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Everything a veterinary clinician does ends in a deci­
sion: to treat, to do more tests, or to wait. The diagnostic 
process is, of necessity, a dualistic one. We have a need for 
a binary classification system because the decisions we 
must make are usually dualistic or binary in nature them­
selves. But the data we have to use is complex, not nec­
essarily dualistic, subjective and not infrequently, 
contradictory. It must be reduced, consciously or 
unconsciously, to a single judgement, sick or well. The pur­
pose of this exercise is to examine objectively how diagnos­
tic decisions are made, with the objective of improving 
diagnostic capabilities in food animal medicine. 

The diagnostic problem in either the clinical setting or 
the screening situation is similar: the correct classification 
of our patients' disease condition. In clinical medicine, the 
goal is to assign the correct diagnosis from a list of prob­
lems with similar presentation. In screening for disease, 
the goal becomes to classify herds or individuals correctly 
as either free of some particular disease of interest or not. 
The ringer in this process is that diagnostic decisions are 
never made in isolation. There are economic, social and 
psychological consequences of making a diagnosis that de­
pend largely upon the environment of the individual or 
herd. Whatever happens next depends on factors such as 
the effect of labelling on the herd or owner, the likelihood 
of owner compliance with testing and/or recommendations 
which follow from the testing, human considerations, our 
best estimate of cost/benefit ratio of the procedures we are 
considering, and other issues. 

Diagnostic Strategies 

Traditionally, clinicians rely on one of several meth­
ods to arrive at a diagnosis, depending on the condition 
and the clinical setting (Sackett et al. 1985). In veterinary 
school we are taught the exhaustive method ( complete his­
tory and physical examination). This technique may be the 
method of choice for the novice, but rapidly, experience 
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and practicality lead us away from this time consuming ap­
proach. 

Some diseases are easily recognized by their appear­
ance or presentation, particularly those that are dramatic 
or frequently encountered. This is diagnosis by pattern rec­
ognition, and it is a reflexive process, not a reflective one. 
If asked why you treated a particular postparturient cow 
for milk fever, you would be able to give a list of the appro­
priate reasons, but you may not have gone through them all 
consciously when you made your decision, it was part of 
your repertoire of experience. Pattern recognition involves 
the use of all the senses: visualizing the S-curve in the 
neck of a cow with milk fever, the odor of the breath of an 
animal with ketosis, the characteristic "ping" of a dis­
placed abomasum, the tone of the reproductive tract asso­
ciated with early pregnancy, or the thought processes that 
require you to give a bottle of calcium to a post parturient 
downer cow after you draw a blood sample but before you 
have the lab result. 

The usual diagnostic strategy, performed sub­
consciously by most veterinarians, is called the" hypotheti­
co deductive strategy' by Sacket (Sacket et al 1985). When 
presented with a new case, any clinician will very quickly 
develop a short list of rule outs. Consider this example: a 
week following parturition a dairy animal develops profuse 
diarrhea. Many practitioners will respond immediately 
with possible diagnoses of indigestion, salmonellosis, 
BYD, paratuberculosis, ostertagiasis, renal amyloidosis, 
copper deficiency, winter dysentery, etc. or with the sug­
gestion that more information (age of animal, number of 
others affected, history of various diseases in the herd, 
etc.) should be obtained. A visit to the farm may result in a 
brief physical exam, taking the animal's temperature, a 
qualitative sensory examination of the stool, some histori­
cal information about the animal and the herd, possibly the 
taking of a stool sample and a blood sample, and a decision 
to treat. By now the clinician would have consciously or 
subconsciously assigned priority to each item on her list. 
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Tests are then performed to classify the animal as "nor­
mal" or "abnormal" with regard to certain findings. Based 
on the information collected so far, and the results of any 
subsequent tests, the list is shortened to the point of taking 
action. Rarely, however, is certainty of diagnosis a priv­
ilege. Often at the point of taking action, the clinician may 
have decided that the action has a high probability of suc­
cess, or at least, a low probability of causing further harm. 
Often in fact, response to therapy ( or lack of it) is the de­
finitive diagnostic test. 

In the hypothetico-deductive strategy, the general ap­
proach is the formulation of a short list of possible diag­
noses or actions, followed by the directed acquisition of 
information which will shorten the length of the list. Every 
attempt we make to gain information is a "test", whether it 
is questions asked in the history taking, visual examination, 
auscultation, palpation, serology, microbiology, hematolo­
gy, etc. It differs from the exhaustive approach in that vet­
erinarians are selective and directed in the acquisition of 
information. Tests are only selected if their results might 
possibly influence what they do next. 

