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Diagnostic tests for allergy usually are performed to confirm a
diagnosis of an allergic disease. If a food allergy suspected, a
test can help to determine whether it is present, to monitor its
activity over time, and to determine whether the allergy is
resolving. In this way, tests are used for diagnosis, monitoring,
screening, and prognosis. There are 2 schools of thought for
using tests: Frequentist and Bayesian approaches. The
Frequentist approach defines probability in terms of the
frequency of an event if it were to be repeated numerous times
and uses parameters such as sensitivity, specificity, and
predictive values to make a diagnosis. In contrast, the
Bayesian approach defines probability as the degree of belief
or disbelief regarding the diagnosis and asserts that only data
are real and that test parameters are to be inferred from the
data. There are strengths and limitations to each approach;
however, the Bayesian approach provides an algorithm
leading to a disease probability. To use the Bayesian
approach, test results need to be expressed as a likelihood
ratio. This helps to determine how much the result of a test
changes the probability of a particular diagnosis. Once a
probability of disease is determined, decision thresholds need
to be defined so that a treatment decision can be made. Using
this Bayesian approach, the concept of a false-positive or false-
negative test result becomes obsolete. � 2021 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2021;9:4183-91)
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Abbreviations used

LR- L
ikelihood ratio
NPV- N
egative predictive value

OFC- O
ral food challenge

PPV- P
ositive predictive value

ROC- R
eceiver operator characteristics

sIgE- S
pecific IgE

SPT- S
kin prick test
Diagnostic and screening tests for allergic conditions generally
involve detection and measurement of allergen specific IgE (sIgE)
antibodies using either in vivo (ie, prick skin test and intracu-
taneous test) or in vitro methods. The presence of sIgE is called
sensitization that is a necessary but not sufficient condition for a
patient to become symptomatic when he or she is exposed to the
allergen. Allergy tests are performed when a patient is suspected
to have symptomatic type I allergies either to confirm the pres-
ence of sIgE or to monitor disease activity to determine whether
the allergy is resolving as might be the case in food allergy.1

When to perform an allergy test and which test to use depends
on the reason for performing the test and on the performance
characteristics of the specific test. Interpretation of the test results
requires an understanding of what a certain result means and
how to use it when making decisions about treatment. In this
paper, we will review the characteristics of allergy tests and
discuss their uses for diagnosing allergic conditions.

PURPOSE OF TESTS
In general, tests are used for the purpose of diagnosing,

monitoring, screening, and estimating a prognosis. For allergic
conditions that are mediated by allergen sIgE, tests are used to
identify relevant allergens and to determine the probability that
they are (and will continue to be) the cause of allergic symptoms.

Diagnosis is the process of finding out whether a patient has a
specific disease (eg, food allergy). A diagnosis represents an
attempt to classify an individual’s condition into categories that
permit decisions to be made about treatment. Once a condition
has been diagnosed, monitoring can be used to determine how
well the disease is controlled. For example, serial measurement of
food sIgE is often used to determine the status of a patient’s food
allergy.2

Screening consists of testing patients who do not (yet) have
signs or symptoms of a specific illness to identify it before the
patient becomes symptomatic. This is done because treatment is
likely to be more effective when started early. Because screening
tests are used in large segments of the population, they should be
simple and inexpensive. Such tests are designed to be very sen-
sitive so that uncommon conditions can reliably be detected.
This is usually followed by a more specific test to rule out the
diagnosis in patients who were incorrectly identified with the
condition by the first test. An example is newborn screening for
congenital severe combined immunodeficiency using T-receptor
excision circles.3 In contrast, screening of sIgE for low-prevalence
allergic conditions such as food allergy is not recommended
because of the high likelihood of false-positive results.4

A test for prognosis is used to determine the probability that a
patient either will develop a disease in the future or to predict the
likely progress of a disorder that is already present. For example, a
patient who initially has a low level of food sIgE that decreases
over time has an increased likelihood of outgrowing his or her
food allergy.5,6

Regardless of its immediate purpose, a test provides infor-
mation that can be used to recommend treatment.

FREQUENTIST VERSUS BAYESIAN APPROACH TO

TESTING
Currently, there are 2 schools of thought in statistics for

making a diagnosis using tests: Frequentist and Bayesian. The
difference between these 2 approaches is in the way they interpret
probability. To a Frequentist, probability is defined in terms of
the frequency of an event if it were to be repeated numerous
times. Test parameters are believed to be correct with a known
error and the patient’s results are compared with them to
determine a confidence interval in which the patient’s result falls.
Therefore, a Frequentist assumes that there are true values for the
parameters of a test, and that they can be used to estimate the
likelihood that an individual patient’s result falls within a certain
range.

