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Allergic rhinitis is an increasingly common disease, with a preva-
lence of at least 10% to 25% in the United States. Diagnostic
allergy tests, such as skin tests and in vitro tests, can assist
clinicians in determining whether nasal symptoms are allergic in
origin. In addition, safe and effective medications are available to
treat allergic rhinitis.

The initial strategy should be to determine whether patients
should undergo diagnostic testing or receive empirical treatment.
This paper reviews the test characteristics of the history, skin tests,
and in vitro tests in diagnosing allergic rhinitis from the per-
spective of decision thresholds. A combination of pertinent med-
ical history features in a practice with a high baseline prevalence
of allergic rhinitis justifies the common practice of empirical treat-
ment since allergy medication has minimal toxicity and side effects.

The situation is more complex when the patient needs a
diagnostic test, because reported sensitivities and specificities of
skin tests and in vitro tests vary widely. As a result, it is difficult
to calculate the post-test probability of allergic rhinitis with any
confidence. The decision to initiate diagnostic testing must rely on
clinical judgment to select patients who would benefit most from
determining their allergic status while minimizing unnecessary
testing and medications. Diagnosing allergy to a specific antigen
allows patients to avoid the allergen and makes them candidates
for allergen immunotherapy, which can decrease the need for
medications.
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llergic rhinitis is an increasingly common disease, with

a prevalence of at least 10% to 25% in the United
States (1). Rhinitis is inflammation of the nasal membrane
that causes periods of nasal discharge, sneezing, and con-
gestion that persist for at least 1 hour per day (2). Rhinitis
is considered allergic when allergen-specific IgE initiates
the immunologic reaction that causes symptoms. The pro-
cess of sensitization produces a specific IgE after T-cell
release of interleukin-4 and interleukin-13, cell-to-cell sig-
nals, and B-cell switching to produce IgE rather than IgG
(3, 4). Mast cells and basophils have receptors for this
specific IgE. When allergens bind specific IgE on mast cell
and basophil surfaces, these cells release histamine, leuko-
trienes, prostaglandins, cytokines, chemokines, tryptase,
and other mediators that cause inflammation in the nasal
membrane and symptoms.

Allergy diagnostic tests attempt to detect specific IgE
that binds common allergens, such as dust mites, pollens,
animal proteins, and mold spores. Clinicians must deter-
mine which patients should undergo diagnostic testing,
which patients should receive empirical treatment, and
which patients require only watchful waiting or nonspecific
treatment. Empirical treatment is a common approach, es-
pecially since effective medications are available over the
counter. If diagnostic testing is indicated, a clinician can
either refer the patient to an allergy specialist for skin tests
or order in vitro tests. The 2 types of in vitro tests are a
panel that tests for the presence of specific IgE to any of the
6 most common allergens (Phadiatop test, Pharmacia-
Upjohn, Uppsala, Sweden) and one or more specific IgE in
vitro tests chosen specifically by the clinician because of a
history of exposure to certain allergens.

We aim to compare these diagnostic testing and treat-
ment strategies, to evaluate the quality of studies that ex-
amine diagnostic test performance of skin tests and in vitro
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tests, and to formulate an evidence-based approach to the
patient who presents to the general internist with nasal
symptoms. We will use the principles of probability theory
to show what we used to accomplish this goal.

MEeTHODS

We searched MEDLINE from January 1995 to March
2003 (our search strategies are available by request) and
reviewed references obtained from practice guidelines, re-
view articles, and allergy specialists.

Articles on Diagnosing Allergic Rhinitis and Establishing
a Gold Standard

We selected studies that performed a head-to-head
comparison of skin tests and in vitro tests, with an empha-
sis on studies that performed nasal provocation tests in
addition to skin tests and in vitro tests. We excluded stud-
ies that did not report findings for patients with and with-
out allergic rhinitis. We excluded studies on children and
non-English-language articles. We abstracted the total
number of persons studied, sensitivities, specificities, and
gold standard test used. The gold standard test is a refer-
ence test that should reliably measure the true state of the
patients (that is, whether allergic rhinitis is present) (5).

Allergic rhinitis has been defined in the literature by 3
basic methods, which correspond to 3 gold standard tests.
The first gold standard test relies on correlating the pa-
tient’s symptoms and signs with clinical criteria established
by expert opinion. This method is easy to use and applies
to large numbers of patients but is prone to bias, especially
if the clinician deciding whether a patient meets the gold
standard criteria knows the results of the allergy test. An-
other source of error is missing data, which makes it diffi-
cult to be certain whether the patient meets diagnostic
criteria. An advantage of this method is that clinical find-
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ings usually influence treatment decisions; therefore, a per-
son who meets the diagnostic criteria would be treated as if
he or she had allergic rhinitis. Ideally, several physicians
should independently review the data and assign the gold
standard diagnosis. They should confer when they disagree
or ask another physician to assign a diagnosis. For purposes
of our review, the gold standard established by this method
is referred to as the clinical criteria gold standard.

The second method uses a composite of the history
and examination and one or more of the following: skin
tests, in vitro tests, and nasal provocation tests. If necessary,
additional in vitro tests or a second opinion by a different
physician are used to reconcile discrepant results and arrive
at a final diagnosis. This method is used most often in
research. It has a serious shortcoming if the index test (for
which sensitivity and specificity are being measured) is part
of the composite gold standard because it will overestimate
the correlation between the index test and the gold stan-
dard test and therefore overestimate sensitivity and speci-
ficity. A study that uses this method should specify the test
that is used as part of the composite gold standard. Re-
searchers should downgrade studies that use the index test
as part of the gold standard test. This gold standard is
referred to as the composite gold standard.