What kinds of data do we use in making diagnostic 
decisions? 

We use many kinds and sources of information when 
making a diagnosis. Traditionally, we think of laboratory 
data as being objective, dimensional and reliable, and so­
called soft data as being subjective and less reliable, but, in 
reality, clinicians arrive at a correct diagnosis about 75% of 
the time after completing a history and physical exam. 
Clinical evaluation using this subjective data is far more 
powerful than laboratory examination, and more powerful 
than we give it credit for. 

Clinical measurements are made on three different 
scales. Nominal scale data classify results into two catego­
ries, normal or abnormal, yes or no, pregnant or open, and 
so on. Questions asked in taking a history and information 
sought on physical examination are often nominal data. 
Many of the tests we use, like the California Mastitis test, 
or Body Condition Scoring, use a numerical scale to rank 
observations, relative to each other. This is ordinal data. 
Much of the so-called "hard" data (laboratory data like 
serum enzymes, antibody titer) clinicians deal with is mea­
sured on an interval scale (g/dl. serum optical density), al­
though laboratory data can be measured on a nominal or 
ordinal scale as well. 

What is normal? 

"Normal" as it applies to diagnostic test interpreta­
tion can have several different meanings. Statistical nor­
mality refers to the distribution of interval measurements 
in a predictable bell shape about some average value. If we 
go out and measure a "reference population" of "normal" 
animals, we will get a range of values that may fall into a 
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pattern like this. If a measurement, such as serum potassi­
um, is normally distributed, then one possible way to dif­
ferentiate normal from abnormal is to look at the distance 
an observation is from the mean value of the reference 
population of normal animals. With a normally distributed 
measurement, almost all of the observations will fall within 
3 standard deviations of the mean, and 95% of obser­
vations will fall within two standard deviations of the 
mean. We could use this information to distinguish normal 
from abnormal, except for two problems. First, not very 
many clinical parameters have a normal distribution. Sec­
ond, we are saying arbitrarily that 5% of the population 
will have abnormal clinical values, regardless of their un­
derlying state of health. Another problem with the "nor­
mal limits" approach is that for most conditions and most 
tests, there is a gradual progression from the healthy to the 
diseased state. There is no magic line, no clear cut separa­
tion, between normal and diseased. Animals with test re­
sults within normal limits generally have a lower, but non­
zero probability of disease (see Figure 1). Animals with 
results that are markedly deviated from normal ranges 
have a much greater likelihood of disease. Test results in 
the middle range give practitioners the most problems with 
interpretations. 

Figure 1. Distribution of Normal and Diseased 
Populations 

NORMAL DISEASED 

DECISION RULE 

X 

Often, data measured on an interval scale is reduced 
to a yes/no, positive/negative result before it is returned to 
the clinician for interpretation. There are two drawbacks 
to this. First, when a cutoff is chosen by a lab, and the re­
sult is reported only as positive or negative, information 
about the certainty of the result is lost to the clinician. 
When a test result is well beyond the cutoff between nor­
mal and abnormal, a clinician has greater confidence that 
the animal is truly abnormal than if a test result is fairly 
close to the cutoff (see Figure 1). If that information is not 
reported, it cannot be used. Second, the cutoff chosen by 
the lab may be the one that minimizes the total number of 
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errors, both false positives and false negatives, but it may 
not take into account the different costs of the two differ­
ent errors. Depending upon the situation, a false positive 
diagnosis may be much more damaging than a false neg­
ative, and vice versa. For example, a veterinarian relying 
on the results of a test to make a decision about culling a 
cow probably wants to avoid a false positive diagnosis, par­
ticularly in the absence of other reasons for culling. On the 
other hand, when screening cattle for purchase into a herd, 
a false positive diagnosis would be much less harmful to 
your client than a false negative, which would allow di­
seased cattle into the herd. Ideally, a clinician needs the 
informaton to choose the cutoff that best meets his needs 
at the particular time. 

For a thorough discussion of diagnostic data and nor­
mality, see Clinical Epidemiology: the Essentials by 
Fletcher, Fletcher and Wagner, pp. 19-41. 

Critical evaluation of tests: how good a test is it? 

