ,  1 992). 

Role of pregnancy diagnosis in dairy cattle herds 

Pregnancy diagnosis i s  an integral part of herd health management programs 

(Galton et al . ,  1 977;  B lood et al . ,  1 978 ;  Heider et al. , 1980; Boneschanscher et al . ,  

1 982; Oltenacu et al . ,  1 990; Willi amson, 1 994). Knowing the pregnancy status of 

animals in a herd allows the herd manager to make decisions about renewed 

breeding, culling, feeding, and calving. Timel y  monitoring of herd ferti lity requires 

knowing the pregnanc y  status of each animal . Wi thout thi s information, the 

performance of the herd or an individual animal cannot be assessed unti l calving has 

taken place, causing a considerable delay. The herd owner' s 'peace of mind' i s  

important, as  wel l .  This  factor may explain why pregnancy diagnosis is often 

requested at a time during the reproductive cycle when options for interfering are 

limited or no longer avai lable. 

Usage of pregnancy diagnosis services in dairy herds 

A survey of 1 692 herds in England and Wales canied out in 1 979 showed a high 

number of herds not using veterinary pregnancy diagnosis (42% ). About the same 

number of herds used pregnancy diagnosis in less than half their animals ( 48% ), with 

only just over 14% of herds uti lising pregnancy examination in most of their animals . 

Most of the pregnancy diagnoses were carried out at 3 to 4 months of gestation 

(Newton et al . ,  1982) .  Esslemont ( 1 995) found not much change to the situation 

when he surveyed about 1 8  000 herds in the UK ten years later. Only 1 5 . 1 %  of herds 

had routine, scheduled veterinary visits, which included pregnancy diagnosis .  

Several of the remaining herds used pregnancy diagnosis,  but not on  a routine basis .  

A survey of 2 1 8  farms in  California showed veterinary pregnancy diagnosis 

being used by 66% of herds. The average gestation length at the time of diagnosis 

was 76 days, with a quarter of farms examining cows at more than 90 days of 

gestation (Cowen et al . ,  1 989). Of 2 1 3  Canadian farms, 73 were on a herd health 

scheme that included reproductive examinations of cows frequently or always, 
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whi le  1 9% of the 1 40 herds not using a herd health scheme stated that reproductive 

examinations were never carried out during veterinary visits (Giger et al . ,  1 994) .  

Among 72 herds serviced by the Farm Service Clinic, Massey University, New 

Zealand, in 1 997, 4 1  herds (56.9%) had the whole herd checked for pregnancy (28 

herds by a veterinarian and 13 herds by an ultrasound operator), with 19  herds 

(26.4%) requesting pregnancy diagnosis in cull  or suspect animals only ( 1 5  herds by 

veterinarian and 4 herds by ultrasound). Pregnancy diagnosi s was carried out 

between 1 20 and 1 90 days after the start of mating.  Only a fifth of the herds ( 1 5) 

requested pregnancy diagnosis for primigravid heifers. An abattoir survey in 1 973 in 

Australia found two-thirds of cull cows pregnant, most of them in the second or third 

trimester. Of the 99 herds of origin, only 6.4% had used pregnancy diagnosis prior to 

s laughter. The number of cows found pregnant was much higher for herds not using 

pregnancy diagnosis (Ladds et al . ,  1 975). 

Uptake of routine veterinary diagnostic procedures, such as pregnancy diagnosis,  

i s  infl uenced by herd and farm size, calving pattern , and level of education and 

progressive attitude of the herd manager (Was sell and Esslemont, 1 992a; Giger et al . ,  

1 994). Economic and convenience aspects may al so influence the decision about the 

usage of pregnancy diagnosis services. The provi sion of routine visits by veterinary 

practices is another influencing factor. Most (8 1 . 5 %) veterinary practices in the UK 

have been offering routine visits to their c lients. However, less than five clients each 

have been using this service for the majority of the practices (Wassell  and Esslemont, 

1 992b). Giger et al. ( 1994) found differences in the breadth of herd health services 

provided to c lients between practices. 

Decisions based on the result of pregnancy diagnosis 

Culling is  a maj or decision based on the resul ts of pregnancy diagnosis .  

Obtaining information from the farm of origin of s laughtered cows in the UK, 

Singleton ( 1 996) found that inferti l ity was the main reason for culling in  28 .2% of 

culled animals, making it the highest-ranking single reason overal l .  Esslemont and 

Kossaibati ( 1 997), fol lowing 50 herds over three seasons in the UK, found that poor 

fertil i ty was given as the reason for culling in 36.5% of cul led animals (9% of total 
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h erd). In the Netherlands, poor health and fertil i ty accounted for over half of animals 

cu l led in a study by Hogeveen et al .  ( 1 992). With an annual cull ing rate of 1 2.2% in 

247 seasonal Irish herds, inferti l i ty was the third most common reason for culling, 

accounting for 1 3 .2 % of culled animals (Cunningham and Shannon, 1 976). 

The si tuation in  New Zealand herds is  similar. Hayes ( 1 997) reported annual 

cul ling because of unsatisfactory reproduction of 5.6% of al l cows (with a total 

cul l ing rate of 1 5%)  in 48 seasonal dairy herds with computerised herd records. Poor 

reproduction was the highest-ranlcing reason, accounting for 37.6% of all cull  cows. 

Reports from the 60' s  and 70' s  state reproductive disease as the second most 

common reason for culling, after low production (Bradford, 1968 ;  New Zealand 

Dairy Board, 1 976; Livestock Improvement Corporation, 1 985). 

Planned calving is  enabled by knowing the pregnancy status of animals in a herd. 

Labour, bui ldings and feed can be fully uti l ised. Vaccination programs aimed at 

protecting the newborn calf rely on knowledge of expected calving dates. The 

pregnancy status of breeding females can be important for sale and insurance 

purposes. 

Seasonal herds 

The breeding period in seasonal New Zealand herds is generally limited to one 

b lock of several weeks per year (averages of 75 and 1 02 days reported by Macmil lan 

and Mol ler, 1 977 ;  Hayes, 1 997). Cows that have not conceived during this period are 

usually not offered further breeding. Pregnancy diagnosis in these herds i s  often 

carried out towards the end of the current lactation, forming the basis for culling 

decisions. In pastoral systems, removal of non-pregnant animals before the start of 

the l imited feed supply period in winter is an i mportant management procedure. 

Recently, pregnancy diagnosis six weeks after the end of the artificial 

insemination period has been advocated in New Zealand to identify non-pregnant, 

anoestrus cows (Fielden et al . ,  1 980). Hormonal induction of oestrus and subsequent 

breeding before the end of the mating period can be achieved with this regime. In 

addition, cows likely to produce calves late and of lower genetic value can be 

identified. 
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A high positive predictive value (i .e. no false positive diagnoses) i s  i mportant for 

methods of pregnancy diagnosis in  seasonal herds. Re-testing of animals with 

doubtful or unconfirmed diagnoses is an option, as the diagnosis is carried out in  a 

wider time frame. 

Of benefit in  seasonal herds are methods that can confirm the date of conception 

to identify bul l  matings or pregnancies to unrecorded or previous services. Induction 

of calving is a common management procedure in seasonal herds (Macmi l lan et al . ,  

1 990) and accurate knowledge of the stage o f  gestation is  essential for an induction 

program. Dry, pregnant cows are often grazed off the farm containing the lactating 

herd to conserve feed on the pastures avai lable for animals in early lactation. Groups 

of cows are returned to the main farm when they approach calving. Knowing the 

expected calving date faci litates this practice, as wel l .  

Non-seasonal herds 

Hormonal interference in non-pregnant animals ,  leading to presentation of these 

animals for renewed breeding, is an important deci sion based on the results of 

pregnancy di agnosis in non-seasonal herds. Wamick et al. ( 1 995) stated" . . .  an 

important aspect of dairy reproductive management is to decrease the number of 

cows with prolonged calving intervals by early pregnancy diagnosis and subsequent 

re-breeding of open cows" (p. 8 1 1 ) . While there is no limited breeding period in 

these herds, the target is to achieve a 365-day calving interval . 

Pregnancy diagnosis is ideal ly  carried out less than 42 days after the last service. 

A cow that has not conceived to the last service can be presented for further breeding 

at the second cycle in this way, keeping the calving-to-conception interval to a 

minimum. Pregnancy diagnosis at less than 2 1  days after insemination would be 

ideal , if a reliable and convenient test was avai lable. Methods of pregnancy diagnosis 

used in non-seasonal herds require high specifici ty and negative predictive value, to 

maximal ly  identify non-pregnant animals and avoid accidental abortion of pregnant 

animals when hormone treatment is used. Sexing of foetuses is used in some herds to 

change the type of bul l  or semen once the required numbers of high genetic heifer 

calves have been conceived. 
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Preferential feeding according to the animal ' s  pregnancy status i s  not common in  

non-seasonal herds . There i s  generally no restriction to  the avai lable feed with 

util isation of conserved and concentrated feeds. 

Current Methods of Pregnancy Diagnosis 

Rectal Palpation 

Rectal palpation for pregnancy diagnosi s has been a routine procedure for more 

than 1 00 years (Momont, 1990). The procedure involves introduction of the 

examiner' s hand into the rectum of the restrained cow, identification of the 

reproductive tract and palpation for signs of pregnancy. Fleming ( 1 896) only 

mentions palpation of foetal parts, but veterinary textbooks of the 20th century 

contain more detai led desctiptions of manual ly  detectable changes in the pregnant 

uterus (Hammond, 1948; Benesch and Wri ght,  1 962). These changes include 

thinning of the uterine wal l ,  fluid fluctuation within the uterus, the chorio-al lantoic 

membrane (membrane slip) and the amniotic vesicle (Hancock, 1 962; White et al . ,  

1989a) . With advancing pregnancy, placentomes and the foetus can be  detected. Size 

and the appearance of various structures can be used to establish the age of the 

conceptus. 

Palpable changes are present from about day 30 of pregnancy (Zemjanis ,  1970). 

Implantation and organogenesis take place between 30 and 45 days of gestation 

(Si lvia, 1 994),  giving rise to concerns about ri sks of rectal palpation during early 

pregnancy. Bal l  and Carrol l  ( 1 963) found that rupture of the amniotic vesicle 

requires l i ttle pressure at 30 to 45 days of gestation . 

Several studies were undertaken to assess the degree of foetal loss after rectal 

palpation in early gestation with varied concl usions. Foetal loss was not affected by 

membrane slip at 30 to 45 days (Alexander et al . ,  1 995) or palpation at 4 1  to 45 days 

of gestation (Drost et al . ,  1 982). Thompson et al .  ( 1 994) found that the effect of 

rectal palpation on the rate of calving was extremely small compared to other factors 

s uch as herd, season, and use of hormones. Paisley et al . ( 1 978) concluded that foetal 
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loss could not be ruled out, but the incidence would not be high. B al l  ( 1 978 )  reported 

a foetal loss rate of 0.7% after rectal palpation, with an overall rate of 1 0.6%. 

Palpating the uterus for fluctuation has been suggested as the safest method for 

early pregnancy diagnosis by rectal examination, with palpation of the amniotic 

vesicle and feeling for slip of the chorio-al lan toic membrane carrying a higher risk of 

foetal loss (Abbitt et al . ,  1 978 ;  Beghelli et al . ,  1 986). Based on calving intervals and 

calving rates, several authors claim a significant difference in foetal loss between 

cows palpated in early gestation versus control animals not palpated (Franco et al . ,  

1987), early versus late palpation (Abbitt e t  a l . ,  1 978;  White et al . ,  1 989b; Warnick et 

al . ,  1 995), and suggest that the optimal time for rectal palpation is between 5 1  and 56 

days (Vai l lancourt et al . ,  1 979; White et al . ,  1 989a; Mohammed et al . ,  1 99 1 ;  

Labernia et al . ,  1 996). There was no difference in pregnancy loss between four 

veterinarians and no association between earl y or late palpation and pregnancy loss 

in a study by Lemire et al. ( 1993). In contrast to this, Abbitt et al. ( 1 978) found a 

difference in apparent foetal loss between examiners, but no influence of palpating 

cows once or twice. 

Rectal palpation has been implicated in the aetiology of atresia ani or coli 

(Bellows et a l . ,  1 975; Schlegel et al . ,  1 986), although an epidemiological study by 

von Benda et al . ( 1 978) suggests that, if rectal palpation is  causative at al l ,  i t  would 

only be so in isolated cases. Transfer of di seases is a concern, as wel l ,  especial ly 

bovine viral diarrhoea (Lang-Ree et al . ,  1 994 ; Green, 1 994) and enzootic bovine 

leukosi s (Radostits et al . ,  1 994). 

Reported sensitivity, specificity, and posi tive and negative predictive values for 

pregnancy diagnosis by rectal palpation are summarised in Table 1 . 1 ,  page 1 1 . 
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Table 1.1 Reported sensitivity, specificity, positive (PPV) and negative (NPV) predictive values for rectal palpation 

Method No. & Type of Sensitivity Specificity PPV NPV Accuracy DIC Control Reference 
Animals % % % 0/o 0/o 
Holstein Heifers 90.7 30 to 45 bPSPB Alexander et al. 1 995 

95.8 40 to 45 

299 Holstein-Friesian 99 >34 RtO Badtram et al. 1 991  
& Calving 

266 90.0 52.0 (doubtful 7.8%) 50 to 60 Calving Ducker et al. 1 985 

85 1 00 42 to 46 Progesterone & Franco et al. 1 987 
repeat RP 

483 99.7 89.9 (without doubtful diagnosis) 29 to 84 Calving Hancock 1 962 
99.2 87.8 (with doubtful diagnosis) 

1 851 Beef 99.0 69.6 94.9 92.8 70 to 1 45 Calving Meacham et al. 1 976 

Dairy 98.9 58.6 92.5 90.8 30 to > 1 20 Calving Reimers et al. 1 985 

4558 Dairy 92.5 Reimers et al. 1 990 

245 Heifers 89.4 94.4 9 1 .8 92.2 65 to 70 Calving Roche et al. 1 978 

95 Beef 98.0 1 00 1 00 97.8 >41 Slaughter Tierney 1 983 

2368 Dairy 99.1 77.2 95.1  95.2 30 to >72 RtO Warnick et al. 1 995 
99.2 79.9 >36 & repeat RP 
99.3 8 1 .9 > 43 & Calving 

1 624 99.6 49.2 83.3 97.8 30 to 68 Calving White et al. 1 989b 
99.4 67.1 84.6 97.8 >41 

8 1 4  Hereford X 98.5 1 00 1 00 82.8 98.7 60 to 1 37 Slaughter Yaro et al. 1 989 

indirect 91 -96.2 35 to 42 repeat RP Abbitt et al. 1 978 

indirect 565 97.2 33 to 45 repeat RP Beghelli et al. 1 986 

indirect 94.0 60 to 90 Calving Heap et al. 1 976 

indirect 7477 Cows 94.4 30 to >70 Calving Vaillancourt et al. 1 979 

indirect = Study investigated other reproductive problem DIC = Days in calf bPSPB = Bovine pregnancy specific protein B RP = Rectal palpation 
RtO = Return to oestrus 

1 1  



Ultrasonography 

The reflection of ultrasound waves from an object of interest can be 

demonstrated by sound or vision. The first method forms the basis of Doppler 

ultrasonography, used to identify the foetal heartbeat in pregnancy scanning of ewes. 

Visualisation of the ultrasound reflection can be either by showing the amplitude of 

the waves (A-Mode) or by transposing the strength of reflection into a picture with 

grey-scales (B-Mode or real-time). Lindahl ( 1 966) was probably the first to describe 

the use of ultrasound for pregnancy diagnosis in animals and he found the amplitude

depth presentation (A-Mode) more useful than real-time. 

Real-time ultrasonography for pregnancy diagnosis in animals became popular in 

the late 1 970' s and specialised transducers were developed (Peter et al . ,  1 992). 

Today, a l inear transducer i s  commonly used for pregnancy diagnosis in cattle, with a 

3 .5  or 5 .0 MHz head. This transducer is introduced into the cow' s  rectum and swept 

over the structures in, or just cranial  to, the pelvic cavity, either with the help of the 

operator' s hand or a moderately rigid supp01t of transducer head and cord. 

The structures suggestive of pregnancy have been described by Curran et al . 

( 1 986) and Boyd et al .  ( 1 988), with the heart beat of the embryo, detectable from 22 

days of gestation onwards, being the most definite sign. Accuracy increases as 

pregnancy progresses , with suggestions that pregnancy diagnosi s should be carried 

out in heifers from 22 or 28 days of gestation onwards (Hughes and Davies 1989; 

Kastelic et al . ,  1 989) and in cows from 30 to 35 days of gestation onwards 

(Tainturier et al . ,  1 983;  Bonato et al . ,  1 990; Raj amahendran et al . ,  1 994). Hanzen and 

Laurent ( 1 99 1 )  and Badtram et al . ( 199 1 )  found no difference in accuracy between 

animals of different ages. The position of the uterus influences accuracy, however, 

with more false negative diagnoses in animals where the reproductive tract lies 

crani al to the pelvic inlet (Szenci et al . ,  1995). 

The stage of gestation can be determined by the size of various organs and body 

parts of the conceptus (Kahn, 1 989),  with crown-rump-length being the most 

accurate determinator (White et al . ,  1 985 ;  Hughes and Davies, 1 9 89; Curran et al . ,  

1 986) .  Hughes and Davies ( 1 989) found it possible to  correctly detect twin 
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pregnancies at 42 to 49 days of gestation. Mi.iller and Wittkowski ( 1 986) describe 

sexing of the foetus between 73 and 1 20 days of gestation with an accuracy of 94%. 

Pathological conditions identifiable with ultrasound have been described by Kahn 

and Leidl ( 1 989). 

There was no evidence of foetal l oss directly attributable to u ltrasound 

examination during early gestation in studies by Hanzen and Laurent ( 1 99 1 ), Ball  

and Logue ( 1 994), and Baxter and Ward ( 1 997). With implantation not being 

completed until 45 days, scanning cows for pregnancy prior to this carries the risk of 

animals loosing the conceptus natural ly after the pregnancy diagnosis is completed. 

Re-examination of animals found pregnant at the initial diagnosis i s  advi sable. 

Reported sensitivity, specificity, and positive and negative predictive values for 

pregnancy diagnosi s by real-time ultrasonography are summari sed in Table 1 .2 ,  page 

14 .  

Pregnancy diagnosi s using the Doppler method was found useful by Zheng and 

Wu ( 1990) with 100% coincidence rate between the Doppler diagnosi s and rectal 

palpation after 5 1  days of gestation. Several other authors, however, found neither 

Doppler method nor A-Mode sati sfactory, mainly due to poor specificity and length 

of gestation at which diagnosis was possible (Archibong and Dieh l ,  1 982; Tiemey, 

1 983 ; Ducker et al . ,  1 985; Cameron and Malmo, 1 993; McCaughey and Gi lmore, 

1 990). 

Oestrone Sulphate 

Oestrone sulphate is produced by the foetal-maternal unit and is the main 

oestrogen synthesised in placentomes by sulpho-conjugation (Mattiolo et al . ,  1 984) . 

There i s  also some synthesis by the non-caruncular endometrium and the allanto

chorion (Janszen et al . ,  1995). Interest in oestrone sulphate started in the 1 970's, with 

its occurrence described in allantoic fluid (Robertson et al . ,  1 97 8 ;  Robertson and 

King, 1 979) and in the plasma of pregnant pigs and cows (Heap and Hamon, 1 979). 
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Table 1.2 Reported sensi ti vi ty, specificity, positive (PPV) and negative (NPV) predictive values for real-time ultrasonography 

Method No. & Type of Sensitivity Specificity PPV NPV Accuracy DIC Control Reference 
Animals % % % % % 

7.5 MHz 111 (H/ F) 38.1 97.7 95.4 54.6 26-27 repeat US Szenci et al. 1996 
heart beat 89.0 100 100 87.7 33-34 & RP 

98.1 100 100 97.7 44-45 
100 100 100 100 53-58 

allantoic fluid 78.1 93.1 93.4 78.1 26-27 
+1- heartbeat 96.3 97.7 98.1 95.6 33-34 

100 100 100 >39 
5 MHz 471 86.7 75.3 21-45 Lamprecht et al. 1995 

142 97 27-30 RP at 60 days Bonato et al. 1990 

543 100 >35 RP at 60-90 Chaffaux et al. 1988 
1483 100 >45 days (similar in 1986) 

3.5 MHz 179 (Beef x) 98.8 75 99.4 60 98.4 92-202 Calving White et al. 1985 

5 MHz 85 97.7 87.8 89.6 97.2 26-33 RP at 50-90 days Pieterse et al. 1990 
or RtO or Calving 

5 MHz 100 82.9 66.7 88.7 55.2 24-26 repeat US Szenci et al. 1995 
97.4 91.7 97.4 91.7 27-29 & RP at 56-70 
97.4 95.8 98.7 92 31-33 days 

7.5 MHz 39 80 100 100 57.1 27-32 repeat US & RP Szenci et al. 1995 
96.6 100 100 90 34-38 

5 MHz 1766 (H/F & BB) 97 74 91 90 91 0 40-43 RP30-60 days Hanzen and Laurent 1991 
57 95 54 88 78 86 <30 later 
722 95 67 89 84 88 30-39 
620 98 77 92 94 93 40-49 
312 98 77 93 95 94 50-59 
55 97 95 97 95 96 60-70 

3MHz 320 (Dairy & Beef) 96.9 87.3 94 89.7 041 RP Hanzen and Delsaux 1987 
33 92.3 87.5? 70.5 75 < 30 
130 97.8 78.7 92.8 92.8 30-39 

93 98.6 89.4 97.3 94.4 40-49 
38 93.9 100 100 71.4 50-59 
26 93.7 100 100 90.9 > 60 

299 (H/F) 68.8 71.7 71.1 70.2 23-31 RP at >35 days Badtram et al. 1991 
22 100 90.1 92.5 100 27-29 RP 3 mths later Beghelli et al. 1986 

5 MHz 85 97.7 87.8 89.6 97.3 26-33 RP Willemse and Taverne 1989 

DIC = Days in Calf HIF = Holstein/Friesian BB = Belgian Blue US= Ultrasonography RP = Rectal Palpation RtO =Return to oestrus 0 = Average 
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Oestrone sulphate can be analysed from plasma, serum, faeces and milk of 

pregnant females of various species, including cattle, buffalo, smal l ruminants, pigs 

and horses (Sist  et al . ,  1 987a; Fletcher and Worsfold, 1 988 ;  Hung and Prakash, 1 990; 

Prakash and Madan, 1 993; Szenci et al . ,  1 993;  Eissa et al . ,  1 995) .  When used for 

pregnancy diagnosis, similar levels of accuracy have been found for p lasma 

(Tainturier et al . ,  1987), serum (Fletcher and Worsfold, 1 988), and faeces (Han Sun 

Choi , 1 987 ; S i st et al. ,  1987b). In cows, concentrations in plasma are correlated to 

those in milk.  

It is a hydrophilic substance and over 90% are confined to the whey portion of 

mi lk (Heap and Hamon, 1 979). Initial l y, mi lk analysis involved radio-immunoassays 

of oestrone after hydrolysis and extraction. Coulson et al .  ( 1 98 1 )  and Holdsworth and 

Chaplin ( 1 982)  found levels determined by radio-immunoassay of defatted mi lk 

simi lar to those involving hydrolysis and extraction. Henderson et al . ( 1 992) used 

whole mi lk successfully. 

Enzyme-immunoassays were developed, enabl ing the processing of large sample 

numbers in shorter time and with less laboratory equipment. There is a close relation 

between radio- and enzyme-immunoassays for oestrone sulphate concentrations 

(Tainturier et al . ,  1986) . The enzyme-immunoassay uses a colour change as endpoint 

and is based on oestrone sulphate in milk competing with an added oestrone sulphate 

enzyme conj ugate for antibody binding sites. Mi lk with a high oestrone sulphate 

concentration wil l  prevent the added enzyme conjugate from binding and the colour 

change wil l  be less intense. 

There i s  some cross-reaction with oestrone glucuronide and oestrone, but the 

concentrations of these two hormones is much lower than oestrone sulphate in the 

maternal circulation during gestation and all three are positivel y  correlated. There i s  

l ittle cross-reaction with progesterone (Tsang et  al . ,  1 975 ;  Power et  al . ,  1 985).  

Non-pregnant cows have circulating oestrone sulphate as well ,  but 

concentrations increase as pregnancy progresses (Heap et al . ,  1 983 ;  Tainturier et al . ,  

1 986; Henderson, et al . ,  1 994b; Henderson et al . ,  1 995) .  Henderson et al . ( 1994a) 

found oestrone sulphate concentrations in milk measured by enzyme-immunoassay 
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of 0 to 1 .3 nmol/1 in non-pregnant cows, and of 1 . 1  nmolll at 70 to 99 days of 

gestation and 3 .2nmolll at 140 to 1 60 days of gestation in pregnant cows. The peak in  

median oestrone sulphate in milk occurs at 161  to  1 80 days of  gestation at a level of 

l ng/ml (Heap and Hamon 1979; Henderson et al . ,  1 993) .  The highest milk 

concentration found in non-pregnant cows was 622 pg/ml,  and the lowest 

concentration in pregnant cows at 1 2 1  days of gestation was 127 pg/ml in a study by 

Power et al. ( 1 985) .  

There i s  considerable variation in oestrone sulphate levels between and within 

cows, with transient periods of low concentration possible in pregnant animals, as 

wel l  as cows presenting with contrasting diagnoses when sampled repeatedly (Heap 

et al . ,  1 983;  Henderson et al . ,  1993; Henderson et a l . ,  1 995). Power et al. ( 1 985) 

noticed a variation between and within microti tre plates. For pregnancy diagnosis 

using enzyme-immunoassay of milk,  cut-off points between pregnant and non

pregnant cows of 1 20 pg/ml (Henderson et al . ,  1 993) and 200 pg/ml (Power et a l . ,  

1 985) have been suggested, with cows ideal ly  more than 100 to 1 20 days in calf. 

Oestrone sulphate concentrations fal l  rapidly after calving (Tsang et al . ,  1 975 ;  

Foote, 1 978;  Abdo et al . ,  199 1 )  and can be used to  indicate the viabi lity of the foetus 

(Heap and Hamon, 1979;  McCaughey et al . ,  1 982) .  In cows with a possible 

Leptospira hardjo chal lenge, oestrone sulphate concentrations decreased after fifteen 

weeks (Hewitt et al . ,  1 990). However, oestrone sulphate remained high for a few 

days after induced abortions (Mohamed et al . ,  1 987) .  

Oestrone sulphate concentration is  not influenced by the sex of the foetus 

(Robertson and King, 1 979; Hamon et al . ,  198 1 ;  Bloomfield et al . ,  1 982), 

birthweight of the calf, or weightless of the cow during  gestation (Bloomfield et al . ,  

1 982).  Since oestrone sulphate i s  of placental origin, twin calves may be expected to 

induce higher oestrone sulphate concentrations due to more placental tissue. 

Worsfold et al. ( 1 989) and Echtemkamp ( 1 992) did find higher oestrone sulphate 

levels in cows carrying twins, but the increase was not signjficant and levels could 

not be used to predict twin pregnancies.  
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Milk yie ld or mil k  composition does not influence oestrone sulphate (Hamon et 

al . ,  1 98 1 ;  B loomfield et a l . ,  1 982) and this i s  reflected in studies by Heap and Hamon 

( 1 979) and Henderson et al .  ( 1 994b) with only a minor influence of breed or stocking 

rate . Abdo et al .  ( 1 99 1 ) ,  however, found a significant difference in oestrone sulphate 

concentrations between the Swedish Jersey and either the Swedish Red and White or 

the Swedish Lowland breeds. Dairy cattle management systems prevalent in New 

Zealand do not influence oestrone sulphate concentrations (Henderson et al . ,  1 994b). 

Oestrone sulphate concentrations in milk are slightly increased by freezing (Heap 

and Hamon 1 979) and the sensitivity of the enzyme-immunoassay is increased by 

incubation of the mi lk sample at 4°C overnight (Power et al . ,  1 985) .  Mastitis or 

oestrus may lead to a wrong pregnancy diagnosis using oestrone sulphate 

(McCaughey et al . ,  1 982).  

Reported sensitivity, specificity, and positive and negative predictive values for 

pregnancy di agnosis by oestrone sulphate are summarised in Table 1 .3 ,  page 1 8 . 

Oestrus Observation 

Determination of an animal ' s  pregnancy status by observation of its sexual 

behaviour is probably the oldest method used for pregnancy diagnosi s .  Return to 

oestrus after breeding is used as a sign that the cow has not conceived. In seasonal 

herds, a high milk yield or good body condition compared to the cow ' s  herd mates is 

also sometimes used as an indication of non-pregnancy. Owner-run herds with no 

extra farm l abour, which generally  have herds smal ler than the national average, 

commonly use oestrus observation as their main method for pregnancy diagnosis .  

Part of the herd, that is c lassed as ' suspect '  by observation or i s  destined for 

slaughter, may be presented to the veterinarian for pregnancy diagnosis .  

