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PREFACE
The major emphasis of this updated version of Practice
Parameters for Allergy Diagnostic Testing is focused on how
technological refinements and their validations during the
past decade are being incorporated into the diagnostic arma-
mentarium of allergists/clinical immunologists and how their
optimal use enables confirmation of human clinical sensitiv-
ity. The term allergy in this Practice Parameter denotes major
categories of human hypersensitivity. Pertinent clinical im-
munologic techniques are oriented to this category of adap-
tive immunity but not to infection, cancer, or transplantation
immunology.

The impetus for Practice Parameters for Allergy Diagnos-
tic Testing originally stemmed from a consensus conference
sponsored by the National Institute of Allergy and Infectious
Diseases and published as a supplement to the Journal of
Allergy and Clinical Immunology in September 1988. One of
the major conclusions of that workshop was that periodic
reassessment of diagnostic techniques should be mandatory,
and in keeping with that recommendation, the 1995 Practice
Parameters for Allergy Diagnostic Tests further reviewed and
considered new developments up to that time. In the 13-year
interval since that publication, there has been an exponential
progression of basic and translational immunologic research,
some of which produced novel and practical diagnostic pos-
sibilities. Obviously, these advancements necessitated an
overhaul of the 1995 Allergy Diagnostic Parameter commen-
surate with the extensive database currently available. The
ultimate goals were to formulate recommendations based on
evidence-based literature and to achieve balanced use of
classic and new diagnostic methods.

The working draft of the Parameter on Allergy Diagnostic
Tests update was based on an outline jointly conceived by
James T. Li and I. Leonard Bernstein and realized by a work
group (Robert Hamilton, Sheldon Spector, Ricardo Tan,
David I. Bernstein, Scott Sicherer, David B. K. Golden, and
David Khan) chaired by I. Leonard Bernstein. As with pre-
vious parameters, the draft was based on a review of the
medical literature using a variety of search engines, such as
PubMed. Published clinical and basic studies were rated by
categories of evidence and used to establish the strength of
recommendations (Table 1). The initial draft was then re-
viewed by all members of the Joint Task Force and subse-
quently by the American Academy of Allergy, Asthma and
Immunology (AAAAI), the American College of Allergy,
Asthma and Immunology (ACAAI), and the Joint Council of
Allergy, Asthma and Immunology and a number of experts
on in vivo and in vitro diagnostic immunology selected by the
supporting organizations. Comments were also solicited from
the general membership of these societies via their Web sites.
This document therefore represents an evidence-based,
broadly accepted consensus opinion. The peer review process
and general format of the Practice Parameter are consistent
with recommendations of the American College of Medical
Quality, which defines practice guidelines. As such, it is

anticipated to serve as a reference source for current utility
and validity of allergy diagnostic tests.

The organization of Practice Parameters on Allergy Diag-
nostic Tests is similar to previous Joint Task Force parame-
ters except that a single algorithm with annotations was not
appropriate to the mission of the parameter. The broad range
of diagnostic techniques for varying purposes could not pos-
sibly be stratified into a uniform paradigm encompassing
diverse clinical sensitivity disorders that require objective
confirmatory tests. An Executive Summary is followed by a
collation of Summary Statements, which also precede refer-
enced narrative discussions on each subject. The Practice
Parameter is divided into 2 parts: part 1 is a detailed descrip-
tion of diagnostic modalities currently available to allergists/
clinical immunologists. It encompasses both IgE and cell-
mediated in vivo (skin and patch) and in vitro tests for a wide
spectrum of inhalant, food, and contactant allergens. Organ
challenge tests are discussed in greater detail in this revised
Practice Parameter because controlled challenges or super-
vised exposure ultimately serve as the appropriate gold stan-
dard for assessing whether clinical sensitivity is present.
Consonant with their recent emergence as diagnostic ad-
juncts, the section concerning current status of cytokines and
chemokines has been expanded. A new section on “Other
Immunologic Tests” has been added in recognition that many
allergists/clinical immunologists have considerable interests
and expertise in a variety of laboratory immunologic tech-
niques commonly used to corroborate the diagnosis of non-
IgE, non–cell-mediated clinical immunologic diseases. A
discussion about unproven techniques is relevant because
these methods still have advocates who promote them to
patients desperately seeking alternative approaches for their
particular problems.

Part 2 considers optimal utilization and integration of ev-
idence-based diagnostic methods for various clinical situa-
tions, which include inhalant, food, insect venom, drug and
contact sensitivities. Practice parameters of diagnosis and
management for each of these clinical entities have been
previously published with algorithms tailored to fit the spe-
cific clinical situation. Many of the diagnostic recommenda-
tions of part 2 were extracted or in some cases quoted
verbatim from each of these published guidelines.

The Joint Task Force acknowledges that rapid advance-
ments in diagnostic technology could render specific past and
current recommendations obsolete at any time and that at-
tempts to revise will have to be undertaken at appropriate
intervals. Nevertheless, whatever the update interim period
may be, the allergy/clinical immunology community should
be prepared to accept novel new diagnostic techniques, pro-
vided that they are validated by scientifically accepted ap-
proaches.

The overall objectives of this Parameter on Allergy Diag-
nostic Tests are tripartite: (1) to develop a reliable reference
resource for selecting appropriate diagnostic tests; (2) to
provide guidelines and support for the practicing physician on
how diagnostic tests should be used in an appropriate and
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cost-effective manner; and (3) to improve the quality of care
of patients by facilitating prompt and accurate diagnosis of
their hypersensitivity disorders.

EXECUTIVE SUMMARY
There is a wide array of diagnostic modalities for human
hypersensitivity diseases. Among these, skin tests for imme-
diate hypersensitivity and delayed hypersensitivity are of
paramount importance. As immunologic diagnostic technol-
ogy advances, in vitro tests for both IgE- and cell-mediated
immunity have also assumed greater significance. In some
instances, lymphocyte functional assays may be applicable
for confirmation of humoral or cell-mediated immunity cy-
totoxicity syndromes, as well as classic delayed hypersensi-
tivity reactions.

Specific cellular components of both immediate hypersen-
sitivity– and cell-mediated immunity induced inflammation
can be identified by their unique transcription markers, pro-
tein products, or cell surface differentiation markers. An
increase in eosinophils and their products often occurs in both
immediate- and late-phase responses of IgE-mediated reac-
tions. The role of the basophil in such reactions can also be
evaluated by basophil histamine release tests and, more re-
cently, the basophil activation test. When tests for IgE-me-
diated immunity are equivocal, organ challenge testing is the
most direct way of ascertaining whether bona fide clinical
sensitivity exists.

Mononuclear cells (monocytes, macrophages, and lympho-
cytes) are essential constituents of adaptive immunity. In
particular, their role in cell-mediated immunity has long been
recognized. Lymphocyte subsets, their cytokines, and their
chemokines may be readily identified and measurable in body
fluids and tissue sites. Several applications of this technology
have become standard clinical tests (eg, CD4� cells in ac-
quired immunodeficiency); others are being vigorously pur-
sued (eg, interleukin [IL] 6, IL-8, IL-10, and transforming
growth factor �). Increases in specific cytokines such as
macrophage inhibitory factor (MIF) and IL-16 are associated
with active cell-mediated immunity processes.

Well-established techniques to detect IgG/IgG subclass
antibodies by enzyme-linked immunosorbent assay (ELISA),
immunodiffusion, and immunoprecipitation are available for
specific antigens and autoantibodies. Antigen antibody com-
plexes may be associated with increased C1q binding and
cryoglobulins.

Prick/puncture tests or intracutaneous tests are the pre-
ferred techniques for IgE-mediated hypersensitivity. It is ad-
visable to use prick/puncture devices, which are relatively
nontraumatic and elicit reproducible results when placed on
specific areas of the body (ie, arms or back). Optimal results
depend on use of potent test extracts and proficiency of the
skin tester (ie, demonstration of coefficient of variation
�30% at different periods). It is essential that objective
wheal-and-flare responses be recorded in millimeters (diam-
eter or area) because cutoff levels (in millimeters) may ob-
viate the necessity for confirmatory respiratory and food

allergen challenge tests. This interpretation system also en-
ables easier comparison among physicians. Intracutaneous
tests are generally used for specific allergens (ie, Hymenop-
tera venoms and penicillin), but they may also be applied if
prick/puncture test results are negative and there is a strong
historical likelihood of clinical allergy to specific allergens.
Some clinicians prefer intracutaneous tests without preceding
prick/puncture tests, but when this alternative is elected,
special care must be taken to ensure that intracutaneous
allergen concentrations are nonirritant and correlative with
end organ sensitivity. However, there are safety concerns
when intracutaneous tests are performed without preceding
prick/puncture tests. A suggested way of determining appro-
priate intracutaneous test concentrations is a serial end point
titration regimen, one of which reported that intracutaneous
dilutions between 1:12,500 and 1:312,000 (wt/vol) were non-
irritant. Late-phase cutaneous responses, which reflect the
persistent IgE allergic inflammatory milieu, may occur after
either prick/puncture or intracutaneous tests but are more
likely to do so after the latter. Preliminary data suggest that
decrease of late-phase cutaneous response may occur after
successful allergen immunotherapy.

