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KEY POINTS

� Allergic diseases are commonly seen in the primary care office setting; indiscriminate bat-
tery of allergic testing is not routinely recommended without presence of clinical
symptoms.

� Symptomatic patients can undergo allergen specific immunoglobulin E (IgE) testing to
help guide allergen avoidance.

� Skin testing can be performed by percutaneous or intradermal route.

� Serum total IgE level measurement is not very helpful, but assays for specific IgE anti-
bodies can be considered in appropriate situations.

� In cases of persistent or chronic allergic rhinitis and allergic asthma, specific allergic
testing may be helpful.
INTRODUCTION

Allergic diseases are commonly seen in the primary care setting. More than 50 million
Americans suffer from allergic rhinitis. Asthma affects about 20 to 30 million Ameri-
cans, which in many instances has an allergic component to it.1 Allergic skin condi-
tions are also prevalent. Primary care physicians need to be comfortable assessing
and managing patients with these disorders. Knowledge and appropriate use of al-
lergy testing is an important component of allergic disorder management. Allergy
testing can assist in the possible identification of the individual allergen that is involved
in the allergic reaction, which in the long run can help to decrease the morbidity and
mortality for patients. Box 1 summarizes the indications of allergy testing. This article
focuses on the common tests used in allergy testing.

SKIN PRICK TESTING

The skin prick method is the best initial means for testing individuals who have poten-
tial allergies. The procedure involves cleaning the skin with a 70% alcohol solution.
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Box 1

Indications for allergy testing

� Perennial or seasonal rhinitis

� Rhinosinusitis

� Rhinoconjunctivitis

� Rhinitis with otitis media

� Suspected food allergy

� Suspected drug allergy

� Suspected insect bite or sting

� Persistent asthma
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After that, a concentration of 1 to 10 or 1 to 20 g/L of the allergen is placed on the skin.
It is important to ensure that the correct concentration of allergen, as stated in the
package insert, is used. It is also important to make sure that each drop has only 1
allergen when attempting to identify an allergy to a specific substance. In certain cir-
cumstances, it is acceptable to use multiple allergens (eg, multiple forms of tree
pollen).
When performing the test, the drops should be placed at least 2 centimeters apart.

Placing the drops closer to each other increases the potential for cross-contamination
of the allergens resulting in potential false-positive or false-negative reading of the
test. After the drops are placed, a commercial device is used to prick the skin causing
the drops of allergen to go underneath the outer layer of the skin. The older method of
“scratching” the skin with a needle or other device is rarely used now because it
carries a greater risk for systemic reactions, and is more likely to lead to scars or other
damage to the skin.2

Appropriate controls are important. The test should include both a positive and a
negative control to verify that the patient’s skin responds appropriately. The positive
control is generally a 10 g/L concentration of histamine dichloride. The negative con-
trol is generally the identical concentration of glycerinated saline.
A positive test results is a raised wheal on the skin with surrounding erythema. The

histamine control normally produces a wheal of at least 3 mm in diameter. If the pos-
itive control does not provide a wheal with a 3 mm diameter, it is possible to simply
count any wheal 3 mm or greater as a positive.3 The wheal of a positive test must
be of at least the same size or larger than the histamine control.
The measurements for the size occur at 10 minutes for the control, and 15 to 20 mi-

nutes for the allergens themselves. A more precise measurement can be done by
measuring the fattest and thinnest part of the wheal, and then expressing this as an
average.4 Sometimes, using ink and putting the size of the wheals on a piece of paper
is helpful for the purposes of keeping records.

CONTRAINDICATIONS

Overall, allergy skin prick testing is a safe procedure. Rarely, it can cause systemic re-
actions, such as anaphylaxis. It is important to make sure that individuals are not at a
risk for anaphylaxis. Individuals with a high risk for anaphylaxis include those who have
uncontrolled asthma and those who have reduced lung function.
Individuals who have experienced anaphylaxis within the previous 30 days are

not good candidates for skin prick tests because the tests results may have a
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false-negative result. Prior anaphylactic shock causes the skin to be unreactive, a
condition that lasts approximately 2 to 4 weeks. If the skin test results in a positive
test, the results are still accurate and useful for the purposes of diagnosis of an
allergy.
If the individual has had anaphylaxis within the past month, it is still possible to