Behaviour during oestrus has been described (Wil l iamson e t  al . ,  1 972b; Reimers 

et al . ,  1 985) ,  with a cow standing while being mounted as the most accurate sign. 

Mounting by the cow herself, blood on the vulva and absent milk  letdown are less 

accurate signs. 
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Table 1 .3 Reported sensitivity, specificity, positive (PPV) and negative (NPV) predictive values for oestrone sulphate 

Method No. & Type of Sensitivity Specificity PPV NPV Accuracy DIC Control Reference 
Animals % % % % o;o 

RIA (whey) 1 8  83 (none non- 1 00 3 doubtful > 1 00 RIO, calving Hamon et al. 1 981 
23 56.5 pregnant) 1 00 8 doubtful 96-1 00 RIO, calving 

RIA (milk - 261 98.4 94.7 97.9 95.9 >1 26 repeat RP McCaughey et al. 1 982 
defatted) 

EIA (milk) 297 1 50 pg cut-off 99.6 80.7 95.6 97.9 95.3 > 1 20 repeat RP, Power et al. 1 985 

200 pg 99.2 86.0 96.7 96.1 96.0 calving, 

250 pg 96.7 89.5 97.5 86.4 94.6 slaughter 

RIA (milk - 567 54.2 1 00 1 00 29.8 < 1 20 RP, Henderson et al. 1 992 
whole) 95.9 1 00 1 00 72.5 > 1 20 calving 

El A 501 62.4 1 00 1 00 48.2 < 1 20 not Henderson et al. 1 993 
98.0 1 00 1 00 85.4 > 1 20 stated 

El A 422 85.4 93.8 98.3 60.8 22- 1 78 RP >35 d Henderson et al. 1 995 

(Confirm) Jersey & Friesian 43.1 93.8 86.2 64.7 22-1 1 9  & calving 

97.1 93.8 98.1 9 1 .0 1 20-1 78 

? (milk- 53 1 00 1 00 1 1 0- 1 30 Calving Kourletaki-

whole) 67.0 1 00-1 09 & RtO Belibasaki et al. 1 995 
30.0 90-99 

DIC = Days in calf RIA = Radio-immunoassay EIA = Enzyme - immunoassay RtO = Return to oestrus RP = Rectal palpation 
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The time frame during which oestrus behaviour i s  expressed ranges from 2.6 to 

26 hours, with an average length of 9 .5  to 1 4  hours (OFarrell, 1 984; Nebel et al . ,  

1 992; Stevenson et al . ,  1 996; Walker et al . ,  1 996) . During this time, an average of 1 0  

to 1 4  mounts take place, with only some l asting longer than two seconds (Nebel et 

al . ,  1 992; Walker et al . ,  1 996). Early morning is the best time to observe cows for 

oestrus, with one-third to one-half of cows starting oestrus behaviour from midnight 

onwards (Foote, 1 975;  Nebel et al . ,  1 992;  Stevenson et al . ,  1 996) . 

The average abil ity of herdsmen to detect oestrus ranges from 5 1 %  to 77% 

(Wil l iamson et al . ,  1 972a; Esslemont, 1 974b; Lehrer et al . ,  1992; Nebel et a l . ,  1 995). 

Some herdsmen only achieve a 20% detection rate (King et al . ,  1 976; Gaines et al . ,  

1993). These studies used either progesterone profi les o r  continuous observation to 

establish true oestrus activity. The 24-day submission rate reflects oestrus detection 

abi lity (O 'Farrel l ,  1 984; Hayes, 1 997), and Esslemont ( 1 992) reports an average 24-

day submission rate of 5 1 .9% (range 44.9% to 57 .5%) in 91 observed herds. 

Pregnant cows may express oestrus behaviour and this can lead to a wrong 

diagnosi s of non-pregnant. Mol ler et al . ( 1 986) reported pregnancy in 5 .6% of 2274 

cows that were identified as retum to oestrus by the herdsman. Wi l l iamson et al. 

( 1 972b) observed 8 out of 109 (7.3%) heats in pregnant cows. Using  progesterone 

concentrations on the day of presentation as comparison, between 4 .8% and 7 .8% of 

cows identified as expressing oestrus were not in oestrus, with a range of incorrect 

oestrus detection of 0% to 60% (Reimers et al . ,  1985 ;  Rajamahendran et al . ,  1 993; 

Kourletaki Belibasaki et al . ,  1 995).  

Between 8 .5% and 1 1 .8% of cows presented for breeding were found to have 

inactive ovaries (Moller et al . ,  1 986; Markusfeld, 1 987).  Anoestrus after an 

unsuccessful insemination occurred in 2 . 1 %  of 2274 cows in a study by Moller et al .  

( 1986), and Macrnil lan ( 1996) reports an incidence of up to 20% of anoestrus in  

cows inseminated fol lowing progesterone treatment. These animals would not be 

identified as non-pregnant by oestrus observation. 

Oestrus detection efficiency can be increased by using combinations of 

observation and various aids, such as tai l paint, rump mounted dye detector 

1 9  



(Kamar®) ,  pedometer, electrical impedance of vaginal mucus, and heifers treated 

with testosterone (Kilgour et al . ,  1977; Macmi l lan and Cumow, 1 977;  Stevenson and 

Bri tt, 1 977;  Lehrer et al . ,  1 992). Williamson ( 1 980), for example, reports an increase 

in oestrus detection from 62. 1 %  for observation alone to 96.4% for a combination of 

observation and tail paint. 

A sexual l y  active group needs to be present for cows to show strong oestrus 

behaviour and Helmer and Britt ( 1 985) suggest that at least 44 cycling cows are 

needed for two cows to be in oestrus at any time. If the sexually active group consi sts 

of more than five to six animals, however, acti vity may be reduced or the group 

becomes unstable and splits up (Kilgour et al . ,  1 977; Esslemont et al . ,  1985) .  Bulls 

also inhibit the sexual ly active group, and oestrus behaviour is suppressed during the 

feeding of supplements or during yarding of cows for milking (Ki lgour et al . ,  1 977). 

Foote ( 1 975) found that bul l s  running continuously with cows detected on average 

80% of cows in oestrus, with the detection rate decreasing when the bull to cow ratio 

increased. Mialon et al . ( 1 994) found detection of oestrus using a vasectomised bull 

for pregnancy diagnosi s up to 90 days of gestation as efficient as bovine pregnancy 

specific protein or progesterone assays. 

Most studies on the efficiency of oestrus detection have established the oestrus 

detection rate for inseminations. Roche et al . ( 1 978),  however, looked at oestrus 

observation for pregnancy diagnosis in 245 heifers and, using the calving records as 

comparison, found a sensitivity of 94. 1  %, specificity of 54%, positive predictive 

value of 65.9%, negative predictive value of 90.7%.  

Progesterone 

The progesterone concentration in cow' s  mi lk i s  related to the activity of the 

corpus luteum. If conception does not take place after insemination, progesterone 

levels wil l  be low 1 8  to 24 days later, when the subsequent oestrus wi l l  normal ly  

occur. A h igh progesterone concentration at  this time indicates the presence of  a 

corpus luteum, which is l ikely to be related to pregnancy (Laing and Heap, 1 97 1 ). 

Robertson and Sanda ( 197 1 )  used plasma progesterone levels for pregnancy 

diagnosis in several species. 
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Progesterone tests using mi lk  have been available for pregnancy diagnosis in  

Germany and the UK since 1 975  (Foote, 1 978 ;  Booth, 1 979).  Especially larger herds 

took up the testing service offered by the Mil k  Marketing Board in the UK, with 

5 .6% of all herds using it in 1 977 (Booth, 1 979). Cow-side tests have become 

avai lable, and some of these have been reviewed by Nebel ( 1 988) and Smale ( 199 1 ). 

Future developments may include immunosensors in the milking unit (van der Lende 

et a l . ,  1992). 

Mi lk  is tested on one or more days in the 1 8  to 24 day interval after 

insemination, though two samples (e .g. on Day 2 1  and 24) did not significantly 

increase overal l accuracy in studies by Heap et al .  ( 1976) and Pennington et al. 

( 1 985) .  Since progesterone secretion is  not related to the conceptus, it  i s  only an 

indirect sign of pregnancy. Most non-pregnant animals are identified cotTectly, and 

these can then be targeted for oestrus observation and repeat breeding. False positi ve 

diagnoses occur in cows with an abnormal ly  long inter-oestrus interval or a persistent 

corpus luteum. 

In addition, the interpretation of progesterone levels is based on the assumption 

that the cow was in oestrus when insemination took place. An animal inseminated in 

dioestrus would be in dioestrus again with an active corpus luteum, and therefore 

high progesterone levels, at the time of testing. Measuring progesterone 

concentrations on the day of insemination and 1 8  to 24 days later increases 

sensitivity by confirming oestrus at the time of breeding (GUnzler et al . ,  1975) .  With 

pregnancy diagnosis taking place prior to implantation, apparently false positive 

diagnoses wi l l  occur due to embryonic mortality. Karagiannidis ( 1 990) found this to 

be the main cause for a difference in diagnoses between days 2 1  to 24 and days 60 to 

90, accounting for 63 .6% of the disagreements. Insemination during the luteal phase, 

a persistent corpus luteum with or without uterine infection, and irregular oestrus 

cyc les accounted for 20%, 1 2 .7%, and 3 .7%, respectively.  

Breed has no effect on the accuracy of milk progesterone for pregnancy 

diagnosis (Pennington et al . ,  1 976), though there is variation between herds (Booth, 

1 979). Milkfat also influences progesterone concentrations (GUnzler et al . ,  1 975).  
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Reported sensitivity, speci ficity, and posi tive and negative predictive values for 

pregnancy diagnosis using progesterone are summarised in Table 1 .4, page 23. 

S asser and Ruder ( 1 987) presented a review of studies using progesterone for 

pregnancy diagnosis .  

Other methods 

Bovine pregnancy specific protein B (bPSPB) 

Laster ( 1 977) i solated a protein from the endometrium and uterine flushings of 

cows 1 5  days after insemination, which could not be detected in other body tissues. 

Further work showed thi s pregnancy specific protein to be secreted by binucleate 

cells of the trophoblastic ectoderrn or placenta (Reimers et al . ,  1 985 ;  O'Connor, 

1 994; Xie et al . ,  199 1 ) .  A radio-immunoassay was developed in the 1980' s  (Sasser et 

a l . ,  1 986). Reported sensiti vity and specificity range from 60.2% and 9 1 .3%, 

respectivel y, at  24 days after insemination, to 99.0% to 1 00 .0% and 90.2% to 94.7%, 

respectively, between 25 to 35 days after insemination (Maurer et al . ,  1 985 ;  Humblot 

et al . ,  1 988a) .  Positive and negative predicti ve values of 74% to 90.0% and 97.8% to 

100.0% in cows 28 days after insemination have been reported (Humblot et al . ,  

1988b; Mialon et al . ,  1994) .  

Bovine PSPB has a long half-l ife of approximately 7 days and is  found in the 

post-partum period for up to 9 weeks (Ruder and Sasser, 1 986; Sasser et al . ,  1 99 1 ) . 

High levels were also found in  cows with endometriti s or degenerating foetal tissues 

(Maurer et al . ,  1985) .  It is ,  therefore, less suitable for the detection of early 

embryonic death, and fal se positive results may occur in  cows tested less than 80 

days after their last calving (Ruder and S asser, 1 986; S asser et al . ,  1 99 1 ;  Zol i  et al . ,  

1 992; Szenci et  al . ,  1 996). Age or  parity of the cow does not influence bPSPB levels,  

but breed may have an effect (Maurer et al . ,  1 985) .  Cows carrying twins showed 

significantly higher levels than those with a single conceptus (Vasques et al . ,  1 993). 

Radio-immunoassays general ly  are costly and fairly labour-intensive,  making them 

less suitable for large scale sample processing. 
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Table 1 .4 Reported sensitivity, specificity, positive (PPV) and negative (NPV) predictive values for progesterone 

Method No. & Type of Sensitivity Specificity PPV NPV ACCI Iracy DIC Control Reference 
Animals % 0/o 0/o 0/o ( �  

RIA 2 1 3  1 00 54.5 79.5 1 00 20 RP at 62-76 DIG Gunzler et al. 1 975 

RIA 1 50- 1 70 dairy cows 78-86 88- 1 00 2 1 ' 28 & 42 
80 1 00 24 RP at 60-90 DIG Heap et al. 1 976 

RIA (plasma) 245 95.6 6 1 .5 73.6 93. 1 5 j.f 2 1  calving & RtO Roche et al. 1 978 

? 2000 dairy cows 84.5 97 1 8-24 RP & RtO Booth et al. 1 979 

RIA 82 95.2 94.7 38 & 42 calving Laing et al. 1 979 

RIA 301 4  76.9 93.8 23 RP & RtO Gowan et al. 1 982 

RIA 1 1  herds (allowed diagnosis 'doubtful') 77.4 97.2 8! i .8 2 1  R P  o r  RtO Pennington et al. 1 985 
83.5 95.3 8: 1.4 24 
84.2 9 1 .7 8: 1 .7 2 1  & 24 

RIA 1 974 (allowed diagnosis 'doubtful') 88.6 94 2 1 -24 calving Reimers et al. 1 985 

RIA 2975 97.9 43.5 64.9 96 7.6'Vo d-f 2 1 -23 RP at 40-60 DIG Beghelli et al. 1 986 
247 98.3 34. 1 62 .7 95.4 7.3% d-f 0 & 2 1 -23 

ELl SA 67.3 93.9 7 ).8 21 RP Nebel et al. 1 987 
RIA 1 0  herds 75 94.5 8' ).5 21 or RtO 

RIA 1 75 heifers & cows 56.5 67.2 98 24 RP & RtO Humblot et al. 1 988a 

RIA 5 1 2  81 .3 97.1  2 1 -24 RP at 60-90 DIG Karagiannidis 1 990 

EIA (cowside) 1 1 9 93. 1  39.3 59.3 85.7 0 & 21 RP at 50-90 DIG, Pieterse et al. 1 990 
RIA 1 1 9  86.2 47.5 64.9 96 0 & 2 1  RtO o r  calving 

? 4558 88.6 93.9 21 ? Reimers et al. 1 990 

El A 50 65.5-68 90-91 76.£ -78.6 21 RP at 60 DIG Dionysius 1 99 1  

El A Cows 76.5 90.6 1 8-24 
9 1 .6 1 00 25-90 

Buffalo 7 1 .4 8 1 .8 1 8-24 RP at 45-50 DIG Gupta et al. 1 99 1  

RIA 472 72 94 21 RP Rajamahendran et al. 1 993 

El A 274 1 00 72.5 83. 1 1 00 6.6:Yo d-f 2 1  RtO & calving Kourletaki-Belibasaki et al. 1 995 
DIC = Days in calf RIA = Radio-immunoassay EIA = Enzyme-immunoassay RP= Rectal palpation RtO = Return to oestrus d-f = doubtful diagnosis 
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Bovine pregnancy-associated glycoprotein (bPAG) 

Another protein found in the peripheral circulation of pregnanct cows is  bPAG 

or bPAG1 and a radio-immunoassay is used for i ts detection . Reported sensitivity 

ranges from 8 1 . 8% at 26 to 27 days after insemination to 1 00% at over 33 days after 

insemination . Specificity of 54.5 %  in early pregnancy to 93% for cows at least five 

weeks pregnant has been reported. Positive and negative predictive values ranged 

from 69.2% to 97% and 70.5% to 100% in these studies (Zoli et al . ,  1 992; Skinner et 

a l . ,  1 996; Szenci et al . ,  1 996). bPAG does persist for some time in the post-partum 

period, as wel l ,  and false positive diagnoses may occur in cows sampled before 100 

days after calving. Ectors et al . ( 1 996) suggests that bPAG may be useful to monitor 

placental abnormalities, embryonic mortality and abortion. 

Early pregnancy factor (EPF) 

The paternal part of the developing embryo would be expected to stimulate an 

immune response in the pregnant female. For implantation to take place, 

immunosuppression is necessary and EPF is thought to achieve this .  EPF inhibits the 

rosette formation between T l ymphocytes and red blood cel ls and hence the rosette 

inhibition titre is used to detect it (Morton, 1976 quoted by Sasser and Ruder, 1987). 

Two fractions have been identified: EPF-A produced by the oviduct during oestrus 

and pregnancy, and EPF-B produced by the ovary during pregnancy (Morton et al . ,  

1 980). EPF-B (or ovum factor or zygotin) requires a signal from the ferti l ised ovum 

(Koch et al . ,  1 983) .  It has been found to be present throughout pregnancy in the sow, 

but was only found between 72 hours and 16 weeks after insemination in the ewe 

(Morton, 1 979 quoted by Shaw and Morton, 1 980). Nancarrow et al. ( 1 98 1 )  has 

described i ts use in cows and reviews are given by Shaw and Morton ( 1 980) and 

Koch and Ellendorff ( 1 985) .  

The rosette inhibition titre i s  very time consuming. Threlfall and Bi lderbeck 

( 1999), using an early conception factor (ECF) dipstick test on serum samples 6 to 1 5  

days after insemination, achieved sensitivity, specificity, and positive and negative 

predictive values of 9 1 .0%, 46.4%, 59.2% and 85 .8%, respectively. Using milk,  

h igher values were achieved. Much lower values are reported b y  Adams and Jardon 

( 1999), using a similar test at 3 to 7 days after breeding. 
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Re-testing of cows diagnosed pregnant with a very early test l i ke this i s  

advisable, a s  pregnancies wil l  be lost due to early embryonic death.  

Miscellaneous methods 

In the presence of a corpus luteum, a non-luteolytic dose of prostaglandin F2a, 

causes luteal oxytocin release leading to mil k  ejection after a quarter has been 

drained of milk. This method achieved a higher positive predictive value than 

progesterone assay at 1 8  to 22 days after insemination (72.3% vs.  68.6%). The 

negative predictive value was slightly lower (93 . 5 %  vs. 1 00%; Labussiere et al . ,  

1 992). 

Nuclear magnetic resonance spectra of the cervical mucus showed a 98% and 

94% effectiveness in pregnancy diagnosi s at 5 to 50 days after breeding (Meri lan, 

1 982). Electronic probe measurements of the cervical-vaginal mucus did not proof 

useful to detect oestrus and was found to be labour-intensive (Cavestany and Foote, 

1 985). Electrical conductance of ovaries and uterine horns varied depending on 

months of gestation (Petrov, 1 994). 

Externally conducted electrocardiograms wi l l  detect on average 4 out of 5 

pregnancies, with low detection rates in the first two trimesters . This method is more 

suitable for assessing foetal health than diagnosing pregnancy (Bosc and Chupin, 

1 97 5 ;  Mansfeld and Grunert, 1 989). 

Measuring serum alkaline phosphatase activity for pregnancy diagnosis in early 

gestation cows has also been reported (Wu XianShu et al . ,  1 993).  

Conclusion 

Pregnancy diagnosis should form an integral part of herd reproductive 

management. The avai lable and commonly used methods of pregnancy diagnosis,  

l ike rectal palpation, real-time ultrasonography, and progesterone and oestrone 

sulphate assays, each h ave advantages and disadvantages in terms of stage of 
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gestation when appl icable, rel iabi lity and accuracy, cow welfare, equipment or 

training needed, costs, and information detai l provided, and the literature review has 

shown this.  There is a constant quest for refi ning existing methods and developing 

alternatives .  Major advances have been made with the development of 

immunoassays, especially enzyme-based assays that allow processing of l arge 

number of samples. The inherent difficulty with establ ishing accuracy of pregnancy 

diagnosis l ies in  the absence of a rel iable gold standard or control ,  and the reviewed 

studies demonstrate this by employing various, and often concurrent, techniques. 

Foetal loss, which results in an apparent number of misdiagnoses, adds to the 

problem. 

Acceptance of pregnancy diagnosis by the herd owner or manager as the 

important management tool it is depends on the accuracy, convenience and cost

effectiveness of the procedure. To establish the true value of a method, it has to be 

tested in the particular management si tuation in which it would be applied. The 

seasonal, grass-based production system prevalent in New Zealand dairy herds i s  

unique in  many aspects and places i t s  own requirements on pregnancy diagnosis .  No 

study was found that compared oestrone sulphate with rectal palpation, 

ultrasonography, and farmers ' observation in New Zealand dairy herds. 

Extrapolating data from other studies would not do justice to the methods under 

investigation. The l iterature review has stimulated a desire to contribute to the 

knowledge about methods of pregnancy diagnosi s as applicable under New Zealand 

management systems. 
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CHAPTER 2 

COMPARISON OF MILK O ESTRONE SULPHATE WITH 

RECTAL PALPATION AND REAL-TIME TRANSRECTAL 

ULTRASONOGRAPHY FOR PREGNANCY DIAGNOSIS 

Introduction 

Pregnancy diagnosis is considered an essential component of reproductive 

management (Wil l iamson, 1 994). Rectal palpation is one of the main  methods used 

in cattle and real-time ultrasonography has been used extensively since the late 

1 970' s .  Both methods are invasive and require ski l led examiners, with some 

countries restricting the procedure to qual ified veterinarians. Alternative methods of 

pregnancy diagnosis uti l ising hormone concentrations in milk would avoid potential 

cow discomfort and the need for ski l led people (at point of sampling). Oestrone 

sulphate in milk,  with a reported high positive predictive value (Hamon et al . ,  1 98 1 ;  

McCaughey et al . ,  1 982;  Power et al . ,  1985 ;  Henderson et al . ,  1 992; Henderson et al . ,  

1 993; Henderson e t  al . ,  1995), i s  potential ly suited to the seasonal dairy system in 

New Zealand, where pregnancy diagnosis is commonly carried out several weeks 

after the end of the breeding period and the main deci sion based on the results of 

pregnancy diagnosis is culling. Most farms are enrol led in periodical herd milk 

testing (for example, 87 .2% of herds in the 1 996-97 season, with 89.6% of cows 

tested at least once; Livestock Improvement Corporation, 1997a). 

For oestrone sulphate to have a place in pregnancy diagnosis ,  i t  must have 

accuracy similar to currently used methods. Materials ,  methods and presentation of 

results of studies looking at sensitivity and specificity for rectal palpation, 

ultrasonography and oestrone sulphate vary widely, making a comparison based on 

reported data impossible. The most profound difference lies in the method of control 

used, varying from calving records (Meacham et al . ,  1 976; Vai l lancourt et al . ,  1 979; 

White et al . ,  1 985;  White et al . ,  1 989b) to repeat examinations by the same (Abbitt et 

al . ,  1 978 ;  Beghell i  et al . ,  1 986; Szenci et al . ,  1 996) or a different method 

(McCaughey et al . ,  1 982;  Chauffaux et al . ,  1 988 ;  Bonato et al . ,  1 990; Hanzen and 

Laurent, 1 99 1 ;  Alexander et al . ,  1 995),  to combinations of control methods including 

27 



'return to oestrus ' (Power et al . ,  1 985 ;  Pieterse et al . ,  1 990; Badtram et al . ,  1 99 1 ;  

Henderson et al . ,  1 995 ; Kourletaki-Belibasaki et al . ,  1 995 ; Wamick et a l . ,  1 995). No 

study was found that compares al l three methods of pregnancy diagnosi s .  

The current study was aimed at assessing the accuracy of  oestrone sulphate in  

milk  for pregnancy diagnosis in  dairy cattle, while comparing it to  rectal palpation 

and ultrasonography. The study was not aimed at developing or refining an oestrone 

sulphate test, but to evaluate a currently marketed testing kit. Equally ,  the study did 

not intend to establish definitive values for sensi ti vity and specificity, but to compare 

the three methods relative to each other in the same cow population . 

Materials and Methods 

Pregnancy status of cows in six commercial ,  spring-calving dairy herds in the 

Manawatu region of New Zealand was establi shed using rectal palpation, 

ul trasonography and oestrone sulphate concentrations in mi lk. Herds were chosen 

from those c lients of the Massey University Farm Service Clinic who annual ly 

presented their enti re herd for pregnancy diagnosi s and who had an accurate 

recording system in place. Pregnancy diagnosis was carried out between 137  and 1 80 

days after the start of mating. Results for the three methods were obtained within 

eight days of each other in herds 1 ,  3, 4 and 5. In herds 2 and 6, milk col lection took 

place 35 and 34, and 1 9  and 42 days before rectal palpation and ultrasonography, 

respectivel y .  Table 2. 1 ,  page 29, shows the dates of examination in relation to the 

start of artificial insemination, start of natural mating and end of mating for the herds 

involved. The ear tag number was used to identify cows at all examinations and for 

fol low up. 

Rectal palpation 

Cows i n  the six herds were palpated by one of two veterinarians ,  with the 

palpator ' s  i dentity recorded for each cow. Cows were al located haphazardly to either 

of the two palpators in that, after entering the examination area, whichever cow stood 

in front of the palpator was examined by that person. A diagnosis of pregnant, non

pregnant or recheck was recorded by an assistant. 
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Table 2.1 Dates of breeding management and pregnancy diagnosi s and days between events 

Herd Number 
Dates of Events 1 2 3 4 5 6 
Start of artificial insemination (AI) 20-0ct-96 20-0ct-96 25-0ct-96 2 1 -0ct-96 29-0ct-96 1 0-0ct-96 
Start of natural mating (NM) 05-Dec-96 

# no NM 1 3-Dec-96 0 1 -Dec-96 07-Dec-96 09-Dec-96 
End of mating 0 1 -Feb-97 0 1 -Jan-97 1 0-Jan-97 07-Jan-97 20-Jan-97 06-Jan-97 
Rectal palpation 09-Apr-97 1 0-Apr-97 14-Mar-97 1 1 -Apr-97 23-Apr-97 08-Apr-97 
Ultrasonography 1 6-Apr-97 1 7-Apr-97 2 1 -Mar-97 03-Apr-97 1 8-Apr-97 24-Mar-97 
Milk col lection 09-Apr-97 06-Mar-97 1 8-Mar-97 03-Apr-97 2 1 -Apr-97 05-Mar-97 

Da!s Between Events 
Start of AI to rectal palpation 1 7 1 1 72 140 172 1 76 1 80 
Start of AI to ultrasonography 178  1 79 147 1 64 1 7 1  1 65 
Start of AI to milk collection 1 7 1  1 37 144 164 1 74 1 46 
End of mating to rectal palpation 67 99 63 94 93 92 
End of mating to ultrasonography 74 1 06 70 86 88  77  
End of  mating to milk collection 67 64 67 86 9 1  58  

# Two cows served by natural mating before this date; 38 cows served with AI after this date 
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Real-time ultrasonography examination 

An experienced local commercial ultrasonography operator examined cows in 

the six herds by transrectal real-time ultrasonography using an Aloka SSD500 with a 

3 .5  MHz l inear transducer. In most cows only the probe was introduced rectal ly, 

supported by an extender1 • A diagnosis of pregnant, non-pregnant or recheck was 

recorded by the operator' s  assi stant. 

Oestrone sulphate determination 

Milk collection 

For analysi s of oestrone sulphate, mi l k  col lected during a routine herd 

improvement test was used in herds 3 and 5 .  A composite milk sample of 

approximately 250 ml was taken from each cow at two consecutive mi l kings with in

l ine col lectors by technicians of the Livestock Improvement Corporation (LIC) . The 

samples were transferred into 1 50 ml plastic pots containing 200 )-ll of 10% 

Bronopol2 . Samples were stored at ambient temperature during collection and 

transport to the local LIC office. Further storage and transport to the National Mi lk 

Analysis Centre, Hil lcrest, was at 4° to 7° Celsius. 

In herds 1 ,  2 ,  4, and 6, mi lk  was collected manually at one mi lking. B efore cup 

attachment a composite mi lk  sample of 1 0  to 30 ml was taken of each cow into 30 ml 

plastic pots containing 1 00 �-tl of 10% Bronopol. All four quarters were used for the 

sample in most cows. Mastiti s ,  blind teats, dry quarters or nervous animals were 

reasons for not sampl ing a particular quarter. The cow's  eartag number was written 

on the lid of the sample container. Adhesive l abels showing herd and cow 

identification were applied to the samples after mil king had finished. S torage and 

transport of samples were the same as above. 

Milk analysis 

Oestrone sulphate concentrations of whole mil k  samples were establ ished by 

enzyme-immunoassay at the National Mil k  Analysis Centre, Hil lcrest, using the 

1 An extender consists of a semi-rigid tube to support the probe head and adjacent 40 cm of the lead 

2 Bronopol Boots. The Boots Company, Nottingham, United Kingdom 
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Confirm TM pregnancy test3 . Prior to the test all reagents, samples and plates were 

warmed to room temperature. 1 00 Jll of milk was mixed with 300 Jll of diluted 

horseradish peroxidaseconjugate, and 200 Jll of thi s mix transferred into the EIA 

plate. After incubation of the plates at 2° to 8° Cel sius for two hours, plates were 

emptied and washed four times with 250 Jll wash solution. After adding 1 00 Jll of 

substrate solution, plates were incubated at room temperature for 30 minutes, before 

1 00 Jll of a stop solution was applied. The optical density (OD) was read at 490nm in 

an EIA plate reader. OD results of the samples were compared with the cow cut-off 

standard for each wel l .  Samples with OD readings below the standard were declared 

'confirmed pregnant ' ,  samples with OD readings above the standard were declared 

'not confirmed pregnant ' .  The cut-off standard was set at 1 0  pg oestrone sulphate in  

the wel l ,  equivalent to  200 pg oestrone sulphate per mmi litre of  milk. 