The prototypic skin test for delayed hypersensitivity is the
tuberculin skin test, which is evaluated by degree of indura-
tion in millimeters 48 hours after application. Similar tests are
no longer commercially available for pathogenic fungi (eg,
Histoplasma capsulatum). A positive tuberculin reading var-
ies from 10 to 15 mm in induration, depending on the inci-
dence of active tuberculosis within the indigenous population
of the patient. Decreased cell-mediated immunity response or
anergy may be evaluated by delayed hypersensitivity antigens
(ie, tetanus toxoid, Candida, and Trichophyton) to which
most members of a population have been exposed. Formerly
the validity of anergy testing was compared with the mean
number of positive reactions elicited by 4 to 5 delayed hy-
persensitivity antigens in a large normal control population.
Absence of reactivity to all or all except 1 was equated with
complete or relative anergy, respectively. Currently, there are
only 3 delayed hypersensitivity antigens for testing (tetanus
toxoid, Candida, and Trichophyton), and these have not been
evaluated in a large population as described above. Therefore,
interpretation of anergy using these 3 antigens is circumspect.
Concurrent anergy and tuberculin skin testing is no longer
recommended in patients with human immunodeficiency vi-
rus (HIV) suspected of having mycobacterial infections.

Allergic contact dermatitis (ACD) is a special form of
delayed hypersensitivity evaluated by epicutaneous or patch
tests. More than 3,700 substances have been reported to
induce contactant sensitivity. Direct irritants may cause irri-
tant contact dermatitis (ICD), which often is morphologically
indistinguishable from ACD. The irritancy threshold of each
test agent must be predetermined to exclude the possibility of
ICD. Patch testing should be considered for any dermatitis for
which contactant exposure, either natural or secondary to
topical agents, might be implicated. Most ACD can be de-
tected by 65 substances recommended by the North American
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Contact Dermatitis Research Group. The only available Food
and Drug Administration (FDA)–cleared patch test kit is the
T.R.U.E. test, which covers a range of approximately 25% to
30% of the most common ACD contactant allergens. There-
fore, customized patch testing is often necessitated. Patch
tests are read at least twice (48 and 72 to 96 hours after
application) and occasionally 7 days later in the case of weak
ACD allergens. Such allergens can also be detected by a
repeat open application test protocol. Atopy patch tests to
foods and drugs are being investigated as a complementary
aid in the diagnosis of food and drug allergies. These tests
have not yet been validated by a sufficient number of con-
trolled studies.

Laboratory tests may also provide useful information to
evaluate either immediate hypersensitivity or cell-mediated
immune reactions. Currently, commercial availability consid-
erations are such that specific IgE tests are used more fre-
quently than is the case for functional in vitro cell-mediated
immunity assays. Within the past decade, however, immuno-
assays of certain cell-mediated immunity products (ie, cyto-
kines or chemokines) may be demonstrating sufficient pre-
dictability to be considered as surrogates of cell-mediated
immunity.

The discovery of IgE and availability of IgE myelomas
enabled the production of large quantities of IgE. This per-
mitted the production of highly specific anti-human IgE an-
tibodies, which led to immunoassays capable of measuring
both total IgE and allergen specific IgE concentrations in
serum and body fluids. A succession of modified assays
ensued. Subsequent modifications are calibrated using heter-
ologous interpolation against the World Health Organization
(WHO) 75/502 international human serum IgE reference
preparation, thereby establishing a uniform system of specific
IgE antibody in quantitative kilo international units (kIU) per
liter (ie, 1 kIU � 2.4 ng IgE). The method of total and
specific IgE assays are discussed in detail, including the
indications, advantages, and limitations of these assays. The
FDA guideline regulations now stipulate guidance regula-
tions for all IgE methods, including semiautomatic, auto-
matic, and multiplexed systems. According to these quality
assurance suggestions, each allergen assay should include its
specific homologous reference serum (ragweed vs ragweed
reference serum) as an additional internal control whenever
sufficient quantities of specific reference sera can be ob-
tained. It is anticipated that multiplexed arrays for assays of
IgE will soon be generally available. Secondary antibody
detector systems for these modified techniques include
chemiluminescence and fluorescence. Allergen specificity
and cross-allergenicity may be determined by an inhibition
technique. Although correlation of higher kIU levels of spe-
cific IgE to clinical sensitivity for some allergens is equiva-
lent to prick/puncture tests, skin prick/puncture tests gener-
ally have better overall predictability and are the preferred
initial diagnostic approach.

Interpretation of both skin and serum specific IgE tests is
highly dependent on the constitutive allergenicity, potency,

and stability of the allergen extract being used. For these
reasons, sensitivity tends to be higher among pollens, certain
foods, dust mite, fungi, and certain epidermals compared with
venoms, drugs, and chemicals. Recommendations for aller-
gen immunotherapy based solely on results of skin or specific
IgE tests without appropriate clinical correlation are not ap-
propriate.

IgG and IgG subclasses can be measured using immuno-
assays similar to those used for allergen specific IgE. Con-
troversy exists regarding whether increases of IgG4 are valid
harbingers of either diagnosis or clinical efficacy after im-
munotherapy. Specific IgG/IgG4 results do not correlate with
oral food challenges and are not recommended for the diag-
nosis of food allergy.

Other less frequently used assays for IgE-mediated reac-
tions include histamine release from basophils and plasma
tryptase secondary to mast cell degranulation. The latter test
may be useful in the detection of anaphylaxis and mastocy-
tosis.

Eosinophils and their generated products, such as eosino-
philic cationic protein (ECP), are key cells in allergic inflam-
mation, particularly late-phase responses. Increased numbers
of these cells in nasal smears and induced sputum may be
useful indicators of the existence and extent of allergic in-
flammation. In the case of sputum, they may also be indica-
tive of asthma exacerbation or the presence of chronic eosin-
ophilic bronchitis or esophagogastritis.

The basophil activation test, as detected by the expression
of CD63 and/or CD203C surface markers by flow cytometry,
is being vigorously investigated for both diagnosis and serial
monitoring of therapeutic efficacy. This test has not yet been
cleared in the United States by the FDA.

Cell types that contribute to cell-mediated immunity reac-
tions include lymphocytes, monocytes, macrophages, den-
dritic cells, Langerhans cells, and granulocytes. Most labora-
tory tests of cell-mediated immunity quantify lymphocyte
function with respect to (1) proliferation; (2) production of
inflammatory mediators, cytokines, and chemokines; (3)
monitoring of cytotoxic reactions; and (4) regulation of im-
mune responses. Techniques to measure each of these func-
tions are discussed in the context of advantages and disad-
vantages of each method. Several nonradioactive assays of
lymphocyte proliferation and cytotoxicity are now available.
Although a functional assay of macrophage inhibition is not
commercially available, the cytokine responsible for this test,
MIF, can be measured by immunoassay. Other cytokines or
chemokines of special importance to cell-mediated immunity,
such as IL-12, IL-16, and monocyte chemoattractant proteins
(MCPs) 1, 2, and 3, can also be measured by ELISA immu-
noassays.

Evaluation of non-IgE and non–cell-mediated immunity
clinical immunologic diseases may include laboratory screen-
ing for (1) primary and acquired immunodeficiency, (2) im-
mune-mediated gammopathies, (3) complement activation
disorders, and (4) a diverse spectrum of autoimmune and
vasculitic diseases. Brief summaries of diagnostic techniques
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available for these entities are discussed in part 1. Many of
them have evolved to ELISA and Western and immunoblot
assays, although indirect immunofluorescence tests are still
required for confirmation in certain autoimmune diseases.
Tests of complement activation are especially important in
patients who present with signs of leukocytoclastic vasculit-
ides.

Specific organ challenge tests may facilitate or confirm
clinical diagnosis under certain circumstances: (1) investiga-
tion of potential “new” allergens, (2) confirmation of clinical
diagnosis when the history is suggestive but skin and/or in
vitro test results are negative, (3) confirming food allergy, (4)
monitoring of therapy, and (5) substantiating occupational
sensitivity. This section has been expanded substantially to
include detailed descriptions of the indications and objective
techniques for evaluating allergen-specific conjunctival, na-
sal, and bronchial challenges. Protocols for food challenges
are discussed in the part 2 section on “Evaluation of Food
Allergy.” Details of laboratory supervised and workplace
challenges for confirmation of occupational asthma (OA) are
also included.