Test selection is driven by the presenting signs and 
history of the animal, but the usefulness of the test is also 
dependent on certain characteristics of the test itself, as 
well as the setting in which the test is applied. When select­
ing a diagnostic test for use in you practice, it is important 
to realize that you can quantify the usefulness of the test to 
you. All tests, even some well accepted procedures cur­
rently in use, should be subjected to critical examination 
before you use them. 

Some basic guidelines for the evaluation of tests fol­
low.-TTi"ese "guidelines shouid be followed by veterinarians 
before they make a decision whether or not to use a partic­
ular test. They should also be used in the critical examina­
tion of the literature on diagnostic tests, and therefore, this 
information MUST be provided by researchers developing 
and examining new and existing diagnostic tests. 

The Gold Standard 

The first question to ask is: "Has the test been com­
pared to an appropriate "Gold Standard?" The appropri­
ate gold standard is a test that is absolutely accurate, or at 
least the accepted standard for making a diagnosis at the 
present time. The researcher must have identified two 
groups, a group with the target disorder and a group with­
out the target disorder, and the test must have been ap­
plied to both groups by someone who was BLIND to the 
true disease status of the animals being tested. From these 
two groups, sensitivity and specificity are calculated. 

Keep in mind that the test populations should be simi­
lar to animals seen in your practice. The spectrum of di­
sease in the diseased group should be similar to the 
spectrum of disease that you see, no better, no worse. In a 
clinical setting, the group without the target disorder 
should be free of the disease of interest, but it will have a 
variety of other conditions that could easily be confused 

24 

clinically with the disease of interest. In a screening situa­
tion, the group without the target disorder are usually 
otherwise healthy, with few, if any, other disease condi­
tions present. 

It can be difficult to find an appropriate gold standard 
for comparison. Often, it is possible to fall back on the 
existing test, if it is well accepted as a diagnostic standard. 
A good example of such a test is fecal culture for paratu­
berculosis infection in cattle. The comparison of perfor­
mance of a new test with fecal culture would properly be 
called relative sensitivity and specificity. 

If no gold standard exists, and no appropriate compa­
risons can be made between an accepted test and a new 
test, then efforts should be made to compare the new test 
to some clinically relevant outcome. When two tests are 
being compared, and neither is the gold standard, then, at 
the very least, agreement and consistency should be deter­
mined. 

The most important measures of a test describe the 
abilities of the test to discriminate between animals that 
truly have the target disorder and those which do not. They 
are measured againt the gold standard in a representative 
sample of affected and unaffected animals. The test's sen­
sitivity is defined as the porportion of animals that actually 
have the disorder which test positive, or a/(a + c) in Table 
1. The test's specificity is defined as the proportion of ani­
mals which do not have the target disorder which test neg­
ative, or d/(b + d) in Table 1. The results of repeated fecal 
culture (the gold standard) and Dot ELISA testing for par­
atuberculosis in three dairy herds (Woodruff et al 1991) 
are summarized in Table 2. Of 26 confirmed fecal culture 
positive cows in these herds, 18 of them had positive Dot 
ELISA tests. The sensitivity of the Dot ELISA relative to 
fecal culture, is 18/26 or 69%. Of 236 cows from which par­
a tuberculosis was never isolated by fecal culture, only 5 
were Dot ELISA positive, 231 were Dot ELISA negative. 
Therefore, the specificity of the Dot ELISA test is 231/236, 
or 98%, relative to fecal culture. 

Table 1. Classification of Test Results and Disease Status 
in a Two x Two Table 

Disease Present Disease Ahsent 
(D +) (D-) 

Test Posi tive (T + ) a b a+h 

Test Nega tive (T-) C cJ c+d 

a+c h+d n 

Table 2. Determining the Sensitivity and Specificity of a 
Dot ELISA Test for Paratuberculosis (ref: 
Woodruff et al 1991). 

Feca l Culture Fecal Cultu re 
Posit ive ega tive Totals 

Do t ELISA Positive 18 5 23 

Dot ELISA Negat ive 8 231 231 

Totals 26 236 262 
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Sensitivity and Specificity are stable when they have 
been evaluated in an appropriate test population, and un­
less the spectrum of disease changes with the prevalence. 
If the test has a sensitivity of 100%, you can RULE OUT 
disease in test negative animals. If the test has a specificity 
of 100%, you can RULE IN disease in test positive ani­
mals. In the same study that reported the Dot ELISA re­
sults (Woodruff et al 1991), the AGID test was 100% 
specific, meaning that there were no AGID positive cattle 
among the fecal culture negative group. A positive AGID 
test can be used to rule in a diagnosis of paratuberculosis. 
All AGID positive cattle were also fecal culture positive. 
However, the sensitivity of the AGID test was only 34%, 
meaning that a large proportion of cattle with paratuber­
culosis confirmed by fecal culture were missed by the 
AGID test. A negative AGID test result is therefore not 
very useful. 