A Bayesian defines probability as the degree of belief or
disbelief regarding the diagnosis. A Bayesian asserts that only data
are real and treats the test parameters as probability distributions
that are to be inferred from the data. For a Bayesian, there are no
true values for test parameters as such, just that some values are
more probable than the others. Tests are used to update a prior
belief to a subsequent posterior belief using evidence provided by
the test.

Frequentist approach
When evaluating the results of an allergy test, whether it be a

screening or diagnostic test, it is essential to have a sense of how
well that test performs. The validity of a test is its ability to
differentiate between individuals who have a disease such as
peanut allergy and those who do not. This is usually determined
using a confusion matrix (Figure 1). A confusion matrix com-
pares the results of a reference test (often referred to as the “gold
standard” test) with the results of an index test that is used as a
proxy for the reference test. Although a reference test could
reliably classify patients either as having or not having a diag-
nosis, it is often either too expensive, laborious, unavailable, or
risky to use for routine diagnostics.7 Most confusion matrices
compare dichotomous results (ie, positive or negative) of the
reference test to an index test; however, the actual values for a
reference test also could be used for this classification instead of
categorizing its results.

The parameters of a test are usually described in terms of
sensitivity and specificity.8 Sensitivity (true positive rate) is the
ability of a test to identify individuals who have the disease and
test positive, whereas specificity (true negative rate) is the ability
of a test to identify individuals who do not have the disease and
test negative.7 We know that both peanut sIgE and skin prick
test (SPT) are highly sensitive (>90%) for the diagnosis of IgE-
mediated peanut allergy.9-11 In contrast, the specificity of both
tests is less than 50%.6 This means that many children with a
positive test will likely tolerate peanut.12 In a review of 125
children aged 1 to 19 years who underwent an oral food chal-
lenge (OFC), 80% to 100% of children who were avoiding foods
largely because of a positive SPT or sIgE in the absence of a
convincing clinical history were able to eat the food without a
reaction. This demonstrats the importance of careful selection of



FIGURE 1. Confusion matrix showing various characteristics of a binary diagnostic test. The name stems from the fact that it makes it
easy to see if the system is confusing 2 classes (ie, commonly mislabeling one as another).
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food SPT and sIgE tests based on history as opposed to testing to
a panel of foods, which should be discouraged.13,14 Sensitivity
and specificity can also be used to determine a test’s accuracy that
is the proportion of individuals tested whose diagnosis is
correctly classified by the test.8,15

Other parameters of a test are its positive predictive value (PPV)
and negative predictive value (NPV). The PPV is the percent of
patients with a positive result who have the disease, whereas the
NPV is the percent of patients with a negative result who do not
have the disease.8 A limitation of predictive values is that they are
dependent on the prevalence of the disease. It has been noted that
predictive values need to be “determined on the basis of careful
clinical deliberation”15 and that ultimately in the field of food al-
lergy the “best test” that we truly have is our own clinical
judgment.7,12

Assume, for example, that a patient presents for evaluation of
possible peanut allergy. In the absence of other information such
as what happens with peanut ingestion, what is the probability
that this patient will have a systemic reaction if peanut is
ingested? Figure 2 shows a confusion matrix from a study by
Beyer et al16 of peanut allergy that compared the results of oral
challenge (reference test) with peanut sIgE (index test) using a
cutoff of 0.35 kU/L for a positive result (matrix A). From this
matrix we can conclude that 86% of patients with peanut allergy
had a positive test (sensitivity) and that 86% of patients without
peanut allergy had a negative test (specificity). In addition, 82%
of patients with a positive test had peanut allergy (PPV) and 86%
with a negative test did not have peanut allergy (NPV). Because
our patient has a peanut sIgE >0.35 kU/L, you might conclude
from this that the patient has an 82% probability of having
peanut allergy, which would be correct for patients in the Beyer
study but incorrect for patients in the general population.

The problem with this approach is that the overall prevalence
of peanut allergy is only approximately 1.5%,17 whereas the
prevalence of peanut allergy among subjects in the Beyer study
was 42.9%.16 This means that of 210 patients in the general
population, we would expect to find approximately 3 with pea-
nut allergy instead of the 90 found in the Beyer study. A
confusion matrix that has the same sensitivity and specificity but
with prevalence-adjusted rates for peanut allergy is shown in
Figure 2, matrix B. This low prevalence of peanut allergy in the
general population explains why there are so many false-positive
tests when screening is done in an unselected population, as
predictive values are impacted by disease prevalence. In other
words, use of an allergy test on an unselected population will
overestimate the number of patients with the allergy. To answer
the question posed above, an unselected patient with a positive
peanut sIgE only has a 3.7% probability of having peanut
allergy as opposed to the 82% probability based on the unad-
justed PPV.