The third method uses a nasal challenge in which the
nasal passages are exposed directly to an allergen in increas-
ing concentrations. The patient may be prepared with na-
sal prewashes before the challenge. Symptoms or concen-
trations of mast cell mediators released into nasal lavage
fluids are measured (6). This method most closely resem-
bles the setting of disease. Certain challenge protocols have
demonstrated that the threshold of sensitivity to nasal
provocation statistically significantly correlates with symp-
tom scores during the exposure to natural pollen (7). How-
ever, the methods and outcome measurements are not
standardized, although recent guidelines have been pro-
posed (8). In addition, higher doses of allergen than are
found in nature are needed to elicit a response (9). This
gold standard is referred to as the challenge gold standard.

The best gold standard, in our opinion, is the compos-
ite gold standard that does not include the index test. The
other gold standards, including the composite gold stan-
dard that includes the index test and the nasal challenge
gold standard, vary in quality depending on the quality of
the study protocol. The clinical criteria gold standard
seems least attractive unless there are strong measures to
limit bias.

Some studies reported positive and negative likelihood
ratios; for the remaining studies, we calculated likelihood
ratios from the sensitivity and specificity. The likelihood
ratio is the ratio of post-test odds after a test result to the
pretest odds, and it indicates how much the odds change
after a test. The positive likelihood ratio is the probability
of a positive test result in patients with allergic rhinitis
divided by the probability of a positive test result in pa-
tients without allergic rhinitis. The positive likelihood ratio
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is sensitivity/(1 — specificity). The negative likelihood ratio
is the probability of a negative test result in patients with
allergic rhinitis divided by the probability of a negative test
result in patients without allergic rhinitis. The negative
likelihood ratio is (1 — sensitivity)/specificity (10). Likeli-
hood ratios larger than 5.0 or less than 0.2 generate mod-
erate to large shifts in disease probability, likelihood ratios
of 2.0 to 5.0 and 0.5 to 0.2 generate small changes in
probability, and likelihood ratios of 1.0 to 2.0 and 0.5 to
1.0 generate very small, often clinically insignificant
changes in disease probability (11).

The pretest probability of allergic rhinitis depends on
the overall prevalence of allergic rhinitis among patients
with rhinitis and on the clinical setting and results of the
history and examination. Several studies have measured the
frequency of these clinical findings in patients with allergic
thinitis and in patients with nonallergic rhinitis. These
studies use a gold standard test to establish a definite diag-
nosis of allergic rhinitis. The problems of gold standard
tests in allergic rhinitis, which are noted in the preceding
paragraphs, apply to these studies.

FREQUENCY OF CLINICAL FINDINGS AND TEST RESULTS
IN PATIENTS WITH ALLERGIC RHINITIS

In the most recent population surveys, the prevalence
of allergic rhinitis is more than 10% to 25% (1, 12). Pre-
cise epidemiologic data are difficult to obtain because of
studies that use different definitions of allergic rhinitis.
Peak current population prevalence is reported most often
in young adults: 12% in people 16 to 24 years of age in a
Michigan community and 23% in college freshman (12—
14). Most of these data come from survey studies. The
baseline prevalence of allergic rhinitis is probably higher
among patients who report nasal symptoms to clinicians.

The prevalence of allergic rhinitis among patients with
nasal symptoms was estimated in a study of 411 patients
16 to 65 years of age registered in a general practitioner’s
office in southwest London. Eligible participants identified
from the practice register were asked to complete a postal
screening questionnaire to identify those with rhinitis
symptoms for at least 2 years. The questionnaires were
mailed in March, April, and May, before the grass pollen
season. A stratified sample of patients were interviewed at
their homes in June, July, and August (15). The prevalence
of seasonal allergic rhinitis due to tree and grass pollen in
patients with seasonal symptoms was approximately 30%
and 60%, respectively (15). The prevalence of allergic rhi-
nitis due to dust mite and cat allergens in patients with
perennial symptoms was approximately 30% (15).

Other studies of patients with nasal symptoms showed
that patients who consult their generalist physicians for
rhinitis have symptoms that interfere with activities of
daily life or occupational life and they wait an average of
2.5 weeks after the onset of symptoms before consulting
their physician (16). Symptoms typically occur between
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Table 1. Accuracy of Medical History for the Diagnosis of Allergic Rhinitis*

Medical History Question Positive Negative Reference
Category Likelihood Likelihood
Ratio Ratio

Triggers Are allergic nasal symptoms from 6.69 0.15 14
pollen or animals?

Do cats increase symptoms? 5.08 0.44 19

Are allergic eye symptoms from 4.43 0.09 14
pollen or animals?

Are symptoms from animals? 4.22 0.34 20

Do cats or dogs provoke or 4.21 0.81 21
increase the nose problem?

Do weeds increase symptoms? 6.53 0.65 19

Do trees increase symptoms? 4.86 0.52 19

Does grass increase symptoms? 3.95 0.40 19

Are symptoms provoked by 2.52 0.49 22
pollen?

Do molds increase symptoms? 2.09 0.73 19

Do house dust, house dust mites, 3.34 0.39 21
or pollen provoke or increase
the nose problem?

Are symptoms provoked by 1.76 0.49 19
dust? 1.21 0.65 22

Do you have symptoms when 2.33 0.73 20
house cleaning?

History Have you had hay fever? 4.80 0.58 22

Have you been tested for allergy 3.47 0.56 21
(puncture skin tests or in vitro
tests) and were the results
positive?
Have you been diagnosed with 2.64 0.80 23
allergic rhinitis by a physician? 1.94 0.13 14
Has a doctor already diagnosed 2.08 0.76 21
you with asthma, eczema, or
allergic rhinitis?

Family history Does any family member have 3.41 0.70 21
asthma, eczema, or allergic
rhinitis?

Months out of the year Are symptoms worse in summer? 3.33 0.52 20

Seasonal: In which of the past 12 1.69 0.70 21
months (or in which season)
did this nose problem occur?

Do you have seasonal 1.59 0.59 22
exacerbation?