A new section, “Inflammatory Biomarkers of Upper and
Lower Airway Fluids,” has been added because such tech-
niques often provide confirmatory evidence of suspected
clinical diseases (eg, eosinophilic vs neutrophilic asthma;
bronchoalveolar lavage (BAL) CD8� lymphocytic alveolitis
as an indicator of hypersensitivity pneumonitis). In addition,

current diagnostic roles of 2 new noninvasive methods (ex-
haled nitric oxide and exhaled breath condensate) are sum-
marized.

A brief review of unproven tests is included near the end of
part 1. The unproven nature of these tests is supported by
placebo-controlled studies in some instances. In other situa-
tions, clinical samples submitted for diagnostic evaluation
yielded completely false results.

The section on allergens has been retained because it is one
of the most reliable sources of plant, animal, and chemicals to
which North American patients are exposed. As cited previ-
ously, the number of positive allergenic contactants exceeds
3,700. A reliable reference source for such contact substances
may be found in the patch test discussion of part 1. The
allergens section also reviews essential information about
cross-allergenicity, which should aid the clinician in specific
decisions about skin tests and allergen immunotherapy. (Also
see Allergome – a database of allergenic molecules – http://
www.allergome.org.)

Part 2 of this parameter provides evidence-based likelihood
decisions on selecting confirmatory laboratory diagnostic
tests for inhalant, food, insect venom, drug, and contactant
allergies. When the data are not sufficiently evidence based
for such choices, alternative pathways are suggested. In each
of these clinical subsections, discussions about use of in vivo
vs in vitro tests are commensurate with Category I evidence
criteria. All clinical topics in part 2 provide a basis for
integrating historical features, physical signs, and diagnostic
recommendations of previously published Practice Parame-
ters (Disease Management of Drug Hypersensitivity: A Prac-
tice Parameter; Allergen Immunotherapy: A Practice Param-
eter; Stinging Insect Hypersensitivity: A Practice Parameter;
Food Allergy: A Practice Parameter; and Contact Dermatitis:
A Practice Parameter), with the current updated diagnostic
techniques presented in part 1.

COLLATION OF SUMMARY STATEMENTS
Summary Statement 1. First described in 1867 by Dr Charles
Blackley, skin tests (prick/puncture and intracutaneous) have
evolved as reliable, cost effective techniques for the diagnosis
of IgE-mediated diseases. (B)

Summary Statement 2. Prick/puncture tests are used to
confirm clinical sensitivity induced by aeroallergens, foods,
some drugs, and a few chemicals. (B)

Summary Statement 3. A number of sharp instruments
(hypodermic needle, solid bore needle, lancet with or without
bifurcated tip, and multiple-head devices) may be used for
prick/puncture tests. (C)

Summary Statement 4. Although a number of individual
prick/puncture comparative studies have championed a par-
ticular instrument, an objective comparison has not shown a
clear-cut advantage for any single or multitest device. Fur-
thermore, interdevice wheal size variability at both positive
and negative sites is highly significant. (C)

Table 1. Classification of Recommendations and Evidence Category

Category of Evidence
Ia Evidence from meta-analysis of randomized

controlled trials.
Ib Evidence from at least 1 randomized controlled

trial.
IIa Evidence from at least 1 controlled study

without randomization.
IIb Evidence from at least 1 other type of quasi-

experimental study.
III Evidence from nonexperimental descriptive

studies, such as comparative studies, correlation
studies, and case-controlled studies.

IV Evidence from expert committee reports, the
opinion or clinical experience of respected
authorities, or both.

LB Evidence from laboratory-based studies.
Strength of Recommendation
A Directly based on category I evidence.
B Directly based on category II evidence or

extrapolated from category I evidence.
C Directly based on category III evidence or

extrapolated from category I or II evidence.
D Directly based on category IV evidence or

extrapolated from category I, II, or II evidence
E Directly based on category LB evidence.
F Based on consensus of the Joint Task Force on

Practice Parameters.
NR Not rated
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Summary Statement 5. Optimal results can be expected by
choosing a single prick/puncture device and properly training
skin technicians in its use. (C)

Summary Statement 6. Although prick/puncture tests are
generally age, sex, and race independent, certain age (chil-
dren younger than 2 years and adults older than 65 years) and
racial (African American children) factors may affect their
interpretation. (C)

Summary Statement 7. Skin test allergens used for prick/
puncture tests should be potent and stable. (B)

Summary Statement 8. To ensure proper interpretation,
positive (histamine) and negative (saline or 50% glycerinated
human serum albumin [HSA]–saline) should be performed at
the same time as allergen tests. (B)

Summary Statement 9. The peak reactivity of prick/punc-
ture tests is 15 to 20 minutes at which time both wheal and
erythema diameters (or areas) should be recorded in millime-
ters and compared with positive and negative controls. (B)

Summary Statement 10. Qualitative scoring (0 to 4�; pos-
itive or negative) is no longer used by many clinicians be-
cause of interphysician variability in this method of scoring
and interpretation. (B)

Summary Statement 11. The diagnostic validity of prick/
puncture tests has been confirmed not only in patients ex-
posed to allergens under natural conditions but also in pa-
tients undergoing controlled organ challenge tests. (B)

Summary Statement 12. Although prick/puncture testing
often correlates with exposure history, there are significant
exceptions to this observation. (B)

Summary Statement 13. Many studies have verified the
sensitivity and specificity of prick/puncture tests for both
inhalant and food allergens when correlated with nasal and
oral challenge tests. (B)

Summary Statement 14. Compared with clinical history
alone, the diagnostic accuracy of prick/puncture tests showed
more limited capacity to predict clinical sensitivity for both
inhalant and food allergens. (C)

Summary Statement 15. The reliability of prick/puncture
tests depends on the skill of the tester, the test instrument,
color of the skin, skin reactivity on the day of the test, age,
and potency and stability of test reagents. (C)

Summary Statement 16. False-positive prick/puncture test
results may occur (1) to tree pollens in honey bee–sensitive
patients due to cross-reactive carbohydrate determinants
present in honey bee venom and (2) in tree-sensitive patients
being tested to tree pollens no longer indigenous to the area.
(C)

Summary Statement 17. The rare occurrence of specific
positive organ challenge test results in patients with both
negative prick/puncture and intracutaneous test results sug-
gests that alternative pathways, including locally secreted
IgE, IgE-independent, or nonimmune stimuli may activate
mediator release in the end organ. (C)

Summary Statement 18. Life-threatening generalized sys-
temic reactions are rarely caused by prick/puncture tests. In a

recent retrospective survey, 1 death was reported in a patient
who received 90 food prick/puncture tests at one time. (C)

Summary Statement 19. Intracutaneous tests will identify a
larger number of patients with lower skin test sensitivity and
are used when increased sensitivity is the main goal of
testing. (B)

Summary Statement 20. Intracutaneous tests are useful for
evaluation of anaphylaxis, particularly drug (ie, penicillin)
and Hymenoptera venom anaphylaxis. (A)

Summary Statement 21. When compared with specific na-
sal challenge, skin end point titration (SET) is equivalent to
prick/puncture skin tests. (B)

Summary Statement 22. Intracutaneous tests should be
performed with small volumes (approximately 0.02 to 0.05
mL) of allergens injected intracutaneously with a disposable
0.5- or 1.0-mL syringe. (C)

Summary Statement 23. As a general rule, the starting dose
of an intracutaneous allergen test ranges from 100- to 1,000-
fold more dilute than the allergen concentration used for
prick/puncture tests. (C)

Summary Statement 24. Intracutaneous tests are read 10 to
15 minutes after injection and both wheal and erythema (in
millimeters) should be recorded. (B)

Summary Statement 25. The diagnostic sensitivity of intra-
cutaneous tests is probably greater than prick/puncture tests
when testing for penicillin, insect venom, or certain drug
class (eg, insulin, heparin, muscle relaxants) hypersensitivity.
(C)

Summary Statement 26. The greater sensitivity of titrated
intracutaneous tests, especially in the erythema component, is
an advantage for determining biologic potency of allergen
extracts and biologic allergy units (BAU) as based on intra-
cutaneous erythema assays in sensitive human volunteers. (B)

Summary Statement 27. At dilutions between 10�2 and 10�3

(wt/vol), intracutaneous tests for most allergens exhibit poor
efficiency in predicting organ challenge responses and cor-
relating with the presence of detectable serum specific IgE.
(C)

Summary Statement 28. There are limited data about equiv-
alency of sensitivity, specificity, and predictive indices be-
tween intracutaneous and prick/puncture tests when com-
pared with organ challenge tests. One study demonstrated
that more dilute intracutaneous concentrations were compa-
rable to prick/puncture tests in predicting positive nasal chal-
lenges. (C)

Summary Statement 29. Similar comparative equivalency
studies based on history and symptoms alone revealed that
intracutaneous tests were comparable to prick/puncture tests
only at intracutaneous titration end points between 10�5 and
10�6 g/mL (wt/vol). (B)