perform in vitro testing. This alternative does not have a risk of having false negatives
because the free immunoglobulins are generally less affected by recent anaphylaxis.
Individuals with certain skin conditions should not have skin prick tests because

these conditions make it more likely to have false positive results. Some of these con-
ditions include dermographism, urticaria (whether acute or chronic), cutaneous mas-
tocytosis, and atopic dermatitis. For individuals who have atopic dermatitis, it is
possible to successfully perform the skin test on areas of the skin that are not affected
by the condition.
Other reasons not to perform skin tests (relative contraindications) include active

angina and cardiac arrhythmias, older adults who are in poor health, and women
who are pregnant. These groups are not necessarily at any greater risk for anaphy-
laxis, but are much more susceptible to the adverse effects of its treatment. Thus, it
is not recommended to perform allergy skin tests on those individuals. Box 2 outlines
some contraindications and caution for skin prick testing.

FACTORS THAT AFFECT RESULTS

Beyond the factors that affect whether or not an individual should undergo the allergy
testing procedure, there are also a number of factors that affect the actual results of
the test. General factors that affect the accuracy of results include the source of the
allergen, or the types of skin test devices that the testing individual decides to
use.5–8 For example, contaminants in the allergens may cause false-positive test re-
sults. The purity and quality of the sample may not be high enough to cause a positive
test result. Thus, these factors need to be considered when analyzing/interpreting test
results.

FACTORS THAT AFFECT RESULTS: MEDICATIONS

Individuals undergoing allergy testing should stop taking certain medications. Certain
medications are considered perfectly safe and have no effect on allergy testing. The
Box 2

Contraindications for skin prick testing

� Individuals at high risk for anaphylaxis
� History of severe allergic reaction to small amounts of allergen
� Poorly controlled asthma and reduced lung function

� Anaphylaxis within the last 30 days

� Certain skin condition
� Dermographism
� Urticaria
� Cutaneous mastocytosis

� Relative contraindications
� Significant cardiovascular disease
� Frail elderly adults
� Pregnancy
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medications that do not impair skin test results include: leukotriene receptor agonists,
many decongestants, beta agonists, inhaled or intranasal glucocorticoids, oral
theophylline and cyclosporine.9–15

Among the most common medications that people should stop taking before an
allergy test include all types of antihistamine medications. This is because antihista-
mines are designed to help decrease the allergic response and can cause the individ-
ual to have a false-negative test. All types of antihistamines should be discontinued
including eye drops, nasal sprays, and oral medications. Stopping all antihistamines
1 week or more before administering the skin prick test should be sufficient to prevent
any interference.16–18

When individuals have certain types of conditions that require the use of glucocor-
ticoids, it is important to make sure that the testing occurs on parts of the skin that has
not been treated with those topical agents.19–21 In addition, certain types of antiimmu-
noglobulin treatments for asthma, including omalizumab, can decrease skin reactivity
for up to 6months, and it may be better to discontinue the use of thesemedications for
6 months before performing the skin prick test.22,23 H2 receptor blockers are other
medications that people should discontinue 48 hours before administering a skin
test.24

Another class of medications that can have an effect on skin reactivity are tricyclic
antidepressants, which may interfere with skin reactivity for up to 2 weeks.25 Antide-
pressants may be difficult to discontinue for that period of time, so noting that individ-
uals are on the medications when performing the skin test is important. If the skin test
either has a weak result or has a negative result, it may be better to perform an in vitro
allergy test versus a skin prick test. Physicians should remember that selective sero-
tonin reuptake inhibitors do not affect skin testing, and using these medications as an
alternative may be a reasonable.
The data on topical calcineurin inhibitors show mixed results, but a lot of studies

suggest that discontinuing the use of these medications 1 week before performing
the skin prick test should be fine. In general, whenever there are medications that
may interfere with the results of a skin prick test (Box 3), it is possible to perform
in vitro testing.
Box 3

Medications affecting skin prick testing results

� H1a antihistamines – stop 1 week before testing

� Antihistamine nasal sprays – stop 3 days before testing

� Antihistamine eye drops – stop 3 days before testing

� Antihistamines used for nonallergic states (ie, promethazine, prochlorperazine) – stop
2 weeks before testing

� Medications used for vertigo/motion sickness or insomnia (ie, meclizine, doxylamine) – stop
2 weeks before testing