Perennial: Did the nose problems 1.39 0.78 21
occur in all of the past 12
months?

Eyes Are nasal symptoms 2.49 0.51 21
accompanied by itchy-watery 1.33 0.50 22
eyes?

Were you told by your doctor 1.40 0.07 14
that you have an allergic eye
condition?

Is your eye irritation apart from 1.1 0.86 14
respiratory infections?

General questions Do you think you are allergic? 3.12 0.33 21

Have you ever had allergic nasal 1.73 0.49 23
symptoms?

Nasal symptoms Nasal symptoms in the past year, 1.33 0.65 14
including sneezing, runny 1.38 0.14 21
nose, or blocked nose: When
you did not have a cold or flu?

Do you have diurnal variation of 1.06 0.89 22
symptoms?
* All listed studies used a composite gold standard.
tPharmacia-Upjohn, Uppsala, Sweden.
¥ Data from reference 24, with permission.
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Table I—Continued

Patients, n

290

678
290

100
269

678
678
678
466
678
269

678
466
100

466
269

400

290
269

269

100
269
466
269
269
466

290

290

269
400

290
269

466

Were Patients
Seen
Consecutively?

No

Yes
No

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

No

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes
No

No
Yes

Yes

Was the Chief
Symptom Listed for
Entry into Study?

Yes

Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes

Yes
Yes

Yes

Yes
Yes

Yes
Yes
Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes

Did All Patients
Receive Gold Standard
Test?

Yes

Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes

Yes
Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes

Was the Gold Standard
Test Interpreted
Independent of Index Test?

No

No
No

No
No

No
No
No
No
No
No

No
No
No

No
No

Yes

No
No

No

No
No

No
No
No

No

No

No
Yes

No
No

No

Notes

Computer-assisted

At least 1 trigger needed

Computer-assisted
Computer-assisted
Computer-assisted

Computer-assisted
At least 1 trigger needed

Computer-assisted

The only study that did not use index
test in gold standard test; gold
standard test is the Phadiatop
testt

Months listed should correlate with
pollen calendar of the region

At least 1 symptom; gold standard
test based on definition of disease,
according to European consensus
guidelinest
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Table 2. Accuracy of Skin Tests and in Vitro Tests for the Diagnosis of Allergic Rhinitis Reported in Studies That Do Not Include the
Index Test in the Gold Standard

Test Allergen Reference Positive Negative Sensitivity Specificity Gold Standard
Likelihood Likelihood
Ratio Ratio
%

Puncture skin test Cat 27 4.93 0.08 93.6 81.0 Challenge
Cat 28 3.56 0.51 57 84 Clinical
Tree 29 16.17 0.03 97 94 Challenge
Grass 29 3.23 0.04 97 70 Challenge
Grass 28 6.82 0.28 75 89 Clinical
Mold 30 11.75 0.05 95.2 91.9 Challenge
Mite 31 4.06 0.03 97.4 76 Challenge

Intradermal skin test Mold (Alternaria sp.) 30 8.80 0.05 95.2 89.2 Challenge
Cat 27 0.89 1.24 60 324 Challenge
Cat 28 2.45 0.28 81 67 Clinical
Grass 32 1.05 0.98 33.3 68.4 Challenge
Grass 28 4.94 0.25 79 84 Clinical

In vitro test Cat 28 7.00 0.41 63 91 Composite
Cat 27 9.38 0.14 87.2 90.7 Challenge
Cat 28 3.39 0.48 61 82 Clinical
Tree 29 — 0.18 82 100 Challenge
Grass 28 80.0 0.20 80 929 Composite
Grass 29 3.13 0.09 94 70 Challenge
Grass 28 4.64 0.41 65 86 Clinical
Weed 28 20.33 0.40 61 97 Composite
Mold 28 14.00 0.46 56 96 Composite
Mold 30 15.0 0.2 81.0 94.6 Challenge
Mite 28 6.33 0.84 19 97 Composite
Mite 31 1.19 0.46 87.8 263 Challenge

Phadiatop test* Multiallergen 20 16.00 0.04 96 94 Composite
Multiallergen 33 3.95 0.28 771 80.5 Clinical

* Pharmacia-Upjohn, Uppsala, Sweden.

March and May but can vary because of local pollination
patterns (17, 18).

Medical History

Symptoms can help identify patients with allergic rhi-
nitis (Table 1). Animal and pollen triggers are particularly
helpful, as are the personal history and family history of
allergy; the positive likelihood ratio ranged from 3 to 5 for
each of these factors. No finding could definitely rule out
allergic rhinitis since the negative likelihood ratios are not
very low. The few studies that evaluated the physical ex-
amination for allergic rhinitis were not high quality, and
we do not report their findings (25, 26).

All the studies evaluating the medical history, with one
exception (23), use a composite gold standard that poten-
tially includes the history item and probably will tend to
overestimate the relationship between the history item and
the result of the gold standard test. These estimates of
sensitivity and specificity probably err on the high side for
both, and therefore positive likelihood ratios are probably
too high and negative likelihood ratios are probably too
low.

28217 February 2004 | Annals of Internal Medicine | Volume 140 * Number 4

The presence of atypical symptoms, such as pain,
bleeding, fever, cough, unilateral symptoms, purulent dis-
charge, headache, and dyspnea, indicates alternative or
complicating conditions, such as sinusitis, nasal polyps,
mechanical obstruction, tumors, granulomas, cerebrospinal
rthinorrhea, nonallergic rhinitis, rhinitis medicamentosa,
hypothyroidism, pregnancy, asthma, and medication ef-
fects (1).

Test Results

Table 2 and Appendix Table 1 (available at www.annals
.org) describe performance characteristics of puncture skin
tests, intradermal skin tests, and in vitro tests. Table 2
presents studies that exclude the index test from the gold
standard test. Appendix Table 1 (available at www.annals
.org) presents studies that potentially include the index test
in the composite gold standard. As expected, these studies
had considerably more favorable likelihood ratios.

