
EPIDEMIOLOGY: DIAGNOSTIC TESTUSE
A diagnostic test is any procedure used to rule a differential diagnosis in or out, which includes patient
history details, physical exam findings, imaging results and specific treatment response as well as
conventional diagnostic tests. A test can be a combination, such as a rectal temperature threshold, a clinical
appearance score and a cattle source (e.g., sale barn). The goal is to increase diagnostic certainty sufficiently
to take the next step, such as making a prognosis or applying a treatment. In addition to direct material and
labor costs, test costs include the risks of the test procedure to patient and the costs of improper actions (i.e.,
not doing something that should be done or doing the wrong thing) due to false test results. Costs of false
positive versus false negative tests are often significantly different.

Test selection depends on cost, risk to the patient, turnaround time and opportunity for lab error as well as
basic test performance. Highly technical tests sometimes have high batch-to-batch variation, are sensitive
to laboratory conditions and operator skill and require concurrent positive and negative controls. Pressure
to reduce cost often leads to less than optimum use of replicates and controls, even in commercial kits.
Some laboratory certification programs are not blind, resulting in overestimation of laboratory performance.

The clinically useful test outcome measures are the situation-specific predictive values, which are
presented as probabilities or odds ratios. Predictive value positive (Pvp) is, given that the test is positive,
the probability that the animal has the condition. Predictive value negative (Pvn) is, given that the test is
negative, the probability that the animal does not have the condition. Pvn and Pvp depend upon the
likelihood that the particular animal has the condition before testing and the intrinsic performance
characteristics of the test in that patient population (e.g., acute cases vs. chronic cases, subclinical cases vs.
clinical cases, competing conditions).

The prior probability or prevalence (Pr) is the clinician's estimate, based on other information (e.g.,
history, exam findings, typical herd prevalence), of the probability the animal has the condition before the
test. Without specific prior information, the best estimate is the expected condition prevalence in groups
of similar animals.

The information gain is the difference between the prior probability and the appropriate predictive value.
Because diagnostic tests are imperfect, meaning false negative and false positive results occur, the
information gained depends in a non-intuitive way on the prior probability or estimated prevalence of the
condition before running the test and on the performance characteristics of the test in such animal
populations. Baye's Theorem underlies the mathematics.

To remove the effect of prior probability or prevalence, test performance is reported as two probabilities,
sensitivity and specificity. Sensitivity (Se) is the probability the test is positive in an animal that has the
condition. Sensitivity depends on the patient's location in disease natural history (e.g., incubating,
subclinical vs. clinical, acute vs. chronic, mild vs. severe, recovered). This is different from analytic
sensitivity, which is the ability of the test to detect the factor being measured, such as an antibody or
antigen, a biochemical or an infectious agent,  and is denoted by terms such as detection threshold.

Specificity (Sp) is the probability that the test is negative in an animal that does not have the condition.
Specificity depends on the range of competing conditions in animals to which the test is applied.

VetBooks



When a rule-in test is positive, the animal very likely has the condition but the test may have a high
proportion of false negatives. In a diagnostic situation, high specificity tests are "rule-in" tests. A
pathognomonic sign is such a "test." When a rule-out test is negative, the animal very likely does not have
the condition but the test may have a high proportion of false positives. High sensitivity tests are "rule-out"
tests.

For most tests, sensitivity and specificity are inversely related, meaning changing the cutoff to improve one
lowers the other. If the test measure is linearly related to the disease, a reasonable assumption is that the
likelihood of the animal's status is higher (more likely negative or more likely positive) than the predictive
value of the result indicates if the result is some distance from the cutoff. For some test formats, such as
competitive ELISA's, this relationship is not linear so distance from the cutoff doesn’t supply additional
diagnostic information. Because the patients used to develop and validate tests tend to be more severe,
longer duration cases (academic referral practices) than those in the typical private practice situation, test
performance may be lower than published estimates.

If the test has low sensitivity but high specificity and is measuring something that is highly variable, such
as intermittent bacterial shedding, repeated testing over time can increase diagnostic certainty if the interval
between tests is longer than the typical peak to valley shedding interval. Prior testing of a herd with
treatment or removal of test-positive animals tends to reduce the performance of subsequent testing unless
sufficient time has passed for the disease to advance in the remaining animals. When using a test for
screening, the disease spectrums are those of cross-sections of subclinical animals rather than those
individuals being diagnosed in clinical settings.

“Back-of-the-envelope” calculations using a two-by-two table for a binary (positive or negative) test are
the easiest way to understand and to explain testing results to clients. As the relationships are counter
intuitive, select several test performance combinations, such as 0.98 Se, 0.98 Sp (a very good test), 0.75
and 0.75, (a so-so test), 0.25 and 0.98, (common ELISA performance for subclinical infection), and then
calculate the predictive value pairs for a range of prior probabilities or prevalences, such as 0.001 (screening
for a rare condition), 0.01 (infrequent), 0.10, 0.50 (toss up), and 0.75 (likely). In the following table, the
two rightmost columns represent the disease states (disease present, disease absent)  and the two bottom
rows represent the clinician's knowledge after a test is applied (test is positive or negative) and the 4 cells
represent the four possible test outcomes.

Outcome of Diagnostic Testing
for Target Disease
(The Clinician's Axis)

Actual Disease Status - To be estimated by clinician
(Mother Nature's Axis)

Target Disease Present Target Disease Absent

Test is Positive True Positive (Tp) False Positive (Fp)

Test is Negative False Negative (Fn) True Negative (Tn)
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The following table contains the formulas for each cell of the above table. If N = 1 (testing an individual
animal), the numbers are the probabilities that the animal will be in one of the four interior cells above. If
the clinician is testing a group of N animals with an estimated disease prevalence Pr in the group, the
numbers in the cells are the approximate number of animals that will have each of the four test outcomes.

Test  Result: Target Disease Present Target Disease Absent

Positive Tp = Se x (Pr x N) Fp = (1 - Sp) x ((1 - Pr) x N) No. of Test Positives
(Sum of Tp + Fp)

Negative Fn = (1 - Se) x (Pr x N) Tn = Sp x ((1 - Pr) x N) No. of Test Negatives
(Sum of Fn +Tn)

Pr x N (1 - Pr) x N N

Pvp = Tp / (Tp + Fp) = Se x Pr / ((Se x Pr) + (1 - Sp) x (1 - Pr))
Pvn = Tn / (Fn + Tn) = Sp x (1 - Pr) / (Sp x (1 - Pr) + (1 - Se) x Pr)

If you don’t wish to do these calculations by hand, many Bayes calculators are available on-line.

Find test performance reports by entering "sensitivity", "specificity" and the name of the condition or the
infectious agent into PubMed. Including the format, such as ELISA, will reduce the number of hits.
Producers of licensed test kits will provide such information on request as they are required to develop it
as part of the licensing process. The more reliable test evaluations follow the STARD (STAndards for the
Reporting of Diagnostic accuracy) reporting guideline. Above all, look for evaluations performed in
animals and under circumstances similar to those in which you intend to use the test.
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