For most in vitro allergy tests, the cutoff for a positive test is
set at 0.35 kU/L. Historically, this was the level of detection of
the test rather than a clinically proven best value for making a
diagnosis. If a different cutoff is used to categorize positive and
negative test results, the test parameters will change. The test can
be made more sensitive by reducing the cutoff and more specific
by increasing it, as shown in Table I.18 A cutoff could be selected
to maximize the number of correctly classified patients, and a
different cutoff could be selected to maximize a test’s sensitivity
to screen for a condition that you do not want to miss such as
anaphylaxis after peanut ingestion. A curve that represents the
trade-off between false positives (1�specificity) and true positives
(sensitivity) is called a receiver operator characteristics (ROC)
curve (Figure 3). It is called that because it was originally
developed for military radar receiver operators to classify signals
during World War II.

There are limitations to the data we have on the parameters of
food allergy tests that would be present if the reference test (in



FIGURE 2. Confusion matrix of test parameters for data from the Beyer study (matrix A) and a confusion matrix with the same sensitivity
and specificity but adjusted to have a disease prevalence of 1.5%. This illustrates the importance of accounting for prevalence when
interpreting test results.
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this case, an OFC) were used.7 For example, factors that can
influence the results of SPT include the location of the test on a
patient’s body, the quality of the extracts used, and potential
suppression by medications. Results of sIgE can depend on
which assay is used, the machine’s calibration, technician training
and expertise, and the quality of the solid phase allergen.19 In
addition, because certain populations may differ from others in
their response to a test, generalization from one population to
another must be done with caution.

Bayesian approach

Logistic regression to categorize test results is a Frequentist
approach. It assumes that there are enough measurements in a
sample of subjects to infer something meaningful about a
general population and that this can be applied to individual
patients. The Frequentist approach also assumes that the
measurements are representative of the general population,
which is why it is important to take into account the preva-
lence of the disease in the studied population when inter-
preting test results. In the Bayesian approach, test results are
supplemented with additional information in the form of a
prior probability distribution. A prior belief about the popu-
lation is combined with the likelihood function of the test
according to the Bayes theorem to yield a posterior belief about
an individual patient’s diagnosis.

The Bayesian approach relies on a sequential series of steps
that begin with an initial belief about the probability of a diag-
nosis that, to continue with our example, could be a systemic
reaction after peanut ingestion. This is called the prior or pretest
odds. In the absence of additional information such as what
happens if peanut is eaten, the pretest odds is simply the prev-
alence of the disease in a population that is similar to the patient
being tested.20 For small values (ie, <5%), the probability and
odds are approximately the same. To a Bayesian, a diagnostic test
updates the prior odds using evidence provided by the test. The
amount of change provided by the test is determined by the
Bayes factor or likelihood ratio (LR). Unlike predictive values,
LRs are not affected by the disease prevalence and therefore can
be used to adopt the results from other investigators to your own
patient population.

Binary tests have a specific cutoff. Therefore, any particular
test result usually is expressed either as positive or negative
depending on where it falls relative to the cutoff (Figure 4). The
LR is expressed either as LRþ for a positive test or LR� for a
negative test. The most informative way to determine the LR for
a particular value of the test is to set the cutoff at that value and
then to determine the sensitivity and sensitivity of the test. This
LR is the slope of the ROC curve that is sensitivity/
(1�specificity). Most studies evaluate test parameters at a single
cutoff (eg, 0.35 kU/L) that can lead to significant differences for
the LR if the observed test result differs substantially from the
cutoff that was studied.

Bayesian analysis can be done by following the steps below
(shown with more detail in Figure 5). We will illustrate the
process using the results from the Nicolaou study shown in
Table I.18

(1) Determine the pretest probability. If no information, such as
what happens with peanut ingestion, is available, then the
prevalence of the condition can be used for this value. For
peanut allergy, the prevalence is 1.5%. This serves as the
prior belief that is to be updated with evidence provided by
the test.

(2) Convert the pretest probability into pretest odds. This
is necessary because probability is a fraction between
0 and 1 and odds is a ratio of occurrence to nonoc-
currence that can be multiplied by the LR to get
posttest odds.