For example, Wood and colleagues (27) evaluated
puncture skin tests in a high-quality study that excluded
the index test from the challenge gold standard. The re-
ported positive and negative likelihood ratios of puncture

www.annals.org
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Table 2—Continued

Patients Were Patients Was the Chief Did All Was the Gold Standard Notes
Seen Symptom Listed Patients Test Interpreted
Consecutively? for Entry into Receive Gold Independent of Index
Study? Standard Test? Test?
n
120 No Yes Yes Yes
181 Yes Yes Yes Yes
69 Yes Yes Yes Yes
69 Yes Yes Yes Yes
181 Yes Yes Yes Yes
58 No Yes Yes Yes
993 No Yes No Yes
58 No Yes Yes Yes
120 No Yes Yes Yes Data apply only to patients with
negative puncture skin test
results (flawed test design)
181 Yes Yes Yes Yes
28 Not stated Yes Yes Yes Studied a very specific sample:
patients with history of
seasonal allergic rhinitis and
negative puncture skin test
results
181 Yes Yes Yes Yes
181 Yes Yes Yes Yes Second-generation test
120 No Yes Yes Yes First- and second-generation
tests
181 Yes Yes Yes Yes Second-generation test
69 Yes Yes Yes Yes First-generation test
181 Yes Yes Yes Yes Second-generation test
69 Yes Yes Yes Yes First-generation test
181 Yes Yes Yes Yes Second-generation test
181 Yes Yes Yes Yes Second-generation test
181 Yes Yes Yes Yes Second-generation test
58 No Yes Yes Yes First-generation test
181 Yes Yes Yes Yes Second-generation test
60 No Yes No Yes First-generation test
100 Yes Yes Yes Yes Second-generation test
8329 No Yes Yes Yes Second-generation test

skin tests were 4.93 and 0.08, respectively. Crobach and
colleagues (34) studied the same allergen and used a com-
posite gold standard that included the index test (puncture
skin test) in the gold standard. The reported positive and
negative likelihood ratios of puncture skin tests were 126.0
and 0.25, respectively (34).

Escudero and colleagues (30) evaluated intradermal
tests in a high-quality study that excluded the index test
from the challenge gold standard. The reported positive
and negative likelihood ratios were 8.80 and 0.05, respec-
tively (30). However, 2 recent studies (27, 32) evaluating
intradermal skin test performance by using a challenge
gold standard reported positive and negative likelihood ra-
tios near 1.0. In these 2 studies, intradermal skin tests were
performed only on the participants with negative results on
puncture skin tests. This practice is understandable since
performing intradermal skin tests on patients with positive
results on puncture skin tests can increase the risk for a
systemic reaction to skin testing (38, 39). However, it is
also a flaw in the study design.

Williams and colleagues (28) evaluated in vitro tests in
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a high-quality study that excluded the index test from the
composite gold standard. The reported positive likelihood
ratio ranged from 6.33 to 80.0, and the negative likelihood
ratio ranged from 0.20 to 0.84, depending on the allergen
tested (28).

Eriksson (20) evaluated the multiallergen in vitro Pha-
diatop test in a high-quality study that excluded the index
test from the composite gold standard. The reported posi-
tive and negative likelihood ratios were 16.00 and 0.04,
respectively.

ALLERGY DIAGNOSTIC TESTS
Skin Tests

In puncture skin tests, a drop of allergen is placed on
the volar surface of the forearm or on the back. About 15
to 25 allergens are tested, depending on the clinical situa-
tion. Allergen, a positive control histamine solution, and
negative control saline solution are introduced into the
epidermis by using a single-point, multipoint, or bifurcated
needle. The use of control solutions detects inadvertent
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Table 3. Causes of False-Positive and False-Negative Skin
Test Results

Causes of false-positive skin test results
Test sites too close together (<2 cm)
Dermatographism
Irritant reaction from testing solution
Contamination of testing solution with another allergen
Injecting >0.05 mL of testing solution (intradermal tests)
Using high-concentration testing solution (intradermal tests)
Causes of false-negative skin test results
Use of antihistamines
Use of tricyclic antidepressants
Use of long-term oral steroid therapy
Use of topical steroids
Insufficient penetration of skin with needle
Low potency of testing extract
Age >50y
Chronic renal insufficiency
Spinal cord injury
Peripheral nerve injury
Testing in the week after anaphylaxis
Subcutaneous injection (intradermal tests)

antihistamine ingestion and dermatographism (6). The al-
lergen reacts with any available specific IgE on the mast
cells, causing them to release histamine, which forms a
wheal and surrounding erythema. The wheal diameter is
measured in 15 to 20 minutes. Several semi-quantitative
scales exist. The current consensus for a positive result is if
a wheal caused by an allergen is at least 3 mm larger than
the wheal caused by saline and is associated with surround-
ing erythema (40).

In intradermal skin tests, allergen (0.01 to 0.02 mL) is
injected intracutaneously with a 26-gauge needle. The di-
ameters of the wheal and flare are measured in 15 to 20
minutes. Intradermal skin tests are not necessary if the
corresponding previous puncture skin test result is positive
(6, 39). Skin testing is safe because the most common
complication is a large local reaction; the risk for moderate
to severe adverse reactions is 0.02% to 0.04% (41, 42).

False-positive skin test results can occur from der-
matographism, placing the skin testing sites too close to-
gether, an excessively large test solution injection volume
in intradermal testing, and irritation caused by the skin test
solution. In addition, the presence of specific IgE in the
patient does not indicate disease because a patient could
possibly be asymptomatically sensitized (6). False-negative
test results can occur from poor skin testing technique and
the recent use of antihistamines, tricyclic antidepressants,
or topical steroids (Table 3) (38). Each patient has his or
her own characteristic skin reactivity, which can affect re-
sults as well (6).