� H2 receptor blockers – stop at least 48 hours before testing

� Topical corticosteroids – testing should be performed on skin that has not been treated

� Tricyclic antidepressants – may need to stop 2 weeks before testing

� Calcineurin inhibitors – stop at least 1 week before testing

� Omalizumab – may need to 6 months before testing
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RISKS

For the most part, skin prick testing results in a localized reaction and is a safe proce-
dure that has little to no risk of complications. However, some individuals may have
systemic reactions, such as breathing issues. For this reason, the recommendation
is to have emergency equipment available, including epinephrine, to handle these
possible systemic reactions.
Certain food allergens or latex may present a much higher risk of having systemic

reactions as compared with other allergens. Intradermal testing (rather than skin prick
testing) is more likely to result in systemic reactions; however, the risk remains low.
Thus, skin prick testing is a much better alternative to intradermal testing. It is advis-
able to test with skin prick testing before testing with intradermal testing to minimize
the chance of anaphylaxis or undesirable outcomes.
A prospective study by Bagg and colleagues26 involving about 1500 participants

reported the overall rate of systemic reactions secondary to skin tests to be 3.6%,
none of which were severe. Aeroallergens were responsible for the greatest number
of systemic reactions, mostly from intradermal testing rather than simple skin prick
testing. Anaphylaxis was present in a very small percentage of individuals who under-
went prick or puncture testing, although all of these individuals had a history of
asthma. Other risk factors for severe reactions include children less than 1 year of
age and children who have active eczema. Additionally, children who had asthma
were more likely to experience anaphylaxis as compared with children who did not
have asthma.27,28

Anaphylaxis in adults who have asthma is also exceedingly rare. Generally, with
proper preparation it is highly unlikely that anaphylaxis will result in death.29

SKIN PRICK: INTERPRETATION OF RESULTS

A positive result of a skin prick test only demonstrates that there is an immunoglobulin
(Ig)E-specific antibody present, but it does not necessarily mean that the individual will
have symptoms when exposed to that particular allergen. It is important to ensure that
the clinical history coincides with the result. If an individual has no clinical history and a
positive result, then this could be indicative of subclinical sensitization or it could be a
false-positive result. Individuals who are sensitized subclinically can develop symp-
toms at any point in time.
By contrast, a negative result is much more informative. A negative result means

that the individual does not have an immunoglobulin for a particular allergen, which
effectively means that the individual will not display symptoms when they are exposed
to the particular allergen.30

Table 1 shows the grading scale from 0 to 4 that can be used for assisting in the
interpretation of skin prick test results; however, a higher grade does not always indi-
cate worse clinical symptoms.

INTRADERMAL TEST

Owing to the issues with the accuracy of the skin prick testing, an alternative is to
perform an intradermal test. These tests carry a much greater risk of systemic reac-
tions, including anaphylactic shock; however, the risk remains low.31 Intradermal
testing is more sensitive, and detects immune responses to allergens with much
greater accuracy. However, false-positive results are also much more common, which
means that these tests are much less valuable to individuals who present without any
clinical symptoms.



Table 1
Interpretation of skin prick test results

Grade Wheal

0 � Negative control

1 1 mm > control

2 2–4 mm > control

3 5 mm > control

4 Wheal with pseudopods

Adapted from Bush RK. Diagnostic tests in allergy. In: Slavin RG, Reisman RE, editors. Expert guide
to allergy and immunology. Philadelphia: American College of Physicians; 1999. p. 8.
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The technique for administering the test is the exact same as a tuberculin skin test.
Thus, a needle is used to inject of 0.02 to 0.05 mL of a 1:500 to 1:1000 weight per vol-
ume allergen extract into the skin.32 It is not necessary to have a positive control if the
skin prick test has already shown sensitivity to histamine. If this is not present, how-
ever, it may be necessary to inject histamine to demonstrate the same response as
the positive control.
Intradermal testing is performed generally after a negative skin prick test.33–35 This

minimizes the risk of an individual experiencing any systemic reactions. The only
exception to this is allergies related to insect venom. Venom allergies are more likely
to cause death so intradermal tests are preferred, because they are more sensi-
tive.36,37 Further, it is not advisable to use intradermal skin prick tests for food aller-
gens because higher rates of systemic reactions that have been reported.
The high risk of anaphylaxis as well as the sensitivity of the test means that it is