If the test result is continuous, there is often an in­
verse relationship between sensitivity and specificity. Cut­
points can be chosen to maximize one or the other, or to 
minimize overall misclassification, depending on the rela­
tive costs of false positives and false negatives. Appropri­
ate assessment of tests on a multilevel scale should include 
estimates of sensitivity and specificity at various levels of 
the test. This provides the most diagnostically useful infor­
maton to the practitioner, as mentioned previously. 

True Prevalence = ( a + c )/n. This equation expresses 
the true prevalence of disease in the sampled population. 
This only represents the actual prevalence of disease in the 
target population if the sampled population is a true ran­
dom sample of the target population. Apparent Prevalence 
= (a+ b )/n. When using a diagnostic test all we know is 
the proportion of animals that test positive, called the ap­
parent prevalence, (a+ b )/n. We don't know the true di­
sease status of the population. In Table 2, the true 
prevalence, determined by repeated fecal culture, in the 
three dairy herds, was 26/262 or 10%. The apparent preva­
lence, based on the Dot ELISA was 23/262 or 9%. The 
apparent prevalence was slightly less than the true preva­
lence estimate. 

Predictive values describe the likelihood that a test re­
sult correctly identifies the animal's condition. Predictive 
Value of a Positive Test = the proportion of animals that 
test positive (a+ b) that are truly affected = a/( a+ b ). Pre­
dictive Value of a Negative Test = the proportion of ani­
mals that test negative ( c + d) that are truly unaffected = 
d/( c + d). In table 2, where the true prevalence of para tu­
berculosis is 10%, the positive predictive value of the Dot 
ELISA is 18/23, or 78%. This means that, when the Dot 
ELISA test is positive, the probability of paratuberculosis 
in a cow from one of these herds is 78%. There is a 22% 
chance that she doesn't have paratuberculosis. If the Dot 
ELISA is negative, the probability that the cow truly does 
not have paratuberculosis is 98%. 

Predictive values are strongly influenced by preva­
lence. Low prevalence causes positive predictive value to 
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be low. Disease control programs lower prevalence and 
positive predictive value, and increase the number of non­
diseased reactors culled. Sometimes, diagnostic tests are 
evaluated in a high prevalence population. Be sure that the 
authors report the sensitivity of the test as well as the posi­
tive predictive value, which will be high simply because the 
prevalence of disease is high. There is more than one 
paper where it is the positive predictive value, and not the 
sensitivity or specificity, that has been reported as a dem­
onstration of test efficacy. READER BEWARE! 

Interpreting Results from Multiple Tests 

Several ways to increse the predictive value of tests 
are possible. One way is to use tests in combination. If the 
test animals are screened first, and only strong suspects are 
tested, then the prevalence of disease is quite high, and 
hence, so is the positive predictive value. This is what hap­
pens in serial test interpretation. All animals are tested 
with one test. Animals with positive test results are tested 
with another test. Animals are classified as test positive 
only if both test results are positive. With serial testing, the 
specificity and positive predictive value are high. This 
strategy is applied in many disease control programs. In 
TB testing, the caudal fold test is applied first. It is rela­
tively sensitive (good at picking out animals with disease) 
but not too specific (many animals without tuberculosis, 
some of which have been exposed to other mycobacterial 
antigens, may give a positive test). When a test positive ani­
mal is found, the test is followed by the comparative cervi­
cal test, which is more specific. Only animals which test 
positive to both tests are considered to have TB. 

Parallel interpretation of tests requires that all ani­
mals be tested with two different tests. If an animal has a 
positive result on either, or both tests, then it is considered 
to be positive under parallel interpretation. The result is a 
test with high sensitivity but poor positive predictive value. 

When two test are used in combination, the overall 
efficacy of the combination should be demonstrated in the 
literature. The combined sensitivity and specificity will 
likely be less than that calculated from the two tests used 
separately. This is because, within diseased individuals, 
both tests are likely measuring deviations from normal 
physiology that are not independent events, but related to 
the same underlying disease process. 