In Vitro Tests

Examples of the first-generation in vitro tests for spe-
cific IgE are the Phadebas RAST (Pharmacia-Upjohn) and
the enzyme-linked allergosorbent test. Specific allergen is
bound covalently onto cyanogen bromide—activated cellu-
lose disks. Human serum is added to the disk, allowing any
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specific IgE to bind to the allergen. This bound, specific
IgE is detected with '*°I or enzyme-labeled antihuman IgE
detection antibody. The resulting radioactive counts per
minute from the '*°I or the residual optical density from
the enzyme colorimetric reaction are proportional to the
amount of specific IgE in the original serum. When the
response is compared with that of standard reference se-
rum, one can calculate the amount of specific IgE and
report the level in arbitrary units or classes (6).

The second-generation in vitro tests improve on the
first-generation in vitro tests and generate higher test sen-
sitivities and specificities. ImmunoCAP (Quest Diagnos-
tics, Teterboro, New Jersey) is a matrix capsule used in the
Pharmacia CAP system (Pharmacia-Upjohn) that contains
high-quality allergen bound to a hydrophilic carrier. This
matrix enhances IgE-binding capacity and lowers nonspe-
cific IgE binding. The Pharmacia CAP system consists of
the particular immunoassay reagents, instrumentation, and
information management software developed for measur-
ing specific and total IgE. Automation using nonradio-
active polyclonal and monoclonal anti-IgE detection anti-
body systems has made these in vitro tests safer and easier
to perform. Calibration systems using the total serum IgE
curve allow the estimation of the quantity of specific IgE in
the serum (6). A value greater than 0.35 kU/L is defined as
a positive result. In vitro test panels that contain dust mite,
animal, mold, and regional pollen allergens are available.

Levels of specific IgE measured by different commer-
cial assays are not equivalent because each commercial as-
say differs in the composition of allergen reagents, methods
of measurement, and standardization procedures (6). A re-
cent study of 6 diagnostic laboratories using 5 different
types of in vitro tests in performing 7800 tests found that
different assays were generally not concordant. The
second-generation Pharmacia CAP system was the excep-
tion, demonstrating similar and precise results from 2 dif-
ferent laboratories (43). Clinicians should determine the
exact type of in vitro test used by the diagnostic laboratory
and request diagnostic performance characteristics (sensi-
tivity, specificity, and type of gold standard) of the in vitro
test used from the diagnostic laboratory.

The Phadiatop test is a multiallergen, second-genera-
tion in vitro test that contains a mixture of several allergens
bound in the matrix to detect whether any of the most
common specific IgE types are present in the serum. It
reports either a positive or negative result for a statistically
significant level of specific IgE but does not detect the
presence of a particular specific IgE type (20). Therefore,
skin testing or in vitro tests are performed afterward to
identify the relevant allergen, if necessary.

False-negative Phadiatop test results can occur if the
patient is sensitized to an allergen that is not present in the
mixture of allergens; however, most allergic patients have
multiple sensitizations. False-positive test results occurred
in the Phadiatop paper-disk system (which was an analogous
first-generation system) because some asymptomatic patients
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had low levels of multple specific IgE types that reacted in

summation with one disk to create a positive result (37).

MAKING DEcISIONS ABOUT TESTING AND EMPIRICAL
TREATMENT

Threshold Model of Decision Making: To Test, Treat
Empirically, or Wait

The threshold model of decision making helps to de-
cide when tests will help and when ecither empirical treat-
ment or watchful waiting is preferred. It uses a patient’s
pretest probability of disease, the accuracy and harms of
the test, and the treatment threshold. The treatment
threshold is a useful concept for linking diagnostic cer-
tainty and the harms and benefits of treatment to a treat-
ment decision. It is the probability of disease above which
to give treatment and below which to withhold treatment.
Probability theory states that the treatment threshold is
harms/(harms + benefits), where the benefits and harms
are those of the treatment (44).

Testing is indicated only if the test result could alter
the decision to treat. Since allergy testing is safe, the harms
of testing are not a factor in the testing decision. Empirical
treatment is indicated if the pretest probability is above the
treatment threshold and a negative test result cannot lower
the probability below the treatment threshold. Watchful
waiting is indicated if the probability is low and a test
cannot increase the probability enough to exceed the treat-
ment threshold.

Synthesizing Recommendations

We have provided information to assist in deciding
among empirical treatment, allergy testing, and watchful
waiting. This information is admittedly imprecise and
based on insufficiently good-quality evidence to support
definitive recommendations. At the same time, clinicians
must make practical decisions with the information avail-
able.

The prevalence of allergic rhinitis among patients pre-
senting with seasonal nasal symptoms is probably more
than 50%, but we cannot provide guidance about making
a precise probability estimate without going beyond the
evidence. The clinician must form his or her own subjec-
tive probability estimate on the basis of the information we
have provided and clinical judgment about a particular
patient. The results of good-quality studies of test perfor-
mance vary widely; we can report that a positive test result
increases the odds for allergic rhinitis by at least 3-fold, but
the likelihood ratios after a negative test result are too vari-
able to make any generalization. The treatment threshold
probability for medication is probably low, on the basis of
high benefit and low harm of treatment. However, a deci-
sion analysis to determine this treatment threshold or anal-
yses for more complex allergy treatments have not been
performed.

Because of these uncertainties, we are reluctant to
make any firm recommendations about when to test. In-
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Figure. The effect of prevalence on the predictive values of
diagnostic tests using diagnostic test performance data.

