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Abstract: Serodiagnostic test results do not always predict the status of an animal as might be
expected. When few false-negative and few false- positive test results are reported for a test
(high test sensitivity and specificity), the assumption is that the test is a very accurate predictor of
infection/disease status. This assumption is correct if disease prevalence is high. However, when
disease prevalence decreases to, for instance, 0.1% such as may be seen after several years of
a vaccination campaign, a test having sensitivity of 99% and specificity of 99% becomes a poor
predictor of infected animals. In this scenario, a positive test result will be wrong 91% of the time.
A negative test result, however, virtually always will correctly identify non infection animals when
prevalence of infection remains low.



How well do serodiagnostic tests predict the
infection or disease status of cats?
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S erodiagnostic test results do not always predict

the disease status of an animal as might be ex-
pected. When few false-negative and few [alse-
positive test results are reported for a test (high test
sensitivity and specificity), the assumption is that
the test is a very accurate predictor of infection/
disease status. This assumption is correct if disease
prevalence is high. However, when disease preva-
lence decreases to, for instance, 0.1% such as may
be seen after several years of a vaccination cam-
paign, a test having sensitivity of 99% and speci-
ficity of 99% becomes a poor predictor of infected
animals. In this scenario, a positive test result will
be wrong 91% of the time. A negative test result,
however, virtually always will correctly identify
noninfected animals when prevalence of infection
remains low.

In veterinary medicine, the differendial diag-
nosis is usually influenced substantially by labora-
tory test results. In telephone consultations with
veterinarians, questions are often raised about the
reliability of diagnostic test results and the infer-
ences that can be made from them. When a test
result is reported by a laboratory as positive at a
given titer, can one always conclude that the ani-
mal is infected with the agent in question? When
laboratories or companies provide an interpreta-
tion statement for test results but give no indication
of the likelihood that the resuits may be errant,
does a positive test result always reflect an infect-
ed/diseased animal and a negative test result signify
that the animal is not infected? When a manufac-

_turer claims, for instance, 97% specificity and 97%
‘sensitivity for an in-house test kit, can it be
surmised that an incorrect result will be obrained
only about 3 of 100 times? The answer to all of
these questions is no, .

To further confuse the interpretation of sero-
logic test results, the terminology used to describe

the test’s expected performance or interpretation-

of test results may have several meanings. The
terms sensitivity and specificity are often used er-
roneously to predict whether a positive or negative
test result will reflect disease status of the animal.

From the Diagnostic Laboratory, New York State College of
Vetetinary Medicine, Cornell University, lthaca, NY 14853.

Table 1-—Description of a hypothetical population of 1,000
animals of known infection status, in terms of test result
sensitivity and specificity

. Serodiagnostic test result
Infaction status

No. of
ohservations Classification
100 Infected /diseased 80 tested Positiva 90% Sensitive
animals 10 tested Negativa Fals2 negative
900 Noninfected 810 tasted Negativa 90% Spncific
animals 80 tested Positive False positive

Sensitivity—The proportion of infectad/dissased animaks that test positive;
Spacificity==The proportion of uninfected animals that tast nagative.

They do not. Sensitivity and specificity (Table 1)
are intrinsic characteristics of the test and reflect
the degree of meticulousness with which the test is
done. The prevalence of infection/disease also
must be known or estimated before one can deter-
mine the probability that a test result accurately
reflects the infection/disease status of the animal.
But even when these factors are known, the statis-
tical terminology that describes the test may frus-
trate those not versed in statistical inferences,
leading to further misunderstandings in interpret-
ing the test’s performance.

The veterinarian knows intuitively that, for a
cat with obvious signs of FeLV infection, a positive
test result confirms the diagnosis. Alternatively, for
a healthy cat having a history that is completely in-
consistent with exposure to FeLV, the veterinarian
intuitively begins to question a positive test result
and usually seeks confirmation of the diagnosis
through additional testing. Although intuition
gained through practice is helpful, it would be de-
sirable to have a simple scientific basis for con-
cluding what we feel to be intuitively correct. Ac-
cordingly, the vetetinarian needs to know, in direct
and unambiguous terms, the capacity of a test re-
sult to predict the infection or disease status of the
animal. Therefore, the implications of a given se-
rotest result will be reviewed herein, using statistics
applied in a simple and intuitive manner, and some
precautions in regard to interpreting test results
will be offered.