possible to use more dilute concentrations when performing this test. A lower concen-
tration not only decreases the likelihood of systemic reactions, it also decreases the
likelihood of a false-positive response.1 A positive response is defined as either a
wheal that is at least 5 mm in diameter; however, a survey done in 2008 showed
that 85% of American board-certified allergists were defining at positive result as
any wheal 3 mm or greater in diameter than the negative control wheal. In addition,
the 2008 practice parameter of the American Academy of Allergy, Asthma and Immu-
nology states that “Any reaction larger than the negative control may indicate the pres-
ence of specific IgE antibody.” Table 2 shows the grading scale used for interpretation
of intradermal test results.38
Table 2
Interpretation of intradermal test results

Grade Wheal (mm) Erythema (mm)

0 <5 <5

� 5–10 5–10

1 5–10 11–20

2 5–10 21–30

3 5–10 or with pseudopods 31–40

4 >15 or with many pseudopods >40

Adapted from Bush RK. Diagnostic tests in allergy. In: Slavin RG, Reisman RE, editors. Expert guide
to allergy and immunology. Philadelphia: American College of Physicians; 1999. p. 8.
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False-positive results are more common with intradermal testing, especially for
inhalant allergens. Intracutaneous bleeding caused by needle trauma during the
administration of the test can be interpreted falsely as a positive result.

IN VITRO TESTING

There are several other possible ways of testing for allergies. One of these ways is
testing in vitro for specific IgE antibodies in the blood, such as the radioallergosorbent
test and the enzyme-linked immunosorbent assay. This is generally an acceptable way
of testing for allergies when an individual cannot undergo intradermal testing or skin
prick testing, owing to contraindications or not being able to stop medications. The
sensitivity (60%–95%) and specificity (30%–95%) for these tests are much broader
than the skin prick tests.38,39

This test detects the presence of allergen-specific IgE antibodies in the blood-
stream. The presence of these antibodies is sufficient to predict that a person will
have an allergic reaction when exposed to the allergen. However, even if there is a
high level of antibodies in the blood, this does not always correlate with severity of
the allergic response, if any.
The results of the in vitro testing are classified into multiple classes (Table 3) to help

increase the predictive value of the test. The higher the allergen class in Table 3, the
greater the level of allergen-specific IgE antibody present. These categories are helpful
in predicting whether or not an individual will display symptoms. Asymptomatic sensi-
tization can be seen in some individuals having less than class III and levels greater
than or equal to class III are more consistently related to symptoms upon expo-
sure.40–42 Therefore, the clinical history of the individual, the level of positivity in the
result, and the allergen in question, influence the clinical relevance of the results.
Highly positive results (class VI result) and a history of typical allergic symptoms

indicate an allergic reaction to that particular allergen. When there is a slightly positive
result (class I result), and no past history of symptoms, this generally requires addi-
tional testing. A negative test in the presence of symptoms does not rule out an allergy,
and it may be best to perform a skin prick test. In cases where individuals have expe-
rienced some symptoms, and the potential allergy is life threatening, in vitro testing
may be helpful to confirm a negative skin test.37

PATCH TESTING

Patch testing is a very specific form of testing used to determine if an individual has
suspected allergic contact dermatitis. The general theory behind patch testing is
that individuals who are sensitized to a particular antigen will be able to produce an
allergic reaction even when a low concentration of the antigen is placed on normal
Table 3
Phadia Immunoglobulin E immunoassay classes

Class (By Phadia) Concentration (kIU/L) Interpretation

0 <0.35 Levels less than class III is generally associated with
asymptomatic sensitization. Levels � class III are
more consistently related to symptoms upon
exposure. The clinical history of the individual,
the level of positivity in the result, and the
allergen in question, influence the clinical
relevance of the results.