Clinical Agreement 

The measuring of agreement among test can be useful 
to determine how consistent or repeatable a test result is. 
For instance, you measure the degree of agreement be­
tween yourself and your partner on rectal palpation to de­
termine estrus. Or you could measure your agreement with 
yourself. The results might surprise you! 

Use "agreement" instead of sensitivity and specificity 
when: there is no gold standard, or you are comparing 
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similar tests, neither one of which can be considered a gold 
standard, or you are comparing agreement between two 
clinicians, or you are comparing one veterinarians's repeat­
ed examination of the same patients. Clinical disagreement 
arises when there is a variation in diagnostic criteria be­
tween examiners, when there is variation in skill, acuity, or 
bias between examiners, when there is biological and tem­
poral variation in the patient from one evaluation to the 
next, or when there is variation in the conditions of the 
exam in the two situations being compared. Therefore, it is 
very unlikely that agreement between two tests will ever be 
100%. 

The Kappa Statistic is used to measure agreement 
(Kramer 1988). If you compare the results of two diagnos­
tic tests on the same cows, you would expect them to agree 
some of the time by chance alone. For example, in one 
evaluation (Woodruff et al 1991), in which the prevalence 
of paratuberculosis (as determined by fecal culture) was 
5.5%, results between Dot ELISA and fecal culture agree 
97% of the time. In other words, in 97% of samples tested 
by both methods, the same result was obtained. However, 
the agreement expected by chance alone in that study was 
90%. Kappa measures how well two tests agree after ac­
counting for chance agreement. The Kappa value obtained 
between fecal culture and Dot ELISA in this study was 
68%. This means that 68% of the potential agreement 
available beyond chance was actually achieved. From this 
it can be seen that simple observed agreement overesti­
mates the agreement between two tests, especially when 
the disease condition is rare. A Kappa of 68% between 
fecal culture and Dot ELISA is fairly good. Generally, if 
two tests are measuring the same thing, you would expect 
the Kappa value to be at least 40% to 50%. 

Is the Test Both Accurate and Consistent? 

Every test should be described in terms of its accuracy 
and consistency. Accuracy is the ability of the test to mea­
sure the substance being evaluated, e.g., serum calcium, 
liver enzymes, or antibody concentration. Consistency ref­
ers to the ability of the test to give the same results on the 
same sample each time the test is performed. Consistency 
of test performance on the same sample is often ignored in 
the literature of test evaluation, but it is just as important 
as accuracy. A test is diagnostically useful when it is both 
accurate and consistent. 

Most tests do not measure the target disease itself, but 
rather a physiologic response to the disease. While the test 
itself may be accurate and consistent, it may systematically 
miss certain cases of the target disorder. Many serologic 
tests measure serum antibodies, a by-product of infection, 
rather than the presence of an infectious agent itself. Many 
other factors, including the timing of the serum sample rel­
ative to infection, and factors specific for the disease itself, 
can cause results to be in error, even though the test is 
accurately measuring the antibody level present, and the 
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result is consistent. An example is an antibody assay for 
BVD, which will not identify persistently infected animals. 
The test result may be accurate and repeatable, but the 
test is not appropriate to the situation. The best way to 
avoid this kind of error is to know the test well, and to un­
derstand the pathophysiology of the target disorder. 

Potential Impact on Case Handling 

The potential gain in certainty before and after testing 
must be great enough to justify the effort. If you are fairly 
sure that the target disease is present ( or absent), only a 
very good test (high sensitivity and specificity) will have 
much influence on how you proceed. On the other hand, if 
disease prevalence in the group you are testing is about 
50%, your uncertainty is greatest, and a diagnostic test will 
have the most impact on the handling of the case. The pre­
test probability of disease is the same as the true preva­
lence. In order to make rational interpretations from diag­
nostic tests, you will need some estimate of disease 
prevalence. Prevalence estimated from your own experi­
ence is more relevant to your own situation than a textbook 
reference. When a test is chosen, if its sensitivity and spe­
cificity are known, and the pre-test probability of disease 
can be estimated, then a two by two table can be con­
structed. A hypothetical table, based on testing for paratu­
berculosis in subclinically affected dairy herds, is shown 
(Table 3). In this example, using an ELISA test, the true 
prevalence of disease is 10%, the sensitivity of the test is 
73% and the specificity of the test is 85%. The goal is to 
calculate the post-test probability of disease for both posi­
tive and negative test results. If you know sensitivity, spe­
cificity and prevalence, then you can calculate post-test 
probability of disease: 