TABLE I. Sensitivity, specificity, and percent correctly classified for various cutoffs of peanut sIgE*

Antigen Cutoff (kU/L) Sensitivity (%) Specificity (%) Correctly classified (%) Likelihood ratio

Peanut 0.35 96.55 26.92 51.85 1.32

3.91 79.31 84.62 82.72 5.16

5.00 75.86 90.38 85.19 7.89

5.30 75.86 94.23 87.65 13.15

5.96 72.41 94.23 86.42 12.55

7.81 72.41 96.15 87.65 18.81

15.00 55.17 96.15 81.48 14.33

43.86 34.85 98.08 75.31 18.15

Ara h2 0.30 100.00 90.20 93.75 10.20

0.32 100.00 94.12 95.00 17.01

0.35 100.00 96.08 97.50 25.51

0.38 96.55 96.08 96.25 24.63

0.40 93.10 98.04 96.25 47.50

0.55 93.10 100.00 97.50 ND

0.87 89.66 100.00 96.25 ND

ND, Not defined; sIgE, specific IgE.
*Likelihood ratios were calculated using the formula LR ¼ sensitivity/(1�specificity).18

FIGURE 3. Characteristics of a receiver operator characteristics curve.
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(3) Determine the LR (otherwise known as the Bayes factor) for
the test result. The LR is calculated from the sensitivity and
specificity of the test, and it does not depend on prevalence
in the reference group, or on the pretest probability. The LR
tells you how much more (or less) likely a patient with the
given test result is to have the disease.

(4) Determine the posttest odds. This is the product of the
pretest odds with the LR.

(5) Determine the posttest probability by converting from odds
to probability.

The primary limitation to this approach is the need for a prior
or pretest probability. Although an estimate of the disease
prevalence is a reasonable starting place, a closer approximation
would account for prevalence differences based on geographic,
ethnic, age, sex, and other factors. In addition, it is unclear
whether the history of reaction should be used to estimate the
prior probability or whether it should be associated with an LR.
Another limitation is the need to determine LRs for different
cutoff values of sIgE.
Reflex testing
Component testing provides an opportunity to refine diag-

nostic sensitivity and specificity for food allergy. One example is
Ara h2-sIgE as a means of peanut allergy diagnosis. A recent
2020 practice parameter update with a GRADE analysis noted
that Ara h2 provides the highest diagnostic accuracy for peanut



FIGURE 4. How LRþ and LR� differ from the LR for various cutoff values of the test. LR, Likelihood ratio; ROC, receiver operator
characteristics.
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allergy with a higher specificity (thereby reducing false-positive
cases).14 However, this practice parameter also noted that
although Ara h2 has the highest specificity, it has the lowest
sensitivity compared with SPT and peanut sIgE, and therefore if
pretest probability is high, any of the first-line screening measures
could be used. In addition, it is possible for a patient to have sIgE
to Ara h1 and Ara h3 but not to Ara h2. Such individuals would
be missed if Ara h2 alone were used as the initial test for peanut
allergy. This is accounted for in the sensitivity and specificity of
the test when measured against the gold standard of an OFC.

Although screening for peanut allergy in general is not recom-
mended, recent literature suggests that if screening to peanut is
done, sIgE for Ara h2 may have a larger LR than sIgE for whole
peanut. In a recent study of infants withmoderate-to-severe eczema,
history of food allergy or immediate family history of food allergy,
Ara h2 had the highest specificity (98%) comparedwith peanut sIgE
(86%) or SPT (88%) although once again had a lower sensitivity.21

A more efficient and cost-effective way to implement this
sequence of tests is with reflex testing.22 A reflex test is performed
when an initial test result meets predetermined criteria (eg,
positive or outside normal parameters), and the test result is
inconclusive without the reflex or follow-up test. It is performed
automatically without the intervention of the ordering physician.
For example, if total peanut sIgE is <0.10 kU/L or very low, it is
unlikely that Ara h2-sIgE would be elevated so there is no reason
to perform the test.23 An elevated value for peanut sIgE could be
followed by measurement of Ara h2-sIgE to provide a larger LR.
Both Quest and Labcorp offer an ability to order component-
resolved diagnostics reflexively in the United States, and both
will customize such tests for individual clients.