Summary Statement 30. Because clinical use of intracuta-
neous tests is usually restricted to a single dose (ie, 1:1,000
wt/vol), which may be irritant, predictive accuracy of these
tests at this concentration is often confounded by false-posi-
tive results. (C)

S6 ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



Summary Statement 31. For most allergens, a fixed dilution
(1:1,000 wt/vol) of intracutaneous tests has poor efficiency in
predicting organ challenge responses. (A)

Summary Statement 32. Intracutaneous tests are occasion-
ally negative in venom-sensitive patients who experience
life-threatening reactions. (C)

Summary Statement 33. Repetitive (�2) intracutaneous
penicillin testing may sensitize a small number of individuals
to penicillin. (C)

Summary Statement 34. Immediate systemic reactions are
more common with intracutaneous tests; 6 fatalities were
reported in a recent retrospective survey. (C)

Summary Statement 35. Prescreening with prick/puncture
tests is a practical way to avoid life-threatening reactions to
intracutaneous tests. (C)

Summary Statement 36. If prick/puncture prescreening is
not used, preliminary intracutaneous serial threshold titra-
tions should be considered, starting at high dilutions (eg, 10�5

to 10�8 g/mL [wt/vol]). This is of particular importance if
exquisite sensitivity (eg, anaphylaxis to foods and drugs) is
suspected. (D)

Summary Statement 37. The late-phase cutaneous response
is a continuation of either prick/puncture or intracutaneous
testing, generally the latter, and is characterized by erythema,
induration or edema, and dysesthesia. (B)

Summary Statement 38. The late-phase cutaneous response
may occur after both immune and nonimmune activation.
Many allergens have been implicated. (B)

Summary Statement 39. The late-phase cutaneous response
should be read between the 6th and 12th hours after the skin
tests are applied; measurements of mean diameter and/or area
of induration or edema should be recorded. (B)

Summary Statement 40. Although the clinical relevance of
late-phase cutaneous response is not as yet fully established,
several randomized, controlled studies suggest that reduction
in sizes of late-phase cutaneous response may parallel clinical
response to immunotherapy. (B)

Summary Statement 41. The same principles that pertain to
safety of skin tests apply to late-phase cutaneous responses.
(C)

Summary Statement 42. Preadministration of drugs, such as
calcineurin inhibitors, misoprostol, prednisone, and azelas-
tine, before application of skin tests partially or completely
inhibit the late-phase cutaneous response. (B)

Summary Statement 43. The number of skin tests and the
allergens selected for skin testing should be determined based
on the patient’s age, history, environment and living condi-
tions (eg, region of the country), occupation, and activities.
Routine use of a large number of skin tests or routine annual
tests without a definite clinical indication are clearly not
justified. (D)

Summary Statement 44. Respiratory challenge tests are
used when an objective gold standard for establishing clinical
sensitivity is indicated. (B)

Summary Statement 45. Conjunctival challenge tests are
usually conducted for suspected localized eye allergy but in

some cases they may also be helpful in investigating nasal
allergy. (B)

Summary Statement 46. Conjunctival challenge tests are
evaluated by symptoms of itching and objective indices,
including tear volume, amount of mucus, and palpebral or
bulbar erythema. (B)

Summary Statement 47. Nasal challenges provide objective
evidence of clinical sensitivity when the diagnosis is in ques-
tion or in situations when it is desirable to evaluate efficacy
of therapeutic management. (B)

Summary Statement 48. Nasal challenge responses are
evaluated by subjective symptoms and objective measure-
ments of nasal airway resistance, the number of sneezes, and
the measurement of inflammatory mediators in nasal secre-
tions. (B)

Summary Statement 49. Specific (allergic) bronchial chal-
lenge provides a measure of lower airway clinical sensitivity
when there is uncertainty or dispute. (B)

Summary Statement 50. Guidelines for the performance of
specific bronchial challenge include factors such as withhold-
ing certain medications before the test, determining the initial
allergen dose by preliminary skin or methacholine challenge
testing, a beginning forced expiratory volume in 1 second
(FEV1) baseline of 70% or better, the amount or duration of
exposure to allergen, measurement of FEV1 at intervals after
the exposure, careful observation for late-phase responses,
comparison to a placebo-controlled challenge usually per-
formed the day before the specific challenge, and, optionally,
repetition of methacholine challenge 24 to 48 hours after
specific challenge for evaluation of induced bronchial hyper-
responsiveness. (B)

Summary Statement 51. Occupational challenge testing
requires special precautions with respect to the innate toxicity
of the suspected allergen and special apparatuses used to
measure and control the quantity of challenge substances,
such as potentially irritating volatile agents and dust. (B)

Summary Statement 52. A practical clinical method of
assessing OA is prospective monitoring of the worker at and
away from work by serial peak expiratory flow rates (PEFRs)
or FEV1 values if this can be arranged by mutual agreement
of employee and employer. (B)

Summary Statement 53. Many inflammatory correlates can
be evaluated and studied serially in respiratory and other
body fluids, such as nasal smears or lavage, induced sputum,
or BAL. These may define specific phenotypes or in some
cases predict severity. (B)

Summary Statement 54. Exhaled nitric oxide is a noninva-
sive measure of airway inflammation and is useful for mon-
itoring objective responses to topically administered cortico-
steroids. (B)

Summary Statement 55. Although breath condensate anal-
ysis is an evolving noninvasive method for evaluation of
asthma, results are still variable and further refinements are
required before it can be accepted as a valid diagnostic
method. (C)
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Summary Statement 56. Bronchoalveolar lavage obtained
through flexible bronchoscopy is useful in phenotyping
asthma. The finding of lymphocytic alveolitis may suggest a
diagnosis of hypersensitivity pneumonitis. (B)

Summary Statement 57. Cystic fibrosis may not only be
confused with asthma but certain genetic variants may be
associated with increased asthma risks. (B)

Summary Statement 58. Although major phenotypes of
�1-antitrypsin deficiency do not occur in asthma, recent sur-
veys demonstrated a high prevalence of asthma in young ZZ
homozygous antitrypsin deficiency patients. (B)

Summary Statement 59. Purified protein derivative (PPD)
of tuberculin is the prototype antigen recall test and provides
direct evidence that hypersensitivity, as opposed to toxicity,
is elicited by the antigens in Mycobacterium hominis or
related mycobacterial species. (B)

Summary Statement 60. The tuberculin skin test is elicited
by the intracutaneous injection of 0.1 mL of standardized
PPD starting with the intermediate strength of 5 tuberculin
units. (C)

Summary Statement 61. Recall antigen skin tests are used
to evaluate cellular immunity in patients with infection (eg,
life-threatening sepsis), cancer, pretransplantation screening,
endstage debilitating diseases, and the effect of aging. (C)

Summary Statement 62. Reduced or absent recall antigen
tests are termed anergy, which develops frequently in certain
diseases, such as hematogenous tuberculosis, sarcoidosis, and
atopic dermatitis. (C)

Summary Statement 63. Candida albicans, Trichophyton
mentagrophytes, and Tetanus toxoid, the currently available
recall antigens, are injected intracutaneously in the same way
as the PPD test. (C)

Summary Statement 64. The size of the delayed skin test
reaction is measured 48 hours after antigen challenge, and the
largest diameter of the palpable firm area that outlines the
induration response should be measured to the nearest milli-
meter. (C)

Summary Statement 65. When a single intracutaneous an-
tigen (other than PPD) is used to evaluate prior sensitization
to a potential pathogen, a reaction of 5 mm or greater may
suffice as the cutoff point for positive tests, but smaller
reactions (2 to 4 mm) may be clinically important. (C)

Summary Statement 66. The absence of delayed-type hy-
persensitivity to all the test antigens would suggest an anergic
state. (C)

Summary Statement 67. The most important use of de-
layed-type hypersensitivity skin testing is epidemiologic
screening of susceptible populations exposed to bacterial and
fungal pathogens. (C)

Summary Statement 68. The widest application of recall
antigen testing is the detection of anergy and as an in vivo
clinical correlate of cell-mediated immunoincompetency. (C)

Summary Statement 69. Although anergy testing was for-
merly conducted frequently in HIV patients to determine
whether a concurrent negative tuberculin skin test result rules
out active tuberculosis, recent evidence mitigates against this

approach. Recall antigen anergy in HIV patients has also
been investigated as an indicator of staging, progression of
disease, and response to therapy. (C)

Summary Statement 70. Although the standardized PPD
antigen has been used for many years as a predictor of active
or latent tuberculosis infection, confounders, such as suscep-
tible populations, BCG vaccination, and cross-sensitization
with other atypical mycobacterial species have all affected
the diagnostic accuracy of the tuberculin skin test and, by
extrapolation, other delayed-type hypersensitivity tests. (C)