Gold Standard 

Cows remaining in the herd 

For cows remaining in the herd unti l the end of gestation, the herds' calving 

records were used for confi1mation of pregnancy status in the first instance. Further 

information on the actual event was sought from the owner for cows with no entry in 

the herd records or cows with discrepancies between the recorded calving outcome 

and one of the test results. 

Owners were asked to record abortions where observed, but no special 

inspection of cows or their environment took place. Owners were also asked to 

record premature calvings and cases where induction of calving was uti li sed. 

Cull cows 

The author and/or one of two technicians were present at the abattoir when cows 

were slaughtered. Ear tag number and relating s laughter line number were recorded 

after jugular sticking. Once the viscera had been removed by the slaughtermen, the 

reproductive tract was palpated. The foetal curved crown-rump length (CRL)4 was 

3 ICP (Immuno-Chemical Products Ltd), P.O. Box 1 607, Auckland, New Zealand 

4 Following the body outline from forehead to tailbase (Lyne, 1 960) 
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measured through the uterine wall in  pregnant cows.  Reproductive tracts appearing 

non-pregnant on palpation were individuall y  bagged and labelled, and later incised to 

establish a definite pregnancy status. The pregnancy status of tracts from condemned 

carcasses was established by palpation only. 

Cows sold 

No gold standard result could be obtained from these cows. 

Calculation of conception dates 

a) Cows with full term pregnancies 

Calculated conception dates were defined as calving date minus 282 days5 for 

cows that remained in the herd and had a calf at ful l  term. These calculated 

conception dates were compared to recorded service dates.  Where the di screpancy 

between recorded service date and calculated conception date was twelve days or 

less, the recorded service date was taken as actual conception date. Where the 

di screpancy was 1 3  days or more and the calculated conception date fel l  into the 

natural mating period for that farm, this calculated date was used as actual 

conception date. Where the di screpancy was 1 3  to 2 1  days and the calculated 

conception date fel l  into the artificial insemination period for that farm, the recorded 

service date was used as actual conception date. For cows with completely 

di sagreeing  recorded service and calculated conception dates, the actual conception 

date was omitted. 

b) Cows with induced parturitions 

Initial l y, the conception date was calculated as induced calving date minus 282 

days. The last recorded service was used as actual conception date for cows where 

this was l ater than the calculated conception date. Where the last recorded service 

date fel l  before the calculated conception date, multiples of 2 1  days were added to 

the last service date, unti l the new service date was later than the calculated 

conception date. Where the difference between calculated conception date and last 

5 Based on average gestation length in New Zealand dairy cattle established by Ward and Castle 

( 1 947) and Macmillan and Cumow ( 1 976). The Livestock Improvement Corporation uses 282 days 

gestation length to calculate Planned Start of Calving. 
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recorded service date was seven days or less , the calculated conception date was used 

as actual conception date . 

c) Cows with abortions 

The last recorded service date was used as the actual conception date for cows 

with a recorded abortion. 

d) Cows with premature calvings 

The last recorded service date was used as the actual conception date for cows 

with a premature calving. 

e) Cows pregnant at slaughter 

The curved CRL (see page 3 1 )  of the foetus was measured through the uteri ne 

wal l .  Using the formula of Richardson et.al .  ( 1 990), a conception date was calculated 

from the CRL and compared to recorded service dates. The closest recorded service 

date was used as actual conception date where the discrepancy between calculated 

conception date and service date was twelve days or less.  Where the discrepancy was 

1 3  days or more, the calculated conception date was used as actual conception date if  

i t  fel l  into the period of natural mating for that farm. The conception date was 

omitted where the calculated conception date fel l  into the artificial insemination 

period and no service date had been recorded within twelve days or less. For two 

cows, no CRL was recorded and the actual conception date was omitted. 

Calculation of fertility parameters 

2 1-day submission rate 

All cows that had calved at least 42 days before the p lanned start of mating for 

each herd were included in the 2 1 -day submission rate. The rate was calculated as the 

number of cows served on or before the target date (planned start of mating plus 2 1  

days) divided b y  the total number of cows eligible for service during those 2 1  days, 

times 1 00 (MAFF, 1 984; Wil liamson, 1 998). 
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Pregnancy rate 

The gold standard results were used for final pregnancy status. Calculations were 

based on all cows with a service date, including those without a result for the gold 

standard and cull cows.  For pregnancy rate calculation, it was assumed that cows 

conceived to their l ast service. 

Pregnancy rate to first service 

This is defined as the number of first services which result in a pregnancy and 

was calculated as number of cows pregnant to their first service divided by the total 

number of cows receiving a first service, multipl ied by 100 (MAFF, 1 984; 

Wil l iamson, 1 998). 

Overall pregnancy rate 

This is defined as number of cows pregnant expressed as percentage of total 

number of services and was calculated as number of cows pregnant, divided by the 

total number of services multiplied by 1 00 (MAFF, 1 984). 

Services per pregnancy 

This was calculated as the total number of services given, divided by the total 

number of pregnant cows (MAFF, 1 984) . Services to cull cows were included. 

Percent non-pregnant of cows served 

This was calculated as number of non-pregnant cows (based on gold standard 

result) at the end of the breeding period expressed as a percentage of cows in the 

herd at the start of the breeding period (Wi ll iamson, 1 998). Only cows with a gold 

standard result were included. 

Comparison and statistics 

Results were grouped into correct diagnosis pregnant (a), incorrect diagnosis 

pregnant (b), correct diagnosis non-pregnant (c), and incorrect diagnosis non

pregnant (d). Sensitivity was calculated as [a+(a+d)]x l OO,  specificity as 

[c+(c+b)]x l OO, positive predictive value as [a+(a+b)] x l OO,  and negative predictive 

value as [c+(c+d)]x l OO .  
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Sensiti vity and speci ficity for the three methods were compared statistical l y  by 

fitting a binomial generalised l inear model using the repeated measures faci l ity in 

Proc Genmod of the SAS system, with cows grouped into ten-day periods for days in 

calf or days since last service. The same model was used to compare the probabi l ity 

of a correct diagnosis for each cow depending on either herd or diagnosis method, 

and to compare the two veterinarians .  Successive models were fi tted and changes in 

deviance assessed to establish whether the Herd-Test interaction was significant. A 

chi-square test (Microsoft Excel) was used to compare oestrone sulphate sensitivity 

and specificity of the two herds where milk collection had taken place much earlier 

than rectal palpation and ultrasonography to those where all three methods were 

carried out within eight days of each other. A chi-square test was also used to test for 

differences in oestrone sulphate results between manual and in-line milk col lection . 

Oestrone sulphate as screening test 

Data was analysed under the theoretical scenario of using oestrone sulphate as a 

screening test. Cows diagnosed as non-pregnant by oestrone sulphate were assumed 

to have undergone re-examination by either rectal palpation or ultrasonography. That 

is, cows declared pregnant by oestrone sulphate were regarded as such . For cows 

declared non-pregnant by oestrone sulphate, the diagnosi s of either rectal palpation 

or ultrasonography was used (in two scenarios). Sensitivity, specificity, and positive 

and negative predictive values were calculated as described above. 

Results 

Numbers examined 

Table 2.2,  page 36, shows the total number of cows in each herd, the number of 

cows for which pregnancy diagnosis results were avai lable and the number of cows 

with a result for al l three diagnostic methods and the gold standard. There were 2402 

cows present in the six herds at the start of the study. About 10% of cows were lost 

from the study because of incomplete results for diagnostic methods and I or gold 

standard. About one-third (76/263)  of losses arose from a combination of no fol low

up of culled cows (3 1 cases), sale of cows (39 cases; 33 from herd 5)  and deaths (six 

cases;  pregnancy status was establ ished during a post-mortem examination in two 

other deaths). 
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Table 2.2 Number of cows with results for each herd 

Total Cows with 
number of result for all Cows with full 

Herd cows in herd three methods 
* 

set of results 

No. No. % No. % 

1 759 730 96.2 7 1 8  94.6 
2 302 257 85. 1 257 85. 1 
3 442 4 1 5  93.9 4 1 0  92.8 
4 249 22 1 88 .8  206 82.7 
5 285 266 93 .3 233 8 1 . 8 
6 365 320 87.7 3 1 5  86.3 

Total 2402 2209 92.0 2139 89.1 
* 

Total number 
of cows culled 
from herd 

No. % 
5 1  6.7 
63 20.9 
85 19 .7 
5 1  20.5 
43 1 5 . 1 
67 1 8 .4 

360 15.0 

Full set of results = Result for all three diagnostic methods and gold standard 

Cows with full Total number of Cows with full 
set of results of cows retained in set of results of 
culled cows herd retained cows 

No. % No. % No. % 
37 72.5 708 93.3 68 1 96.2 
46 73.0 239 79. 1 2 1 1  88 .3 
76 87.4 357 80.8 334 93.6 
30 58 .8  1 98 79.5 1 76 88 .9 
10 23.3 242 84.9 223 92. 1 
54 80.6 298 8 1 .6 261  87.6 

253 70.3 2042 85.0 1886 92.4 
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Just under 90% of cows with ful l  results were pregnant. For the majority of 

pregnant cows the gold standard was derived from calving records (96. 1 %). For 

three-quarters of non-pregnant cows the gold standard was derived from examination 

of the reproductive tract after slaughter. Just over one tenth of cows were cul led from 

the herds and 70% of these were non-pregnant .  Most cows remaining in  the herds 

were pregnant (97 . 1 %). Table 2 .3 ,  page 38,  shows the number of cows pregnant or 

non-pregnant and the source of the gold standard result for each herd. 

Sensitivity and specificity 

Overall results 

Overall sensitivity, specificity, and positive and negative predictive values for all 

cows in the six herds are shown in Table 2.4, page 39. 

No pregnant cow was misdiagnosed as non-pregnant by rectal palpation . Two 

cows were incorrectly diagnosed as non-pregnant by ultrasonography and 346 by 

oestrone sulphate (see Table 2 .5 ,  page 39). Rectal palpation was marginal ly  more 

sensitive than u ltrasonography (p=0.06), and both methods showed higher sensitivity 

than oestrone sulphate (p=0.000 1 ) . 

All  three methods diagnosed non-pregnant cows as pregnant, but specificity of 

both rectal palpation and ultrasonography was significantly higher than that of 

oestrone sulphate (p=O.OOO l ) ,  with no significant difference between rectal palpation 

and ultrasonography (p=0.38) (see Table 2.4, page 39). Ten cows were incorrectly 

diagnosed as pregnant by al l three methods and a further ten cows by two of the three 

methods (see Table 2 .5 ,  page 39) .  

The positive predictive value of oestrone sulphate was c lose to that of rectal 

palpation and u ltrasonography, b ut the negative predictive value of oestrone sulphate 

was very low at 35 . 1 %. 
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Table 2.3 Numbers of pregnant or non-pregnant cows with ful l  set of results
* 

and 

derivation of gold standard 

Pregnant cows Non-pregnant 
Cows pregnant with gold standard Cows non- cows with gold 
on gold derived from pregnant on standard derived 

Herd Total standard calving records gold standard from abattoir 

No. No. % No. % No. % No. % 
1 7 1 8  642 89.4 639 99.5 76 1 0.6 34 44.7 
2 257 2 1 6  84.0 2 1 1 97.7 41 1 6.0 4 1  1 00.0 
3 4 1 0  356 86.8 33 1 93.0 54 1 3 .2  49 90.7 
4 206 201 97.6 1 75 87. 1 5 2.4 4 80.0 
5 233 222 95 .3 2 1 6  97.3 1 1  4.7 4 36.4 
6 3 1 5  270 85.7 26 1 96.7 45 14.3 45 1 00.0 

Total 2139 1 907 89.2 1 833 96.1 232 10.8 177 76.3 

* 
Full set of results = Result for all three diagnostic methods and gold standard 
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Table 2.4 Values for correct pregnant (a), incorrect pregnant (b), correct 
non-pregnant (c), incorrect non-pregnant (d), sensitivity, 
specificity, and positive (PPV) and negative (NPV) predictive 
value for the three methods 

Method a b c d Sensitivity Specificity PPV NPV 

Oestrone sulphate 1 560 44 1 88 347 8 1 .8 8 1 .0 97.3 35 . 1 

Rectal palpation 1 907 20 2 1 2  0 1 00.0 9 1 .4 99.0 1 00.0 

Ultrasonography 1 905 2 1  2 1 1  2 99.9 90.9 98.9 99. 1  

Table 2.5 Compari son of diagnosis results for pregnant (P) 
and non-pregnant (MT) cows 

Number Oestrone Rectal Ultrasono-
of cows sul�hate �al�ation gra�h� 

Pregnant cows 1 559 p p p 
1 p p MT 
0 p MT p 
0 p MT MT 
0 MT MT MT 
0 MT MT p 
1 MT p MT 

346 MT p p 
Non-pregnant 177 MT MT MT 
cows 4 MT MT p 

3 MT p MT 
4 MT p p 

1 0  p p p 
3 p p MT 
3 p MT p 

28 p MT MT 
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Results by days in calf or since last service. 

Sensitivity, specificity, and positive and negative predictive values were 

calculated with cows grouped according to their stage of gestation at the time of milk 

col lection and for cows at least 1 20 days pregnant or 1 20 days since their l ast service 

(Tables 2.6, page 43, 2 .7,  page 44, and 2 .8 ,  page 44). Oestrone sulphate sensitivity 

increased in a l inear fashion with advancing stage of gestation, reaching a plateau for 

cows 1 40 or more days in calf, with no significant increase in sensitivity beyond this 

stage (Figure 2. 1 ,  below) .  For cows at least 1 20 days pregnant, oestrone sulphate 

sensitivity was i mproved by 1 5 %  (96.8% vs. 8 1 .8%), but was sti l l  inferior to rectal 

palpation or ultrasonography (p=0.000 1 ). Days in calf had no influence on the 

sensitivity of either rectal palpation or ultrasonography and there was no significant 

difference between these two methods. 

Figure 2.1 
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Specificity of oestrone sulphate varied across days since last service, but no 

particular pattern was obvious (Figure 2.2, below) .  Specificity for rectal palpation 

and u ltrasonography was fairly constant. Specificity for all three methods was 

improved for cows tested at least 1 20 days since their last service, but days since last 

service did not affect the probabi l i ty of a correct diagnosis for non-pregnant cows. 

Figure 2.2 
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The positive predictive value of all three methods was improved for this subset 

of cows. The negative predictive value for ultrasonography was reduced by 0.5% 

(Figures 2 .3 and 2.4,  page 42). 
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Figure 2.3 
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Table 2.6 Values for correct pregnant (a), incorrect pregnant (b), correct non
pregnant (c) and incorrect non-pregnant (d) for the three methods 
according to days in calf or since last  service at time of milk 
collection 

Days in calf I Method a b c d 
since last service 
60-79 1 09 cows: 79 pregnant, 30 non-pregnant 

Oestrone sulphate 1 6  1 29 63 
Rectal palpation 79 0 30 0 
Ultrasonography 78  2 2 8  1 

80-99 2 14 cows: 193  pregnant, 2 1  non pregnant 

Oestrone sulphate 57 4 1 7  1 36 
Rectal palpation 1 93 1 20 0 
Ultrasonography 1 93 1 20 0 

100-109 1 64 cows: 1 46 pregnant, 18  non-pregnant 

Oestrone sulphate 8 1  5 1 3  65 
Rectal palpation 146 0 1 8  0 
Ultrasonography 1 46 1 1 7  0 

1 1 0- 1 19 202 cows: 1 80 pregnant, 22 non-pregnant 

Oestrone sulphate 1 54 5 1 7  26 
Rectal palpation 1 80 0 22  0 
Ultrasonography 1 80 1 2 1  0 

1 20- 129 3 1 2 cows: 274 pregnant, 38 non-pregnant 

Oestrone sulphate 249 3 3 5  25 
Rectal palpation 274 3 3 5  0 
Ultrasonography 274 2 36  0 

130-1 39 388 cows: 372 pregnant, 1 6  non-pregnant 

Oestrone sulphate 363 3 1 3  9 
Rectal palpation 372 0 1 6  0 
Ultrasonography 372 0 1 6  0 

140-149 1 93 cows: 1 88 pregnant, 5 non-pregnant 

Oestrone sulphate 1 86 1 4 2 
Rectal palpation 1 8 8  0 5 0 
Ultrasonography 1 88 0 5 0 

� 150 433 cows: 428 pregnant, 5 non-pregnant 

Oestrone sulphate 423 1 4 5 
Rectal palpation 428 1 4 0 
Ultrasonography 427 0 5 1 

No date 1 24 cows: 47 pregnant, 77 non-pregnant 

Oestrone sulphate 3 1  2 1  5 6  1 6  
Rectal palpation 47 1 5  6 2  0 
Ultrasonography 47 14 63 0 
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Table 2.7 

Method 

Oestrone sulphate 

Rectal palpation 

Ultrasonography 

Table 2.8 

Pregnant cows 

Non-pregnant 
cows 

Values for correct pregnant (a), incorrect pregnant (b), correct 
non-pregnant (c), incorrect non-pregnant (d), sensi ti vity, specificity, 
positive predictive value (PPV) and negative predictive value (NPV) 
for cows at least 1 20 days in calf or since their last service 

a b c d Sensitivity Specificity PPV NPV 

1 22 1  8 56 4 1  96.8 87.5 99.3 57.7 

1262 4 60 0 1 00.0 93.8 99.7 1 00.0 

126 1 2 56 99.9 96.9 99.8 98.4 

Comparison of diagnosi s results for pregnant cows 
at least 1 20 days in calf and non-pregnant cows at 
least 1 20 days since their last service at the time of 
milk collection (P = pregnant, MT = non-pregnant) 

Number Oestrone Rectal Ultrasono-
of cows sulEhate EalEation graEh� 

1 220 p p p 
I p p MT 
0 p MT p 
0 p MT MT 
0 MT MT MT 
0 MT MT p 
0 MT p MT 

4 1  MT p p 
53  MT MT MT 

MT MT p 
MT p MT 

I MT p p 
0 p p p 
2 p p MT 
0 p MT p 
6 p MT MT 
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Results by herds 

Sensitivity, specificity, and positive and negative predictive value for each herd 

are shown in Table 2.9, page 46. Values for correct pregnant (a), incorrect pregnant 

(b) ,  correct non-pregnant (c) and incorrect non-pregnant (d) diagnoses for each herd 

are shown in Table 2. 1 0, page 47. There were significant differences in the 

l i kelihood of a correct diagnosi s of pregnant between herds, even after differences in 

days in calf had been taken into account (p<0.00 1 ). Pregnant cows in herd 2 were 

least l ikely to be diagnosed correctly. Probability for a correct diagnosis increased in 

the order of herd 4 and 6 (no difference), 1 ,  3 ,  and 5 (p<O.OO l ) .  The herd-test 

interaction was significant (P<0.003), but the effect was smal l in comparison with 

the major effects l ike difference between oestrone sulphate and the other two 

methods, the effect of days in calf and the overall  difference between herds. Simi lar 

results were obtained when including only  cows that were at least 1 20 days in calf in 

the analysis .  

Initial analysis showed a significant difference in specificity between herds 

(p<0.00 1 ), with the probabi lity of a correct (i .e. non-pregnant) diagnosis being lowest 

in herd 5, slightly better in herds 3 and 4, and best in herds 1 ,2 and 6. Fmther 

analysi s, to establ ish whether thi s was due to a herd influence (i .e. all three methods 

affected) or a herd-test interaction, showed that the effectiveness of oestrone 

sulphate, relative to the other two methods, varied significantly between herds 

(p<0.01 ) .  Oestrone sulphate was significantly less accurate (i .e .  more l ikely to give 

an incorrect diagnosis of pregnant) in herds 3 and 5 (p<O.O l ), and marginally less 

accurate in herd 1 (p=0.057). Al l  three methods were less l ikely to give a correct (i .e .  

non-pregnant) diagnosis in herd 4 (p<0.0 1 ), but there was no difference in overall 

effectiveness between rectal palpation and ultrasonography (p=0.67). 
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Table 2.9 Sensitivity, specificity, and positive and negative predicti ve values for oestrone sulphate (OS),  
rectal palpation (RP), and ultrasonography  (US) for each herd. 

Positive predictive Negative predictive 

Herd 

1 
2 
3 
4 
5 

-� 

Sensitivity 
os RP us 
85 .8  1 00.0 1 00.0 
60.2 1 00.0 1 00.0 
84.8 1 00.0 99.7 
88. 1 1 00.0 99.5 
98.6 100.0 1 00.0 
67.0 1 00.0 1 00.0 ----------------

os 
84.2 
95 . 1  
63.0 
80.0 
27.3 
97.8 

Specificity value value 
RP us os RP us os RP 
92. 1 92. 1 97.9 99. 1 99. 1 4 1 .3 1 00.0 
95. 1 95 . 1  98.5 99. 1 99. 1 3 1 .2  1 00.0 
87.0 88.9 93 .8  98. 1 98 .3 38 .6 100.0 
80.0 60.0 99.4 99.5 99.0 14 .3  1 00.0 
72.7 8 1 .8 96.5 98.7 99. 1 50.0 100.0 
97.8 93.3 99.5 99.6 98.9 3 3 . 1 100.0 

Herd 2 and 6 :  Milk collection approximately one month prior to rectal palpation and ultrasonography 
Herd 3 and 5 :  Milk collection during routine herd test 
Herd 1 ,  2, 4 and 6: Manual milk collection 

us 
1 00.0 
1 00.0 
98.0 
75.0 
1 00.0 
1 00.0 --
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Table 2.10 Values for correct pregnant (a), incorrect pregnant (b), 

correct non-pregnant (c) and i ncorrect non-pregnant (d) 
for each method and herd 

Herd Method a 
1 7 1 8  cows : 642 pregnant, 76 non-pregnant 

Oestrone sulphate 55 1 
Rectal palpation 642 
Ultrasonography 642 

2 257 cows : 2 1 6  pregnant, 4 1  non-pregnant 

Oestrone sulphate 1 30 
Rectal palpation 2 16 
Ultrasonography 2 16 

3 4 1 0  cows: 356 pregnant, 54 non-pregnant 

Oestrone sulphate 302 
Rectal palpation 356 
Ultrasonography 355 

4 206 cows: 201  pregnant, 5 non-pregnant 

Oestrone sulphate 177 
Rectal palpation 20 1 
Ultrasonography 200 

5 233 cows: 222 pregnant, 1 1  non-pregnant 

Oestrone sulphate 2 1 9  
Rectal palpation 222 
Ultrasonography 222 

6 3 1 5 cows : 270 pregnant, 45 non-pregnant 

Oestrone sulphate 1 8 1  
Rectal palpation 270 
Ultrasonography 270 

a Five cows diagnosed incorrect pregnant by all three methods 
b Three cows diagnosed incorrect pregnant by all  three methods 
c 

One cow diagnosed incorrect pregnant by all three methods 
d 

One cow diagnosed incorrect pregnant by all three methods 

b c 

1 2  a 64 
6 a 70 
6 a 70 

2 39 
2 39 
2 39 

20 b 34 
7 b 47 
6 b 48 

1 c 4 
1 c 4 
2 c 3 

8 d 3 
3 d 8 
2 d 9 

1 44 
1 44 
3 42 

d 

9 1  
0 
0 

86 
0 
0 

54 
0 
1 

24 
0 
1 

3 
0 
0 

89 
0 
0 
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Early vs. late milk collection 

Mi lk was collected about one month before rectal palpation and ultrasonography 

in herds 2 and 6 and this is reflected in the low oestrone sulphate sensiti vity for all 

cows in these two herds. For cows at least 1 20 days in calf, oestrone sulphate 

sensitivity for herds 2 and 6 was statistical ly not different to herds 1 ,  3, 4 and 5 

(p=O. l l ) .  Specificity for herds 2 and 6 was statisti cal ly not different from the other 

four herds, regardless whether all cows (p=0. 1 7) or cows at least 1 20 days since their 

last service (p=0.42 ) were considered. 

Manual vs. herd test milk collection 

Oestrone sulphate sensiti vity was lower in herds 1 ,  2, 4 and 6 where milk was 

collected manual ly compared to herds 3 and 5 where col lection took place at a 

routine herd test (p<O.OO l for all cows and p=0.34 for cows at least 1 20 days in calf) .  

Specificity for manual vs. routine herd test col lection showed a reversed picture with 

herds 3 and 5 being inferior to the other four herds (p<0.00 1 ). 

Comparison of breeds 

The breed was known for a total of 1 943 cows. Just over three-quarters were 

pure F1iesians ( 1 473, 75 .8% ). Fifty: fifty Friesian :Other crosses accounted for 1 1 .3% 

(220) and crosses with more than 50% Friesian blood for 1 1 .4% (22 1 ) . Pure or 

crossbred Jerseys accounted for 1 .2% (24). Herd 1 had five Ayrshire or Ayrshire 

crosses (0 .3%),  but these were not included in  the analysis .  With sensitivity of rectal 

palpation and ultrasonography being 1 00% or close to it, no difference between 

breeds would be expected. Oestrone sulphate sensitivity was not different between 

breeds (p>0.25) and there was no significant difference when comparing Friesian and 

Friesian crosses with Jerseys (p>0.26). Comparison of breeds for cows at least 1 20 

days in calf was not possible due to the small number of Jerseys. Similarly, 

specificity could not be compared, as there were only  two non-pregnant Jerseys. 

Comparison of veterinarians 

A sensitivity of 1 00% for rectal palpation excludes a difference between the two 

veterinarians who carried out the diagnosis .  Specificity did vary between the two 

veterinarians, with an overall specificity of 94.4% for veterinarian A and 89.2% for 

veterinarian B ,  b ut the difference was not significant (p>0. 1 2).  
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Table 2 . 1 1 , page 49, s hows the specificity achieved by each veterinarian i n  each 

herd. Modell ing the probabil i ty of an incorrect diagnosis showed significant 

differences between herds (p<O.O l) ,  veterinarians (p<O.O l )  and a marginal herd

veterinarian interaction (p=0.063).  The herd-veterinarian interaction appeared 

strongest in those herds where veterinarian A achieved 1 00% specificity. In these 

three herds, the specificity achieved by veterinarian B differed significantly from 

veterinarian A (p<O.OO l ) . In the three herds where veterinarian A did not achieve 

1 00% specificity, there was no significant difference between veterinarians (p>0.2).  

Of the six cows incorrectly diagnosed by veterinarian A, three had been 

incorrectly diagnosed as pregnant by all three methods, and the other three by two of 

the three methods. Of the 14 cows incorrectly diagnosed as pregnant by veterinarian 

B, seven were incorrect ly diagnosed by all three methods and a further four by two 

of the three methods. 

Table 2.1 1 Specificity achieved by the two veterinarians in each herd 

Without likely No. of non-pregnant 
abortions cows examined 

Herd Vet A Vet B Vet A Vet B Vet A Vet B 
1 94. 1 90.2 97. 1 1 00.0 34 4 1  
2 1 00.0 87.5 1 00.0 87.5 25 1 6  
3 93.5 76.2 96.8 85 .7  3 1  2 1  
4 1 00.0 75.0 100.0 1 00.0 1 4 
5 60.0 83 .3  80.0 83 .3  5 6 
6 1 00.0 97. 1 100.0 97 . 1 1 0  35 

Oestrone sulphate as screening test 

A sensitivity of 1 00% was achieved for al l herds when assuming that rectal 

palpation had been used for re-examination. With ultrasonography for re

examination, a sensitivity of 1 00% was achieved in al l  bar one herd. Specificity 

ranged from 27.3% to 95 .6% and did not differ between scenario one (rectal 

palpation for re-examination) or scenario two (ultrasonography for re-examination). 