Post-Test Probability of Disease

Pretest Probability of Disease

—@— Positive results from Phadiatop test
—— Positive results from in vitro test

—A— Positive results from puncture skin test
--O-- Negative results from Phadiatop test
--(J-- Negative results from in vitro test
--A-- Negative results from puncture skin test

To use this graph, estimate the pretest probability of allergic rhinitis and
decide whether that probability justifies empirical treatment. Then, note
the post-test probabilities corresponding to the pretest probability after
positive and negative test results (vertical axis). If both probabilities jus-
tify the same action, testing will not change the decision about treatment
and a choice (empirical treatment or watchful waiting) based on the
pretest probability alone should be made. Data from Wood and col-
leagues (27) and Eriksson (20), with permission.

stead, we have graphed the post-test probability for 3 types
of tests to help the practitioner interpret tests and perhaps
when to perform testing in a specific patient (Figure). To
make the calculations, we used high-quality studies of test
performance; however, we caution against assuming that
the post-test probabilities are typical of results in actual
practice.

Effect of Testing on Treatment Decisions: Three
Examples

Allergy tests are most useful in making a diagnosis in
patients with a low pretest probability of allergic rhinitis
because the positive likelihood ratios are consistently high
(Table 2). These tests have the largest effect on disease
probability when the pretest probability is low to interme-
diate (15% to 55%) (Figure and Appendix Table 2 [avail-
able at www.annals.org]). Since the negative likelihood ra-
tios are inconsistent but seldom below 0.3, we are not
confident that negative test results lower the probability of
allergic rhinitis past the treatment threshold in patients
with intermediate to high pretest probabilities. Therefore,
these tests will make the biggest difference in diagnostic
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Table 4. Treatment Approach in Adolescents and Adults*

Initial Treatment
Options

Management Based on Classification

Oral antihistamine
Nasal antihistamine
Decongestant

Oral antihistamine
Nasal antihistamine
Decongestant
Nasal steroid

Nasal cromolyn
Oral antihistamine
Nasal antihistamine
Decongestant
Nasal steroid

Nasal cromolyn
Nasal steroid

Mild intermittent rhinitis

Moderate to severe intermittent rhinitis

Mild persistent rhinitis

Moderate to severe persistent rhinitis

Treatment Options on Follow-up Visit (2-4 wk) Consider
Immunotherapy?
No
Yes
If improved, continue for 1 mo; if no response, add a Yes
medication
If improved, step down therapy and continue Yes

treatment for 1 mo; if no response, evaluate for
infection, review diagnosis, assess adherence,
and consider:

Increasing nasal steroid dose

Adding antihistamine for itching and sneezing

Adding nasal ipratropium for rhinorrhea

Adding decongestant or short-term oral steroid for
congestion

If congestion still persists, consider a surgical referral

* Adapted from Bousquet and colleagues (1).

thinking when the level of diagnostic suspicion is relatively
low and a positive test result could influence a decision to
treat.

Empirical Medication

In the case of medication, nonsedating antihistamines
and nasal steroids are relatively free of side effects, signifi-
cantly reduce symptoms, and are reasonably inexpensive
(2, 45, 46). Therefore, benefits substantially exceed harms
and the treatment threshold for medication should be rel-
atively low (probably lower than 25%). The presence of
triggers or a pertinent personal or family history of allergy
(Table 1) can increase the pretest probability of allergic
rhinitis, exceeding the treatment threshold by so much that
a negative test result would not lower the probability
enough to change the treatment decision. In this instance,

Table 5. Effects of Medication Treatment on Treatment*

empirical treatment is indicated. Since the baseline preva-
lence of allergic rhinitis among patients with nasal symp-
toms is 30% to 60%, most patients with triggers or a
personal or family history would qualify for empirical med-
ication.

Evidence-based guidelines developed in collaboration
with the World Health Organization can assist the clini-
cian in selecting appropriate medications (Tables 4 and 5)
(1). The first step is to classify the allergic rhinitis on the
basis of the severity of illness and frequency of symptoms.
Moderate to severe allergic rhinitis affects sleep and activ-
ities of daily living. Persistent allergic rhinitis lasts for more
than 4 days per week and more than 4 weeks per year
(Table 6).

Oral, nonsedating antihistamines or nasal antihista-
mine sprays, which are effective for sneezing, rhinor-

Medication

Sneezing Rhinorrhea
Antihistamine, oral ++ ++
Antihistamine, nasal ++ ++
Antihistamine, ocular 0 0
Nasal steroids +++ +++
Cromolyn, nasal + +
Cromolyn, ocular 0 0
Decongestants, oral 0 0
Decongestants, nasalt 0 0
Anticholinergics, nasal 0 ++
Antileukotrienes 0 +

Symptoms
Nasal Congestion Nasal Itch Eye Symptoms
+ +++ ++
+ ++ 0
0 0 +++
+++ ++ ++
+ + 0
0 0 ++
+ 0 0
+++ 0 0
0 0 0
++ 0 ++

* Adapted from Bousquet and colleagues (1) and van Cauwenberge and colleagues (47), with permission. Note: Consult package insert for cautions and contraindications.
0 = not effective for symptoms; + = mildly effective for symptoms; ++ = moderately effective for symptoms; +++ and ++++ = very effective for symptoms.

1 Do not use > 3-5 d.
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rhea, itch, and eye symptoms, are recommended for mild
intermittent allergic rhinitis. Nasal steroids are effective for
all symptoms, including congestion, and are useful for
moderate to severe intermittent allergic rhinitis or mild
persistent allergic rhinitis. Nasal steroids are first-line treat-
ment for moderate to severe persistent allergic rhinitis. A
2- to 4-week trial suffices to decide whether treatment is
working.

Allergen Avoidance and Specific Inmunotherapy: When Testing
Guides Treatment

For patients who do not respond to medication, treat-
ment can incorporate allergen avoidance and specific im-
munotherapy. In this setting, the results of allergy testing
inform the patient on what to avoid and inform the clini-
cian on what allergens to include in a patient’s specific
immunotherapy formula. The purpose of allergy testing is
no longer to diagnose but to inform about highly specific
treatment.