Summary Statement 71. The gross appearance of a late-
phase cutaneous response and delayed-type hypersensitivity
reactions may not be completely distinguishable except that
the latter are more characterized by prolonged induration. (B)

Summary Statement 72. Although systemic corticosteroids
will render delayed-type hypersensitivity skin test results
uninterpretable, 28 days of treatment with high-dose inhaled
fluticasone (220 �g, 2 puffs twice a day) did not suppress
delayed-type hypersensitivity to PPD in healthy volunteers.
(B)

Summary Statement 73. Neither anergy nor tuberculin test-
ing obviates the need for microbiologic evaluation when there
is a suspicion of active tuberculosis or fungal infections. (F)

Summary Statement 74. Several new in vitro assays (ie,
interferon-� and polymerase chain reaction) appear to be
more reliable in predicting active tuberculosis in BCG-vac-
cinated persons or when cross-sensitivity to atypical myco-
bacteria may coexist. (C)

Summary Statement 75. Immediate hypersensitivity reac-
tions, including anaphylaxis, have been reported after tuber-
culin skin tests. (D)

Summary Statement 76. The number of skin tests for de-
layed, cell-mediated hypersensitivity reactions is limited. (C)

Summary Statement 77. First introduced by Jadassohn in
1896, the epicutaneous patch test has evolved as the defini-
tive diagnostic technique for the diagnosis of allergic contact
dermatitis (ACD). (A)

Summary Statement 78. When clinical evaluations suggest
that exposure to a specific contactant has occurred either in an
occupational or nonoccupational clinical setting, patch testing
can be used to confirm the diagnosis. (C)

Summary Statement 79. From a public health perspective,
patch testing is useful to identify potential health hazards of
unknown and newly introduced contact allergens for the
medical community and industrial hygienists. (C)

Summary Statement 80. The most common patch test tech-
niques are the individual Finn Chamber and the T.R.U.E.
TEST, an FDA-approved screening method for screening
contactant allergens. The T.R.U.E. TEST is preloaded with
23 common contactants and vehicle control that have been
previously incorporated into a dried-in-gel delivery system,
which is coated onto a polyester backing to form a patch
template. (B)

Summary Statement 81. If photocontact sensitivity is sus-
pected, the appropriate allergens should be subjected to pho-
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topatch tests primarily in the UV-A range of 320 to 400 nm.
(C)

Summary Statement 82. Traditionally, patch tests remain in
place for 48 hours. After the 48-hour patch test reading,
additional readings at 3 to 4 days and in some cases 7 days
after the original application of the patch yield the best
overall reading reliability. (C)

Summary Statement 83. A descriptive reading scale devel-
oped by 2 major international ACD research groups is the
current standard for interpreting patch test results. (C)

Summary Statement 84. Although patch tests are indicated
in any patient with a chronic eczematous dermatitis if ACD is
suspected, patch tests are especially important in identifying
both ICD and ACD in the occupational setting. (C)

Summary Statement 85. Other important exposures associ-
ated with ACD include the use of topical medication, includ-
ing corticosteroids, plant-induced ACD, and dermatitis oc-
curring after the use of cosmetics and personal hygiene
products. (C)

Summary Statement 86. Unprotected work and repetitive
exposure to surfactants may predispose patients to occupa-
tional dermatitis, including ICD and ACD. (C)

Summary Statement 87. Certain contactant allergens in the
T.R.U.E. TEST panel, such as nickel and some rubber chem-
icals, have a high degree of relevant (approximately 75%)
correlation with clinical sensitivity but others do not (eg,
hydroxycitronellal, thimerosal). (B)

Summary Statement 88. Patch tests are most effective when
the patients are selected on the basis of a clear-cut clinical
suspicion of contact allergy and they are tested with the
chemicals relevant to the problem; these conditions satisfy
the prerequisites of high pretest probability. (C)

Summary Statement 89. Although the diagnostic accuracy
of contactants cannot be compared with other in vivo or in
vitro tests, diagnostic concordance between patch test sensi-
tivity and the outcomes of repeated open provocation tests
has been demonstrated for some contactants. (B)

Summary Statement 90. The chief limitation to traditional
patch testing for the diagnosis of ACD is the lack of a suitable
gold standard by which it can be evaluated in terms of
diagnostic accuracy predictors and likelihood ratios. (C)

Summary Statement 91. Other technical limitations of
patch tests include the inclusion of relevant contact allergens,
use of the proper vehicle, application to the proper skin area,
proper reading and interpretation, and the ability to correlate
the tests with the patient’s specific exposure. (A)

Summary Statement 92. Other limiting factors concern
reproducibility, lack of information about irritant thresholds,
and minimal elicitation concentrations (MECs) for many
common chemicals in the human environment. (C)

Summary Statement 93. The inability to separate irritants
from allergic responses is often encountered in the angry back
syndrome, which occurs in approximately 6% of cases and is
likely to develop in patients with a longer duration of the
primary dermatitis. (C)

Summary Statement 94. Negative patch test reactions may
occur even when the tests are performed with the correct
sensitizing materials because the test fails to duplicate the
conditions under which the dermatitis developed (eg, abra-
sions, frequent use of irritating soaps, washing the hands with
solvents). (C)

Summary Statement 95. Systemic ACD after patch testing
is rare, as is reactivation of patch test reactions after oral
ingestion of related allergens or even by inhalation of budes-
onide in patients with sensitization to topical corticosteroids.
(B)

Summary Statement 96. It is possible to sensitize a patient
who had not been previously sensitized to the allergen being
tested. This is particularly true of plant contactants, such as
poison ivy or oak and aniline dyes. (B)

Summary Statement 97. Two major variants of traditional
patch tests are available: the atopy patch test (ATP) and
repeated use test (RUT). (B)

Summary Statement 98. Atopy patch tests have been eval-
uated in patients with atopic dermatitis and eosinophilic
esophagitis as an adjunct for the diagnosis of inhalant and
food allergy. (B)

Summary Statement 99. Atopy patch tests for foods are
prepared with dried or desiccated foods mixed into an aque-
ous solution and placed in 12-mm Finn Chambers before
positioning on the patient’s back. (B)

Summary Statement 100. Atopy patch tests for the diagno-
sis of drug allergy are performed by incorporating liquid or
powdered drugs into petrolatum or aqueous solvents, which
are added to 12-mm Finn Chambers and placed on the back.
(B)

Summary Statement 101. Use tests have been developed
for weak sensitizers (repeated open application test [ROAT]),
substances with poor percutaneous absorption (strip patch
test), and several premarketing dose response provocation
tests for determining the minimal sensitizing dose of potential
contactants in human volunteers. (B)

Summary Statement 102. In the strip patch test penetration
of substances is enhanced by repeated adhesive tape stripping
before application of the contactant patch to the stripped area.
(B)

Summary Statement 103. The ROAT is an exaggerated use
test designed to determine a patient’s biologic threshold or
response to a suspected contactant, especially if this has not
been achieved with prior open or closed patch testing. (B)

Summary Statement 104. Although clinical relevance is
still evolving with regard to the APT, several investigative
groups have reported that this test may be an adjunct in
detection of specific allergens in atopic dermatitis and eosin-
ophilic esophagitis. (B)

Summary Statement 105. The role of the atopy patch in
determining clinical allergy to food is indeterminate. (B)

Summary Statement 106. The lack of standardization of
APTs for diagnosis of both food and drug allergy is the chief
limitation. (C)
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Summary Statement 107. Although the purpose of APTs is
to test for food and drug nonimmediate reactions, the possi-
bility of anaphylaxis must be considered because there could
be significant percutaneous absorption of proteins and/or
simple chemicals with high anaphylactogenic potential. (B)

Summary Statement 108. The appropriate number of atopic
patch tests is indeterminate because they are not routinely
performed. (D)

Summary Statement 109. Because ACD is frequently
caused by unsuspected substances, up to 65 patch tests may
be required for diagnosis. (B)

Summary Statement 110. Total serum IgE concentrations
are reported in international units or nanograms per milliliter
(1 IU/mL � 2.44 ng/mL). (A)

Summary Statement 111. Total IgE is cross-standardized
with the WHO 75/502 human reference IgE serum verified by
periodic proficiency surveys. (B)

Summary Statement 112. The clinical applications of total
serum IgE are of modest value. High serum IgE concentra-
tions occur in allergic bronchopulmonary Aspergillosis
(ABPA), the therapeutic response of which is evaluated by
serial IgE values. (B)

Summary Statement 113. Total serum IgE is required for
assessing the suitability of a patient for omalizumab therapy
and determining the initial dose. (B)

Summary Statement 114. As with total IgE, commercial
specific IgE antibody assays are calibrated using heterolo-
gous interpolation against the WHO 75/502 human IgE ref-
erence serum, thereby enabling a uniform system of report-
ing. (E)