Criteria for evaluation of serodiagnostic test re-
sults—If a perfect test could be devised, all infected
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Reference chart to-éstimate---the-'-pro-babiiigr"‘(%)‘ that a ‘positive test result ‘indicates that the animal islinfected/dis'-

eased*
Sensitivity-> 949% 0%
| Specificity-> 9% 88% 95% 90% 80% 70% 50% 25% 93% 98% 85% 80% 80% 0% 50% 25%
0% 9 5 2 1 0.5 0.3 0.2 0.1 ! 3 1 07 G4 0.2 o1 2.1
br 1% 50 33 17 9 5 3 2 1 4 6 12 1 3 2 1 1
" : 5% 84 72 5% kLS 21 15 ] 7 18 65 42 7 18 n 7 5
o @ 10% 92 a4 68 52 35 27 18 13 a8 80 61 44 28 2N 13 9
a | 20% 95 a3 83 n 55 45 33 5 95 90 78 63 47 37 % 19
$ : 30% 98 96 89 ] 68 59 46 38 97 94 86 75 80 50 38 - 28
e ¢ 0% 98 97 93 a7 L 69 57 47 9 98 0 82 10 61 48 38
g 50% 99 93 95 9 83 7 - 66 57 99 97 9 83 8 70 58 48
*Instructions: Estimata the disedsa pravalance of the population uf-animals from which the patient is darived and determing sensitivity and spacificity of the test from published in-
formation or data from Isboratery/company. Find the prevalance ligure and read across to the probabiity value under the test's specificity. Note: Sensitivities of anly 99% and 70% are
shown because sensitivity has a limited affect on the abifity of a positive test result to identify an infected animal. Intatpolate for other sensitivities: for example, i tha test's sensiivity
is 85% [ngt shown), the specificity is 85%, and the disease pravalence is estimated at 5%, tha chance that tha test is accurats is about 47% {halfway tetween 51 and 42%).

animals would test positive (100% sensitivity) and
all noninfected animals would test negative (100%
specificity). Because of limitations in current diag-
nostic test technology, errors introduced by tech-
nicians, and biological variables among animals
that are the subjects of the tests, it has been impos-
sible to devise the perfect test. We must, therelore,
be satisfied with test results that merely predict the
infection status of the animal, knowing that there
will be several sources of ervor in the prediction.®
The question then is how to assess a test result for
its reliability (its degree of “correctness,” also
known as the predictive value of the test). Three
essential criteria need to be assessed when deter-
mining the reliability of a test result:

(1) What is the estimated prevalence of the
infection/disease for a population of animals that
represent the animal in question? For instance. one
would expect multiple-cat households to have a
higher prevalence of FeLV infection than do single-
cat households.

(2) What is the sensitivity and specificity of the.

« test? Were these values properly determined ex-

perimentally? Were the samples. used in deter-
mining these criteria, obtained from animals that
had proven infection status? To what extent did the
technician contribute o reduced test sensitivicy
and specificity? Information on these factors is
usually available from the company producing the
 test kit or the laboratory conducting the tests.
(3) What is the reproducibility of the test when
comparing results between animals and berween
different runs of the assay? Is the test “‘robust™ (ie,
does it give the same results even when'the tech-
nician was relatively careless) or does it require
exquisite care to obtain the same result in 2
suceessive runs of che rest?
*Estimares of diagnostic test reliability {predictive values of

test results) are given as single values. Statistically, there is an
element of error associated with each point estimate that ordi-

narily would be accounted for by caleulating confidence inter-
vals:(ci). We: have: chosert: o ot include the C1.co.make theil- .

lustrations less confusing. The reader should thus be aware that

the probability values in the tables are: approsimations of the

given point estimates.

Positive test result: The effect of prevalence of in-
Jection/disease on its interpretation—Of the 3 afore-
mentioned elements, probably the most neglected
and misunderstood is the effect of infection/disease
prevalence on the reliability of a test result. If the
infection/disease prevalence is high, even a fairly
inefficient diagnostic test will have a reasonable
likelihood of accurately predicting the status of the
animal. For instance. if 40% of the animals are in-
fected in the population, and the test has sensitiv-
ity of only 70% and specificity of 80%, a positive
test result is still likely to detect about 70% of in-
fected animals (Table 2). Should infection/disease
prevalence decrease, for instance, to 0.1% as a re-
sult of an effective vaccination campaign, we intu-
itively know that a positive test result is more sus-
pect for an animal from such a population than
when prevalence is high. Indeed. even a very im-
proved test (99% sensitivity and 99% specificity)
will give a greater number of errant than correct
results when the prevalence is very low. In fact,
only about 1 of 10 positive test results will accu-
rately predict an infected animal: actually, 91% of
those positive test results will be erroneously pos-
itive (Table 2). Although a more specific and sen-
sitive test was used in the latter case, a decrease in
disease prevalence had a marked decrimental effect
on the ability of a positive test result to predict in-

tected animals. So, when infection/disease preva- -

lence is low, confirmatory testing is helpful in clar-
ifying the differential diagnosis.