Since patients often misidentify what they are allergic
to, the results of allergy tests inform patients on what to
avoid (19-22, 48). Dust mite avoidance measures include
washing bed linens in hot water (130 °F); regular vacuum-
ing; and encasing the pillows, mattress, and box springs
with mite-proof casings. Removing upholstered furniture,
wall-to-wall carpeting, chenille spreads, and stuffed toys
from the bedroom may achieve more control (2). Other
allergen-avoidance measures include removing pets from
the bedroom (preferably removing them from the house
altogether) and regularly cleaning areas of the home that
promote mold growth, such as shower stalls, basements,
and windowsills (49). If symptoms persist after these avoid-
ance measures are used, specific immunotherapy may be
considered.

Specific immunotherapy consists of subcutaneous in-
jections of allergen for at least 3 to 5 years that gradually
enable the patient to tolerate exposure to the allergen and
potentially reduce the long-term use of medications. For
severe intermittent (seasonal) allergic rhinitis that is resis-
tant to medications, specific immunotherapy statistically
significantly reduces symptoms during treatment and for
up to 6 years after discontinuing immunotherapy (50-52).

Puncture Skin Tests or Second-Generation in Vitro Tests

The traditional role of in vitro tests has been for pa-
tients who cannot omit medications that interfere with
skin tests; who have extensive skin disease or dermatogra-
phism; or who have relative contraindications to skin test-
ing, such as pregnancy, unstable asthma, or use of B-block-
ers (39, 53). Our results show that puncture skin tests;
intradermal skin tests; and well-performed second-genera-
tion in vitro tests, such as the Pharmacia CAP or UniCAP
systems (Pharmacia-Upjohn), have similar diagnostic per-
formance. Clinicians may prefer using skin tests to deter-
mine the components of a patient’s immunotherapy for-
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Table 6. Classification of Allergic Rhinitis from the Allergic
Rhinitis and Its Impact on Asthma and World Health
Organization Guidelines*

Classification Symptoms

Intermittent <4 d/wk or <4 wk

Mild Normal sleep and no impairment of daily activities,
sport, or leisure; normal function at work or
school; and no troublesome symptoms

4 d/wk and >4 wk

One or more:
Abnormal sleep
Impaired daily activities, sport, or leisure
Abnormal function at work or school
Troublesome symptoms

Persistent
Moderate to severe

* Data from Bousquet and colleagues (1), with permission.

mula since most clinical trials documenting efficacy of
immunotherapy used skin tests to determine a patient’s
allergic status; fewer data on the efficacy of specific immu-
notherapy based on in vitro test results are available (54,
55). However, current practice parameters published by
the American Academy of Allergy, Asthma, & Immunol-
ogy and the American College of Allergy, Asthma & Im-
munology support the use of either skin tests or well-per-
formed in vitro tests to determine the individual
components of a patient’s specific immunotherapy (55).

In patients with a very low pretest probability, clini-
cians may prefer to use the Phadiatop test to rule out al-
lergy because it is a single test with a negative likelihood
ratio of 0.04 (20). However, if a history of a trigger, per-
tinent personal history, or a positive family history is elic-
ited, skin tests or specific in vitro tests are better initial
choices because these test results inform patients about
their specific allergies.

LIMITATIONS

One limitation in studies reporting sensitivities and
specificities is the use of different gold standard tests. Stud-
ies using gold standard tests that use only history findings
and physical examination generate sensitivities and speci-
ficities that are lower than those of studies that incorporate
specific IgE testing in their gold standards. The gold stan-
dard using a composite of the history, examination, and
specific IgE testing was the most commonly used, but the
methods of combining results varied widely.

Another limitation is that most studies draw from a
sample of patients referred to an allergy specialist. This
referred sample probably has a higher pretest probability of
allergic rhinitis than that of patients presenting to the pri-
mary provider with nasal symptoms. This affects the gen-
eralizability of the results.

A third limitation is that definitions of positive results
of skin tests and in vitro tests vary in the literature. For
example, many skin test studies compare the diameters of
the wheals generated by allergens with the diameter of the
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wheal generated by the histamine control solution to clas-
sify test results as positive.

These limitations generate variability in reported sen-
sitivities and speciﬁcities. However, it may not be necessary
to have absolutely precise estimates of allergy test diagnos-
tic performance because allergic rhinitis is a nonfatal dis-
ease with safe and effective treatments. However, relatively
unbiased test performance characteristics can help to iden-
tify the circumstances in which testing should affect man-
agement.

RECOMMENDATIONS

The prevalence of allergic rhinitis in patients present-
ing to their primary care provider with nasal symptoms is
estimated to be 30% to 60%. The disease probability is
clinically significantly increased if the patient has animal or
pollen triggers, a history of allergy, or a family history of
allergy. For most patients, the pretest probability of allergic
rhinitis is well above the treatment threshold since allergy
medication is relatively safe and effective.

Diagnostic allergy testing is indicated if the test result
could alter the decision to treat. These tests have consis-
tently high likelihood ratios when test results are positive
and relatively high likelihood ratios when test results are
negative. Therefore, testing will greatly affect diagnostic
thinking when the suspicion is relatively low and will not
particularly help when suspicion is high. We believe this
reasoning justifies empirical medication as an initial step
for patients with a convincing history of allergy.

When patients do not respond to medication and
treatment must be increased to incorporate allergen avoid-
ance and specific immunotherapy, it is important to know
what the patient is allergic to. In this setting, allergy testing
guides treatment.