Specificity was lower than using oestrone sulphate as the only test in  all herds. Table 

2 . 1 2, page 50, shows sensitivity, specificity, and positive and negative predictive 

values for the six herds. 
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Table 2.12 Values for sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), correct pregnant (a), incorrect pregnant 
(b), correct non-pregnant (c), and incorrect non-pregnant (d) using oestrone sulphate as screening test and re-examination of cows diagnosed 
non-pregnant with either rectal palpation or ultrasonography 

No. of incorrect Cows requiring 
pregnant diagnoses re-examination 

Herd Method Sensitivit� S�ecificit� PPV NPV a b c d by os (b) No. % 
1 OS & RP 1 00.0 82.9 98.0 1 00.0 642 1 3  63 0 1 2  155  2 1 .6 

OS & US 1 00.0 82.9 98.0 1 00.0 642 1 3  63 0 

2 OS & RP 1 00.0 92.7 98.6 1 00.0 2 1 6  3 38 0 2 1 25 48.6 

OS & US 1 00.0 90.2 98.2 1 00.0 2 1 6  4 37 0 

3 OS & RP 1 00.0 55.6 93.7 1 00.0 356 24 30 0 20 88 24.7 

OS & US 99.7 59.3 94.2 97.0 355 22 32 1 

4 OS & RP 1 00.0 80.0 99.5 1 00.0 201  1 4 0 1 28 1 3 .6 

OS & US 1 00.0 60.0 99.0 1 00.0 201  2 3 0 

5 OS & RP 1 00.0 27.3  96.5 1 00.0 222 8 3 0 8 6 2.6 

OS & US 1 00.0 27.3  96.5 1 00.0 222 8 3 0 

6 OS & RP 1 00.0 95.6 99.3 1 00.0 270 2 43 0 1 1 33 42.2 

OS & US 1 00.0 93 .3  98.9 1 00.0 270 3 42 0 

OS = Oestrone sulphate RP = Rectal palpation US = Ultrasonography 
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Fertility parameters 

Table 2 . 1 3 ,  page 52, shows the fertility parameters for the six herds. Twenty

one-day submission rates were between 62.3% and 88 .4% (77.5% for all cows). The 

first service pregnancy rate ranged from 43 .4% to 57. 1 %  (mean 5 1 .8%) and overall 

pregnancy rate was 46.7% to 60.5% (mean 55 .2%).  Between 1 .65 and 2 . 1 4  services 

were needed per pregnancy (mean 1 . 83) .  The lowest percent 'non-pregnant of cows 

served' was 6.0,  the highest 20.3 (mean 1 2 .4). 

Abnormal gestation lengths 

Abortion was noticed between diagnosis by rectal palpation and ultrasound in 

one cow each from herds 2 and 6. Mi lk col lection had taken place more than one 

month earlier in these two herds and was regarded as unaffected by the abortion. A 

further 25 cows were recorded with abortions between completion of all diagnostic 

tests and calving. Rectal palpation and ultrasound had correctly diagnosed al l  25  

cows as pregnant. Oestrone sulphate had correct ly diagnosed 20 cows as  pregnant. 

Seven premature calvings were recorded by herd owners (see Appendix I). 

In herd 1 ,  three cows were suspected as having abmted because they started to 

produce milk .  Two foetuses were found in the winter paddock. For the analysi s ,  the 

gold standard for these three cows was entered as non-pregnant. Both rectal palpation 

and ultrasound had diagnosed all three cows as pregnant, whereas oestrone sulphate 

had declared two as pregnant. 

Induction of calving was carried out in 1 08 ,  10 ,  1 2, 25 ,  and 56 cows in herds 1 ,  

2 ,  3 ,  5 ,  and 6,  respectively, from end of July onwards. Herd 4 did not induce calving 

(see Appendix II). 
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Table 2.13 Fertility parameters for the six trial herds 

Total number Number of cows 21 -day First service Overall Services Percent non-
of cows in with service submission pregnancy pregnancy per pregnant of 

Herd herd recorded rate ( % )  rate ( % )  rate ( % )  pregnane_}' cows served 

1 759 720 62.3 47.5 54.2 1 . 85 l l .9 
2 302 279 88.4 55 .2 56 .8 L .76 20.3 
3 442 409 79.6 52.3 57.3 L .75 1 4.9 
4 249 238 77. 8  57. 1 60.5 L .65 6.6 
5 285 260 8 1 .5 55 .0 55 .7 L . 8 6.0 
6 365 348 86.9 43.4 46.7 2. 14  1 4.8  
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Estimation of stage of gestation using Crown-Rump-Length (CRL) 

Based on gestational age derived from recorded service dates and slaughter date, 

the formula by Richardson et al .  ( 1 990) confirmed the calculated gestational age 

( +1- 1 3  days) for 60% of cows compared to 46% using the formula by Arthur et al .  

( 1 982). The formula by Richardson et al . estimated gestational age best up to a CRL 

of 55 cm, corresponding to 1 93 days of gestation. Their formula overestimated 

gestational age by an average of 27.5 days for CRLs of 64 to 78 cm. The formula by 

Thomsen ( 1 975) was better for these late stage pregnancies, but less accurate for the 

first two trimesters . Arthur' s  formula was best up to 52 cm CRL or 1 82 days of 

gestation. For more advanced pregnancies, deducting 13% of the CRL gave more 

accurate estimates for Arthur' s formula. 

Discussion 

Oestrone sulphate 

Enzyme-immunoassay of mi lk  oestrone sulphate for pregnancy diagnosi s was 

inferior to rectal palpation and ultrasound in this study. Specificity of oestrone 

sulphate was about 10% lower than the other two methods, and did not reach the 

100% reported in previous studies (Heap and Hamon, 1 979; Henderson et al . ,  1992; 

Henderson et al . ,  1 993; Henderson et al . ,  1 994a; Henderson et al . ,  1 994b; Kourletaki

Belibasaki et al . ,  1 995). Counting al l incorrect diagnoses of pregnant, 1 9.0% 

(44/232) of non-pregnant cows had a false positive result with oestrone sulphate. For 

cows where onl y  oestrone sulphate gave an incorrect pregnant diagnosis ,  1 2 . 1 %  

(28/232) had a false positive result. This compares to 6% reported b y  Henderson et 

al .  ( 1 995) using the same test kit .  In practical terms, the lower than expected 

specificity and positive predictive value would lead to non-pregnant cows being 

carried over the winter and fed unnecessarily .  

In herds 1 ,  3 and 5 ,  only oestrone sulphate showed a poorer specificity compared 

to the other herds. Five of the ten cows diagnosed pregnant by all three methods, 

which subsequently fai led to calve, were from herd 1 .  However, since the other two 
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methods would be equally  affected by these l ikely unobserved abortions, it does not 

serve as a satisfactory reason for the moderate specificity of oestrone sulphate i n  this 

herd. Herd 5 sold most of i ts non-pregnant cows. These animals were lost to fol low

up, resulting in a small number of known non-pregnant cows, with a major impact of 

one false pregnant diagnosis. No apparent reason can be found for the low specificity 

in herd 3 .  

Milk was collected during herd improvement tests i n  herd 3 and 5 ,  but how thi s 

should affect specificity i s  not obvious. The number of herds is too smal l to establish 

whether the apparent difference between manual vs. in-line collection is a true effect. 

If it  were, using milk samples collected for herd i mprovement testing for oestrone 

sulphate analysi s may not be suitable. This would seriously impair the practicality of 

pregnancy diagnosis based on milk.  Although oestrone sulphate is a hydrophilic 

substance with over 90% confined to the whey portion of whole mi lk  (Heap and 

Hamon, 1 979), it has been shown that whole milk can be used rel iably for 

assessment (Holdsworth and Chaplin, 1 982; Henderson et al . ,  1 992 } and that milk 

composition has no influence (Hamon et al . ,  1 98 1 ;  B loomfield et  al . ,  1 982). If 

manual milk sampling resulted in a reduction of milkfat great enough to increase the 

relative oestrone sulphate concentration, thereby infl uencing specificity, an effect on 

sensitivity would be expected, as wel l .  

Only after 140 days of gestation did oestrone sulphate reach a sensitivity 

comparable to that of rectal palpation and ultrasonography. Sensitivity for all cows, 

irrespective of stage of gestation, was lower (8 1 . 8 %  vs. 85%) than reported by 

Henderson et al. ( 1 995) using the same test kit ,  despite cows in that study being 

sampled from an earlier stage of gestation (22 days onwards). For cows at least 1 20 

days pregnant, the sensitivity of 96.8% was simil ar to other studies (Heap and 

Hamon, 1979; Power et al . ,  1 985;  Henderson et al . ,  1 992; Henderson, 1 994a; 

Henderson et al . ,  1 995),  although higher sensitivities of 98% to 1 00% were ach ieved 

in studies by Tainturier et al . ( 1 986) and Henderson et al . ( 1 993 and 1 994b). Cut-off 

points between 1 20 and 200 pg/ml were used in these studies, while the current study 

used a cut-off point of 200 pg/ml . 
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S ensitivity would have been i mproved by lowering the cut-off point. However, 

this would have increased the number of false positive diagnoses, thereby decreasing 

specificity even further. Power et al . ( 1 985) showed a decreased specificity when the 

cut-off was lowered from 250 to 1 50 pg/ml ,  and suggested using two cut-off points: 

1 50 pg/ml for a non-pregnant diagnosis (98% negative predictive value) and >250 

pg/ml for a pregnant diagnosis (98% positive predictive value), with re-examination 

of cows with values between the two. 

Low sensitivity of oestrone sulphate may in part be due to the within-cow 

variance of concentration with period of high levels interrupted by transient periods 

of l ow concentration (Bloomfield et al . ,  1982; Heap et al . ,  1 983;  Power et al . ,  1 985;  

Tainturier et  al . ,  1 986; Henderson et al . ,  1 993; Henderson et al . ,  1 995). The transport 

and cooling of milk samples in this study probably increased sensitivity (Heap and 

Hamon, 1979; Power et al . ,  1 985).  Power et al .  ( 1 985) noticed between plate and low 

within plate variance, a finding supported by Henderson et al .  ( 1 995) using the same 

test kit as in thi s study. Masti ti s and oestrus can lead to an incorrect diagnosis of 

pregnancy (McCaughey et al . ,  1 982) .  Milk was not taken from quarters with cl inical 

masti t is at manual mi lk col lection in this study. No record was taken of cows in 

oestrus on the day of sampling. 

No differences in oestrone sulphate accuracy were found between Friesians, 

Friesian crosses or Jerseys and Jersey crosses. This  is in agreement with studies 

comparing Jersey with Friesian cows (Heap and Hamon, 1 979) and Karan Swiss 

cows with Murrah buffalo (Hung and Prakash, 1 990). In contrast, Abdo et al . 

( 199 1 )  found significantly lower oestrone sulphate levels between 1 0 1  and 200 days 

of gestation in Swedish Jerseys compared to Swedish Red and White and Swedish 

Lowland cattle. Prakash and Madan ( 1 993) reported differences between Karan 

Swiss ,  Karan Friesian, Sahiwal and Murrah buffalo. 

Oestrone sulphate as screening test 

If oestrone sulphate were to be used as a screening test, with only cows not 

confirmed pregnant examined by a different method, a specificity or positive 

predictive value of 1 00% would be essential .  These criteria were not met by the test 
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used in  this study. The incorrect pregnant results by oestrone sulphate were 

compounded by any fal se positive diagnosis by either rectal palpation or 

ultrasonography in cows re-examined by these methods, resulting in a lower 

specificity in five of the six herds compared to using oestrone sulphate as the only  

test. Sensitivity and negative predictive value were increased markedly by the 

combined screening and re-examination. This was the result of the high sensitivity of 

the two methods used for re-examination. 

Rectal palpation and ultrasonography have advantages over oestrone sulphate in 

addition to the higher sensitivity and specificity shown in this study. Both methods 

are independent of l actation status. The examiner can establish the gestational age or 

confirm the service date, sex the foetus (MUller and Wittkowski , 1 986; MUl ler et al . ,  

1 986), confirm normality o f  the pregnancy, establ ish ovarian and uterine status and 

pathology in non-pregnant animals (Pai sley et al . ,  1 978 ;  Yaro et al . ,  1 989; Kahn and 

Leidl, 1 989), and detect twin pregnancies (Hughes et al . ,  1989). Oestrone sulphate 

concentration is increased in cows with twin pregnancies, but the increase is not 

large enough to be used diagnostical ly (Worsfold et a l . ,  1 989; Echtemkamp, 1 992). It 

has been suggested that repeated sampling to establ ish an oestrone sulphate profi le 

can detect abnormal pregnancies (McCaughey et a l . ,  1 982; Heap et al . ,  1 983;  

Mohamed et  al . ,  1987;  Hewitt et  al . ,  1 990). Regional averages of days-in-mi lk were 

2 1 8  to 228 for the 1 996-97 season (national average 223 days; (Livestock 

Improvement Corporation, 1997a). In years with adverse weather conditions and 

poor grass avai labi lity days-in-mi lk may be reduced as, for example, in the 1994-95 

season when some regions only achieved an average of 1 75 days in milk (Livestock 

Improvement Corporation, 1995). Repeat sampling to establish an oestrone sulphate 

profi le can, therefore, be difficult in New Zealand dairy herds. 

Rectal palpation 

Considering i ts wide use as a method of pregnancy diagnosis ,  rel iable 

information on the accuracy of rectal palpation cannot be obtained easi ly (Arthur et 

al . ,  1983) .  Several authors assume 1 00% accuracy (Abbitt et al . ,  1 978 ;  Pais ley et al . ,  

1 978 ;  Vail lancourt et al . ,  1 979; Gowan et al . ,  1 982) .  It also i s  commonly used as 

control or standard for studies examining the accuracy of other methods, e.g. 
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progesterone and ultrasonography (Gtinzler et al . ,  1 975 ; Heap et al. ,  1 976; Heap and 

Hamon, 1 979 ; Pennington et a l . ,  1 985;  Beghell i  et al . ,  1 986 ;  Hanzen and Delsaux ,  

1 987; Chaffaux e t  al . ,  1 988 ;  Humblot e t  al . ,  1 988a; Wil lemse and Taverne, 1 989; 

B onato et al . ,  1 990; Pieterse et al . ,  1 990; Gupta, 1 99 1 ;  Badtram et al . ,  1 99 1 ;  Hanzen 

and Laurent, 1 99 1 ;  Rajamahendran et al . ,  1 993), or establishing the rate of foetal loss 

(Weigelt et al . ,  1 988; Laberni a  et al . ,  1 996) . 

The sensitivity of 1 00% for rectal palpation achieved i n  this study supports its 

role as one of the main methods of pregnancy diagnosi s and has not been reached in 

any other study as far as the author is aware. Specificity of 1 00% was not reached. 

However, the achievement of maximum sensitivity is probably more important than 

maximum specificity, as the misdiagnosis of a pregnant cow with subsequent culling 

would incur a greater loss than the feeding of a non-pregnant cow during the dry 

period. In dairy herds in the Northern Hemisphere, where hormonal interference is 

common for cows diagnosed non-pregnant ,  high sensitivity is again more important 

than high specificity. The overal l specificity of 9 1 .4% compares favourably  to other 

studies that report specificity below 70% (Meacham et al . ,  1 976; Ducker et al . ,  1 985 ;  

Reimers et  al . ,  1 985; White et  al . ,  1 989b). Two studies achieved 8 1 .9% and 89.9%, 

respectively (Warnick et al . ,  1 995; Hancock, 1 962). Specificity of 1 00% is reported 

by Tierney ( 1 983) and Yaro et al . ( 1 989), both in beef ani mals. The assumption that 

the ten cows incorrectly diagnosed as pregnant by all three methods aborted, would 

increase overal l specificity to 95.7%. 

The positive predictive value of 99% is  also higher than that reported in above 

studies, with the exception of the two studies by Tierney ( 1 983) and Yaro et al . 

( 1989) . The negative predictive value of 1 00% exceeds the 82.9% to 97 .8% reported 

i n  other studies (Meacham et al . ,  1 976; Roche et al . ,  1 978 ;  Tierney, 1 983;  Reimers et 

a l . ,  1985 ;  White et al . ,  1 989b; Yaro et al . ,  1 989; Warnick et al . ,  1 995) .  

The examiner' s abi l ity does influence the accuracy of rectal palpation. 

Veterinarian B achieved a lower specificity than veterinarian A in  some herds, 

although the difference was not significant across the six herds . Specificity was worst 

for both veterinarians in the two herds that had a small number of non-pregnant 

animals, where one wrong diagnosis had a comparativel y  l arge i mpact. Specificity 
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was higher for cows at least 1 20 day since their l ast service, which may reflect 

increased confidence on the examiner' s part to declare a cow non-pregnant when a 

considerable  time h as elapsed since the last service. However, rectal palpation took 

place between 92 and 99 days after the end of mating in those herds where specificity 

was below 1 00%.  One would expect an experienced examiner to be able to 

di stinguish between a cow potentially three months or more pregnant and a non

pregnant cow, even if the latter had an enlarged uterus due to multiparity. Abbitt et 

al . ( 1 978) found a difference between clinicians in apparent foetal loss, which would 

have included inaccurate diagnoses. 

Ultrasonography 

This study confirms the value of transrectal , real-time ultrasonography for 

pregnancy diagnosis in cattle. The sensitivity of 99.9% is very high and the 

declaration of two pregnant cows as non-pregnant may have been a recording error. 

White et al . ( 1 985)  reported a sensitivity of 98 .8%,  and 1 00% was achieved by 

Beghelli et al .  ( 1 986) and Szenci et al . ( 1 996). Other studies examining cows at more 

than 60 days of gestation achieved a sensitivity of 93.7% to 97% (Hanzen and 

Delsaux, 1 987; Hanzen and Laurent, 199 1  ) .  

The specificity of 90.9% is  higher than the 75% reported by White et al .  ( 1 985), 

who examjned cows between 92 and 202 days of gestation. Re-calculation without 

the ten cows that were misdiagnosed by all three methods results in a specificity of 

95 .3%, which is comparable to that achieved by Hanzen and Laurent ( 1 99 1 ) . 

Specificity of 1 00% is  reported in few studies (Hanzen and Delsaux, 1 987 ;  Szenci et 

al . ,  1 995; Szenci et al . ,  1996). Specificity was poorest in herds 4 and 5 ,  which had 

very few non-pregnant animals, resulting in a large impact of one wrong diagnosis. 

The positive predictive value of 98.9% is  higher than the 86.7% to 97% reported 

by Pieterse et al . ( 1 990), Hanzen and Laurent ( 1 99 1 )  and Lamprecht et al . ( 1 995),  

although h igher (99.4% to 1 00%) positive predictive values have been achieved 

(White et al . ,  1 9 8 5 ;  Hanzen and Delsaux, 1 987;  Szenci et al. , 1 996). 
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A negative predictive value as high as 99. 1 %  was not achieved in above studies, 

with the exception of the studies by Beghelli et al . ( 1 986), Chaffaux et al . ( 1 988), and 

Szenci et al .  ( 1 996). 

There was no difference between ultrasound operators in a study by Badtram et 

al . ( 1 99 1 ),  but the sensitivity of one operator declined over time. The ultrasound 

examiner did not show any decline in accuracy in the current study. On the contrary, 

the higher sensitivities were achieved in the second, fourth, fifth and sixth herd 

examined and specificity was highest in the fifth herd. 

Factors affecting accuracy of all three methods 

Probability of a correct diagnosis 

Specificity was poor for all three methods in herd 4. One batch of cul l  cows from 

this herd had been missed at the abattoir, resulting in only  five known non-pregnant 

cows. The one or two wrong diagnoses made by the three methods had a major 

impact as a result  of thi s. 

Sensitivity varied between herds for a l l  three methods, suggesting that it may be 

more difficult to reach a correct diagnosis in some cows or herds, regardless of 

method used. The worst herd, herd 2, had a high 'non-pregnant of cows served' rate, 

but it is not clear how this may affect probabi lity of reaching a correct diagnosis. 

There is no obvious factor in handling faci lities, cow temperament or management, 

to explain the observed differences. The probabi lity of a correct  pregnant diagnosis 

was highest in herds 1 ,  3 and 5 .  This is almost a reverse picture of the specificity 

ach ieved in these herds and may offer an explanation . Overestimating the number of 

pregnant cows wi l l  result in h igh sensitivity, but low specificity .  But again,  there i s  

no obvious reason why this pattern should emerge in these herds. No suggestion has 

been made in previous studies that a different level of production or metabolic rate 

could influence oestrone sulphate concentrations and that, therefore, different cut-off 

points may have to be applied to different herds. Henderson et al .  ( 1 994b) found that 

neither New Zealand management systems nor stocking rate h ad a significant 

influence on oestrone sulphate concentrations. 
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Identification of cows 

Throughput of ani mals during rectal palpation, ultrasonography and milk  

col lection was as  close to  normal working conditions as  possible. Wrong 

i dentification and I or recording  of cows may have occurred. However, the study did 

not set out to establish absolute values, but to test the three diagnostic methods under 

field conditions. Mistakes in recording or identification would probably occur when 

applying any of the methods as a routine diagnostic procedure. 

Foetal loss 

Abortion is l ikely to have occurred in the ten cows that were diagnosed pregnant 

by al l three methods but fai led to calve. The ten cows diagnosed pregnant by two of 

the methods, which subsequently fai led to calve, possibly suffered foetal loss. 

Adding these 20 cows to the 27 observed abortions would give a foetal loss rate of 

2 .5% (471 1 907). 

Unobserved foetal loss does occur in the New Zealand dairy herds. The 

l ikelihood of finding an aborted foetus is lower in grazed than in housed animals. In 

New Zealand, pregnant dry cows are commonly grazed away from the main mjJking 

farm with stock often checked not more than once a day. Hayes ( 1 997) found that 

only 1 1  of 1 57 herds recorded abortions. In these herds, 0 .8% of unrecorded cows 

were bel ieved to have aborted because they started to lactate and the incidence of 

premature calving was 1 . 2%.  In a study by Forar et al . ( 1 996), only 20% of foetal 

losses were observed with the remainder being detected on repeat pregnancy 

diagnosis .  

A rate of 2.5% is  simi lar to or lower than foetal loss rates as reported in other 

studies (Hancock, 1 962; Kummerfeld et al . ,  1 978;  Vai l lancourt et al . ,  1 979; Reimers 

et al . ,  1985;  Screenan and Diskin, 1 986; Weigelt et al . ,  1988 ;  Thurmond et al . ,  1 990; 

Lemire et al . ,  1 993; Mee et al . ,  1 994; Mohammed et al . ,  1 99 1 ;  Warnick et al., 1 995 ; 

Bouchard et al . ,  1998). It should be noted that when examining foetal loss, the rates 

derived depend on the methods used and the gestation period during which 

observations took place, as demonstrated by Beghelli et al .  ( 1 986). Estimation of 

foetal loss using progesterone assay, for example, does not distinguish between true 

loss and, for example, cows that were inseminated during the luteal phase or had 
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cystic ovarian disease. Rates derived from using rectal palpation and ultrasonography 

may incorporate misdiagnoses by the examiner and loss caused by these invasive 

methods. 

Most authors agree that the highest rate of foetal loss occurs in the first trimester 

of gestation (Hancock, 1 962;  Bal l ,  1 978 ;  Reimers et al . ,  1 985;  Moller et al . ,  1 986; 

Screenan and Diskin ,  1 986;  Alien, 1 997). Labemia et al .  ( 1 996) concluded that each 

extra day between breeding and pregnancy diagnosis reduced pregnancy loss by a 

ratio of 0.97.  Cows in this study were a minimum of 5 8  days in calf at the time of the 

first pregnancy diagnosi s .  

Moller et al . ( 1 986) reported a lower foetal loss rate of 1 .4% from day 58 of 

gestation onwards in New Zealand dairy cows. However, that study rel ied on 

observation of return to oestrus. Bulman and Lamming ( 1 979) reported that 14 of 

802 ( 1 .75%) cows lost thei r calf between 1 20 and 260 days of gestation, and Beal et 

al. ( 1 992) derived a loss rate of 1 .5% between 45 and 65 days of gestation. 

Fertility and management parameters of study herds 

Because the accuracy of the oestrone sulphate test changes with stage of 

gestation, it was important that fertility in the study herds was typical for the New 

Zealand seasonal calving herd. The study herds had ferti l i ty parameters comparable 

to other New Zealand seasonal calving herds. 

21-day submission rate 

The target for 2 1 -day submission rate is 90% in the Dairyman program (Massey 

University), and rates of 75 .9% to 86% are commonly achieved (Hayes, 1 996; 

Hayes, 1 997). The mean 2 1 -day submission rate for the study herds was 79.6% with 

two of the six herds fall ing below this level. The poorest rate, of 62.3%, was in the 

largest herd of the study (759 cows). 

First service and overall pregnancy rate 

The Dairyman (Massey University) target i s  60% for both first service and 

overal l pregnancy rate. The study herds had rates below this target, but were 
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comparable to other New Zealand herds. Previous studies have shown first service 

pregnanc y  rates of 48 .5% to 7 1 .0% (Hayes ,  1 996; Hayes 1 997; Macmil lan 1 998) in 

New Zealand seasonal herds. Macmi l lan et al. ( 1984) found that the pregnancy rate 

to first service decreases with increasing herd size and this i s  reflected i n  the study 

herds. Al l  services pregnancy rates of 5 1 .5 %  to 75 .0% reported in previous studies 

(Hayes, 1 996; Hayes, 1 997) are in agreement with the rates in the herds of this study 

with the exception of herd 6 which showed a low overal l pregnancy rate of 46.7%. 

Services per pregnancy 

All but one study herd were above the Dairyman (Massey University) target of 

1 .  7 services per pregnancy, but all herds fel l  within the range of 1 .2 to 2 .4 services 

per pregnancy reported in previous New Zealand studies (Fielden et al . ,  1 980; Hayes, 

1 996; Macmil lan, 1 998) .  

Breeding period 

The total breeding period ranged from 73 to 1 04 days in the study herds, with 

artificial insemination being used for the first 4 1  to 60 days of this period. Herd 2 

used AI for i ts entire breeding period of 73 days. These periods are simi lar to 

findings by Macmi l lan and Moller ( 1 977) and Hayes ( 1 996) of total breeding periods 

between 72 to 108 days. AI was used for periods of 36 to 43 days in their studies. 

Induction rate 

Induction rates varied widely in the study herds (3 .4% to 20.7%).  The target rate 

is less than 1 0% (Wi l l iamson, 1998), and average induction rates of 5 .9%, 7 .8% and 

1 1 .3% h ave been reported with a maximum of 26. 1 %  (Macmi l lan et al . ,  1 990; 

Hayes, 1 996). Herd 1 had just expanded to almost double its previous herd size and 

herd 6 h ad a poor overall pregnancy rate, which may explain the high induction rates 

in these two herds. 

Cull rates 

The cul l  rates of four of the study herds were below the target cul l  rate of 20% 

commonl y  stated by farmers and reported rates of 1 7 .6% to 1 9.0% (Bradford, 1 968; 

New Zealand Dairy Board, 1 976; Macmillan and Moller, 1 977). The cul l  rates of 
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herds 2 and 4 were just above these averages. The lowest cull  rate was i n  herd 1 ,  

which had j ust expanded. 

Percent non-pregnant of cows served 

The mean rate of non-pregnant cows of all cows served in this study was higher 

than mean rates of 6.5% to 10 .7% reported by others (Morris et al . ,  1 994; Hayes, 

1 997; Crabb, 1 998; Macmi l lan, 1 998).  A partial reason for this higher rate is the 

inclusion of only cows with a gold standard result in this study. This  reduced the 

total number of eligible cows in the herd, with non-pregnant cows forming a higher 

proportion . Non-pregnant rates observed in the study herds were simi lar to those 

repmted by Morris et al. ( 1 994) and Hayes ( 1 997). 

Estimating gestational age using Crown-Rump-Length (CRL) 

The formula by Richardson et al .  ( 1 990) gave the best overal l estimate of 

gestational age. Their formula was derived from straight CRL measurements using a 

rigid frame, while the curved CRL was measured through the uterine wall in this 

study. In a study by Lyne ( 1 960), the difference between curved and straight CRL 

was on average 23 .8%.  Application of a simi lar correction factor to the curved CRL 

taken in the current study resulted in underestimation of gestational age for most 

foetuses . 

Conclusion 

The results of this study indicate that enzyme-immunoassay of oestrone sulphate, 

based on a single milk sample taken in March to Apri l ,  is inferior to rectal palpation 

or ultrasonography for pregnancy diagnosis in spring-calving New Zealand dairy 

cows. The specificity achieved for oestrone sulphate was much lower than expected 

considering the results of other studies. A high specificity would be essential if  

oestrone sulphate were to be used as a screening test, with cows diagnosed non

pregnant re-examined by either rectal palpation or u ltrasonography .  The sensitivity 

of oestrone sulphate did not reach levels comparable  to the other two methods until 

cows were at 140 days or more of gestation. Other studies achieved this level of 
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sensitivity about twenty days earlier. The lower accuracy of oestrone sulphate i s  

unlikely to  be offset by the non-invasive, convenient nature of this method. In 

addition, oestrone sulphate i s  not capable of providing additional information that 

was regarded as beneficial by most participating farmers, such as stage of pregnancy, 

and normal or pathological conditions of the reproductive tract or pregnancy. The 

independence on stage of lactation of rectal palpation and ul trasonography wil l  also 

be of benefit in short milking seasons .  

Highly accurate results were achieved for both rectal palpation and real-time 

transrectal ul trasonography.  Findings compare favourably with other studies and 

support the value of these two methods for pregnancy diagnosi s .  
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CHAPTER Ill 

COMPARISON OF M ILK OESTRONE SULPHATE AND 

FARMERS ' OBSERVATIONS FOR PREGNANCY DIAGNOSIS 

Introduction 

Non-return to oestrus after breeding is probably the oldest method of pregnancy 

diagnosis and i s  sti l l  used in the analysis of the reproductive performance of dairy 

herds. Studies about the use of pregnancy diagnosis report between 1 9% and 42% of 

herds as having no veterinary pregnancy diagnosis carried out at al l ,  with the 

maj ority of the remaining herds presenting only some of their cows for pregnancy 

diagnosis (Newton et al . ,  1 982;  Cowen et al . ,  1989; Giger et al . ,  1 994) .  Whi le 

investigating cows found pregnant at slaughter, Ladds et al . ( 1 975) found that only 

6 .4% of the herds of origin had used veterinary pregnancy diagnosi s .  Of the herds 

serviced by the Farm Service Clinic of Massey University, where thi s study was 

carried out, 1 6 .7% did not request pregnancy diagnosi s at all and 26.4% presented 

only part of their herd for examination . These findings suggest that a considerable 

proportion of herd owners rely  on observation of returns to oestrus to determine a 

cow' s  pregnancy status. 