The reasons for the effect of decreasing infec-
tion/disease prevalence on reliability of the positive
test result may not be clear; an example may clar-
ify the point. For purposes of this example, assume
that the test has been properly developed by the
laboratory or manufacturer and that the technician
introduced no errors in conducting the test. How
reliable is a positive test result il the estimated
prevalence of infection/disease in the population is
1% and.the test.kit has a. known sensitivity-and

“spécificity’of 90%?'For a population of 1,000 cats

- that are representative of thecat in question:

(1) Of 10 infected cats (1% of 1,000 == prev-
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Table 3—Intuitive method for determining the reliability (predictive value) of a positive test result

A B c 1} E F G H I
Infacted Noninfected
Estimated Sensi- No. Speci- No. Total Reliability
infection tivity No. that test ficity No. that test no. of of
Size c!f or disease of of positive of of positive pasitive positive
population pravalenca tast animals (trus pos) test animals {talse pos) test resuits tast result
AXB Cx0 A-D  [100%~F X G E+H E+0x100 |
1,000 1% 90% ;10 9 90% 980 99 08 B.3%
1,000 30% 0% 300 210 90% 700 70 340 19%
1,000 1% 98.3% 10 9.8 98.3% 990 16.8 26.6 %
1,000 30% 98.3% 300 215 98.3% 700 18 287 96%
1,000*
*Use this ravi-to insart values 1o daterming specific reliability of a positive test rasuit.
Steps in calcufation:(1) Arbitrarily choose a population size of 1,000 animals.
{2) Estimate the infection/diseasa provalence in the population that represents the animal you are testing and insert in the table shove.
{3) Insert sensitivity and specificity of test (provided by company or published in literature).
{4) Calculste reliabifity {known as predictiva valus to statisticians} of a positive test result.

alence), 9 will test positive (because the test's sen-
sitivity is 90%). ' !

(2) Of 990 noninfected cats, 891 will test
negative (90% specificity) leaving 99 noninfected
cats that will have erroneously positive test results.

(3) Although only 10 cats of 1,000 are actually
infected, the test gave positive results for 108 cats
(9 positive test results from infected cats and 99
erroneously positive tests from noninfected cats).

(#) Thus, only 8.3% (9/108) of positive test
results will correctly identify an infected cat. Ob-
viously, 91.7% of the positive test results will be
erroncous (false positive).

The calculated results (Table 3; lines 1 and 2)
reveal the considerable impact of increasing infec-
tion/disease prevalence on the capacity of a posi-
tive test result to predict an infected car. When the
infection/disease prevalences of 1 and 30% are
compared, the probability that a positive test result
will identify an infected cat increases from 8.3% to
79.4%. Table 3 provides examples of calculated
test reliability and is intended principally for those
who wish to follow the logic and calculations in
determining the probability with which a positive
test result will predict infection status (the predic-
tive value of a posirive test result).

Negative test result; The effect of prevalence of
infection/disease on its interpretation—Using the
same scenario as outlined previously, a decrease in

.prevalence of infection/disease from 30% to 1%
has a minimal effect upon the capacity of a nega-
tive test result to detect cats that are not infected
(Table 4). In our example: '

(1) Of 10 infected cats. 9 will test positive
(90% sensitivity), leaving 1 infected cat that will
test erroneously negative.

(2) Of the 990 noninfected cats, 891 will test-

negative (90% specificity).

(3) Although 990 cats ot 1,000 are actually
noninfected, the test result was negative lor 892
cats (891 negative test results from noninfected
cats and 1 erroneously negative test result from an
infected cat).

() Thus, 99.9% (891/892) of the negative
test resules will correctly identify noninfected cats.

When the estimared infection/disease preva-
fence is 30%, a negative test result still detected
95% of the noninfected cats (Table 5). When the
prevalence of infection/disease is >5% for 2 test
having a sensitivity of 99.9%, even if test specific-
ity decreases to 20%, >99% of negative test results
will be accurate. A negative test result is thus more
resistant to the effect of decreasing infection/
disease prevalence and is reliable in predicting that
a cat does not have infection/disease. A worksheet
with instructions for its use is provided (Table 5) to
calculate the predictive values of a negative test re-
sult.