Summary Statement 115. In addition to WHO 75/502 cal-
ibration, an earlier specific IgE classification system was
based on internal positive calibration curves from a positive
control heterologous serum containing specific IgE antibod-
ies, which in the original RAST was white birch specific.
However, FDA clearance for modified specific IgE tests
requires use of homologous internal control allergic sera
whenever this is possible to obtain. (E)

Summary Statement 116. The precise sensitivity of these
immunoassays compared with prick/puncture skin tests has
been reported to range from less than 50% to more than 90%,
with the average being approximately 70% to 75% for most
studies; similar sensitivity ranges pertain when immunoas-
says are compared with symptoms induced after natural or
controlled organ challenge tests. (C)

Summary Statement 117. As with skin tests, the interpre-
tation of specific IgE results requires correlation with the
history, physical examination, and, in some cases, symptoms
directly observed after natural or laboratory exposure to al-
lergens. This cannot be accomplished by commercial remote
practice laboratories, which base recommendations for im-
munotherapy on a history form submitted by the patient and
specific IgE results. (B)

Summary Statement 118. Because the constitutive allerge-
nicity, potency, and stability are variable among commercial
allergen extract reagents, sensitivity and the positive predic-

tive value of both prick/puncture and specific IgE tests gen-
erally tend to be higher among pollens, stable anaphylacto-
genic foods, house dust mite, certain epidermals, and fungi
compared with venoms, drugs, and chemicals. (C)

Summary Statement 119. Proper interpretation of specific
IgE test results needs to take into consideration variables such
as the binding affinity or avidity of allergens, solid-phase
systems, cross-reactive proteins and glycoepitopes, specific
IgG antibodies in the test system, and high total serum IgE
(�20,000 IU). (E)

Summary Statement 120. A multiallergen (up to 15 aller-
gens bound to a linear solid-phase system) test can screen for
atopic status, following which allergen specific tests are re-
quired for more definitive evaluation. (C)

Summary Statement 121. Specific IgE immunoassays are
not recommended as a definitive confirmatory test for several
specific clinical conditions. They provide neither diagnostic
nor prognostic information when measured in the cord blood
of newborn infants. They do not have sufficient sensitivity for
foolproof prediction of anaphylactic sensitivity to venoms or
penicillins. (B)

Summary Statement 122. Specific IgE immunoassays may
be preferable to skin testing under special clinical conditions,
such as widespread skin disease, patients receiving skin test
suppressive therapy, uncooperative patients, or when the his-
tory suggests an unusually greater risk of anaphylaxis from
skin testing. (B)

Summary Statement 123. Determination of allergen speci-
ficity by inhibition of specific IgE binding is a unique at-
tribute of specific IgE testing. (E)

Summary Statement 124. Automated systems using multi-
plexed allergen assays are being rapidly developed. One of
these is cleared by the FDA for the simultaneous measure-
ment of 10 allergens. (E)

Summary Statement 125. Allergen specific IgG may be
measured by immunodiffusion or immunoabsorption. (E)

Summary Statement 126. Immunodiffusion antibodies to
cow’s milk are associated with Heiner’s disease, a non-IgE
disorder that presents in infants with pulmonary infiltrates.
(B)

Summary Statement 127. IgG and IgG subclass antibody
tests for food allergy do not have clinical relevance, are not
validated, lack sufficient quality control, and should not be
performed. (B)

Summary Statement 128. Although a number of investiga-
tors have reported modest increases of IgG4 during venom
immunotherapy, confirmation and validation of the predictive
value of IgG4 for therapeutic efficacy of venom immunother-
apy are not yet proven. (C)

Summary Statement 129. The probability distribution of
specific IgE for several anaphylactogenic foods (peanuts, egg
white, cow’s milk, and codfish) can define clinical sensitivity
as verified by double-blind oral challenge tests; similar rela-
tionships have been defined for several respiratory allergens.
(A)
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Summary Statement 130. Although allergens can be stan-
dardized either by radioimmunodiffusion or immunoassay
inhibition based on major allergenic epitopes, the FDA se-
lected BAU instead because in vitro analytic techniques
would have been variable from allergen to allergen and would
have caused great confusion. (C)

Summary Statement 131. Histamine and leukotriene re-
lease measurements from human basophils after incubation
with allergen are valuable research tools for in vitro investi-
gations of allergy. (B)

Summary Statement 132. The recent availability of several
sensitive immunoassays for histamine and leukotriene C4 is a
significant technological advance for measuring these medi-
ators in various biologic fluids or release from whole blood,
isolated basophils, mast cells, or other cultured cells. (B)

Summary Statement 133. Histamine and its N-methyl his-
tamine metabolite may be measured in 24-hour urine samples
after suspected anaphylactic episodes. (B)

Summary Statement 134. Plasma tryptase, particularly the
� form, should be obtained within 4 hours after an anaphy-
lactic episode. (B)

Summary Statement 135. Combined � and � species of
plasma tryptase are elevated in patients with systemic mas-
tocytosis. (A)

Summary Statement 136. Eosinophils in body fluids corre-
late highly with the diagnosis of allergic rhinitis, allergic
asthma, and eosinophilic bronchitis. (B)

Summary Statement 137. Elevated eosinophil derived sub-
stances (ie, ECP) and chemoattractants (ie, eotaxin) in body
fluids are indicators of allergic inflammatory disease. (B)

Summary Statement 138. A basophil activation test mea-
sured by expression of CD63 and CD203c and detected by
flow cytometry is being evaluated for many IgE-mediated
disorders. (C)

Summary Statement 139. Tests that quantify lymphocyte
function measure the ability of lymphocytes to (1) proliferate,
(2) produce inflammatory mediators and cytokines or chemo-
kines, (3) mount cytotoxic responses, and (4) regulate im-
mune responses. (B)

Summary Statement 140. Lymphocyte proliferative re-
sponses may be evaluated by either nonspecific mitogens (eg,
phytohemagglutinin, concanavalin A, or pokeweed) or spe-
cific soluble and cell-bound antigens. (B)

Summary Statement 141. In vitro proliferative responses to
some soluble antigens, but not mitogens, have been shown to
correlate with in vivo delayed hypersensitivity. The role,
however, of lymphocyte proliferation as measured in vitro in
the pathogenesis of the delayed-type hypersensitivity tissue
reaction is unclear. (B)

Summary Statement 142. Cytokines (IL-1 through IL-33)
and growth factors are glycoproteins produced by a variety of
cells that are capable of altering activities of other cells
through interaction with specific surface receptors. (E)

Summary Statement 143. Chemokines are small (8 to 10
kDa) proteins secreted by many immune and nonimmune

cells with essential roles in inflammatory and immune reac-
tions, including the late-phase cutaneous response. (E)

Summary Statement 144. Cytokine and chemokine profiles
play essential roles in allergic inflammation and are being
increasingly evaluated as phenotypic markers and in the
differential diagnosis of human hypersensitivity disorders.
(B)

Summary Statement 145. Other bioactive indices of cell-
mediated immunity include cytotoxic assays, cultures of
mixed lymphocytes, and macrophage inhibition. (E)

Summary Statement 146. Most cytokines and chemokines
can be measured by commercial ELISA and ELISpot immu-
noassays. (E)

Summary Statement 147. Proinflammatory cytokines or
chemokines, which are particularly associated with cell-me-
diated immunity, include interferon-�, IL-12, tumor necrosis
factor � (TNF-�), IL-16, MIF, macrophage inflammatory
protein 1 (MIP-1), and MCP 1, 2, and 3. (B)

Summary Statement 148. Simple, cost-effective tests in-
clude (1) an absolute lymphocyte count, (2) the absolute
number of CD4� T cells, and (3) the CD4�/CD8� ratio. (B)

Summary Statement 149. Investigation of non-IgE and
non–cell-mediated clinical immunologic disorders may re-
quire tests that indicate abnormal adaptive and innate immune
reactions. (B)

Summary Statement 150. Abnormal serum and urine pro-
teins, including cryoglobulins, may be associated with several
abnormal immune syndromes. (B)

Summary Statement 151. The inflammatory consequences
induced by immune functions may be detected by nonspecific
tests, such as a complete blood cell count with differential,
sedimentation rate, C-reactive protein, and other acute-phase
reactants. In some instances, functional assays of neutrophils
and macrophages may be necessary to pinpoint inflammatory
responses. (B)

Summary Statement 152. Evaluation of complement acti-
vation with a decrease of C3 and C4 may indicate comple-
ment deficiency, drug reactions, or the presence of immune
complexes, which often are associated with increases in se-
rum cryoglobulins and C1q binding. (B)

Summary Statement 153. Autoantibody profiles offer im-
portant diagnostic adjuncts in the diagnosis of collagen vas-
cular diseases, vasculitides, and cytotoxicity disorders. (B)