1 0.35–0.7
2 0.7–3.5
3 3.5–17.5
4 17.5–50
5 50–100
6 >100
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skin. Patch testing is useful in individuals who have dermatitis for unknown reasons,
individuals who work in a field that have high occurrences of dermatitis, and/or wors-
ening of a previous stable dermatitis.43

To perform the patch test, a physician places a test allergen on the upper back for
2 days (48 hours). After patch removal, the skin is analyzed to determine whether or
not there has been an allergic reaction. This initial reading occurs 15 to 60 minutes
after taking off the patch, so that the transient erythema caused by patch placement
can resolve. It is important to perform a second read; read the patch over the
course of days, so that one can distinguish between irritant reactions (reactions
that fade) versus true allergic reactions (reactions that persist) versus delayed
allergic reactions (reactions that do not appear at the time of patch removal;
Table 4).42 Certain reactions fade quickly, like those related to fragrances. Allergies
to nickel and corticosteroids occur over the course of days, and having an addi-
tional reading after 6 to seven days ensures that these allergies are not missed. Per-
forming the readings at the appropriate intervals helps minimize the risk of false
negatives. Day 4 readings seem to be associated with a low number of false-
negative reactions.44

If a patch test is negative, despite suggestive clinical history of acute contact
dermatitis, then a repeated open application test or usage test can be performed.43

The repeated open application test is performed by applying 0.1 mL of the allergen
in question to an area of skin twice daily for up to 28 days or until an eczematous
skin reaction develops.43,45,46 The usage test is performed by having the individual
use the allergen in question in his or her everyday real-world conditions. This test tries
to reproduce all the factors (ie, sweating, friction, etc) associated with the original
dermatitis. The 1 drawback of this test is that it may fail to differentiate irritant from
allergic dermatitis.43
SUMMARY

A number of tests are available to help physicians in the diagnosis of allergic disease.
These tests work by detecting specific IgE antibodies. Skin prick testing is rapid,
sensitive, and cost effective. Intradermal testing is generally used in individuals
who have had a negative skin prick test when clinical history suggests an allergic re-
action. It is preferred as first line in insect venom allergies. In vitro testing should be
used in individuals who cannot undergo skin prick testing, or if skin prick testing is
unavailable. Patch testing is useful in individuals with allergic contact dermatitis. Per-
forming these tests will allow physicians to help identify the specific allergen involved
in an individual’s allergic disease. From here, the next steps can be taken in helping
patients manage their allergic conditions. Table 5 summarizes commonly used al-
lergy tests.
Table 4
Interpretation of patch test results

Reaction Severity Result Interpretation

� No skin changes – negative reaction

? or 1/� Mild erythema – questionable reaction

1 Erythema, slight infiltration – mild reaction

11 Erythema, infiltration and vesicles – strong reaction

111 Bullous, ulcerative lesions – extreme reaction



Table 5
Summary of commonly used allergy tests

Types of
Skin Testing Indications Contraindications Risks Key Points

Skin prick
testing

Perennial or seasonal rhinitis
Rhinosinusitis
Rhinoconjunctivitis
Rhinitis with otitis media
Suspected food allergy
Suspected drug allergy
Suspected insect venom allergy
Persistent asthma

Individuals at high risk for anaphylaxis
Anaphylaxis within the last 30 d
Individuals with dermographism,

urticarial or cutaneous mastocytosis

Low risk for systemic
reactions

Rapid
Sensitive
Cost effective

Intradermal
testing

Same as skin prick testing;
however, should generally
only be done after a negative
skin prick test

Same as skin prick testing Higher rates of systemic
reactions; however,
this is still very low

Preferred as first line for insect venom
allergies

Generally performed after a negative
skin prick test, if suspicion still high

More reproducible and more sensitive

In vitro
testing

Used in individuals who cannot
undergo skin prick or
intradermal testing, owing to
contraindications or not
being able to stop medications

None No risk of systemic
reactions

Not affected by the medications
patient is taking

Not affected by skin disease or reliant
on skin integrity

Wide sensitivity (60%–95%) and
specificity (30%–95%)

Patch
testing

Used to identify specific allergens
in allergic contact dermatitis

Individuals with eczematous
dermatitis or chronic dermatitis

Do not place patch on nonintact skin
or skin with a dermatitis

An irritant or allergic
skin reaction may occur
at the site of patch
testing, including a
rash and a burnlike
reaction

Low risk for anaphylaxis

Performing a second read is
important, so that one can
distinguish between irritant
reactions vs true allergic reactions vs
delayed allergic reactions

If patch testing is negative, however,
history is suggestive of allergic
contact dermatitis, then the
repeated open application test or
usage test can be performed
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