Hidden factors that may affect test sensitiv-
ity—The proportion of infected/diseased animals
that test positive is the test’s sensitivity. In the
aforementioned examples, the reliability of a test
result was not only a function of disease preva-
lence, but also was greatly dependent on the sen-
sitivity and, to a lesser extent, the specificity of the
test. ‘

Unlortunately, the way in which sensitivity
and specificity are determined is variable because
it depends on the test developer's choice of stan-
dards. In development of a test, a criterion is cho-
sen, against which the serotest results are evalu-
ated. The most criterion standard is 2 large group
of sera from animals of absolutely proven infection
status that represent the general population of an-
imals. Calculation of test sensitivity, using such a
standard, Is the most accurate method for deter-
mining diagnostic sensitivity.

During test development, it is often difficult to
obtain enough serum samples representing ani-
mals with proven infection status. Test developers
may select sera that have been evaluated by use of
another laboratory test. When a test is developed,
for which the criterion is another test result {not the
proven infection status of the animals), the calcu-
lated sensitivity is known as relative sensitivity.
Because the test under development and the test
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Table 4—Reference chart to estimate the probability (%) that a negative test result indicates that. the animal .is not.infected* .

Sensitivity-> - 9% 70%
Specificity:>  99%  96% 95K A0% 80X 70%  50%  25%  O9% %A% 05%  §0K 0% T0% % 25%
poOfk 100 M0 100 100 j00 WO W0 10 100 100 100 100 100 . 100 100 100
o , % 200 100 100 10 100 100 100 100 100 100 0 0 100 100 109 98
i, 5% 00 00 100 100 100 100 100 100 98 88 ag 98 88 8. 9 o
s /0% 200 0 100 00 0 100 10 W0 9 & % g% g g5 TR
a | 2% 100 100 00 100 100 100 9 89 93 93 g3 g g 0 & 77
s o %% 00 w0 W0 100 99 83 89 s 8 g g8 g 88 84 80 g6
R N T I B . T R I . T ™
e 50% 99 99 ‘93 99 g9 99 8 g 1 no® B N"m M 6 4

*Instructions: Estimate tha infaction/disaase prevalence of the popufation of animals from which the
infarmation or data from laboratory/company. Find the

p . patient is derived and determine sensitivity and spacificity of the test from publishad
ator pany. | pravalance figure and read across to the probability valua in the column under the tast's specificity. Note: Sensitivitias of anly 99 ang
70% are shown because sensitivity-has ‘8 limited affect on the ability of a negative test result to correctly identify a noninfacted animal. e .

3
1

Table 5—Intuitive method for determining the reliability (predictive value) of a negative test result

A 8 c D E F ] H !
. . Infected i
Esum!ud Sansi- . niecta Speci- Uninfected Total Reliability
infection tivity No. No. ficity No. No.that test no. of of
Size of or diseass of of that test of of . hagative negative neqative
- population pravalance tast animals nagative (false nag) test " animals " {true neg) tast rasults test result
AXB (100% =) X D A-D FXG E+H {E = 1) X 100
1,000 1% 0% 10 1 90% . 990 8% 892 99.9%
1.000 30% 0% 300 0 0% “700 630 660 - 95.4%
1,000 1% 98.3% 10 <1 88.3% 990 830 260 ~ 100%
1,000 30% 98.3% 300 5.1 98.3% 700 688 693 93.2%
1.040*
“Use this row to insert values to determina specific reliability of a negative tast result.
Steps in calculation: {1) Arbitrarily choose a population ize of 1000 snimals. :
{2} Estimate the infection/disease prevalence in tha pogulation that reprasents the animal you are testing and insert in the table above.
(3) Insert sensitivity and specificity of test {provided by company or published in fiterature),
» {4) Calculate refiability (known as predictive valve to statisticians) of a positive test result.

used for comparison have intrinsic sources of error,
by definition, the stated sensitivity of the test un-
der development will be more errant. The amount
of error introduced is directly related to the accu-
racy of the reference test. Confidence in test results
is contingent on an assurance that the criterion was
the best possible approximation/proof of the in-
fection status of the animals in question. .

Unfortunately, test kit manutacturers and lab-
oratories don't always report how test sensitivity
was determined. Serologic test for Borrelia burg-
dorferi infection in animals are a case in point. Ex-
treme difficulty has been encountered in attempts
to identify animals of proven infection status so the
diagnostic sensitivity of laboratory tests for that
disease is actually unknown. Some commercial
laboratories offer assays that have been developed,
assuming that the differentiation (cut-off) between
positive and negative test results mimics what oc-

cutoff titer of 1:64. There is no way to estimate
whether such test results are correct; in fact, results
of such tests are an expensive, usually uneducated
guess.