The diagnostic performance of well-done, second-gen-
eration in vitro tests is similar to that of skin tests, provided
that clinicians are aware of the exact type of in vitro test
used by the laboratory. Clinicians may prefer using skin
tests to determine what components to include in a pa-
tient’s specific immunotherapy formula or may prefer us-
ing the Phadiatop test to evaluate patients with a very low
pretest probability because it is a single test.
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Appendix Table 1. Accuracy of Puncture Skin Tests and In Vitro Tests for the Diagnosis of Allergic Rhinitis Reported in Studies That
Potentially Included the Index Test in the Gold Standard

Test Allergen Positive Negative Sensitivity Specificity Gold
Likelihood Likelihood Standard
Ratio Ratio
%

Puncture skin test Cat 126.0 0.25 75.6 99.4 Composite
Tree 64.1 0.17 83.3 98.7 Composite
Grass 52.9 0.05 95.3 98.2 Composite
55.56 0.00 100 98.2 Composite
Weed 47.0 0.58 423 99.1 Composite
Mold 250 0.25 75.0 99.7 Composite
— — 100 100 Composite
Mite 48.6 0.03 97.1 98.0 Composite
26.83 0.06 93.9 96.5 Composite
In vitro test Cat 292.7 0.12 87.8 99.7 Composite
Tree 305.0 0.09 91.5 99.7 Composite
Grass 232.25 0.07 92.9 99.6 Composite
— — 100 100 Composite
Weed 66.67 0 100 98.5 Composite
Mold 109.4 0.13 87.5 99.2 Composite
— — 100 100 Composite
Mite — 0.07 93.1 100 Composite
— — 100 100 Composite
Phadiatop test* Multiallergen — — 100 100 Composite
7.65 0.01 98.7 87.1 Composite

* Pharmacia-Upjohn, Uppsala, Sweden.
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Appendix Table 1—Continued

Reference

34
34
34
35
34
34
35
34
35
34
34
34
35
34
34
35
34
35
36
37

Patients,

n

365
365
365
106
365
365
106
365
106
365
365
365
106
365
365
106
365
106
181
600

Were Patients

Seen

Consecutively?

Yes
Yes
Yes
Not stated
Yes
Yes
Not stated
Yes
Not stated
Yes
Yes
Yes
Not stated
Yes
Yes
Not stated
Yes
Not stated
Yes
No

Was the Chief
Symptom Listed for
Entry into Study?

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No

Did All
Patients
Receive Gold
Standard Test?

Was the Gold Standard
Test Interpreted
Independent of Index
Test?

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Notes

Second-generation test
Second-generation test
Second-generation test
Second-generation test
Second-generation test
Second-generation test
Second-generation test
Second-generation test
Second-generation test
Second-generation test
Second-generation test

Appendix Table 2. Allergic Rhinitis Probability after Puncture Skin Tests and in Vitro Tests Using Diagnostic Test Performance Data*

Pretest Post-Test Probability

Probability
If If Probability Probability  If in Vitro If in Vitro Test  Probability Probability If Phadiatop  If Phadiatop  Probability ~ Probability
Puncture  Puncture  Shift if Skin Shift if Skin  Test Result Result Is Shift if in Vitro ~ Shift if in°  Test Result Test Result  Shift if Shift if
Skin Test  Skin Test Test Result Test Result  Is Positive =~ Negative Test Result Is Vitro Test  Is Positive Is Negative ~ Phadiatop ~ Phadiatop
ResultIs  Resultls Is Positive Is Negative Positive Result Is Test Result  Test
Positive Negative Negative Is Positive  Result Is

Negative
%
5 20.6 0.4 15.6 4.6 33.0 0.7 28.0 4.3 45.7 0.2 40.7 4.8

10 35.4 0.9 25.4 9.1 51.0 15 41.0 8.5 64.0 0.5 54.0 9.5

15 46.5 1.4 315 13.6 62.3 24 47.3 12.6 73.8 0.7 58.8 143

20 55.2 19 35.2 18.1 701 3.4 50.1 16.6 80.0 1.1 60.0 18.9

25 62.2 26 37.2 22.4 75.8 45 50.8 20.5 84.2 1.4 59.2 23.6

30 67.9 3.3 37.9 26.7 80.1 5.7 50.1 243 87.3 1.8 57.3 28.2

35 72.6 4.1 37.6 30.9 83.5 7.1 485 27.9 89.6 22 54.6 328

40 76.7 5.0 36.7 35.0 86.2 8.6 46.2 31.4 91.4 2.8 51.4 37.2

45 80.1 6.1 35.1 389 88.5 10.4 435 34.6 92.9 3.4 47.9 416

50 83.1 7.3 33.1 42.7 90.4 12.4 40.4 376 941 4.1 441 45.9

55 85.8 8.8 30.8 46.2 92.0 14.7 37.0 403 95.1 4.9 40.1 50.1

60 88.1 10.6 28.1 49.4 93.4 17.5 334 425 96.0 6.0 36.0 54.0

65 90.1 12.8 25.1 52.2 94.6 20.8 29.6 442 96.7 7.3 31.7 57.7

70 92.0 15.6 22.0 54.4 95.6 24.8 25.6 452 97.4 9.0 27.4 61.0

75 93.7 19.2 18.7 55.8 96.6 29.7 21.6 453 98.0 113 23.0 63.7

80 95.2 24.0 15.2 56.0 97.4 36.1 17.4 43.9 98.5 14.5 18.5 65.5

85 96.5 30.9 115 54.1 98.2 44.4 13.2 40.6 98.9 19.4 13.9 65.6

90 97.8 41.6 7.8 48.4 98.8 55.9 8.8 34.1 99.3 27.7 9.3 62.3

95 98.9 60.0 39 35.0 99.4 72.8 4.4 22.2 99.7 44.7 47 50.3

* Data on puncture skin tests and in vitro tests from Wood and colleagues (27), and data on Phadiatop test (Pharmacia-Upjohn, Uppsala, Sweden) from Eriksson (20), with
permission. These studies were selected because the index test was not used in the gold standard test.

www.annals.org

Annals of Internal Medicine [ Volume ¢ Number

E-291