In practice, one could use the posttest odds resulting from an
initial test as the pretest odds for another independent test. For
example, if the patient in the previous example had a peanut IgE
of 7.8 kU/L and an Ara h2 of 0.35 kU/L, the LRs for these tests
from Table I would be 18.8 and 25.5, respectively. The com-
bined LR for both tests would be 18.8 � 25.5 ¼ 480. This
means that a patient with these results is 480 times more likely to
have peanut allergy than to not have peanut allergy.
THE FUTURE OF TEST REPORTING AND

INTERPRETATION
Currently, test reports are formatted to provide the results of

the test, a normal range (usually 95% confidence interval), and a
flag for abnormal results (Figure 6, A). This leads to what we
refer to as the “red circle phenomenon” in which a provider
circles the “abnormal” results with a red pen and tells the patients
that they have a diagnosis based on the abnormal flag in the
absence of supporting clinical information. This is something
even the most well-meaning clinician tends to do (personal
observation). The problem with this approach is that it does not
account for the prior probability of the diagnosis that might not
be readily available. In addition, it does not provide an estimate
of how probable the diagnosis is, and it does not necessarily lead
to the most effective recommendation for treatment. Simply
circling “abnormal” values can lead to misdiagnosis and to un-
necessary additional tests.

For those reasons, we recommend that reports should be
formatted or at least supplemented with formatting as shown
in Figure 6, B. Here the test result is accompanied by the LR
for the result. This tells the clinician how much more (or
less) likely the patient is to have a particular diagnosis given
the test result. Because some test results can be associated
with various diagnoses, it may be necessary to provide a
separate LR for each diagnosis. For example, LRs for food
sIgE are likely to be different for anaphylaxis where they are
highly predictive, than for predicting atopic dermatitis where
they are poorly predictive. Because most studies evaluate test
parameters for a single cutoff, the LRs are usually expressed
as LRþ for a positive test and LR� for a negative test. Such
LRs have been described for SPT and in vitro tests for aer-
oallergens that trigger rhinitis25; however, a consensus is



FIGURE 5. The procedure for determining the probability of disease for a given test result using the Bayes theorem. LR, Likelihood ratio;
PA, peanut allergy; sIgE, specific IgE.
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needed for other allergens such as foods. A better approach
would be to determine an LR for each value of the test as was
described in a recent paper by Nalin et al.12 Although a
consensus does not yet exist regarding such LRs, we consider
this to be an aspirational goal that merits consideration. This,
along with a prior probability based either on the patient’s
history or on the prevalence in the population, can be used to
determine the posttest probability of disease.

Although these calculations can be complicated to perform,
they could be automated using decision assistance algorithms
implemented in an electronic medical record. Until then, an
estimate of the probability of a diagnosis using the pretest



FIGURE 6. Current (Table A) and proposed (Table B) format for reporting test results for use with a Fagan nomogram.24 Note: the LRs in
the right lower pane for peanut and peanut Ara h2 are from Table I. The other LRs are hypothetical and are used to demonstrate the
principle. Note that LRs that are <1 are associated with a lower odds of food allergy, whereas LRs that are >1 are associated with an
increased odds of food allergy. LR, Likelihood ratio.
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probability and likelihood ratio can be made using a Fagan
nomogram (Figure 6).24 In addition, a simplified method for
using LRs to estimate the change in disease probability has been
described by McGee.26 This method uses a table in which LRs
between 0.1 and 0.5 are associated with changes in disease
probability of �45 to �15, respectively, and LRs between 2 and
10 with changes in disease probability of þ15 to þ45, respec-
tively. An important issue that remains is to determine how
probable the diagnosis of a disease needs to be for different
recommendations to be made. This will require further research
into decision analysis.

CONCLUSION

Diagnostic testing can help to make a diagnosis and to
monitor the disease activity. Test reports that provide a test’s
result, 95% confidence interval (so-called “normal” range),
and a flag for abnormal values do not easily permit the
clinician to estimate the probability of disease, nor do they
help to identify the best treatment. An alternative approach is
a report to the clinician that includes the LR for each value
of the test and a Fagan nomogram. Studies need to be
designed to measure and analyze LRs to determine these
values. Consensus meta-analyses of these studies can then be
used to inform test reports. Once this is done, it is still
necessary to determine what ranges of probabilities are
associated with treatments that can provide the best outcome
for patients. All of this will likely be made possible using
automated clinical decision assistance algorithms in future
EHRs. To enable this, additional research is needed. By using
the Bayesian approach to estimate the probability of disease,
the concept of false-positive and -negative test results hope-
fully will become obsolete. In other words, a test could stand
on its own and would be interpreted based on likelihood or
probability of a diagnosis.
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