Post-test probability of disease following a positive 
test = Positive Predictive Value 

Post-test probability of disease following a negative 
test = the proportion of test negative animals that 
actually have the disorder = (1 - Negative Predic­
tive Value) 

Table 3. Utility of an ELISA test to diagnose subclinical 
Johne's Disease (unpublished data) 

Johne 's Johne's 
Present Absent Totals 

ELISA Positive 73 135 208 

ELISA Negative 27 765 792 

Totals 100 900 1,000 

In this example, the post-test probability of disease 
following a positive test = positive predictive value = 
73/208 = 35%. The post-test probability of disease follow­
ing a negative test = 1 - negative predictive value = 1 -
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(765/792) = 3%. In the situation of extreme prior proba­
bility (the clinician is at least 90% certain that the disease 
of interest is either present or absent before he runs the 
test), only a test with very high sensitivity and specificity 
will result in an appreciable gain in certainty before and 
after testing. In this case, raising the certainty of disease to 
35% following a positive test result is not solid enough in­
formation for a veterinarian to recommend drastic action 
such as culling a cow. A better test should be sought, or a 
second test applied, keeping in mind the statement made 
earlier about the use of tests in combination. (Remember 
that a second serologic test using a similar antigen prepa­
ration is not independent, and a literature evaluation of 
the two in series should be sought before interpretation in 
that manner.) 

A good discussion of the effect of pre-test probability 
on the utility of a diagnostic test can be found in a paper by 
Kelton (Kelton 1990), in which he discusses the effect of 
historical information and rectal palpation findings on the 
decision to treat open cows with prostaglandin to induce 
estrus. Kelton estimates the sensitivity and specificity of 
rectal palpation for a function corpus luteum to be 83% 
and 53%, respectively. The diagnostic objective is to dis­
criminate effectively between cows with a functional cor­
pus luteum (CL) that will respond to treatment, and those 
without. The effect of historical information on the utility 
of rectal palpation findings is summarized in Table 4. If it 
is known from the history that an open cow was in standing 
estrus 24 hours ago, then the probability of a functional CL 
is less than 10%. After palpation it rises to 16% in cows 
that the clinician palpates and finds a CL, and falls to 
about 3% in cows that he palpates and does not find a CL. 
In either case, the post-palpation probability of a respon­
sive CL remains low, and palpation is not warranted, based 
on the lack of information gained. On the other hand, if 
the cow being presented for palpation was observed in 
standing estrus 10 days ago, then the post-palpation proba­
bility of a responsive CL is at worst 74%, suggesting that, 
given the small cost of a dose of prostaglandin, the cost of 
palpating a cow, and the small consequences of treating an 
open cow in the absence of a functional CL, the best op­
tion is to treat all cows observed in standing estrus 10 days 
ago, without palpating first. In the absence of historical in­
formation about previous heats, the information gained 
from palpation becomes most useful, tipping the balance in 
favor of, or away from, treatment, depending on palpation 
findings. Cows with a palpable Cl have about 3 chances in 
4 of responding by coming into estrus, while cows without a 
palpable CL have only slightly better than 1 in 4 chance. 
The point being illustrated is that information used · to se­
lect cows for prostaglandin treatment comes from two 
sources, history of estrus behavior and rectal palpation 
findings. Historical information changes the pre-test prob­
ability of response to prostaglandin treatment, and is valu­
able in selecting cows for treatment. The additional 
information provided by rectal palpation is most easily jus-
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Table 4. Utility of rectal palpation to select open cows for 
prostaglandin treatment (Kolton, 1990) 

Pre tes t Proba bil ity of a Post-Tes t Probability of a Post-Test Proba bility o f a 
Functiona l Co rpus Lute um F unctio na l CL based o n Functio na l C L based o n 

posi tive rec ta l fi nd ings nega tive rec ta l find ings 

JO% 16% 3% 

60% 73% 32% 

90% 94% 74% 

tifiable in the absence of historical information, when the 
uncertainty of response to therapy is greatest, at about 
60%. However, neither test is 100% accurate. Each strate­
gy must be weighed in terms of the benefits to the produc­
er, and with due consideration to the costs involved with 
diagnosis and treatment. 