Summary Statement 154. Procedures for which there is no
evidence of diagnostic validity include cytotoxic tests, prov-
ocation-neutralization, electrodermal testing, applied kinesi-
ology, iridology, hair analysis, or food specific IgG, IgG4,
and IgG/IgG4 antibody tests. (B)

Summary Statement 155. Although North American inhal-
ant allergens are botanically and ecologically diverse, several
expert committees consisting of members with botanic and
mycologic expertise have compiled and selected 36 key al-
lergens in North America, based on Thommen’s postulates.
(D)

Summary Statement 156. For individual patients, the
choice of test allergens is guided by the history and physical
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examination and the physician’s knowledge, training, and
experience. (B)

Summary Statement 157. A well-designed skin test and
laboratory ordering form should provide useful information
to the ordering physician, his/her staff, health care providers,
and other physicians who may be consulted in the future. (B)

Summary Statement 158. The best indicators in the selec-
tion of appropriate pollens for clinical use are extensive
prevalence in the air and concurrent allergy symptoms during
annually recurrent seasons when such pollens are expected to
be present in the ambient air. (B)

Summary Statement 159. The clinical significance of a
single fungus test reagent may be difficult to ascertain be-
cause of important confounders, such as sampling method,
culture conditions, nonculturable species, allergenic differ-
ences between spores, and hyphae and preferential ecologic
niches. (A)

Summary Statement 160. For clinical purposes, molds are
often characterized as outdoor (Alternaria and Cladosporium
species), indoor (Aspergillus and Penicillium species), or
both (Alternaria, Aspergillus, and Penicillium species). (B)

Summary Statement 161. Five Hymenoptera venom ex-
tracts are available for evaluation of anaphylactic reactions to
honeybee, yellow jacket, yellow hornet, white faced hornet,
and Polistes wasp. A whole-body extract is the only currently
available diagnostic reagent for fire ant sting allergy. (A)

Summary Statement 162. Major inhalant acarid and insect
allergens include several species of house dust mite and
cockroach. (A)

Summary Statement 163. Animal clinical sensitivity is
most often associated with domestic pets (cats, dogs, birds)
and laboratory animals (rodents, rabbits). Specific testing is
guided by history of appropriate animal exposure. (A)

Summary Statement 164. Selection of food tests for IgE-
mediated clinical sensitivity is usually tailored to the patient’s
temporal history, which may be supplemented by a food
diary. (A)

Summary Statement 165. Although commercial skin tests
for drugs, biologics, and chemicals are not available, special-
ized medical centers prepare and use such tests under appro-
priate clinical situations. The validity of such tests is ad-
judged on a case by case basis. (C)

Summary Statement 166. More than 300 low- and high-
molecular-weight occupational allergens have been identi-
fied. Test reagents for these agents are generally available in
specialized occupational allergy centers. (A)

Summary Statement 167. A variety of plant or plant-de-
rived proteins or glycoproteins may be associated with sys-
temic allergic symptoms. (A)

Summary Statement 168. Chemicals, plant resins, and lipid
constituents are the chief causes of ACD, which requires
patch testing for confirmation. (A)

Summary Statement 169. As previously emphasized,
knowledge of specific patterns of cross-reactivity among tree,
grass, and weed pollens is essential in preparing an efficient
panel of test reagents. (A)

Summary Statement 170. Although cross-reactivity among
related pollen families can usually be ascribed to specific
epitopic determinants, more diffuse cross-reactivity due to
plant profilins and cross-reactive carbohydrate determinants
may also be present. (A)

Summary Statement 171. Cross-reactivity data on fungi are
extremely sparse. (C)

Summary Statement 172. The skin prick/puncture test is
superior to intracutaneous testing for predicting nasal allergic
symptoms triggered by exposure to pollen. (B)

Summary Statement 173. A skin prick/puncture test is
superior to intracutaneous testing for predicting allergic rhi-
nitis and allergic asthma triggered by cat allergen exposure.
(B)

Summary Statement 174. The skin prick/puncture can be
used to rule out allergic rhinitis and allergic asthma triggered
by cat allergen exposure. (B)

Summary Statement 175. Knowledge of allergen cross-
reactivity and local aerobiology is important in selecting
appropriate allergens and in minimizing the number of aller-
gens required for skin and specific IgE tests. (D)

Summary Statement 176. In general, skin prick/puncture
testing is more sensitive for identifying sensitization to in-
halant allergens and confirming clinical allergy. However,
specific IgE assays with defined quantifiable threshold levels
can also predict positive respiratory responses after allergen
exposure. (B)

Summary Statement 177. Demonstration of sensitization to
an occupational agent by specific IgE and/or skin testing
alone is insufficient to establish a diagnosis of OA. (B)

Summary Statement 178. Skin prick testing with certain
well-characterized occupational protein allergens possesses
adequate sensitivity such that a negative skin test result
(�3-mm wheal diameter) can be used to rule out clinical
allergy. (B)

Summary Statement 179. Test performance characteristics
of specific IgE assays and skin testing for detection of chem-
ical IgE-mediated sensitization must undergo validation and
reproducibility in controlled studies using standardized anti-
gens and assay protocols before these can be considered
reliable for routine evaluation of workers suspected of OA.
(B)

Summary Statement 180. In patients undergoing evaluation
for suspected work-related natural rubber latex (NRL) al-
lergy, a positive skin prick test result with a NRL extract (if
available) is preferred to demonstration of elevated specific
IgE with an FDA-cleared assay due to higher sensitivity of
the former. Current IgE-mediated allergy and asthma caused
by NRL allergens is highly unlikely in the presence of a
negative skin prick test result with a reliable crude NRL
allergen extract. Elevated in vitro specific IgE levels can be
used to confirm NRL allergy, but a negative result does not
exclude NRL allergen sensitization. (B)

Summary Statement 181. The primary tools available to
evaluate patients’ adverse reactions to foods include history
(including diet records), physical examination, prick/puncture
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skin tests, serum tests for food specific IgE antibodies, trial
elimination diets, and oral food challenges. (B)

Summary Statement 182. A detailed dietary history, at
times augmented with written diet records, is necessary to
determine the likelihood that food is causing the disorder,
identify the specific food, and determine the potential immu-
nopathophysiology. (D)

Summary Statement 183. With regard to evaluations for
IgE antibody–associated food allergies, tests for food specific
IgE antibody include percutaneous skin tests (prick/puncture
tests) and serum assays. In general, these tests are highly
sensitive (generally �85%) but only modestly specific (ap-
proximately 40% to 80%) and therefore are well suited for
use when suspicion of a particular food or foods is high. They
are not effective for indiscriminate screening (eg, using pan-
els of tests without consideration of likely causes) and there-
fore generally should not be used for that purpose. (B)

Summary Statement 184. Intracutaneous (intradermal) skin
tests for foods are potentially dangerous, are overly sensitive,
increase the chance of a false-positive test result, and are not
recommended. (D)

Summary Statement 185. Based on studies in infants and
children, increasingly higher concentrations of food specific
IgE antibodies (reflected by increasingly larger percutaneous
skin test size and/or higher concentrations of food specific
serum IgE antibody) correlate with an increasing risk for a
clinical reaction. (B)

Summary Statement 186. A trial elimination diet may be
helpful to determine if a disorder with frequent or chronic
symptoms is responsive to dietary manipulation. (D)

Summary Statement 187. Graded oral food challenge is a
useful means to diagnose an adverse reaction to food. (B)

Summary Statement 188. A number of additional diagnos-
tic tests are under investigation, including APTs and tests for
IgE binding to specific epitopes. (B)

Summary Statement 189. The rational selection, applica-
tion, and interpretation of tests for food specific IgE antibod-
ies require consideration of the epidemiology and underlying
immunopathophysiology of the disorder under investigation,
estimation of prior probability that a disorder or reaction is
attributable to particular foods, and an understanding of the
test utility and limitations. (D)

Summary Statement 190. Diagnostic skin and/or specific
IgE tests are used to confirm clinical sensitivity to venoms in
a patient with a history of a prior systemic reaction. (B)

Summary Statement 191. Although diagnostic tests identify
species specificity of venom sensitization, they do not reli-
ably predict severity of the sting reaction. (B)

Summary Statement 192. Standardized honeybee, Polistes,
and Vespula antigens are commercially available as skin test
reagents. (A)

Summary Statement 193. The skin test reagent available for
evaluation of imported fire sting allergy is a nonstandardized
whole-body extract. (C)

Summary Statement 194. In the case of a history of ana-
phylaxis to Hymenoptera venoms, intracutaneous skin tests

are generally performed to 5 of the available venoms in a
dose response protocol (up to 1 �g/mL [wt/vol]) when pre-
liminary prick/puncture test results are negative. (B)

Summary Statement 195. The FDA-cleared specific IgE
assays have comparable specificity but decreased sensitivity
compared with venom skin tests. (B)