Hidden factors that may affect test specific-
ity—The proportion of noninfected animals that
test negative is the test's specificity. When the in-

fection/disease prevalence is low; the reliability-of -

anegative test result is excellent even when the test

specificity is only 25% (Table 4). As test sensitivity
decreases, a negative test result is still a good pre-
dictor that an animal is not infected, as long as the
infection/disease prevalence is <10% (Table 4).
In our experience, the principal contributor to
false-positive results for in-house ELisa is not the
reagents in the test kit; rather it is technician error.
If the reaction vessels are not washed sufficiently

“between steps, color develops, leading to false-

positive reactions. We are often asked by veteri-
narians for confirmation of a positive FeLV £LIsA
result that they obtained by in-house testing. We
frequently find no evidence of FeLV on retesting,
which confirms observations of others.!

~ Predicting the FeLV status of cats by use of the 1Fa
test and ELIsA——To predict the reliability of a posi-
tive or negative test result, we have seen that diag-
nostic sensitivity, specificity, and disease preva-

) ) ; - lence must be known. Sensitivity and specificit
curs in human beings and thus, choose an arbitrary ... y p Y

"data are usually available from published literature..
Forinstance, in studies conducted over the past 18
years, Hardy and Zuckerman! have determined
that for 348 samples tested by viral isolation (their
criterion for comparison) and by the immunofluo-
rescent antibody (IFa) test:

(1) The 1rA test was 98.3% sensitive and
98.3%.specific.:
"% (2) Onr the basis of 1% ‘prevalence of infec-
tion/disease, a positive. IFA test result, will predict
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37% ofinfected cats (calculated using Table 5; lines
3 and 4). Sixty-three percent of positive IFa test re-
sults will be falsely positive.

(3) Ithe infection/disease prevalence is 30%,
such as in a multiple-cat household in which FelLV
is known to exist, positive 1FA test results would ac-
curately reflect the FeLV status of the cat in 96% of
samples tested (Table 3).

{(4) The predictive values fqra negative tFa test
result are 100% and 99.3% when the disease prev-
alence is 1% and 30%, respectively (Table 3; line
4); again, a negative test result is a strong indicator
that the cat-does not have FelV infection.

Several early comparison studies have indi-
cated considerable discrepancy between the (Fa
test and eL1sA.>7 Later studies, probably reflecting
improved test kits and more experience in their
use, have suggested greater concordance between
Euisa and the IFa test.%!! Generally, the studies us-
ing FeLV commercial test kits have indicated that
the ELtsA false-negative rate is low, resulting in a
sensitivity that exceeds 98% when based on the 1Fa
test as the standard. The Euisa false-positive rate
(with the 1Fa test or virus isolation as the criterion
for comparison) has been higher. Assume for pur-
poses of this study, that in a veterinarian’s office,
{alse-positive results are obtained among 10% of all
samples tested. The reliability of L5 is then cal-
culated as follows: '

(1) The ELISA is 99% sensitive and 90% spe-

cific.

(2) On the basis of 1% disease prevalence, a
positive test result will accurately predict 9.1% of
infected cats. Of 10 positive test results, 9 will be
errant.

(3) If disease prevalence is 30%, the predic-
tive value of a positive test result increases to 81%.

(4) The reliability of a negative ELIsA result is
virtually 100% when FelV prevalence is either 1%
or 30%.

Alrer reviewing other reports (in this issue) on
FelLV prevalence among various populations of
cats, and the efficacy of diagnostic tests for detec-
tion of FeLV infection, Tables 3 and 5 can be used
to caleulate the capacity of positive and negative
test results to reliably predict the infection status of
cats. .

Conclusion—When evaluating a serodiagnos-
tic test result, the veterinarian should first consider
whether the cat is at high risk (from a high preva-
lence group) or low risk (from a low prevalence

group) for the condition under consideration. If the -
test result is positive, a different interpretation is
required depending on the level of risk. A positive
test result for a cat in a low-risk group has a much
greater probability of being errant than does the
same test result for a cat in a high-risk group. For
2 test reported by the manufacturer to have high
sensitivity (99%) and specificity (99%), a positive
test result may be very misleading if the technician
using the test is sloppy. For such a test, even if the
technician is meticulous, a positive test result for a
low-risk cat (from a group having a low infection/
disease prevalence of about 0.1%) should cause the
practitioner 1o seriously question that positive test
result; it is most likely errant. Conversely, negative
test results are good prognosticators of noninfected
cats even if the sensitivity and specificity of the test
are not good. As infection/disease prevalence for
FeLV testing decreases because of vaccination and
test-and-removal programs, a positive ELISA result
should be confirmed by retesting, using ELISA or IFA
testing.
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