Oestrus detection rates can vary from 20% to 77%, resulting in a high number of 

non-pregnant cows being assumed to be pregnant (Wil l iamson et al . ,  1 972a; 

Esslemont, 1 974b; King et al . ,  1 976; Lehrer et al. , 1 992; Gaines et al., 1 993 ; Nebel et 

a l . ,  1 995). Oestrus observation only incurs the cost of the observer' s time, without 

any costs payable to a third party. For pregnancy diagnosis using milk oestrone 

sulphate to be attractive for these herds, it would have to show sensitivity, specificity 

and predictive values considerabl y  higher than those achieved by farmers ' 

observation in order to justify its cost. 
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Materials and Methods 

Pregnancy status of cows in seven commercial ,  spring calving dairy herds in the 

Manawatu was establi shed using farmers' observation and oestrone sulphate 

concentrations in mi l k. Herds were chosen from those clients of the Massey 

University Farm Service Clinic who had presented none or only a number of cows 

for pregnancy diagnosis over the previous years, and who had an effective recording 

system in place. Pregnancy diagnosis by oestrone sulphate was carried out between 

1 3 2  and 1 9 1  days after the start of mating. Farmers gave a final l i st of their opinion 

on the pregnancy status of their cows between 1 14 and 206 days after the start of 

mating. Milk col lection took place in early March in herds 9 and 1 2, and in early to 

mid-Apri l in the other five herds. Table 3 . 1 ,  page 67, shows the dates of examination 

in relation to the start of artificial insemination, start of natural mating and end of 

mating for the herds involved. The ear tag number was used for identifying milk 

samples, fol lowing up cows and recording farmers ' observations .  

Farmers ' observation 

The person responsible for each of the seven herds provided a l ist  with the 

pregnancy status of each cow in their herd, based on that person ' s  observations such 

as return to oestrus, body condition and mi lk yie ld. An opinion of pregnant, non

pregnant or suspect was recorded. Cows were denoted 'suspect' where normally a 

second opinion from a veterinary surgeon or ultrasound operator would have been 

sought. Farmers were asked to provide the list before the results of the oestrone 

sulphate test were known. 

Oestrone sulphate determination 

Milk collection 

For analysis of oestrone sulphate, milk collected during a routine herd 

improvement test was used in herds 1 0, 1 1  and 1 3 .  A composite mi lk sample of 

approximately 250 ml  was taken from each cow at two consecutive milkings with in

line collectors by technicians of the Livestock Improvement Corporation (LIC). 
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Table 3.1 Dates of breeding management and pregnancy diagnosi s and days between events 

Herd Number 
Dates of Events 7 8 9 10 1 1  1 2  1 3  
Start of Artificial Insemination (AI) 1 8-0ct-96 29-0ct-96 25-0ct-96 1 1 -0ct-96 1 5-0ct-96 1 0-0ct-96 1 7-0ct-96 
Start of Natural Mating 02-Dec-96 0 1 -Dec-96 06-Dec-96 0 1 -Dec-96a 28-Nov-96 1 5-Nov-96c 25-Nov-96 
End of Mating 0 1 -Jan-97 3 1 -Dec-96 05-Jan-97 23-Jan-97 08-Jan-97b 20-Dec-96 24-Dec-96 
Farmers' Observation 3 1 -Mar-97 1 5-Apr-97 1 5-Apr-97 05-May-97 29-Apr-97 0 1 -Feb-97 26-Feb-97 
Milk Col lection 02-Apr-97 04-Apr-97 06-Mar-97 20-Apr-97 1 4-Apr-97 04-Mar-97 08-Apr-97 

Da_ys between Events 
Start of AI to farmer' s observation 1 64 1 68 1 72 206 1 96 1 1 4 1 32 
Start of AI to milk col lection 1 66 1 5 7  1 32 1 9 1  1 8 1  145 1 73 
End of mating to farmers' observation 89 1 05 100 1 02 1 1 1  43 64 
End of mating to milk col lection 9 1  94 60 87 96 74 1 05 

a 2 cows naturaJiy mated 25th and 28th November 

b 7 cows mated after that until 27th January 

c 16 cows served with AI between 1 3th and 28th November in addition to natural mating 
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The samples were transferred into 1 50 ml plastic pots containing 200 !J.l of 

1 0%Bronopo16. Samples were stored at ambient temperature during col lection and 

transport to the local LIC office. Further storage and transport to the National Mi l k  

Analysis Centre, Hi llcrest, was at 4 °  to 7° Celsius. 

In herds 7 ,  8,  9 and 1 2, milk was collected manual ly at one mi l king. Before cup 

attachment, a composite milk sample of 1 0  to 30 ml was taken of each cow into 30 

ml plastic pots containing 1 00 j..!l of 1 0% Bronopol .  Al l  four quarters were used for 

the sample in  most cows. Mastitis, blind teats, dry quarters or nervous animals were 

reasons for not sampling a particular quarter. The cow's  eartag number was written 

on the l id of the sample container. Adhesi ve labels showing herd and cow 

identification were applied to the samples after mi lking had fini shed. Storage and 

transport of samples were the same as above. 

Milk analysis 

Oestrone sulphate concentrations of whole milk samples were establi shed by 

enzyme-immunoassay at the National Mi lk  Analysis Centre, Hi l lcrest, using the 

Confirm TM pregnancy test7 . Prior to the test all reagents, samples and plates were 

warmed to room temperature. lOO j..!l of milk was mixed with 300 !J.I of di luted 

horseradish peroxidaseconj ugate, and 200 !J.I of thi s mix transferred into the EIA 

plate . After incubation of the plates at 2° to 8° Celsius for two hours, plates were 

emptied and washed four times with 250 !J.I wash solution . After adding 100 j..!l of 

substrate solution, plates were incubated at room temperature for 30 minutes, before 

lOO !J.l of a stop solution was appl ied. 

The optical density (OD) was read at 490 nm in an EIA plate reader. OD results 

of the samples were compared with the cow cut-off standard for each wel l .  Samples 

with OD readings below the standard were declared 'confirmed pregnant ' ,  samples 

with OD readings above the standard were declared 'not confirmed pregnant' . 

6 Bronopol Boots. The Boots Company, Nottingham, United Kingdom 

7 ICP (lmmuno-Chemical Products Ltd), P.O. Box 1 607, Auckland, New Zealand 
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The cut-off standard was set at 1 0  pg oestrone sulphate in  the well ,  equivalent to 200 

pg oestrone sulphate per mil l i l i tre of milk.  

Gold Standard 

Cows remaining in the herd 

For cows remaining in the herd until the end of gestation , the herds' calving 

records were used for confirmation of pregnancy status in  the first instance. Further 

information on the actual event was sought from the owner for cows with no entry in 

the herd records or cows with discrepancies between calving outcome and one of the 

test results. 

Owners were asked to record abortions where observed, but no special 

inspection of cows or their environment took place. Owners were also asked to 

record premature calvings and cases where induction of calving was uti l ised. 

Cull cows 

The author and/or one of two technicians were present at the abattoir when cows 

were slaughtered. Ear tag number and relating slaughter l ine number were recorded 

after jugular sticking. Once the vi scera had been removed by the slaughterman , the 

reproductive tract was palpated. The foetal curved crown-rump length (CRL)8 was 

measured through the uterine wall in pregnant cows.  Reproductive tracts appearing 

non-pregnant on palpation were individual ly bagged and l abel led, and later incised to 

establish a definite pregnancy status. The pregnancy status of tracts from condemned 

carcasses was established by palpation onl y. 

Cows sold 

No gold standard result could be obtained from these cows. 

8 Following the body outline from forehead to tailbase (Lyne, 1 960) 
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Calculation of conception dates 

a) Cows with full term pregnancies 

Calculated conception dates were defined as calving date minus 282 days9 for 

cows that remained in  the herd and had a calf at ful l  term. These calculated 

conception dates were compared to recorded service dates .  Where the discrepancy 

between recorded service date and calculated conception date was twelve days or 

less,  the recorded service date was taken as actual conception date. 

Where the discrepancy was 1 3  days or more and the calculated conception date 

fel l  into the natural mating period for that farm, this  calculated date was used as 

actual conception date. Where the di screpancy was 1 3  to 2 1  days and the calculated 

conception date fel l  into the artificial insemination pe1iod for that farm, the recorded 

service date was used as actual conception date . For cows with completely  

di sagreeing recorded service and calculated conception dates, the actual conception 

date was omitted. 

b) Cows with induced parturition 

Initial ly, the conception date was calculated as induced calving date minus 282 

days . The last recorded service was used as actual conception date for cows where 

this was later than the calculated conception date . Where the last recorded service 

date fell before the calculated conception date, multiples of 21 days were added to 

the last service date, unti l the new service date was later than the calculated 

conception date. Where the difference between c alculated conception date and last 

recorded service date was seven days or less, the calculated conception date was used 

as actual conception date . 

c) Cows with abortions 

The last recorded service date was used as the actual conception date for cows 

with a recorded abortion. 

9 B ased on average gestation length in New Zealand dairy cattle established by Ward and Castle 

( 1 947) and Macmil lan and Curnow ( 1 976). The Livestock Improvement Corporation uses 282 days 

gestation length to calculate Planned Start of Calving. 
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d) Cows with premature calvings 

The last recorded service date was used as the actual conception date for cows 

calving prematurely.  

e) Cows pregnant at slaughter 

The curved CRL (see page 69) of the foetus was measured through the uterine 

wal l .  Using the formula of Richardson et al. ( 1 990), a conception date was calculated 

from the CRL and compared to recorded service dates. The closest recorded service 

date was used as actual conception date where the discrepancy between calculated 

conception date and service date was twelve days or less. 

Where the di screpancy was 13 days or more, the calculated conception date was 

used as actual conception date if it fel l  into the natural mating period for that farm. 

The conception date was omitted where the calculated conception date fel l  into the 

artificial insemination period and no service date had been recorded within twelve 

days or less. For five cows, no CRL was recorded and the actual conception date was 

omitted. 

Calculation of fertility parameters 

21 -day submission rate 

All cows that had calved at least 42 days prior to the planned start of mating for 

each herd were included in the 2 1 -day submission rate. The rate was calculated as the 

number of cows served on or before the target date (planned start of mating plus 2 1  

days) divided by the total number of cows eligible for service during those 2 1  days, 

times 1 00 (MAFF, 1 984; Williamson, 1 998) .  

Pregnancy rate 

The gold standard results were used for final pregnancy status. Calculations were 

based on all cows with a service date, including those without a result for the gold 

standard and cul l  cows. For pregnancy rate calculation, i t  was assumed that cows 

conceived to their l ast service. 
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Pregnancy rate to first service 

This  i s  defined as the number of first services which result in a pregnancy and 

was calculated as number of cows pregnant to their first service divided by the total 

number of cows receiving a first service, multiplied by 1 00 (MAFF, 1 984; 

Wil l iamson , 1 998) .  

Overall pregnancy rate 

This i s  defined as number of cows pregnant expressed as percentage of total 

number of services and was calculated as number of cows pregnant divided by the 

total number of services, multiplied by 1 00 (MAFF, 1 984). 

Services per pregnancy 

This was calculated as the total number of services given, divided by the total 

number of pregnant cows (MAFF, 1 984). Services to cull cows were incl uded. 

Percent non-pregnant of cows served 

This was calculated as number of non-pregnant cows (based on gold standard 

result) at the end of the breeding period expressed as a percentage of cows in the 

herd at the start of the breeding period (Wi l l i amson, 1998).  Only cows with a gold 

standard result were included. 

Comparison and statistics 

Results were grouped into correct diagnosis pregnant (a), incorrect diagnosis 

pregnant (b), correct diagnosis  non-pregnant (c), and incorrect diagnosis non

pregnant (d) . S en sitivity was calculated as [a+(a+d)]x 1 00, specificity as 

[c+(c+b)]x lOO, positive predictive value as [a+(a+b)] x l OO,  and negative predictive 

value as [c+(c+d)] x 1 00. 

Sensitivity and specificity for the two methods were compared statistically by 

fitting a binomial generalised l inear model using the repeated measures faci lity in 

Proc Genmod of the SAS system, with cows grouped into ten-day periods for days in 

calf or days since last service. The same model was used to compare the probability 

of a correct diagnosis for each cow depending  on either herd or diagnostic method. 
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Successive models  were fitted and changes in  deviance assessed to establ ish 

whether the Herd-Test interaction was significant. A chi-square test (Microsoft 

Excel) was used to compare oestrone sulphate sensitivity and specificity of the two 

herds where milk col lection had taken place in March to those where milk had been 

collected in Apri l .  A chi -square test was also used to test for differences in oestrone 

sulphate results between manual and in-line mi lk col lection . 

Results 

Numbers examined 

Of the 1 049 cows present in the seven herds at the start of the study, just under 

8% were lost to the study because of incomplete results. Lack of a diagnosis by 

farmers' observation caused the loss of only one cow. About one-third (24/82) of 

losses arose from a combination of no fol low-up of culled cows (two cases), sale of 

cows ( 1 8  cases) and deaths (four cases). All non-pregnant cows from herd 7 were 

lost to fol low-up, preventing calculation of specificity and negative predictive value 

for this  herd. About one in four cul led animal s had incomplete results compared to 

one in twenty cows retained in the herds. Table 3 . 2 , page 74, shows the total number 

of cows in each herd, the number of cows with results and the number cul led or 

retained in the herds. 

Ninety percent of cows with ful l  results were pregnant and for most of these 

cows (94.8%) the gold standard was derived from calving records. For about 80% of 

non-pregnant cows, the gold standard was derived from examination of the 

reproductive tract after slaughter. Most of the cows remaining in  the herds were 

pregnant (97.6%) and about two-thirds (63 . 1  %) of the culled animals were non

pregnant. Table 3 . 3 ,  page 75, shows the number of cows pregnant or non-pregnant 

and the source of the gold standard result for each herd. 
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Table 3.2 Number of cows with results for each herd 

Total Cows with Total number Cows with full Total number Cows with full 
number of result for Cows with full cows culled set of results of cows retained set of results of 

Herd cows in herd both methods 
* 

from herd culled cows in herd retained cows set of results 

No. No. % No. % No. % No. % No. % No. % 
7 108  1 00 92.6 96 88.9 9 8 .3  0 0 99 9 1 .7 96 97.0 
8 140 140 1 00.0 140 1 00.0 1 5  1 0.7 1 5  100.0 1 25 89.3 1 25 1 00.0 
9 1 16 108 93 . 1  1 02 87.9 22 19 .0 1 3  59. 1 94 8 1 .0 89 94.7  
10 1 84 1 73 94.0 1 67 90.8 40 2 1 .7 34 85.0 1 44 78.3 1 33 92.4 
1 1  2 1 7  20 1 92.6 1 98 9 1 .2 39 1 8 .0 32 82. 1 1 78 82.0 1 66 93 .3 
12 82 78 95. 1 77 93.9 1 3  1 5 .9 12 92.3 69 84. 1 65 94.2 
13 202 1 92 95.0 1 87 92.6 28 1 3 .9 16 57. 1 1 74 86. 1 1 7 1  98.3 
Total 1 049 992 94.6 967 92.2 1 66 1 5.8 122 73.5 883 84.2 845 95.7 

* 
Full set of results = Result for both diagnostic methods and gold standard 
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Table 3.3 Numbers of cows with ful l  set of results
* 

that were pregnant or non-pregnant 
and derivation of gold standard 

Pregnant cows Non-pregnant 
with gold standard Non-pregnant cows with gold 

Pregnant on derived from on gold standard derived 
Herd Total gold standard calving records standard from abattoir 

No. No. % No. % No. % No. % 
7 96 96 1 00.0 96 1 00.0 0 0 
8 1 40 1 25 89.3 1 24 99.2 1 5  1 0 .7 14 93 .3  
9 1 02 9 1  89.2 89 97 .8  1 1  10 .8  1 1  1 00.0 
10 167 1 47 88 .0 1 3 1  89. 1  20 1 2 .0 1 8  90.0 
11  198  1 74 87.9 1 57 90.2  24 1 2 . 1  1 5  62.5 
12 77 70 90.9 65 92.9 7 9. 1 7 1 00.0 
13 1 87 1 67 89.3 1 63 97.6 20 1 0 .7 1 2  60.0 
Total 967 870 90.0 825 94.8 97 10.0 77 79.4 

* 
Full set of results = Result for both diagnostic methods and gold standard 
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Sensitivity and specificity 

Overall results 

Overall sensitivi ty, specificity, and positive and negative predictive values for al l 

cows in the seven herds are shown in Table 3 .4,  page 77. 

Farmers' observations misdiagnosed twelve pregnant cows as non-pregnant 

(Table 3 .5 ,  page 77),  but were sti l l  significantly more sensitive than oestrone 

sulphate, even when cows recorded as 'suspect '  were counted as misdiagnosis 

(p=O. 000 1 ) .  

Both methods diagnosed non-pregnant cows as  pregnant, but specificity of 

oestrone sulphate was significantly  higher than farmers ' observation (p<0.002).  Five 

cows were incorrectly diagnosed as pregnant by both methods (see Table 3 .5 ,  

page 77). 

Positive predictive value of oestrone sulphate was marginal ly  better than that of 

farmers ' observation, but the negative predictive value of oestrone sulphate was 

much lower, even compared to farmers' observation where 'suspect' cows were 

counted as misdiagnosis. 
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Table 3.4 Values for correct pregnant (a), incorrect pregnant (b), correct non
pregnant (c), incorrect non-pregnant (d), sensitivity, specificity, 
positive predictive value (PPV) and negative predictive value (NPV) 
for both methods 

Method a b c d Sensitivity Specificity 

Oestrone sulphate 743 1 9  78 1 27 85.4 80.4 

Farmers' observation t 836 26 52 1 2  98.6 66.7 

Farmers ' observation :j: 836 45 52 34 96. 1 53 .6  

Table 3.5 Compari son of diagnosis results for pregnant (P), 
non-pregnant (MT) and suspect (S) cows 

Number Oestrone Farmers' 
of cows sulEhate observation 

Pregnant cows 720 p p 
5 p MT 
1 8  p S " 
7 MT MT 
1 1 6 MT p 
4 MT s b 

Non-pregnant 45 MT MT 
cows 2 1  MT p 

1 2  MT s c 
5 p p 
7 p MT 
7 p s d 

a 1 7  cows from herd 1 3 ,  one from herd 1 1  
b 

One cow from herd 1 3 ,  one from herd 8, two from herd 7 

c Ten cows from herd 1 3 ,  one each from herd 1 0  and 1 1  

d All 7 cows from herd 1 3  

t Excluding cows recorded as 'suspect' 

PPV NPV 

97.5 38.0 

97.0 8 1 .3 

94. 9  60.5 

* Cows recorded as 'suspect' regarded as wrong diagnosis (i.e. pregnant cows recorded as 'suspect' 
counted as incorrect non-pregnant diagnosis and non-pregnant cows recorded as 'suspect' counted as 
incorrect pregnant diagnosis) 
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Results by days in calf or since last service 

Sensitiv i ty, specificity, and positive and negative predictive values were 

calculated with cows grouped according to their stage of gestation at the time of milk 

col lection, and for cows at least 1 20 days pregnant or 1 20 days since their l ast 

service (Tables 3 .6, page 8 1 ,  3 .7 ,  page 82, and 3 .8 ,  page 82). Cows recorded as 

'suspect' by farmers' observation were not included in this analysis .  

Days in calf significantly affected the sensitivity of oestrone sulphate 

(p=0.000 1 ), but not farmers' observation. The sensitivity of farmers ' observation was 

fairly constant. Oestrone sulphate sensitivity increased in a linear fashion with 

advancing stage of gestation, reaching a l evel simi lar to farmers' observation for 

cows 140 or more days in calf (Figure 3 . 1 ,  below).  For cows at least 1 20 days 

pregnant, the sensitivity of oestrone sulphate was improved by 9.9% over earlier 

testing (95 . 3% vs. 85 .4%), but was sti l l  inferior to farmers ' observation. For the 

group of cows where no conception date could be established, sensitivity of oestrone 

sulphate and farmers' observation was 73 . 1 %  and 1 00%, respectively. 

Figure 3.1 
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S pecificity of oestrone sulphate varied across days since last service and 

appeared to fal l for cows not served for at least 1 1 0 days. Beyond 1 20 days since last 

service, the specificity of fanners ' observation appeared to fall consistently, reaching 

a low point of 44.4% for cows five months or more after their last service (Figure 

3 .2 ,  below). Overall ,  increasing days since last service marginal l y  decreased the 

probability of a correct non-pregnant diagnosis for both methods (p=0.06). 

Specificity for cows at least 1 20 days since their l ast service was sl ightly lower for 

both oestrone sulphate and fanners ' observation compared to specificity for all cows. 

For the group of cows where no conception date could be establ i shed, specificity of 

oestrone sulphate and farmers ' observation was 5 8 .3% and 28.6%, respecti vely. 

Figure 3.2 Specificity of the two methods according to days since last service at 
the time of milk col lection 
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The positive predictive value of oestrone sulphate was better than fanners' 

observation for cows less than 1 10 days pregnant. For cows wi th longer gestations, 

farmers' observation showed a positive predictive value equal to oestrone sulphate 

(Figure 3.3 ,  page 80). The positive predictive value of both methods was i mproved 

for cows at least 1 20 days in calf or since their l ast service. 
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Figure 3.3 
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The negative predictive value of oestrone sulphate did not exceed 50% for cows 

less than 1 50 days since their last service. Farmers' observation showed a continuous 

decl ine the longer cows were from their last service, with a moderate recovery of the 

negative predictive value for cows at least 1 50 days since their last service (Figure 

3 .4, below). Looking at al l  the cows which had not been served for at least 1 20 days, 

the negati ve predictive value for oestrone sulphate was i mproved, but farmers ' 

observation showed a marked drop (63 .0% vs. 8 1 .3%) .  

Figure 3.4 
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Table 3.6 Values for correct pregnant (a), incorrect pregnant (b), correct non
pregnant (c) and incorrect non-pregnant (d) for both methods 
according to days in calf or since last service at t ime of mil k  
col lection (excluding cows recorded as ' suspect ' b y  farmers ' 
observation) 

Days in calf I Method a b c d 
since last service 
60-79 14 cows: 1 3  pregnant, 1 non-pregnant 

Oestrone sulphate 1 0 1 1 2  
Farmers' observation 1 3  0 1 0 

80-99 66 cows: 5 1  pregnant, 1 5  non pregnant 

Oestrone sulphate 9 0 1 5  42 
Farmers' observation 49 2 1 2  0 

100-109 47 cows: 32 pregnant, 1 5  non-pregnant 

Oestrone sulphate 1 5  0 1 5  1 7  
Farmers ' observation 3 1  2 1 2  1 

1 10-1 19 69 cows: 6 1  pregnant, 8 non-pregnant 

Oestrone sulphate 44 2 6 1 7  
Farmers' observation 54 1 6 1 

120-129 103 cows: 92 pregnant, 1 1  non-pregnant 

Oestrone sulphate 78 2 9 1 4  
Farmers ' observation 87 3 7 3 

130- 139 1 07cows: 98 pregnant, 9 non-pregnant 

Oestrone sulphate 85 3 6 1 3  
Farmers' observation 94 2 4 2 

140-149 1 4 1 cows: 1 37 pregnant, 4 non-pregnant 

Oestrone sulphate 1 33 0 4 4 
Farmers' observation 1 32 1 2 3 

� 150 370 cows:  360 pregnant, 10 non-pregnant 

Oestrone sulphate 359 2 8 1 
Farmers' observation 355 5 4 2 

No date 50 cows: 26 pregnant, 24 non-pregnant 

Oestrone sulphate 1 9  1 0  1 4  7 
Farmers' observation 2 1  1 0  4 0 
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Table 3.7 

Pregnant cows 

Non-pregnant 

cows 

Comparison of diagnosis results for pregnant 
cows at least 1 20 days in calf and non-pregnant 
cows at least 1 20 days since their l ast service at 
the time of mil k  collection (P = pregnant, 
MT = non-pregnant, S = suspect) 

Number Oestrone Farmers' 
of cows sul�hate observation 
642 p p 

5 p MT 

8 p S a 

5 MT MT 

26 MT p 

MT s b 

1 3  MT MT 

9 MT p 

5 MT s e 

2 p p 

4 p MT 

p s ct 

a All 8 cows from herd 1 3  
b 

From herd 1 3  

c Four cows from herd 1 3 ,  one from herd 1 1  

d From herd 1 3  

Table 3.8 Values for correct pregnant (a), incorrect pregnant (b), correct non
pregnant (c), incorrect non-pregnant (d), sensitivi ty, specificity, 
positive predictive value (PPV) and negative predictive value (NPV) 
for cows at least 1 20 days in calf or since their last service 

Method a b c d Sensitivity Specificity PPV NPV 

Oestrone sulphate 655 7 27 3 2  95 .3  79.4 98 .9 45 .8  

Farmers' observation t 668 1 1  1 7  1 0  98.5 60.7 98.4 63.0 

Farmers' observation
+ 668 17  1 7  1 9  97.2 50.0 97.5 47.2 

t Excluding cows recorded as 'suspect' 
* Cows recorded as 'suspect' regarded as wrong diagnosis (i .e. pregnant cows recorded as 'suspect' 
counted as incorrect non-pregnant diagnosis and non-pregnant cows recorded as 'suspect' counted as 
incorrect pregnant diagnosis) 
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Results by herd 

Sensitivity, specificity, and positive and negative predictive value for each herd 

are shown in Table 3 .9, page 84. Values for correct pregnant (a), incorrect pregnant 

(b), correct non-pregnant (c) and incorrect non-pregnant (d) for each herd are shown 

in Table 3 . 1 0, page 85.  

There were smal l ,  but significant differences in the probabi lity of a correct 

diagnosi s for pregnant cows between herds, even when differences in days in calf 

had been taken into account (p=0.000 1 ) .  Herds 1 1  and 1 3  showed a significantly  

higher probabi l ity than the other five herds (p=0.000 1 ) , suggesting that a pregnant 

diagnosis was more common in these two herds regardless of the true status of the 

cow. The Herd-Test interaction was significant (p=0.000 1 ) , but the effect was much 

smaller than the major effects of difference between tests, days in calf and overal l 

herd difference. S imilar results were obtained when including only  cows at least 1 20 

days in calf in  the analysi s. Oestrone sulphate achieved a higher sensitivity than 

farmers ' observation only in herd 13 .  

There were significant differences between herds for both methods in the 

probabi lity of a correct diagnosis for non-pregnant cows (p=0.000 1 )  even after days 

since last service had been taken into account .  Herds 9 and 12 showed the most 

accurate results, followed by herds 8 and 10 ,  while herds 1 1  and 1 3  were the hardest 

to achieve accurate diagnoses in .  This is almost a mirror image of differences in 

sensitivity. Herd 7 did not have any non-pregnant cows with ful l  results, so 

specificity could not be estab lished for this herd. The Herd-Test interaction was not 

significant (p>0 . 1 5) .  However, grouping the herds into their three layers of accuracy 

(Layer one = herds 9 and 1 2; layer two = herds 8 and 1 0 ;  layer three = herds 1 1  and 

1 3) showed a marginal Layer-Test interaction (p=0.085) .  In layers one and two, there 

was no significant difference between the two methods but in layer three, oestrone 

sulphate was more accurate in diagnosing non-pregnant cows than farmers ' 

observation. Thi s  did not change the observation that both methods were less 

accurate in these two herds compared to the other four herds. 
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Table 3.9 Sensitivity, specificity, and positive and negative predictive values for oestrone 
sulphate (OS) and farmers ' observation (FO) for each herd. 