Summary 

In summary, some key points deserve emphasis. It is 
important to answer some key questions when considering 
the adoption of a new or unfamiliar diagnostic test: 

Does the test work in a population similar to the ani­
mals I see in my practice? Several factors, including di­
sease prevalence, and host factors, including age, breed, 
sex and type ( dairy or beef) may affect the performance of 
a diagnostic test. Be sure that the test is described under 
conditions that are similar to your own. 

Can the test distinguish between healthy and diseased 
animals? Be sure the test sensitivity and specificity are de­
scribed, and the results are consistent, as discussed above. 
If no gold standard exists, at the very least, agreement be­
yond chance should be described. 

Can the test discriminate between animals with simi­
lar clinical signs but different target diseases? Generally in 
clinical practice, you will be using a test to diagnose a par­
ticular illness from other syndromes which present a simi­
lar clinical picture, or affect the same body system. Test 
specificity, in particular, will be affected by the composi­
tion of the group without the target condition. 

Can the test diagnose animals in various stages of di­
sease? Ideally, a test should be evaluated in a broad spec­
trum of cases, from acute to chronic, from mild to severe. 
If there are limitations, be sure they are described. 

Will the results of the test change the way I handle 
this case? Finally, and most important, is the need to dem­
onstrate the utility of the test. If the outcome cannot be 
improved by the use of a test, then the test is not needed. 
This is a social and an economic decision as much as it is an 
evaluation of the test. The outcome can only be improved 
if the test results in a significant gain in certainty after it is 
applied, if the cost of testing is affordable, relative to the 
cost of not testing, if the consequences of false positives 
and false negatives are not too great, and if the test offers 
significant advantages over other means diagnosis. 
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Citrinin as a possible cause of the pruritis, 
pyrexia, haemorrhagic syndrome in cattle 

I. B. Griffiths, S. H. Done 

Veterinary Record(1991) 129, 113-117 

An outbreak of the pruritis, pyrexia, haemorrhagic syndrome af­
fected eight of a herd of 175 cows which was divided into two groups of 
115 and 60 according to yield. There was no difference in management 
between them but cirus pulp pellets were fed only to the larger group in 
which the eight cows were affected. Silage, which had been made without 
the use of additives, was also fed to both groups. The citrus pulp was 
visibly mouldy and contained 30 to 40 parts per billion of citrinin. Signs of 
the syndrome occurred within three days of the cows starting to ingest the 
citrus pulp, which was fed for 21 days, and the last case occurred six days 
after the feeding of citrus pulp ceased. Five calves whose dams had been 
fed citrus pulp were subsequently born with superior prognathism. In 
contrast to the eight cows that developed the syndrome only one out of 68 
heifers which were fed larger quantities of citrus pulp for 10 days devel­
oped mild signs of the syndrome and then recovered, suggesting that 
older animals may be more susceptible. The clinical signs, gross pathology 
and histopathology are described and compared with those of previous 
outbreaks. Mycotoxins, particularly citrinin, were strongly implicated as 
the cause of this outbreak. 
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diagnosis of bovine paratuberculosis by use if a dit enzyme-linked immu­
nosorbent assay. Am. J. Vet. Res. 52: 217-221. 

Treatment and control of an outbreak of fat 
cow syndrome in a large dairy herd 

A. H. Andrews, R. Laven, I. Maisey 

Veterinary Record(1991) 129, 216-219 

An outbreak of fat cow syndrome occurred in a herd of 300 Friesian 
and Friesian/Holstein dairy cows calving predominantly between January 
and May. The herd came in off grass in good condition despite a long and 
hot summer. The dry cows received a diet of grass silage, brewing waste 
and minerals until the end of December, but the grass silage was butyric 
and was partially replaced by maize silage. By January 23, 16 of 70 calving 
cows (23 per cent) had appeared to suffer milk fever. Subsequent blood 
tests revealed that the cows may have been ketotic, and clinical and post 
mortem examination showed that they were probably suffering from fat 
cow syndrome. The freshly calved sick cows were treated with glucose, 
and corticosteriods were injected every second day into those which re­
mained ill. The cattle had received a high energy diet, but the cows still to 
calve were placed on a diet of low metabolisable energy (77 MJ/cow) but 
adequate levels of undegradable protein. The problem was associated 
with a possible clostridial infection in two cows and with reduced fertility. 
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