Positive 
Sensitivity_ Specificity predictive value 

Herd os FO r Fo + os FO r Fo + os FO T 
7 90.6 98.9 96.9 - - - 1 00.0 1 00.0 
8 80.0 99.2 98.4 86.7 93.3 93.3 98.0 99.2 
9 4 1 .7 97.8 97.8 1 00.0 1 00.0 1 00.0 1 00.0 1 00.0 
10 93.2 97. 3  97.3 90.0 68.4 65 .5 98.6 96.0 
1 1  96.0 98.8 98.3 70.8 2 1 .7 20.8 96.0 90.5 
12 68.6 1 00.0 1 00.0 1 00.0 1 00.0 1 00.0 1 00.0 1 00.0 
13 99.4 98.7 88.0 60.0 66.7 1 1 . 1  95.4 99.3 

Herd 9 and 12:  Milk collection approximately one month prior other herds 
Herd 10, 1 1  and 1 3 :  Milk collection during routine herd test 
Herd 7, 8, 9 and 12 :  Manual milk collection 

t Excluding cows recorded as 'suspect' 

FO :J: 

1 00.0 
99.2 
1 00.0 
95.3 
90.0 
1 00.0 
89. 1 

Negative 
predictive value 
os FO T Fo + 
- - -

34.2 93.3 87.5 
1 7 .2 84.6 84.6 
64. 3  76.5 76.5 
70.8  7 1 .4 62.5 
24. 1 1 00.0 1 00.0 
92.3 50.0 1 0.0 

:t: Cows recorded as 'suspect' regarded as wrong diagnosis (i .e.  pregnant cows recorded as 'suspect' counted as incorrect non-pregnant diagnosis and non-pregnant cows 
recorded as 'suspect' counted as incorrect pregnant diagnosis) 
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Table 3.10 Values for correct pregnant (a), incorrect pregnant (b), correct non
pregnant (c) and incorrect non-pregnant (d) diagnoses for each 
method and herd 

Herd Method a b c d 
7 96 cows: 96 pregnant, 0 non-pregnant 

Oestrone sulphate 87 0 0 9 
Farmers' observation 93 0 0 1 

8 1 40 cows : 125 pregnant, 1 5  non pregnant 

Oestrone sulphate 1 00 2 1 3  25 
Farmers' observation 1 23 1 14  1 

9 1 02 cows: 9 1  pregnant, 1 1  non-pregnant 

Oestrone sulphate 38 0 1 1  53 
Farmers' observation 89 0 1 1  2 

10 1 67 cows: 147 pregnant, 20 non-pregnant 

Oestrone sulphate 1 37 2 1 8  1 0  
Farmers' observation 1 43 6 1 3  4 

1 1  198 cows: 174 pregnant, 2 4  non-pregnant 

Oestrone sulphate 1 67 7 1 7  7 
Farmers' observation 1 7 1  1 8  5 2 

12 77 cows : 70 pregnant, 7 non-pregnant 

Oestrone sulphate 48 0 7 22 
Farmers' observation 70 0 7 0 

13 1 87 cows: 1 67 pregnant, 20  non-pregnant 

Oestrone sulphate 1 66 8 1 2  1 
Farmers' observation 1 47 1 2 2 
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The owner of herd 1 3  recorded almost one-fifth ( 1 8 .7%) of h i s  cows as 'suspect' ,  

about half o f  which were pregnant, the other half non-pregnant. Herds 7 and 9 did 

not use this option at al l ,  and only one or two cows were recorded as 'suspect' in the 

remaining four herds (see Table 3 .5 ,  page 77). 

Early vs. late milk collection 

Mil k  was collected about one month earlier in herds 9 and 1 2  than in the other 

five herds and this is reflected in the low oestrone sulphate sensitivity for al l  cows in 

these two herds. But even for cows at least 1 20 days in calf, oestrone sulphate 

sensitivity was significantly poorer for the two herds with early mi lk  col lection 

compared to the other five herds (86 .3% vs. 96.5%;  p<0.000 1 ). Specificity for herds 

9 and 1 2  was significantly better than the other five herds when analysing results 

from all cows ( 1 00% vs. 75.9%; p=0.02).  The sample size was too small to validly 

compare specificity for cows more than 1 20 days since their last service. 

Manual vs. herd test milk collection 

Mi l k  was collected in-line dUJing a routine herd test in herds 1 0, 1 1  and 1 3 .  

Sensitivity i n  these three herds was significantly better than i n  the four herds with 

manual mi lk  col lection (96.3% vs. 7 1 .5 % ;  p<0.000 1 ), even when onl y  cows at least 

1 20 days in calf were considered (97 .6% vs. 9 1 .7%;  p<0.0004). The difference 

remained significant (p<0.03) when comparing the three herds with in-line col lection 

with herds 7 and 8 only  (herds 9 and 1 2  showed low sensitivity compared to the 

other herds - see above). Specificity in herds 10 ,  1 1  and 1 3  was significantly poorer 

than in the other four herds (73.4% vs .  93.9%; p<0.02). 

Comparison of breeds 

Of the cows with a ful l  set of resu l ts,  the breed was known for 87 1 .  Over half of 

these were pure Friesians, originating  mainly from herds 7, 1 1  and 1 3 . All  Ayrshire 

cows were in herd 9, representing about one-eighth of cows. Herd 1 2  had only pure 

Jersey cows (except one), accounting for 90% of all Jerseys. Table 3 . 1 1 , page 87, 

shows the distribution of breeds in  the study herds. The sensitivity of the diagnostic 

methods in pure Friesian cows was significantly higher than that for pure Jerseys, 

Ayrshires or the various cross-breeds (p<0.0001 ) . 
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Table 3.1 1  Distribution of breeds amongst the study herds and contribution of each breed to total number of cows 

Friesian : Friesian 
Breed Ayrshire Friesian Jersey crossa crossb Jersey Jersey crossc 
Herd No. % § No. % § No. % § No. % § No. o/o §- No. % § 

7 
8 
9 
1 0  
1 1  
1 2  
1 3  

1 0 1  1 00 

9 1  1 8 .3 - - 5 4.4 
1 0.2 6 1 8 .2  59 5 1 .8  6 8 .5  53 94.6 

99 20 8 24.2 23 20.2 1 1 .4 3 5.4 
136  27.4 10 30.3 20 1 7 .5 
1 0 .2  - - - - 64 90. 1  
1 68 33 .9 9 27.3 7 6. 1 

Total 101 1 1.6'11 496 56.9r- 33 3.8'�� 1 1 4 13.1 '11 - 71 8.211 56 6.411 
a Fifty:fifty cross 
b 

Over 50% Friesian blood 
c 

Over 50% Jersey blood 

§ Contribution of cows in herd to that particular breed 
1 Contribution of that particular breed to total number of cows. 
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Even w hen onl y  cows at least 1 20 days in calf were considered, diagnostic 

methods i n  pure Friesians showed higher sensitivity than the other pure or cross

breeds (p<0.008), with the exception of pure Friesians versus Jersey-cross-Friesians 

where the difference was only marginal (p=0.08). Comparing pure and cross-bred 

Friesians together against the other pure or cross-bred cows showed a significantly 

higher sensitivity for diagnostic methods in the former (p<0.006), except when 

compared to Jersey-cross cows at least 1 20 days in calf (p=0.23). There was also no 

difference in outcomes between Friesian-crosses and Jersey-crosses, regardless of 

stage of gestation (p=0.2) .  The sensitivity of methods in Ayrshires at all stages of 

pregnancy was significantly lower than that for all other pure or cross-bred cows 

(p<O.OOO l ) . When considering breed outcomes on diagnostic methods on cows 

beyond 1 20 days of gestation, however, there was no difference (p=0 . 1 8  to p=0.8) .  

The number of non-pregnant animals was too small to establish differences in 

specificity between breeds. 

Fertility parameters 

Table  3 . 12 , page 89, shows the ferti li ty parameters for the six herds. Twenty-one 

day submission rates were between 68.6% and 96.3% (mean 80.2% for all cows). 

The first service pregnancy rate ranged from 53 .4% to 68.0% (mean 6 1 .7%) and 

overal l pregnancy rates were 57 . 1 %  to 69.3% (mean 63.5%).  Between 1 .44 and 1 .75 

services were needed per pregnancy (mean 1 .58) .  The lowest percent non-pregnant 

of cows served was 0, the highest 1 1 . 8  (mean 9. 1 ) .  

Abnormal gestation lengths 

A total of five cows were recorded with abortions between completion of the 

diagnostic tests and calving in herds 8 ,  10 and 1 3 .  Farmers' observation had correctly 

diagnosed four of these five cows as pregnant, with one declared ' suspect ' .  Oestrone 

sulphate had correctly diagnosed four cows as pregnant. The only recorded 

premature calving took place in herd 7 .  Induction of calving was carried out in herds 

7, 1 1  and 1 2  only, with one, four, and seven cows induced, respectively, from mid

August onwards. Oestrone sulphate had declared ten of these twelve cows non

pregnant .  Table 3 . 1 3 ,  page 90, shows the detai ls  of abortions, and premature and 

induced calvings. 
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Table 3.12 Fertility parameters for the seven trial herds 

Total number Number of cows 21 -day First service Overall Services Percent non-
of cows in with service submission pregnancy pregnancy per pregnant of 

Herd herd recorded rate ( % )  rate ( % )  rate ( % )  cows served 

7 1 08 1 00 96.3 68.0 69.3 1 .44 0 
8 1 40 1 40 87.2 64.3  65 .8  1 .52  1 0.7 
9 1 1 6 1 00 72.8 6 1 .0 63.9 1 .56 1 0.3 
10 1 84 1 78 74.8  53 .9  57.9 1 .73 1 1 . 8  
11  2 17 208 84.2  53 .4  57. 1 1 .75 1 1 . 8  
12 82 82 93.2 67. 1 63.2 1 .58  8 .6  
13  202 1 80 68.6 63.9 67.4 1 .48 1 0.5 
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Table 3.13 Date of abnormal gestation event and diagnosis made by oestrone 
sulphate (OS) and farmers' observation (FO) for abortions, and 
premature and induced calvings (P = Pregnant, MT = Non-pregnant, 
S = Suspect) 

Type of 
abnormal Gold os FO 

Herd gestation Date Cow ID standard Diagnosis Diagnosis 
7 Premature 06-Jul 1 1 848488 p p p 

8 Aborted 03-Jul 1 1 924657 p p p 

Aborted 1 0-Jul 85778 1 8  p p p 

1 0  Aborted 04-May 7045245 p MT p 

1 3  Aborted 1 5-May 9663 1 1 4  p p s 

Aborted 1 5 -Jun 3758284 p p p 

7 Induced 03-0ct 9982400 p MT p 

1 1  Induced 1 4-Aug 1 1 989429 p p p 

Induced 07-Sep 1 1 989430 p p p 

Induced 06-Sep 7068059 p MT p 

Induced 07-Set 1 0048292 p MT p 

1 2  Induced 23-Aug 6720259 p MT p 

Induced 24-Aug 1 2 0 1 1 450 p MT p 

Induced 26-Aug 1 0022261 p MT p 

Induced 28-Aug 922 1 872 p MT p 

Induced 28-Aug 6720264 p MT p 

Induced 29-Aug 1 0022 2 8 1  p MT p 

Induced 29-Aug 922 1 883 p MT p 
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Discussion 

Oestrone sulphate 

Deterntination of milk oestrone sulphate by enzyme-immunoassay was less 

sensitive than farmers' observation for pregnancy diagnosi s in al l but one herd in  this 

study. The overall sensitivity of 85 .4% was simil ar to that reported by Henderson et 

al . ( 1 995) using the same test kit. Oestrone sulphate concentration increases with 

advancing pregnancy (Heap et al . ,  1 983;  Tainturier et  al . ,  1 986; Henderson et al . ,  

1 994b; Henderson e t  al . ,  1 995) and this was reflected i n  the l inear increase of 

sensitivity for cows in later stages of gestation . It has been suggested that cows 

should i deal ly be 1 00 to 1 20 days in calf when using oestrone sulphate for pregnancy 

diagnosi s (Power et al . ,  1 985;  Henderson et al . ,  1 993).  

For cows at least 1 20 days pregnant, oestrone sulphate sensitivity was improved 

by almost ten percent, but was sti l l  inferior to farmers' observation in thi s  study. It 

did only reach a level comparable to farmers ' observation for cows at least 1 40 days 

in calf. The sensitivity of 95.3% achieved for cows 1 20 or more days pregnant was 

similar to other studies (Heap and Hamon, 1979; Power et al . ,  1 985 ;  Henderson et 

al . ,  1 992; Henderson et al . ,  1 994a; Henderson et al . ,  1995), although higher 

sensitivities of 98% to 1 00% have been reported (Taintmier et al . ,  1 986; Henderson 

et al . ,  1 993; Henderson et al . ,  1 994b) . The influence of cut-off points and other 

factors such as transport, oestrus and mastiti s on oestrone sulphate sensitivity have 

been discussed above in Chapter II ,  page 55 .  

Specificity of  oestrone sulphate was superior to farmers' observation across all 

herds, but, when comparing herd by herd, i t  was only better in three of the six herds 

in which specificity could be established. Almost one in five ( 1 9.6%) non-pregnant 

cows were incorrectly diagnosed as pregnant with the milk  test, against about one in 

four (26.8%) for farmers' observation. A specificity for oestrone sulphate of 1 00% 

has been reported in  other studies (Heap and Hamon, 1 979; Henderson et al . ,  1 992;  

Henderson et al . ,  1 993;  Henderson et al . ,  1 994a; Henderson et  al . ,  1 994b;  Kourletaki

Belibasaki et al. 1 995).  Thi s  was achieved in herds 9 and 1 2, but the farmers' 

observation accomplished the same specificity i n  these two herds. A specificity of 
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1 00% would be high ly  desirable to avoid unnecessary feeding of non-pregnant cows 

over the winter and loss of potential milk yield when cows fail to calve. 

In herds 9 and 1 2, milk was collected about one month earl ier than in  the other 

herds. Thi s  explains the low sensitivity in these two herds, with more cows in the 

early stages of pregnancy and, therefore, lower oestrone sulphate concentrations. 

Even for cows at least 1 20 days in calf however, the sensitivity was lower than in  the 

other herds. There i s  no obvious explanation for thi s,  especial ly since the ferti l ity 

parameters in these two herds were comparable to the other five herds. None of the 

non-pregnant cows misdiagnosed as pregnant by both methods originated from herds 

9 or 1 2 . It is interesting to note, though, that herd 9 consi sted of only Ayrshire cows 

and herd 1 2  of only pure-bred Jerseys. The difference between breeds is discussed 

below. The specificity achieved in these two herds reached the maximum of 1 00%. 

The low sensitivity may in part be contributing to thi s ,  with an overestimation of 

non-pregnant cows. 

Sensiti vity of oestrone sulphate appeared to be higher, and specificity lower in 

those herds where milk samples were drawn from in-line col lectors during a herd 

improvement test. The most practical approach for using oestrone sulphate for 

pregnancy diagnosis would be to combine it with the routine herd testing of milk, but 

these results suggest that this technique may increase the number of false positive 

diagnoses. However, the apparent difference may be a reflection of the overal l herd 

difference observed (with herds 1 1  and 1 3  showing lower specificity for both 

methods than the other herds) rather than a true difference between collecting 

methods. It has been shown that milk composition has no influence on oestrone 

sulphate analysis (Hamon et al . ,  198 1 ;  B loomfield et al . ,  1982) and a possible 

different composition of a milk sample collected manually before c luster attachment 

to one col lected with in-l ine col lectors should not affect the test result .  

Marked differences between breeds were observed. It is difficult to establish 

whether this i s  truly a breed difference or a reflection of differences between herds. 

Al l  the Ayrshire cows originated from one herd (herd 9) and most of the pure-bred 

Jersey cows from another (herd 1 2) which leads to the confoundin g  of herd and 

breed effects. Both breeds have a higher butterfat content than Friesians,  but as 

92 



mentioned above, milk  composition was not found to h ave an influence, and Heap 

and Hamon ( 1979) found no difference between Friesian and Jersey cows. Abdo et 

al .  ( 199 1 ) ,  however, did observe a lower oestrone sulphate concentration in the milk  

of  Swedish Jersey cows during the second trimester of  pregnancy compared to other 

Swedish breeds. So it may be possible that the high butterfat content does influence 

oestrone sulphate as a hydrophilic substance, leading to a reduced sensitivity. With 

the Jersey and Ayrshire breeds accounting for a fair proportion of New Zealand dairy 

cattle ( 1 6% in the 1 996/97 season ; Livestock Improvement Corporation, 1 997a), this 

would have implications for using oestrone sulphate for pregnancy diagnosis. 

Farmers ' observation 

Sensiti vity of farmers ' observation was high and exceeded the 94. 1 %  reported by 

Roche et al . ( 1978) . The maximum of 1 00% was achieved in the smal lest herd. As 

farmers ' observation relies on a definite sign of non-pregnancy, like return to oestrus,  

the stage of gestation should not have any influence on sensitivity and thi s was 

indeed observed in this study. An incOJTect diagnosis of non-pregnant may arise from 

pregnant cows expressing oestrus, which occuned in 7 . 3% and 5.6% of cows in two 

studies (Wi l l iamson, et al . ,  1 972b; Mol ler et al . ,  1986). A recording of ' suspect' may 

have ari sen from perceived oestrus behaviour, but only  0.6% to 4.2% of pregnant 

cows were declared 'suspect '  in three of the herds (exc luding herd 1 3) .  The high 

sensitivity achieved by farmers' observation suggests that oestrus behaviour was not 

wrongly i dentified to any large extent. This is in contrast to studies where between 

4.8% and 1 1 . 8% of cows identified as expressing oestrus either were in dioestrus or 

had inactive ovaries (Reimers et al . ,  1 985 ;  Moller et al . ,  1 986; Markusfeld, 1987;  

Rajamahendran et  al . ,  1 993 ; Kourletaki-Belibasaki et al . ,  1995).  The negative 

predictive value achieved by farmers' observation in this study was below the 90.7% 

reported by Roche et al .  ( 1 978). 

Speci fici ty of farmers' observation was inferior to oestrone sulphate, but overal l 

was better than the 54% achieved in  the study by Roche et al. ( 1 978) .  Counting cows 

recorded as 'suspect' as misdiagnoses, however, gave a specificity similar to that 

found by Roche et al. The positive predictive value achieved in this study exceeded 

that observed by Roche et al. by far (97.0% vs. 65.9%).  Low specificity reflects an 
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overestimation of the number of pregnant animals. S ince a definite sign such as 

return to oestrus,  is needed to identify non-pregnant ani mals ,  this might be expected. 

Specifici ty was considerably different between herds, w ith the smallest herd 

achieving 1 00%, together with the third smallest herd (herd 9). The abi l i ty of 

herdsmen to detect oestrus varies widely (Wil l iamson et al . ,  1972a; Esslemont, 

1 974b; King et al . ,  1 976; Lehrer et al . ,  1 992; Gaines et al . ,  1 993 ; Nebel et al . ,  1 995) 

and it i s  interesting to note that specificity was poorest in the three largest herds in 

thi s study, which were ei ther managed by two partners, or the owner and a stockman . 

Less time may be spent observing cows in larger herds and employed labour may be 

less interested in accurate observations than herd owners. Moller et al .  ( 1986) found 

that 22. 1 %  of cows returning to oestrus at 2 1  days after insemination were not 

detected. 

The consistent decl ine in the specificity with increasin g  interval from the last 

service date may be explained by decreasing attention to an animal that has not 

returned to oestrus after one or two normal inter-oestrus intervals .  If inadequate 

attention i s  payed to an animal , the l ikelihood of it being observed in oestrus is smal l ,  

as shown in a study by  McDougall ( 1994) where 60% of oestrus events were not 

detected before the planned start of mating. Farmers using oestrus observation for 

pregnancy diagnosis may not be aware of the incidence of late returns to oestrus, 

reported to be between 3 . 8 %  at 36 to 49 days after last service to 22.7% between 28 

and 75 days after breeding, and mainly attributed to embryonic or foetal death (New 

Zealand Dairy Board, 1 976;  Wijeratne, 1 973; Kummerfeld et al . ,  1 978 ;  Moller et al . ,  

1 986). Equally, they may concentrate their observations on the l ikely time a cow 

would return, but may not be aware that the inter-oestrus interval is not 17 to 24 days 

in all cows (Esslemont and Bryant, 1 974; Esslemont, 1 9 74b). 

The rate of foetal loss is highest in the first trimester of gestation (Hancock, 

1 962; Bal l ,  1 978 ;  Reimers et al . ,  1 985 ;  Moller et al . ,  1 9 86; Screenan and Diskin, 

1 986; A l ien, 1 997), but between 2% and 10.6% of cows are reported to have suffered 

foetal loss between 42 and 260 days of gestation (Thurmond et al . ,  1 990; Mee et al . ,  

1 994; B ouchard e t  al . ,  1 998). Screenan and Diskin  ( 1986) observed foetal loss in 

5 .8% of cows after 42 days, i .e. after the second normal inter-oestrus interval . 
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Prolonged anoestrus after an unsuccessfu l  i nsemination was found to occur in  

2 . 1 %  of cows in  a study by Mol ler et  al . ( 1 986), and in  up to 20% of cows 

inseminated after progesterone treatment (Macmil lan ,  1 996). Farmers' observation 

would not identify these cows as non-pregnant. 

The owner of herd 1 3  recorded a large percentage of cows as 'suspect ' ,  not 

discriminating between truly pregnant or non-pregnant cows. His observations were 

mainly based on high body condition and milk production of particular cows relative 

to their herdmates .  Whereas this may give a true indication of the pregnancy status in 

some animals, i t  i s  not a rel iable sign, as reflected in the rel atively poor sensitivity, 

specificity and negative predictive value achieved in this herd. Using oestrone 

sulphate for pregnancy diagnosis would appear beneficial in this herd. 

Factors affecting accuracy of both methods 

Probability of a correct diagnosis 

The probabil ity of correctly diagnosing pregnant cows was highest for both 

methods in herds 1 1  and 1 3 .  Specificity showed the converse, with it being lowest in 

these two herds. An overestimate of pregnant cows would lead to a reduced 

specificity, but why both methods showed thi s herd pattern is not obvious. Herd 1 3  

had a low 2 1 -day submission rate and herd 1 1  showed the lowest pregnancy rates, 

but both these factors would be expected to have a negative effect on sensitivity, not 

specificity. Both herds had a high percentage of cows with ful l  results and had high 

numbers of cows non-pregnant, i .e .  one misdiagnosi s was not l ikely to have a greater 

i mpact than in the other herds. Two of the likely abortions occurred in herd 1 1  and 

additional unnoticed foetal loss could explain these observed results. 

Identification of cows 

Cows appeared to be well  known by the farmers and wrong identification was 

unlikely in these relatively small herds relying on oestrus observation for pregnancy 

diagnosis. Milk samples may have been wrongly identified, but the collection during 

a herd test was a reflection of the practical conditions under which the test might be 

applied. Manual milk coll ection took place in the smaller, owner-operated herds and 

was completed without any pressure to achieve fast throughput during milking. 
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Foetal loss 

Abortion is  l ikely  to have occurred in the five cows that were diagnosed pregnant 

by both methods but fai led to calve. Adding these cows to the six recorded abortions 

and premature calvings would give a foetal loss rate of 1 .3%, slightly below the rate 

observed in  New Zealand dairy cattle by Moller et al .  ( 1986) . Two studies found a 

foetal loss rate of below two percent (Bulman and Lamming, 1 979;  Beal et al . ,  

1 992), but a rate of  2 .5% or above is  more commonly reported (Hancock, 1 962; 

Kummerfeld et al . ,  1 978 ;  Vail lancourt et al . ,  1 979; Reimers et al . ,  1 9 8 5 ;  Screenan 

and Diskin,  1 986; Weigelt et al . ,  1988;  Thurmond et al . ,  1990; Lemire et al . ,  1 993; 

Mee et al . ,  1 994; Mohammed et al . ,  1 99 1 ;  Warnick et al . ,  1 995 ; Bouchard et al . ,  

1 998).  

Fertility and management parameters of study herds 

Because oestrone sulphate concentration increases with advancing gestation, it  

was important that ferti l i ty and breeding management in the study herds accurately  

reflected the si tuation in the New Zealand seasonal dairy cattle population. The study 

herds had ferti lity parameters comparable to other New Zealand seasonal calving 

herds. 

21-day submission rate 

Two herds surpassed the 2 1 -day submission rate target of 90% in the Dairyman 

program (Massey University). Rates in four of the remaining five herds were within 

or close to the range of 75 .9% to 86% found by Hayes ( 1 996 and 1 997) . The poorest 

rate was in the second but largest herd, in which the pregnancy status of a large 

proportion of cows was recorded as ' suspect ' .  

First service and overall pregnancy rate 

The Dairyman (Massey Universi ty) target of 60% for both first service and 

overall pregnancy rate was exceeded in  five herds. The two herds not achieving this 

target were sti l l  within the range of first service pregnancy rates of 48 .5% to 7 1 %  

and overall pregnancy rates of 5 1 .5 %  to 75% reported in seasonal dairy herds i n  New 

Zealand (Hayes, 1 996; Hayes 1 997 ; Macrnillan ,  1 998). 
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Services per pregnancy 

Only two herds exceeded the Dairyman (Massey University) target of 1 .7 

services per pregnancy, but both herds fel l  within the range of 1 .2 to 2 .4 services per 

pregnancy reported in previous New Zealand studies (Fielden et al . ,  1 980; Hayes, 

1 996; Macmi l lan ,  1 998).  

Breeding period 

The total breeding period ranged from 63 to 104 days in the study herds, with 

artificial insemination being used for the first 33 to 5 1  days. These periods are 

simi lar to total breeding periods of 72 to 1 08 days and artificial insemination periods 

of 36 to 43 days reported by Macmil lan and Moller ( 1 977) and Hayes ( 1 996) . 

Induction rate 

Induction rates varied from 1 %  to 1 0% in the three herds that induced 

parturition. These rates are acceptable, with the target being up to 1 0% (Wil l iamson, 

1998) and reported rates 5 .9% to 1 1 .3% (Macmil lan et al . ,  1990; Hayes ,  1 996). 

Cull rate 

The cul l  rate in al l but one of the study herds was below the target cull rate of 

20% often stated by farmers and reported rates of 17 .6% to 19 .0% (Bradford, 1 968;  

New Zealand Dairy Board, 1976; Macmil lan and Moller, 1977). Herd 1 0, with a cull 

rate just above target, had a mastitis problem during the period of the study, which 

increased the number of cows culled. 

Percent non-pregnant of cows served 

Four out of six of the study herds h ad a mean percentage of cows non-pregnant 

of cows served simi lar to the mean rates of 6.5% to 1 0.7% reported in New Zealand 

dairy herds (Morris et al . ,  1994; Hayes ,  1997; H. Crabb, personal communication, 

1 998;  Macmillan ,  1 998) .  Two herds experienced a slightly higher percentage. In herd 

7, where the few cows bel ieved to be non-pregnant were lost to fol low-up, a 

percentage of zero resulted from including cows with a gold standard result only. 

This way of calculating the rate also increased the percentage in  the other herds, as 

the excl usion of cows with incomplete results reduced the total number of cows on 

which the calculation was based, leadin g  to a greater impact of non-pregnant cows. 
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Conclusion 

The results of this study indicate that pregnancy diagnosis by oestrone sulphate 

enzyme-immunoassay may be valuable in some herds currently using oestrus 

observation. Sensitivity of oestrone sulphate was on average lower than that of 

farmers ' observation. And, as in the study described in Chapter II, it did not reach its 

plateau level unti l about twenty days l ater than expected at 140 days of gestation. 

Specificity of oestrone sulphate, although on average higher than that of farmers ' 

observation, was below the expected level with about one in five non-pregnant cows 

incorrectly diagnosed as pregnant. 

A high accuracy was achieved with farmers ' observation in four of the seven 

herds and oestrone sulphate would have offered no advantages over the currently 

used method. The three larger herds in the study would have benefited from an 

alternative method of pregnancy diagnosis. However, i t  is arguable whether oestrone 

sulphate should be employed rather than a more accurate method l ike rectal palpation 

or ultrasonography. Farmers' preferences and perceptions of advantages or 

disadvantages of the different methods (for example, the need to yard cows for rectal 

examination) would influence thi s deci sion .  
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CHAPTER IV 

ECONOMIC EVALUATION OF FOUR DIFFERENT METHODS 

OF PREGNANCY DIAGNOSIS IN SEASONAL NEW ZEALAND 

DAIRY HERDS 

Introduction 

Economic analysis of veterinary procedures or intervention has gained increasing 

attention in farm animal practice over the last twenty years . In the case of diagnostic 

tests, the most accurate method is not necessari ly the most cost-effective. The direct 

and indirect costs may make a slightly less accurate method more profitable .  

Pregnancy diagnosis involves the cost of the test procedure itself plus immediate 

costs to enable the diagnostic test to be carried out ( labour, faci lities). 

But the largest indirect cost is associated with cows diagnosed incorrectly as 

pregnant or non-pregnant, with subsequent management decisions, in particular 

cul ling, based on the diagnosi s. Two methods of simi lar overall accuracy may result 

in different total costs, if one method has a poorer sensiti vity or specificity than the 

other. 

Different economic models have been suggested to cost veterinary procedures. 

Simple models are sufficient in less complex situations and are useful in a number of 

practical scenarios where there is a choice of management regimes. More complex 

models, l ike the simulation and optimising (or dynamic programming) models,  

incorporate the biophysical changes inherent to farm animal production, but require 

very detai led analyses and may not be suitable to make general recommendations 

(DeLorenzo et al . ,  1 992; Wi l liamson, 1 994; Enevoldsen et al . ,  1 995). 

The partial farm budget predicts the return of a decision or procedure that may 

h ave economic implications (Sprecher et a l . ,  1 989). It takes into account the 

additional income generated from the proposed procedure, the costs of that 

procedure, the savings made, and the potential ly  lost income (Wil l iamson, 1 994). 
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Only parameters that are l ikely to change as a direct result of the decision are 

included and it i s  particularly suitable for endemic diseases or for decisions whether 

to introduce a procedure or not (Erb, 1 984). 

Another example of a fairly simple model is the decision analysi s or decision 

tree. This method does require knowledge of the ri sk or probability of a particular 

outcome and is particularly suitable for sporadic or epidemic diseases. The layout of 

the deci sion tree provides a good vi sual guide to the decision options and their l ikely 

economic impact (Erb, 1 984; Fetrow et al . ,  1985 ;  Pitcher and Gal l igan, 1 990; 

Wi l l iamson , 1 994) .  In both the partial farm budget and the decision analysis ,  initial 

calculations are usual ly  based on default values. One or more parameters are then 

changed to find threshold values or compute indifference curves (Fetrow et al . ,  1 985 ;  

Pitcher and Gal ligan, 1 990). 

Based on the findings of the studies described in  Chapters 11 and Ill, a partial 

farm budget was used to financial ly  compare the different methods of pregnancy 

diagnosi s .  The impact of changing some parameters was established in a sensitivity 

analysis .  An example of a decision tree for comparing the different diagnostic 

methods is also provided. 

Materials and methods 

A partial farm budget was created using a computer spreadsheet (Microsoft 

Excel) .  Total cost of pregnancy diagnosis by oestrone sulphate was compared with 

pregnancy diagnosis by rectal palpation or ultrasonography (Figure 4. 1 ,  page 1 0 1 ) . In 

a second model,  oestrone sulphate was compared with farmers' observation (Figure 

4.2, page 1 02). Total cost of pregnancy diagnosis per cow was established, both 

inclusive and exclusive of opportunity cost. The value for one or two parameters was 

then changed to establish threshold values for the breakeven point when oestrone 

sulphate would be more cost-effective than the other methods. 
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Figure 4.1 

1 

Spreadsheet used to calculate cost of pregnancy diagnosis by oestrone 
sulphate*, rectal palpation and ultrasonography 

A 6 c D E F 

Test method 
Oestrone Rectal Ultrasono- Reference 

2 Default values sulphate I palpation graphy code 

3 Herd Size 200 

4 Cows pregnant of served (%) 88 

5 Number of cows pregnant =63"641100 176 1 76 1 76 

6 Number of cows non-pregnant =63-65 24 24 24 

7 

8 Decision variables 

9 Sensitivity 81 .8  1 00.0 99.9 

1 0  Specificity 81 .0 91 .4 90.9 

1 1  Direct test cost I cow 2.00 2. 1 1  2.00 

12 Total test cost I herd =63"61 1 (+mileage) 400.00 444.20 400.00 

1 3  Time I cow (sec) 0 60 27 

1 4  Total time ( m  in) =63"6 1 3160+45 0 245 1 35 

1 5  Farm labour cost I hr 10.00 1 0.00 1 0.00 1 0.00 

1 6  Total farm labour cost =61 4160"61 5"2 0.00 81 .67 45.00 

1 7  Daily autumn milk production I cow (kg MS) 1 . 1  1 . 1  1 . 1 1 . 1  

1 8  Milk loss 0.05 0 0.05 0.05 

1 9  Price I k g  Milksolids 3.20 3.20 3.20 3.20 

20 Milk profit loss I cow =617"6 1 8"619  0.00 0 . 176 0.176 

21 Milk profit loss I herd =620"63 0.00 35.20 35.20 

22 Direct cost to PO herd =612+61 6+621 400.00 561.07 480.20 

23 Cull  value autumn 220 kgDW @ 1 . 1 01kg 242.00 242.00 242.00 

24 Cull value spring 1 95 kgDW @ 1 .381kg 269. 1 0  269. 1 0  269. 1 0  

25 Cost of replacement 600.00 600.00 600.00 600.00 

26 Average lactation milkyield cow (kg MS) 300 300 300 300 

27 Lost profit milkyield for heifer =626"0.25"619 240.00 240.00 240.00 

28 Cow: Calf value 70.00 70.00 70.00 70.00 

29 Heifer: Calf value 20.00 20.00 20.00 20.00 

30 Lost value calf =628-629 50.00 50.00 50.00 

31 Dry period (days) 142 142 1 42 1 42 

32 Feed cost I day (7 kgDM @ 1 5c/kgDM) 1 .05 1 .05 1 .05 1 .05 

33 Total feed costs =631 "632 1 49.10 1 49 . 1 0  1 49 . 10  

34 Direct cost of incorrect non-pregnant diagnosis =625+627+630-623 648.00 648.00 648.00 

35 Direct cost of incorrect pregnant diagnosis =633 149. 1 0  1 49. 1 0  1 49 . 10  

36 Lost opportunity per incorrect pregnant diagnosis =(626"6 1 9)+628-624 760.90 760.90 760.90 

37 No. cows diagnosed incorrectly non-pregnant =(1 -6911 00)"65 0.00 0.00 0 . 1 8  

38 No. cows diagnosed incorrectly pregnant =(1 -6 1 0/1 00)"66 4.56 2.06 2 . 1 8  

3 9  No. cows diagnosed non-pregnant by OS =(1 -C911 OO)"C5+C1 0/1 OO"C6 51 

40 Total cost of PO per cow (Incl. cost for retestlng) =(622+634 "637 +635.638)16 6.54 4.34 4.60 

41 Cost of lost opportunity =636.638 1 9.37 7.85 8.31 

42 Total cost of PO per cow Incl. lost opportunity =640+641 25.91 12.20 1 2.91 

• Assuming that cows diagnosed as non-pregnant are re-examined by rectal palpation. Column used to 
calculate cost of re-examination not shown. 
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Figure 4.2 

1 

Spreadsheet used to calculate cost of pregnancy diagnosis by oestrone 
sulphate and farmers' observation* 

A 8 c D E F 

Test method 
Oestrone Farmers' 

G 

Oestrone Farmers' sulphate observation Reference 
2 Default values sulphate observation Incl. retest Incl. retest code 

3 Herd Size 200 

4 Cows pregnant of served (%) 88 

5 Number ol cows pregnant =83'8411 00 1 76 1 76 1 76 1 76 

6 Number ol cows non·preanant -83-85 24 24 24 24 

7 

8 Decision variables 

9 Sensitivity 85.4 98.6 85.4 98.6 

1 0 Specificity 80.4 66.7 80.4 66.7 

1 1  Direct test cost I cow 2.00 0.00 2.00 0.00 

12 Direct cost to PO herd =83'81 1 400.00 0.00 400.00 0.00 

1 3  Price I kg Milksolids 3.20 3.20 3.20 3.20 3.20 

1 4  Cull value autumn 220 kaDW @ 1 . 1 01l<o 242.00 242.00 242.00 242.00 

1 5  Cull value spring 1 95 kgDW @ 1 .38/l<g 269. 10  269. 10  269 . 10  269. 1 0  

1 6  Cost o f  replacement 600.00 600.00 600.00 600.00 600.00 

1 7  Average lactation milkyield cow (kg MS) 300 300 300 300 300 

1 8  Lost profit milkyield for heifer =817"0.25'813 240.00 240.00 240.00 240.00 

1 9  Cow: Calf value 70.00 70.00 70.00 70.00 70.00 

20 Heifer: Calf value 20.00 20.00 20.00 20.00 20.00 

21 Reduced value calf =81 9-820 50.00 50.00 50.00 50.00 

22 Drv period (davsl 1 42 1 42 1 42 1 42 1 42 

23 Feed cost ! day (7 kgDM @ 1 5cll<gDM) 1 .05 1 .05 1 .05 1 .05 1 .05 

24 Total feed costs =822'823 1 49. 1 0  1 49. 1 0  1 49 . 10  1 49 . 10  

25 Direct cost of  incorrect non�preonant diagnosis =816+81 8+821-814 648.00 648.00 648.00 648.00 

26 Direct cost of incorrect pregnant diagnosis -824 1 49 . 10  149. 1 0  1 49.10 1 49. 1 0  

27 Lost opportunity per incorrect pregnant diagnosis =(817"813)+81 9-81 5 760.90 760.90 760.90 760.90 

28 No. cows diagnosed incorrectl non-pregnant =(1 -8911 00)'85 26 2 0 0 

29 No. cows diagnosed incorrectly pregnant =(1 -8 1 011 00)'86 5 8 5 8 

30 No. cows diagnosed non-pregnant =(1 -8911 00)'85+81 011 00'86 45 1 8  

31 Total cost of PD per cow (Incl. cost for retesting) =(812+825'828+826'829)183 88.76 1 3.94 6.63 6.53 

32 Cost of lost opportunity =(827"829)183 1 7.90 30.41 1 9.66 3 1 . 1 3  

33 Total cost of PO per cow Incl. lost opportunity =831 +832 106.66 44.35 26.29 37.66 

Reference code for Figures 4 . 1  and 4.2 

1 .  Livestock Improvement Corporation ( 1997a) : Average daily milk production in March 1 996/97 
2 .  Anonymous ( 1997) : New Zealand Dairy Board pay-out for 1 996/97 season 
3 .  Anonymous ( 1996) and Anonymous ( 1 997) : Prices for cul l  cows, M-grade, 1 96-220kg 

dead weight. Calculations based on average liveweight of Friesian-cross cow of 440 kg (Livestock 
Improvement Corporation, 1 997a) and 50% slaughter percentage. For cull cow value in Spring, 
cows are assumed to have lost two body condition score points, equalling 50 kilogram liveweight, 
with an increase of 25% in price per kilogram dead weight over Autumn prices. 

4.  Graham ( 1 997) 
5 .  Livestock Improvement Corporation ( 1 997a): Average total milkproduction for 1 996/97 season. 
6. Anonymous ( 1998):  Assuming cow produces good quality calf and heifer produces small calf. 

Prices averaged between value of bull and heifer calf. 
7 .  Livestock Improvement Corporation ( 1 997a): Average days-in-milk in 1 996/97 season. 
8 .  McGrath ( 1 997): Cost of pasture eaten at  NZ$ 0. 1 5/kgDM ,  assuming average dry-matter-intake 

of 7kg per day throughout dry period. 

• Columns E and F assume that cows diagnosed as non-pregnant are re-examined using rectal 
palpation. Column used to calculate cost of re-examination not shown. 
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Initial calculations 

Prices and charges current at the time of the study were used. A reference code is 

given in the models where appropriate. Default sensitivity and specificity for al l 

methods were based on the average values establ ished in Chapters II and Ill. For 

farmers ' observation, the sensitivity and specificity excluding suspect cows were 

used. 

In addition, the cost of pregnancy diagnosis in each herd was calculated using 

the results relevant for that herd (size, percentage of cows pregnant, sensitivity and 

specificity of methods). Costs of oestrone sulphate, rectal palpation and 

ultrasonography were also calculated using the sensitivity and specificity establi shed 

for cows at least 120 days pregnant or since their l ast service. 

Herd structure 

Initial calculations were based on a herd of 200 cows with a 'Cows pregnant of 

served'  rate of 88% to reflect an average seasonal herd in New Zealand (Morris et 

al . ,  1 994; Hayes, 1997;  Livestock Improvement Corporation, 1 997a). 

Cost of each test 

At the time of the study, the cost of the commercial ly  avai lable oestrone sulphate 

enzyme-immunoassay was NZ$ 2 .00 per cow. When applied as routine diagnostic 

test, mi lk  collection would be combined with a herd improvement test. Therefore, no 

further costs for milk collection or labour were added. All  cows diagnosed as non

pregnant by oestrone sulphate were assumed to undergo re-examination by rectal 

palpation. The costs of re-examination, including costs arising from rnisdiagnosi s by 

rectal palpation, were added to the total costs of oestrone sulphate. Since the 

accuracy of rectal palpation influences the cost of re-examination, the default values 

for rectal palpation were used when comparing oestrone sulphate to ultrasonography.  

No direct costs were attributed to farmers ' observation. None of the farms 

participating in this part of the study spent time purely on oestrus observation. To 

enable comparison, al l  cows diagnosed as non-pregnant were assumed to undergo re

examination by rectal palpation. 
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For pregnancy diagnosis by rectal palpation, the author used the average fees 

charged by veterinary practices of NZ$ 2 . 1 1  per cow and NZ$ 0.74 per kilometre, as 

establi shed by the 1 997 survey of the New Zealand Veterinary Association (NZV A, 

1 998).  Mi leage calculations were based on a one-way charge of 30 ki lometres for 

each farm. 

For ultrasonography, the fees charged by the operator participating in the trial 

were used. At the time these were NZ$ 2 .00 per cow for >200 cows examined, NZ$ 

2 .20 per cow for 1 0 1  to 200 examined, and NZ$ 2.60 per cow for < 1 00 examined 

(subject to a minimum fee of NZ$ 50). No mileage or set-up fee was charged. 

Purchase and depreciation costs for the ultrasound equipment were ignored for the 

purpose of thi s analysi s .  

Farm labour costs 

For rectal palpation and ultrasonography, farm staff was employed in drafting 

cows. To establish time spent by farm labour, the speed of examination by rectal 

palpation and ultrasonography in each herd was recorded. A record was kept of 

special circumstances, l ike request for confirmation of service date or attendance by 

veterinary undergraduate students. The average time across al l herds for each method 

was used for the initial calculations and it was assumed that two members of farm 

staff were assi sting. In addition, one-and-a-half hours of farm staff time were 

allowed per visit for col lecting cows from, and returning them to, the pasture. An 

hourly rate of NZ$ 1 0.00 was used for farm labour. 

Effect ofyarding on milk production 

To establish the effect of confining cows for several hours without food on milk 

production, total herd milkvolume and milksolids production were recorded (based 

on the milk tanker meter-reading) for the milk  col lection immediately after 

pregnancy diagnosis, and two milk col lections each before and after the day of 

examination. In two herds, milk  production records of the four months January to 

Apri l were used to establish behaviour of herd milk production over time. The SAS 

System was used for statistical analysis .  An analysis of variance (ANOV A) was used 

to estimate the variation in each herd and construct confidence intervals for the 

periods before and after the examination. 
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It was then established whether the production on the day of examination fel l  

within those confidence intervals .  The milk  production data from January t o  April 

was subjected to a time series analysis looking at the effect of 'di sturbance' by the 

pregnancy diagnosis .  Disturbance was estimated for the day of the examination and 

the day after the examination, i .e. the lagged effect. The estimated disturbance was 

translated into a percentage. 

Cost of misdiagnosis 

The cost of an incorrect non-pregnant diagnosis was assumed to be the sum of 

the cost of a replacement animal , the difference in mi l k  production between a first 

lactation and an older cow10, and the lower value of a calf born to a heifer 1 1 , minus 

the cul l value of the misdiagnosed cow. It was assumed that al l cows diagnosed as 

non-pregnant were cul led. 

The loss ari sing from an incorrect diagnosi s of pregnant was assumed to be the 

costs of feeding that cow over the dry period. It was assumed that no cows would be 

cul led before the end of the season and all cows would be dried off on the same day. 

IncoJTect diagnoses of pregnant were also assigned a lost opportunity cost. Thi s was 

calculated as the sum of lost milk production in the fol lowing season, and lost calf 

value, minus the cull  value of the cow in spring. 

Threshold values 

Sensitivity and specificity of either one or al l methods were changed unti l a 

breakeven point was reached. The percentage of cows pregnant was altered. Direct 

test costs were gradual l y  decreased to an endpoint of NZ$ 0 . 1 0  per cow for oestrone 

sulphate, and increased to a maximum of NZ$ 4.00 per cow for rectal palpation and 

ultrasonography. The infl uence of a change in the payout for milk, the price of a 

replacement animal , or the feeding costs over the dry period was established. 

1 0  Heifers produce 73 to 76% of mature yield, depending on breed (New Zealand Dairy Board, 1 98 1 )  
1 1  Heifers generally produce smaller calves, resulting in beef cross calves having a lower market value 
and purebred dairy calves often being regarded as unsuitable dairy replacements. 
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Decision Tree 

A decision tree was created to compare oestrone sulphate with rectal palpation 

and ultrasonography. The first decision node was the method of pregnancy diagnosis,  

fol lowed by one of two possible diagnosis results (pregnant vs. non-pregnant), 

followed by a third deci sion node for the true pregnancy status of the animal 

(pregnant vs. non-pregnant; Figure 4 .3 ,  page 1 07) .  Probabilities of events were based 

on the average sensitivity, specificity, and positive and negative values for the three 

methods as established in Chapter II. The percentage of cows pregnant was assumed 

to be 88%.  It was assumed that all cows diagnosed as non-pregnant by oestrone 

sulphate would undergo re-examination by rectal palpation. The cost entered for 

cows diagnosed as non-pregnant by oestrone sulphate was the sum of the direct test 

charges for these two methods. The cost for a correct diagnosi s was entered as direct 

test charge. 

The costs of incorrect pregnant and incorrect non-pregnant diagnoses were 

calculated as for the partial fallll budget. An expected monetary loss (EML) was 

calculated for each deci sion node. The EML is the sum of probabi l ities of an 

outcome multiplied by the costs associated with that outcome (Mohammed et al . ,  

1 990). 

Results 

Time taken for examination 

Table 4. 1 ,  page 108 ,  shows time taken to examine each cow by rectal palpation 

and ultrasonography, throughput of cows per hour, faci li ties, and special 

circumstances, l ike confirmation of service dates. The average time to carry out 

pregnancy diagnosis by rectal palpation was 60.2 seconds per cow (range 46.7 to 

89.0), leading to an average of 60 cows examined per hour. Pregnancy diagnosis by 

u ltrasonography took on average 26 .9  seconds per cow (range 1 7.3 to  35 .4), resulting 

in an average of 1 34 cows examined per hour. 
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Figure 4.3 Decision tree for comparing different methods of pregnancy 
diagnosis 

Method 

Oestrone 
sulphate 

Rectal 
palpation 

Ultrasono 
graphy 

Diagnosis Result 

pregnant 

p = T+ 

p =( I -T+) 

non-pregnant 

pregnant 

p = T+ 

p =( I -T+) 

non-pregnant 

pregnant 

p = T+ 

p =( I -T+) 

non-pregnant 

p = probability of that event 

True Status 

pregnant 

p =  PPV 

p = ( 1 -PPV) 

non-pregnant 
pregnant 

p = ( I -NPV) 

p = NPV 

non-pregnant 

pregnant 

p =  PPV 

p = ( 1 -PPV) 

non-pregnant 

pregnant 

p = ( I -NPV) 

p= NPV 

non-pregnant 

pregnant 

p =  PPV 

p = ( 1 -PPV) 

non-pregnant 

pregnant 

p = ( I -NPV) 

p = NPV 

non-pregnant 

T + = probability that diagnosis result is 'pregnant' 
= Ppreg x Sensitivity + ( 1 -Ppreg) x ( 1 -Specificity) 

Cost 

Test 

Test + incorrect P 

Test + Retest 

Test + Retest 

Test 

Test + incorrect P 

Test + incorrect non-P 

Test 

Test 

Test + incorrect P 

Test + incorrect non-P 

Test 

where P preg = probability of being pregnant based on percentage of 'Cows 
pregnant of served' 

PPV = positive predictive value 
NPV = negative predictive value 
incorrect P = cost of rnisdiagnosis as pregnant 
incorrect non-P = cost of rnisdia nos is as non- re nant 
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Table 4.1 Time taken for pregnancy diagnosis by rectal palpation (RP) and ultrasonography (US) in each herd 

No. cows Cows I Seconds I Special circumstances 
Herd Method examined hour cow Facilities 

1 RP 388 7 1  5 1  Rotary Service confirmed 

us 38 1 208 1 7  Rotary Late service confirmed 

us 359 1 54 23 Herringbone Late service confirmed 

2 RP 268 70 5 1  Herringbone Late service confirmed 

us 272 1 2 1  30 Herringbone 

3 RP 236 40 89 Rotary Service confirmed & students attended 

us 2 1 3  1 60 23 Rotary 

us 2 1 8  1 09 33 Rotary 

4 RP 239 5 1  70 Herringbone Service confirmed 

us 237 1 02 35 Herringbone 

5 RP 270 77 47 Herringbone Service confirmed & students attended 

us 270 1 54 23 Herringbone 

6 RP 2 1 5  59 6 1  Herringbone Service confirmed 

us 350 1 05 34 Herringbone 

Rotary I Herringbone = Parlour type 
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Average speed of rectal palpation appeared to be greater i n  herringbone parlours 

(63 cows per hour) compared to rotary parlours (55 cows per hour) . The reverse was 

true for ultrasonography, with an average of 1 24 cows per hour examjned in  

herringbone parlours, compared to  1 57 cows per hour in rotary parlours. 

Effect of yarding on milk production 

Milk volume on the day of examination was s ignificantly lower (p<0.05) than 

the volume on the previous two days in only one herd each for both rectal palpation 

(herd 2) and ultrasonography (herd 5) .  Production of milksolids on the day of 

examination was significantly lower (p<0.05) on three occasions: for both methods 

in herd 5, when compared to production on the days preceding the examination . And 

for ultrasonography in herd 6, when compared to production after the pregnancy 

diagnosis (see Tabl e  4.2, page 1 1 0). With only two data points avai lable for the 

'Before ' and 'After' period, the confidence intervals were wide and the model was 

not robust enough to fi t a trend l ine .  

A trend l ine could be established, however, for the two herds with mi lk  

production data from four months .  Both farms showed a gradual decline in mi lk  

yield over time. There was also an interesting correlation between day-to-day yields. 

A day with above average production tended to be followed by a day with below 

average production and vice versa. 

The effect of the disturbance caused by the pregnancy diagnosis was not 

significant at the 5 %  level. In one herd, there was a marginal ly  significant reduction 

immediately after the rectal palpation (p=0.098), but production appeared to have 

increased in the lag period after the exarrunation (p=0. 1 64 ). There were suggestions 

of an increase in rrulk production both immediatel y  after (p=0. 17 )  and in the Jag 

period (p=0. 1 16)  for ultrasonography in this herd. Sirrular observations were made in 

the second herd, with rectal palpation showing a h int of reduced production 

i mmediatel y  after the day of exarrunation (p=0 . 1 25)  and a marginal decrease during 

the Jag period (p=0.096). 
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Table 4.2 Comparison of herd milk production on Day of Test with days before and after test 

Mi lkvolume (I) Mi lksolids (kg) 
Herd Phase Method Mean SD 95% CI Production on Mean so 95% CI Production on 

Lower Limit Upper Limit Day of Test Comparison Lower Limit Upper Limit Day of Test Comparison 

2 Before R P  5223.03 432.7 4669.9 577 6 . 1  4549 s 451 .03 33.9 392. 8  509. 2  408 NS 
After R P  4099. 53 251 .0 3546.4 4652 .6 4549 NS 362 .5" 3 1 . 8  304.3 420. 7  408 NS 
Before us 4099.5 251 .0 3546.4 4652 .6 4 1 3 1  N S  362.5 3 1 . 8  304.3 420. 7  366 NS 
After us 4352.0 65.1  3798.9 4905. 1  4 1 3 1  NS 383.0 1 8.4 324.8 441 . 2  366 NS 

3 Before R P  5442.0 0.0 2783.0 8 1 0 1 .0 5461 I 5908c NS 448.5 3.5 235.0 662.0 468 I 480c NS 
After R P  3993.0 1 88.8  1 334.0 6652.0 546 1 I 5908c NS 326.5 1 1 .3 1 1 3.0  540.0 468 I 480c NS 
Before us 5874.0 41 .0  321 5.0  8533.0 5495 I 5359c NS 486.0 7 . 1  272 . 5  699 .5 480 I 432c NS 
After us 5 1 02.0 33.9 2443.0 776 1 .0 5495 I 5359c NS 406.0 1 1 . 3 1 92.5 6 1 9 .5  480 I 432c NS 

4 Before R P  5327.5 1 06.8  496 1 .0 5694.0 5068 NS 474.0 4.2 437. 6  5 1 0.4 465 NS 
After RP 5063.0 1 37.2  4696.5 5429 .5 5068 NS 456.0 8 .5  41 9.6 492 .4 465 NS 
Before us 5745.0 24.0 5378. 5  6 1 1 1 .5 5796 NS 499.0 5.7 462.6 535.4 501 NS 
After us 5636.0 329.5 5269. 5  6002 .5 5796 NS 502. 0  35.4 465.6 538. 4  501 NS 

5 Before R P  3308.5b 1 0. 6  3009. 8  3607.2 3087 NS 292 . 53 4.9 277 .6 307.4 275 s 
After R P  2951 .5b 1 43.5 2652. 8  3250.2 3087 NS 27 1 .0" 4.2 256 . 1  285.9 275 NS 
Before us 3505.0 96.2 3206.3 3803.7 3 1 50 s 300.5 4.9 285.6 31 5.4 284 s 
After us 331 8.0 250.3 301 9.3  361 6.7  3 1 50 NS 289.0 1 2.7 274 . 1  303.9 284 NS 

6 Before R P  680.5 29.0 635.4 725.6 703 I 704c NS 
After R P  695.5 30.4 650.4 740.6 703 I 704c NS 
Before us 669 .5 3.5 624.4 7 1 4 . 6  646 NS 
After us 705.0 1 8.4 659.9 750 . 1  646 s 

. h . 
= Significant difference between Before' and 'After' phase (p<0.05) V = Marginal difference between Before' and 'After' phase (p<O. l )  � = Test carried out on two days 

SD = Standard deviation Cl = Confidence interval RP = Rectal palpation US = Ultrasonography S = Significant (p<0.05) NS = Not significant (p>0.05) 
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Ultrasonography caused a s l ight increase i n  production i mmediatel y  after 

examination (p=0. 1 82) and a significant increase during the lag period (p=0.0 1 3) in  

th is  second herd. Estimates of  the disturbance caused ranged from -5 .8% to +6.4%. 

The default value for lost milk production due to yarding was set at five percent in 

the partial farm budget. 

Cost of pregnancy diagnosis 

Oestrone sulphate vs. rectal palpation and ultrasonography 

Based on default values 

Using the average sensitivity and specificity established for each method in 

Chapter II, oestrone sulphate was the most expensive method at NZ$ 6.54 per cow 

and rectal palpation the least expensive at NZ$ 4 .34 per cow, with ultrasonography 

costing NZ$ 4.60 per cow. Including opportunity costs for incorrect diagnoses of 

pregnant increased the cost of pregnancy diagnosis by oestrone sulphate almost four

fold to NZ$ 25 .9 1 .  The cost of rectal palpation and ultrasonography increased just 

under three-fold to NZ$ 1 2 .20 and NZ$ 12 .9 1 ,  respectively. Based on the sensitivity 

and specificity for cows at least 1 20 days pregnant or since their last service, the 

costs reduced to NZ$ 4.8 1 ,  NZ$ 3.9 1 and NZ$ 3 .53,  respectively, making 

ultrasonography the least expensive method. Total costs including lost opportunity 

were NZ$ 1 6.98,  NZ$ 9 .58 ,  and NZ$ 6.36 for oestrone sulphate, rectal palpation and 

u ltrasonography, respectively. 

Based on factors in each herd 

Cost of pregnancy diagnosis per cow using oestrone sulphate, rectal palpation or 

u ltrasonography ranged from NZ$ 3 .24 to 1 0.43 ,  NZ$ 3 . 2 1  to 5 .27,  and NZ$ 3 .55 to 

6 .99, respectively,  in the six trial herds. Inclusion of opportuni ty costs for incorrect 

pregnant diagnoses increased the costs by between NZ$ 3 .4 1  to 39.97, NZ$ 2.39 to 

1 3 .06, and NZ$ 5 .97 to 1 1 . 1 5 ,  for oestrone sulphate, rectal palpation and 

ultrasonography, respectively (Table 4.3 ,  page 1 12). Oestrone sulphate was the least 

expensive method in one herd, rectal palpation in two herds, and ultrasonography in  

three herds. 
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Table 4.3 Cost (NZ$) of pregnancy diagnosis by oestrone sulphate (OS) ,  rectal 
palpation (RP) and u ltrasonograph y  (US) in each herd 

Cost per cow including Percent 
Cost per cow Opportunity costs pregnant 

Herd os RP us os RP us 

1 5.35 3 .92 3 .60 1 9 .48 1 0.29 9.97 89.4 

2 5.07 3 .93 3 .55  1 3 .94 9.90 9 .52 84.0 

3 1 0.43 5 .27 6 .23 50.40 1 8 .33 17 .38  86.8 

4 3 .24 3 . 52 6 .99 7.39 7. 1 7  14 .30 97.6 

5 7.28 4 .69 3.67 33 .53 14.46 1 0. 1 7  95 .3  

6 3 .82 3 .2 1  3 .80 7 .23 5 .60 1 1 .09 85 .7 

Threshold values 

A change in sensitivity had a much larger impact on the cost of pregnancy 

diagnosis than a change in specificity (see Figure 4.4, page 1 1 3) .  The apparent lower 

increase in costs when sensitivity of oestrone sulphate decreased was due to the re

examination of cows diagnosed as non-pregnant by rectal palpation. Cows initially 

diagnosed incorrectly are largely diagnosed correctly on re-examination. Costs for 

ultrasonography follow those for rectal palpation c losely. 

Even when increasing the sensitivity of oestrone sulphate to 1 00%, while 

keeping the specificity of al l three methods, and the sensitivity of rectal palpation 

and ultrasonography, at their default values, did oestrone sulphate sti l l  cost more at 

NZ$ 5 .88. Keeping sensitivity and specificity of oestrone sulphate at their default 

values, the breakeven point was reached when decreasing sensitivity of rectal 

palpation and ultrasonography to 99.5%. 

Figure 4.5,  page 1 14, shows the change in costs when only the specificity of 

rectal palpation and u ltrasonography was changed, with all other parameters kept at 

defaul t  values. The change in the cost of oestrone sulphate, despite values for 

sensitivity and specificity not being changed for this  method, was caused by the re

examination of cows diagnosed as non-pregnant. The cost of these re-examinations 

altered depending on the accuracy entered for rectal palpation. Breakeven points 

were reached at 74.8% specificity for rectal palpation, and 80% for u ltrasonography. 
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Figure 4.4 
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Figure 4.5 
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Specificity of oestrone sulphate had to increase to 93.6% to become less 

expensive than the other two methods, when the accuracy of rectal palpation and 

ultrasonography was kept at the default values . 

The percentage of cows pregnant in the herd had to reach 98% for oestrone 

sulphate to become comparable in costs to the other two methods. When using 

sensitivity and specificity for cows at least 1 20 days pregnant or since their last 

service, the breakeven point lied at 95% cows pregnant. 

Table 4.4, page 1 1 5,  shows the maximum direct test costs that could be charged 

for oestrone sulphate to keep thi s  diagnostic method competitive, depending  on the 

direct cost charged for pregnancy diagnosi s  by rectal palpation or ultrasonography. 
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At the prices applicable at the time of the study, the charge for oestrone sulphate 

would have had to be reduced to less than NZ$ 0 . 1 0  for this method to become 

cheaper. 

A change in mi lk  price had hardly any effect on the cost of pregnancy diagnosi s,  

regardless of method used. The cost for oestrone sulphate, for example, would have 

been NZ$ 6.53,  6 .54,  and 6.56 for a price per ki logram milksolids of NZ$ 2 .00, 3 .00, 

and 4.00, respectively. With a default sensitivity value of 100% for rectal palpation, 

which produces equal accuracy for oestrone sulphate because of the re-examjnation 

of cows diagnosed as non-pregnant, a change in the price of replacement animals or 

the value of cull  cows only affected the cost of u l trasonography. But again,  the 

influence was smal l .  Changing the price of a replacement animal from NZ$ 200.00 to 

1 000.00 increased the cost of ultrasonography from NZ$ 4.25 to 4.95. Assuming 

either a quarter of or twice the default value for cull  cows changed the cost of 

pregnancy diagnosi s from NZ$ 4.76 to 4.39. The cost of feeding a cow through the 

dry period had a l arger impact on the cost of pregnancy diagnosis .  With feeding costs 

of NZ$ 1 00.00, 200.00 or 300.00, the cost of pregnancy diagnosi s by oestrone 

sulphate would have been NZ$ 5 .29, 7 .84, or 1 0.39,  respectivel y. Similar changes 

were seen for rectal palpation and ultrasonograph y, with costs of NZ$ 3 . 84 and 4.06, 

4.87 and 5 . 16 ,  and 5 .90 and 6.25, respective ly .  

Table 4.4 Breakeven points for the direct charge per exarillnation per cow for 
oestrone sulphate (OS) depending  on charge per cow for rectal 
palpation (RP) or ultrasonography (US) .  Column A is based on 
average sensitivity and specificity for each method, and column B is  
based on sensitivity and specificity for cows at  least 1 20 days 
pregnant or since their last service as established in Chapter 11.  

Breakeven direct charge for OS (NZ$) 
A B 

Direct test charge for 
RP and US (NZ$) 

RP US RP US 

2.00 
2.50 
3 .00 
3 .50 
4.00 

< 0. 1 0  
0. 10  
0 .50 
0.80 
1 .20 

0. 1 0  
0.50 
0.80 
1 .20 
1 .60 

1 .00 
1 .45 
1 . 85 
2 .30 
2 .75 

0.75 
1 . 1 5  
1 .60 
2 .05 
2 .50 
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Oestrone sulphate vs. farmers ' observation 

Based on default values 

Farmers' observation was less expensive than oestrone sulphate (NZ$ 6.53 vs .  

6 .63) when using the average sensitivity and speci ficity established in Chapter Ill for 

both methods. There was a substantial difference between the methods when 

calculating costs under the assumption that no re-examination of cows diagnosed as 

non-pregnant would be carried out. Pregnancy diagnosi s by oestrone sulphate would 

have come to NZ$ 8 8 .76 per cow, versus 1 3 .94 for farmers' observation . Using the 

sensitivity and specificity establi shed for cows at least 1 20 days pregnant or since 

their last service, oestrone sulphate was less expensive than farmers ' observation 

(NZ$ 6.44 vs. 7 .58) .  However, without re-examination of cows diagnosed as non

pregnant, the cost of oestrone sulphate was more than twice that of farmers ' 

observation (NZ$ 32.49 vs. 1 5 . 59) for this group of cows. Including opportunity 

costs for an incorrect diagnosi s of pregnant increased the cost of pregnancy diagnosis 

by oestrone sulphate about four-fold to NZ$ 26.29, and by farmers ' observation 

about five-and-a-half-fold to NZ$ 37 .66. 

Based on factors in each herd 

Cost of pregnanc y  diagnosis using oestrone sulphate or farmers ' observation 

ranged from NZ$ 2 .63 to 8.86, and NZ$ 0.42 to 14 .47, respectivel y, per cow in the 

seven trial herds. Including lost opportunity costs for incorrect pregnant diagnoses 

increased the costs by between NZ$ 0.00 to 33 .05,  and NZ$ 0.00 to 72.38 for the two 

methods, respectively (Table 4.5, page 1 1 7) .  Oestrone sulphate was the least 

expensive method in two of the seven herds. 

Threshold values 

A change in sensitivity did not have a large i mpact, because all cows diagnosed 

as non-pregnant were assumed to have undergone re-examination by rectal palpation . 

With a sensitivity of 1 00% for rectal palpation (as established in Chapter II), most 

cows were diagnosed correctly on re-examination. The minor changes seen were a 

reduction in cost from NZ$ 6 .46 to 6 .09 for an increase in sensitivity of oestrone 

sulphate from 90% to 1 00%. Costs for farmers' observation changed to a simi lar 

degree (NZ$ 6 .84 to 6.48). 
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An increase in  specificity from 70% to 1 00% decreased the costs from NZ$ 8 .44 to 

3 . 22,  and NZ$ 5 .95 to 0 .74, for oestrone sulphate and farmers' observation, 

respectively. 

Table 4.5 

Herd 
7 
8 
9 

10 

1 1  
12 
13 

Cost (NZ$) of  pregnancy diagnosis by  oestrone sulphate 
(OS) or farmers ' observation (FO) in each herd 

Cost per cow including Percent 
Cost per cow lost opportunity pregnant 

os FO os FO 
2.63 0.42 2 .63 0.42 lOO 
5 .47 1 .76 1 8 .20 7 .97 89.3 

4 .88 0.88 9.32 1 .7 8  89.2 

4.7 1 6.32 1 5 . 1 6  36.00 88.0 

7 .96 14.47 35 .80 86.8 5  87.9 

3 .9 1  0 .83 6 . 1 5  1 . 3 7  90.9 

8.86 5 .84 4 1 .9 1  3 3 . 54 89.3 

The breakeven point for an increase in the sensitivity of oestrone sulphate only 

was reached at 88%. For cows at least 1 20 days pregnant, a sensitivity for oestrone 

sulphate of 64% was sufficient to make this method less expensive than farmers ' 

observation . The sensitivity of farmers ' observati on could be reduced to 95 .7%,  

before oestrone sulphate became cheaper, when default values were used for the 

latter method. The threshold value for specificity of oestrone sulphate was 8 1 %  and 

for farmers ' observation 66. 1 %. 

A percentage above 87.5% of cows pregnant made farmers ' observation the less 

expensive method. Using sensitivity and specificity of cows at least 1 20 days calved 

or since their last service, a percentage of cows pregnant of 92.3% or below favoured 

oestrone sulphate. 

Assuming no direct cost for farmers' observation, a charge of up to NZ$ 1 .90 

made oestrone sulphate the less expensive method. Using the sensitivity and 

specificity for cows at least 1 20 days pregnant or since their last service, the charge 

for oestrone sulphate could rise to NZ$ 3 . 1 5 .  
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Assuming specific time i s  spent on oestrus observation with a cost of NZ$ 5 .60 

per cow1 2, oestrone sulphate would remain competitive at a charge of NZ$ 7.50 (or 

8 .75 for cows in advanced pregnancy) . 

Farmers' observation remained the less expensive method if feeding costs over 

the dry period stayed below NZ$ 157 .00. With feeding costs of NZ$ 50.00, 100.00 or 

300.00, the cost of pregnancy diagnosis by oestrone sulphate or farmers' observation 

would have been NZ$ 4.07 or 2.57, NZ$ 5 .36 or 4.57,  and NZ$ 10.53 or 1 2 .56, 

respectively.  

Decision Tree 

The EMLs derived for e ach diagnostic method from the decision tree were 

slightly lower than the costs calculated using the partial farm budget. However, �he 

figures were comparable and fol lowed the same pattern with oestrone sulphate being 

the most expensive method (NZ$ 5 .7 1 ), and ultrasonography (NZ$ 4.5 1 )  costing 

slightly more than the least expensive method, rectal palpation (NZ$ 4. 14;  see 

Figure 4.6,  page 1 1 9). 

Discussion 

A diagnostic test with the lowest initial charge does not necessari ly  provide the 

most economical option, as demonstrated by the comparison of the four methods of 

pregnancy diagnosis .  The direct, and obvious, charge per cow was higher for rectal 

palpation and ultrasonography because of required farm l abour and possibly reduced 

milk production on the day of examination. But their superior sensitivity and 

specificity produced a total cost per cow of only approximately  two-thirds of that for 

oestrone sulphate. The impact of indirect costs that arise from a misdiagnosis i s  also 

clear from the comparison of oestrone sulphate and farmers' observation. 

1 2  Based on three 20-minute periods per day @ NZ$ 1 0.00 per hour l abour over a ten week breeding 
period plus 42 days for observation of returns-to-service 
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Figure 4.6 Decision tree for comparing different methods of pregnancy 
diagnosis with probabi l i ties and monetary values (NZ$) entered 

Method 

Rectal 

Ultrasono 
graphy 

Diagnosis Result 

� preg I 
p = 0.74 

� preg I 
p = 0.89 

p =  0. 1 1  

non-pregnant 

§ pregnant 

p = 0.89 

p =  0. 1 1  

non-pregnant 

p = probability of that event 

True Status Cost 

pregnant 
2.00 

p = 0.973 

p = 0.027 
2.00 + 149. 10  

non-pregnant 
pregnant 

p = 0.649 2.00 + 2.8 1  

p = 0.35 1 

non-pregnant 
2 .00 + 2.8 1 

pregnant 

p = 0.99 2.8 1 

p =  0.0 1 

non-pregnant 2 .81  + 149. 1 0  

pregnant 

p = O  2.8 1 + 648.00 

p = l 
2.81  

non-pregnant 

pregnant 

p = 0.989 2.40 

p =  0.0 1 1 

2.40 + 149. 10 
non-pregnant 

pregnant 

p =  0.009 2.40 + 648.00 

p = 0.99 1 

2.40 
non-pregnant 

I$Q.OOl Gives expected monetary loss (EML) expected with each diagnosis or test 
� outcome. EML is the sum of probabilities of an outcome multiplied by the 

cost associated with that specific outcome (Mohammed et al. ,  1 990). 
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A farmer using oestrus observation for pregnanc y  diagnosis would probably 

argue that th is  method does not cost anything. However the actual cost, taking the 

consequences of misdiagnosis into account, are substantial and accuracy of oestrone 

sulphate would have to be improved only sl ightly to be competitive with farmers' 

observation . These examples demonstrate that economic analysis is i mportant to look 

beyond the obvious, or visible direct costs of a test. 

The comparison of costs in different herds based on their si tuation showed the 

range of expenditure pregnancy diagnosis may carry. Although a chan ge in 

sensitivity h ad a greater influence on cost in the model , the herd comparison made 

the influence of specificity obvious, especial ly  when considering the opportunity 

costs ari sing from an incorrect diagnosis of pregnant. Specificity was low in herd 3, 

and the costs of oestrone sulphate and rectal palpation were the highest in this herd. 

Specificity of ultrasonography was very l ow in herd 4, and this was reflected in the 

increased cost of pregnancy diagnosis by thi s method in this herd. 

Similarly, in the herds with a low specificity for farmers ' observation (herds 1 0, 

1 1 , and 1 3 )  the cost of this method increased substantially, making it almost twice as 

ex pensive as oestrone sui ph ate in herd 1 1 . Herd comparison also demonstrated the 

dependence of oestrone sulphate on time elapsed between examination and the end 

of the breeding season . When calculating costs based on sensiti vity and specificity 

for cows at least 120 days pregnant or since their last service, oestrone sulphate 

became much more competitive to rectal palpation and ultrasonography,  and less 

expensive than farmers ' observation. 

The economic model al lows establ ishment of threshold values beyond which one 

method would become more cost effective than the others (Fetrow et a l . ,  1 985 ;  

Fetrow and Blanchard, 1 987; Pitcher and Gall igan, 1 990). When developing a new 

diagnostic test, or a new application of an existing method as in the case of oestrone 

sulphate in this study, threshold values can act as goals. The development of the 

method can be focused on reaching those goals or a decision can be made whether 

those goals are achievable. For example, for oestrone sulphate to become competitive 

to rectal palpation or ultrasonography, its specificity would have to be i mproved to 

93.6% or its charge reduced to NZ$ 0. 1 0  per cow. The analysis also showed that 
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increasing the sensitivity to 1 00% would not be sufficient to make this the favourable 

method compared to rectal palpation or ultrasonography. 

Several factors that may influence a management deci sion are difficult to 

quantify in monetary terms. Erb ( 1984) suggests that management decisions  reflect 

personal satisfaction or preference (such as l i festyle, pride, tradition) as wel l  as 

economic considerations. For example, farmers with very accurate observation ski l ls  

would probabl y  not benefit from another method of pregnancy diagnosi s .  B ut even if  

they were confident of  their accuracy in determining a cow' s  pregnancy status, they 

may decide to employ another method to ensure 'peace of mind' . 

Likewise, a more expensive method might be chosen if it provides additional 

information, such as confirmation of service date, ovarian status of non-pregnant 

cows, or sex of the foetus . Oestrone sulphate may be preferred over invasive methods 

on the grounds of animal welfare . 

Another factor that can be difficult to quantify is opportunity costs. These can 

include considerations as to the l ikely benefit gained if the investment for one 

management procedure (e.g. pregnancy diagnosis) is  spent on an alternative (e.g. 

improved cow nutrition ; Erb, 1 984). In addition, they can include effects beyond the 

immediate future. These can be positive as well as negative consequences. For 

example, replacing a cul led cow with a hei fer may advance genetic progress.  On the 

other hand, cul l ing of a cow incorrectly diagnosed as non-pregnant may prevent the 

cul ling of a cow with sub-optimal production or chronic lameness. The economic 

implications of these positive or negative repercussions are often difficult to 

quantify. In the case of an incorrect diagnosis of pregnant, for example, the 

immediate loss arises from the cost of feedin g  thi s  non-pregnant ani mal over the dry 

period. However, the farmer, expecting a return in terms of milk production and calf 

value from this cow, faces a shortfall in his budget when that animal fai l s  to calve. 

A variety of models have been used to calculate the economic benefit of different 

methods of pregnancy diagnosis (Boneschanscher et al . ,  1982; Oltenacu et al . ,  1 990; 

Pitcher and Gal l igan, 1 990; Esslemont, 1 995) .  Findings from these studies are not 

directly comparable to the results of the current study, as they assume interference 
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for cows diagnosed as non-pregnant (e.g. prostagl andin administration), calculate the 

benefit of pregnancy diagnosis or an additional method (e.g. milk progesterone 

assay) vs. no intervention, or compare different treatments of non-pregnant cows.  

Cameron and Malmo ( 1993) derived at costs of A$ 22. 1 5  (about NZ$ 26.80) for 

rectal palpation and A$ 36.57 (about NZ$ 44. 10) for Doppler ultrasonography in  a 

study comparing these two methods. However, sensitivity of rectal palpation was 

much lower in their study than in this study (95 .0% vs. 1 00%). 

McDougall ( 1 996) used a deci sion tree to compare rectal palpation, real-time 

ultrasonography, oestrone sulphate and farmers' observation based on published or 

self-observed sensitivity and specificity for each method. Calculated costs associated 

with misdiagnoses were based on different assumptions to this  study and he derived 

values of NZ$ 3 1 .03,  47.07,  3 1 .27, and 3 1 .93 to 37 .42 for the four methods, 

respectively, making u ltrasonography the most expensive method. Sprecher et al .  

( 1 989) used a partial farm budget for a cost-benefit analysis of using no pregnancy 

diagnosis vs. real-time ultrasonography in sheep. 

Economic anal ysi s models have been used to establish financial implications in 

areas other than pregnancy diagnosis,  inc luding oestrus detection (Esslemont, 1 974a; 

Holmann et al . ,  1987;  Mohammed et al . ,  1990; Pecsok et al . ,  1 994), induction of 

oestrus (Fetrow and Blanchard, 1 987), ferti l ity and herd health problems (Pel issier, 

1972;  MacKay, 198 1 ;  Esslemont, 1 992; Wheadon, 1 993), use of milk progesterone 

for post-service monitoring (Markusfeld et al . ,  1 990) or preventing insemination 

errors (Ruiz et al . ,  1 989), use of artificial insemination in New Zealand dairy 

repl acement heifers (Livestock Improvement Corporation, 1 997b), and costs of 

raising dairy replacement heifers (Gabler et al . ,  2000). 

Time taken for examination 

A true comparison of speed of examination between rectal palpation and 

ultrasonography was impossible due to special circumstances, l ike farmers 

requesting a confirmation of the service date or students becoming involved in  the 

examinations. However, the data does suggest that pregnancy diagnosis by 

ultrasonography may be quicker. The speed of rectal  palpation achieved in this study 
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was comparable to the 5 8  seconds per cow stated by Cameron and Malmo ( 1 993), 

who examined cows at eight or more weeks of gestation. Examination by 

ultrasonography in this study achieved a greater speed than McDougal l (personal 

communication, 1 998), who estimated an average throughput of 80 to 1 20 cows per 

hour (range over several herds of 76 to 143) .  He observed that greater speeds could 

be achieved in rotary compared to herringbone parlours. The same observation was 

made in this study for ultrasonography examinations. 

Conclusion 

A simple economic analysis model was successfully used to compare the four 

methods of pregnancy diagnosis .  The analysis did not attempt to determine whether 

pregnancy di agnosis was more beneficial than no intervention . It was purely 

established which of the four methods was most cost effective under the conditions 

of this study. 

The lower sensitivity and specificity of oestrone sulphate resulted in thi s method 

being uneconomic compared to rectal palpation and ul trasonography. It i s  

questionable whether the oestrone sulphate enzyme-immunoassay could be improved 

to fulfil the threshold values required for this method to become competi tive. 

The analysis carried out did not take into account additional benefits of rectal 

palpation and ultrasonography, l ike capabil i ty of establ ishing stage of pregnancy, 

normality and abnormality of the reproductive tract, and foetal health . The inclusion 

of these factors would make oestrone sulphate even less economical .  

Only minor improvements in sensitivity, specificity or test costs would be 

necessary to make oestrone sulphate competitive with farmers' observation. There 

was a wide variation between herds, though. Herds with excellent observation ski l l s  

would not benefit from the extra expenditure incurred by the oestrone sulphate assay. 
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Appendix I 

Appendix I Detai ls of abortions and premature calvings 

Herd Type Date Cow ID Gold Oestrone Rectal Ultrasono-
Standard Sulphate Palpation graphy 

Aborted? 14119971 MT MT p p 
Aborted? 12447532 MT p p p 
Aborted? 12284602 MT p p p 
Aborted? 3 1 -May-97 12110889 p MT p p 
Aborted 05-Jun-97 12357855 p MT p p 
Aborted 30-May-97 6635578 p p p p 
Aborted I 0-Jun-97 12284604 p p p p 
Aborted 1 0-Jun-97 12284574 p p p p 
Aborted 1 0-Jun-97 10574806 p p p p 
Aborted I 0-Jul-97 12284617 p p p p 
Aborted I 0-Jul-97 12279354 p p p p 
Aborted 1 0-Jul-97 12357862 p p p p 
Aborted I 0-Jul-97 12404342 p p p p 
Aborted I 0-Jul-97 12284590 p p p p 
Premature 29-Jul-97 12357827 p p p p 
Premature 03-Sep-97 8988269 p p p p 

2 Aborted-Date? 30-Apr-97 4748081 p MT p p 
Premature 28-Jul-97 8119966 p MT p p 
Aborted 1 5-Apr-97 11642302 p p p p 
Aborted 1 9-May-97 11583197 p p p p 

3 Aborted 05-Jul-97 8874319 p p p p 
Aborted 1 4-Jul-97 11689803 p p p p 
Aborted 1 5 -Jul-97 11689787 p p p p 
Aborted 09-Aug-97 11949132 p p p p 
Premature 1 5-Aug-97 8874375 p p p p 
Premature 1 6-Aug-97 6364729 p p p p 

4 Aborted 2 1 -May-97 7510468 p MT p p 
Aborted 27-May-97 10098713 p p p p 
Premature 23-Jul-97 11708432 p p p p 
Premature 30-Jul-97 11708436 p p p p 
Aborted 0 1 -Aug-97 7510475 p p p p 

6 Aborted 0 1 -Apr-97 10531528 p p p p 
Aborted 27-Apr-97 9826809 p p p p 
Aborted 04-Jun-97 10006712 p p p p 
Aborted 1 5 -Jun-97 10042882 p p p p 



Appendix 11 Detai ls of induced parturitions 

HerdKey Type 
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Induced 

Induced 

Induced 

Induced 
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Induced 
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Date Cow ID 

1 5 -Aug-97 11381592 
1 5 -Aug-97 11381602 

1 5 -Aug-97 6690262 

1 5 -Aug-97 11413730 

1 5 -Aug-97 11413726 

1 5 -Aug-97 11413737 

1 5 -Aug-97 4681998 

1 5 -Aug-97 11413735 

1 5 -Aug-97 11413742 

1 5 -Aug-97 11381630 

1 5 -Aug-97 10570291 

1 5-Aug-97 10574815 

1 5 -Aug-97 10574812 

1 5 -Aug-97 10574809 

1 5 -Aug-97 10574794 

1 5 -Aug-97 974031 6  

1 5 -Aug-97 
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1 5-Aug-97 

1 5 -Aug-97 

1 5 -Aug-97 
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9818763 

9903584 

8449829 

8263183 

8263192 

8449799 

8263221 

1 5 -Aug-97 8449786 

1 5 -Aug-97 12284554 

1 5 -Aug-97 12168521 

1 5 -Aug-97 121 68520 

1 5 -Aug-97 12284649 

1 5-Aug-97 12168551 

1 5-Aug-97 12168537 

1 5-Aug-97 1 1815584 

1 5 -Aug-97 12284622 

1 5-Aug-97 12284635 

1 5 -Aug-97 12284626 

1 5 -Aug-97 12284631 

1 5 -Aug-97 12284633 

1 5 -Aug-97 14119960 

1 5 -Aug-97 12269638 

1 5 -Aug-97 14119963 

1 5-Aug-97 12269635 

1 5-Aug-97 12357837 

1 5-Aug-97 12357841 

1 5-Aug-97 12003932 
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1 5-Aug-97 12001328 
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1 5-Aug-97 12028286 

1 5-Aug-97 12357882 

1 5-Aug-97 14119930 

1 5-Aug-97 14119926 

1 5-Aug-97 12526079 

1 5-Aug-97 11488781 
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1 5-Aug-97 12284589 

1 5-Aug-97 11488693 

1 5-Aug-97 14120049 

1 5-Aug-97 11476971 
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HerdKey Type Date CowiD 

2 

Induced 
Induced 

Induced 

Induced 

Induced 

Induced 

24-Sep-97 
26-Sep-97 

26-Sep-97 

28-Sep-97 

30-Sep-97 

0 1 -0ct-97 

12357847 
8449784 

12284627 

12269628 

11630393 

11209877 

Induced 0 1 -0ct-97 8449844 

Induced 0 1 -0ct-97 11477020 

Induced 0 1 -0ct-97 11476957 

Induced 0 1 -0ct-97 12284576 

Induced I 0-0ct-97 11815589 

Induced? 29-Jul-97 11381627 

Induced 07-Aug-97 14120044 

Induced 

Induced 

Induced 

Induced 

Induced 

Induced 

Induced 

Induced 

Induced 

Induced 

Induced 

Induced 
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Induced 

Induced 

Induced 
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Induced 

Induced 
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Induced 

Induced 

Induced 

Induced 

Induced 

Induced 

1 5 -Aug-97 

1 5 -Aug-97 

1 5 -Aug-97 

1 5 -Aug-97 

1 5 -Aug-97 

11 381626 

11381600 

11381611 

11126801 

6636908 

1 5 -Aug-97 6012944 

1 5 -Aug-97 11381653 

1 5 -Aug-97 11381664 

1 5 -Aug-97 10570278 

1 5 -Aug-97 9256341 

1 5 -Aug-97 10570259 

1 5 -Aug-97 8263203 

1 5 -Aug-97 7496912 

1 5 -Aug-97 7677706 

1 5-Aug-97 8263241 

1 5-Aug-97 8449790 

1 5-Aug-97 8446511 

1 5 -Aug-97 12284643 

1 5 -Aug-97 12284644 

1 5 -Aug-97 12168569 

1 5-Aug-97 12168547 

1 5 -Aug-97 12284619 

1 5 -Aug-97 12357828 

1 5 -Aug-97 12357880 

1 5 -Aug-97 12357824 

1 5 -Aug-97 12028276 

1 5-Aug-97 12028249 

1 5 -Aug-97 
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1 5 -Aug-97 

1 5 -Aug-97 
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24-Sep-97 
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1 0-Aug-97 

1 7-Aug-97 
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2 1 -Aug-97 
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23-Aug-97 

23-Aug-97 
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10244378 
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8190381 

11973942 

Gold 
Standard 

p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 

Oestrone 
Sulphate 

MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 

MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 

Rectal 
Palpation 

p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 

Appendix ll 

Ultrasono
graphy 

p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 



Appendix II 

Herd Key Type Date CowiD 
Gold Oestrone Rectal Ultrasono-
Standard Sulphate Palpation graphy 

3 Induced 1 8-Sep-97 8867238 p MT p p 
Induced 1 8-Sep-97 10900338 p MT p p 
Induced 1 8-Sep-97 11949164 p MT p p 
Induced 1 8-Sep-97 11949139 p MT p p 
Induced 1 4-Sep-97 9310240 p p p p 
Induced 1 8-Sep-97 8874351 p p p p 
Induced 1 8-Sep-97 8166482 p p p p 
Induced 1 8-Sep-97 8874392 p p p p 
Induced 1 8-Sep-97 10866054 p p p p 
Induced 1 8-Sep-97 11689758 p p p p 
Induced 20-Sep-97 10634618 p p p p 
Induced 20-Sep-97 9884531 p p p p 

5 Induced 20-Sep-97 12032759 p MT p p 
Induced 25-Sep-97 12042684 p MT p p 
Induced 25-Sep-97 7703114 p MT p p 
Induced 1 9-Sep-97 12032718 p p p p 
Induced 20-Sep-97 7180894 p p p p 
Induced 20-Sep-97 6193576 p p p p 
Induced 20-Sep-97 12042683 p p p p 
Induced 20-Sep-97 12037004 p p p p 
Induced 20-Sep-97 12032768 p p p p 
Induced 20-Sep-97 9256750 p p p p 
Induced 20-Sep-97 12032720 p p p p 
Induced 20-Sep-97 12032727 p p p p 
Induced 2 1 -Sep-97 9256759 p p p p 
Induced 2 1 -Sep-97 12032743 p p p p 
I nduced 2 1 -Sep-97 11017668 p p p p 
Induced 24-Sep-97 7659283 p p p p 
Induced 24-Sep-97 11017689 p p p p 
Induced 25-Sep-97 6436799 p p P? p 
Induced 25-Sep-97 9256775 p p p p 
Induced 25-Sep-97 12038229 p p p p 
Induced 25-Sep-97 12032714 p p p p 
Induced 2 1 -0ct-97 7677754 p p p p 
Induced 2 1 -0ct-97 6370327 p p p p 
Induced 2 1 -0ct-97 6150858 p p p p 
Induced 2 1 -0ct-97 2964103 p p p p 

6 Induced 07-Aug-97 10006747 p p p p 
Induced 07-Aug-97 6803879 p p p p 
Induced 1 2-Aug-97 9197059 p p p p 
Induced 1 7-Aug-97 10006721 p p p p 
Induced 23-Aug-97 9826824 p p p p 
Induced 03-Sep-97 7900139 p p p p 