Summary Statement 196. Paradoxically, as many as 16% of
insect-allergic patients with negative venom skin test results
have positive results on currently available specific IgE in
vitro tests. (B)

Summary Statement 197. A small percentage of patients
(1%) with negative results to both skin and in vitro tests may
experience anaphylaxis after a field sting. (B)

Summary Statement 198. A skin test refractory period
lasting up to 6 weeks after a venom sting has been demon-
strated by recent data. (B)

Summary Statement 199. Because of the predictive incon-
sistencies of both skin and serum specific IgE tests, patients
with a convincing history of venom-induced systemic reac-
tions should be evaluated by both methods. (D)

Summary Statement 200. Cross-allergenicity among insect
venoms is (1) extensive among vespid venoms, (2) consider-
able between vespids and Polistes, (3) infrequent between
bees and vespids, and (4) very limited between yellow jacket
and imported fire ants. (B)

Summary Statement 201. If Hymenoptera venom sensitiv-
ity is suspected, initial prick/puncture tests followed by serial
endpoint titration with intracutaneous tests may be required.
(B)

Summary Statement 202. Venom skin test may be repeated
once or twice at 3- to 6-month intervals to confirm the
diagnosis in a patient who initially had negative test results.
(D)

Summary Statement 203. When the diagnosis is highly
suspected but not proved by skin and specific IgE tests,
supervised live insect challenge sting may confirm clinical
sensitivity. Nevertheless, most patients with suspected venom
allergy do not require live stings. (D)

Summary Statement 204. Evaluation of drug-specific IgE
antibodies induced by many high-molecular-weight and sev-
eral low-molecular-weight agents is often highly useful for
confirming the diagnosis and prediction of future IgE-medi-
ated reactions, such as anaphylaxis and urticaria. (B)

Summary Statement 205. Neither immediate skin nor tests
for specific IgE antibodies are diagnostic of cytotoxic, im-
mune complex, or cell-mediated drug-induced allergic reac-
tions. (B)

Summary Statement 206. The availability of specific lab-
oratory tests for non–IgE-mediated drug allergies is limited.
(C)

Summary Statement 207. Atopy patch tests, lymphocyte
proliferation tests, and basophil activation tests are additional
diagnostic tests for drug allergy. Further studies are required
to confirm their clinical utility in the evaluation of drug
allergic patients. (B)
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Summary Statement 208. A graded challenge (test dose) is
a procedure to determine if a drug is safe to administer and is
intended for patients who are unlikely to be allergic to the
given drug. In contrast to desensitization, a graded challenge
does not modify the immune response to a drug. (B)

Summary Statement 209. Atopy patch tests, lymphocyte
proliferation tests, and basophil activation tests are additional
diagnostic tests for drug allergy. Further studies are required
to confirm their clinical utility in the evaluation of drug
allergic patients. (B)

Summary Statement 210. Penicillin skin testing is the most
reliable method for evaluating IgE-mediated penicillin al-
lergy provided that the necessary reagents are available.
When performed with both major and minor determinants,
the negative predictive value of penicillin skin testing for
immediate reactions approaches 100%, whereas the positive
predictive value is between 40% and 100%. (B)

Summary Statement 211. Skin testing with penicilloyl-
polylysine and penicillin G appears to have adequate negative
predictive value in the evaluation of penicillin allergy. (C)

Summary Statement 212. Penicillin skin test–negative pa-
tients (as determined by testing with major and minor deter-
minants) may receive penicillin, and depending on which
skin test reagents are used and the reaction history, the first
dose may need to be given via a test challenge with a lower
dose under observation. (D)

Summary Statement 213. In the absence of validated skin
test reagents, the approach to patients with a history of
penicillin allergy is similar to that of other antibiotics for
which no validated in vivo or in vitro diagnostic tests are
available. Therapeutic options include (1) prescribing an al-
ternative antibiotic, (2) performing a graded challenge, and
(3) performing penicillin desensitization. (D)

Summary Statement 214. In patients who have reacted to
semisynthetic penicillins, consideration should be given to
skin test the implicated antibiotic and penicillin determinants.
(B)

Summary Statement 215. There are no validated diagnostic
tests of sufficient sensitivity for evaluation of IgE-mediated
allergy to antibiotics other than penicillin. (C)

Summary Statement 216. Skin testing with nonirritating
concentrations of other antibiotics is not standardized. A
negative skin test result does not rule out the possibility of an
immediate-type allergy. A positive skin test result suggests
the presence of drug-specific IgE antibodies, but the predic-
tive value is unknown. (C)

Summary Statement 217. A presumptive diagnosis of as-
pirin-exacerbated respiratory disease (AERD) can often be
made by history; however, in some cases, aspirin provocation
tests might be considered for a definitive diagnosis. (B)

Summary Statement 218. Urticaria, angioedema, and ana-
phylactic reactions to nonsteroidal anti-inflammatory drugs
(NSAIDs) are distinctly different drug reactions from AERD
reactions. In contrast to AERD reactions, anaphylactic reac-
tions to NSAIDs are usually drug specific, and patients typ-
ically tolerate other structurally dissimilar NSAIDs. (B)

Summary Statement 219. Skin testing is a useful diagnostic
tool in cases of perioperative anaphylaxis, and when skin
testing is used to guide subsequent anesthetic agents, the risk
of recurrent anaphylaxis to anesthesia is low. (C)

Summary Statement 220. Skin testing is not helpful in
cases of taxane-induced anaphylactoid reactions. (C)

Summary Statement 221. Skin testing to carboplatin yields
favorable predictive values. (C)

Summary Statement 222. Skin testing with asparaginase
before treatment is recommended but does not identify all
patients at risk of reactions. (C)

Summary Statement 223. Skin testing for diagnosis of local
anesthetic allergy is limited by false-positive reactions. The
gold standard for establishing a diagnosis of local anesthetic
allergy is the provocative challenge. (C)

Summary Statement 224. The specificity and sensitivity of
skin tests for systemic corticosteroid allergy are unknown,
and cases of corticosteroid allergy with negative skin test
results to the implicated corticosteroid have been reported.
(D)

Summary Statement 225. For most allergic reactions to
additives, skin tests are of no diagnostic value, and placebo-
controlled oral challenges are required. (D)

Summary Statement 226. Contact dermatitis is a common
skin disorder seen by allergists and dermatologists and can
present with a spectrum of morphologic cutaneous reactions.
(C)

Summary Statement 227. The initial approach to clinical
diagnosis of CD is to distinguish between ACD and ICD. (C)

Summary Statement 228. The inflammatory lesions of CD
may result from either ACD or ICD mechanisms. Factors that
affect response to the contact agent include the agent itself,
the patient, the type and degree of exposure, and the envi-
ronment. (A)

Summary Statement 229. Tissue reactions to contactants
are attributable primarily to cellular immune mechanisms
except for contact urticaria. (A)

Summary Statement 230. Irritant contact dermatitis is usu-
ally the result of nonimmunologic, direct tissue reaction and
must be clearly differentiated from ACD. (A)

Summary Statement 231. The diagnosis of ACD is sus-
pected from the clinical presentation of the rash, which then
must be supported by a history of exposure to a putative agent
and subsequently confirmed by patch testing whenever this is
possible. (C)

Summary Statement 232. The skin site of the dermatitis is
important in the diagnosis of ACD because the area of pre-
dominant involvement and the regional distribution of the
lesions often reflect the area of contact with the allergen. (A)

Summary Statement 233. Epicutaneously applied patch
tests are the standardized diagnostic procedures to confirm
ACD. (A)

Summary Statement 234. Patch tests are indicated in any
patient with a chronic, pruritic, eczematous, or lichenified
dermatitis if underlying or secondary ACD is suspected. (C)
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Summary Statement 235. Patch test results are affected by
oral corticosteroids but not by antihistamines. (A)

Summary Statement 236. Reading and interpretation of
patch test results should conform to principles developed by
the International Contact Dermatitis Research Group and the
North American Contact Dermatitis Research Group. (A)

Summary Statement 237. A 96-hour reading may be nec-
essary because 30% of relevant allergens that are negative at
the 48-hour reading become positive in 96 hours. (A)

Summary Statement 238. Nonstandardized and customized
patch testing is often required, depending on the patient’s
exposure history. (C)

Summary Statement 239. A problem-oriented approach to
diagnostic patch testing using evidence-based principles of
likelihood ratios and posttest probability is more likely to
confirm clinical ACD than a randomly selected patch test
approach. (B)

Summary Statement 240. Several in vitro procedures are
being investigated for the diagnosis of ACD. (A)

Summary Statement 241. The differential diagnosis for CD
is influenced by many factors, such as the clinical appearance
of the lesions, distribution of the dermatitis, and associated
systemic manifestations. (B)

Summary Statement 242. Occupational contact dermatitis
(OCD) is an inflammatory cutaneous disease caused or ag-
gravated by workplace exposure. (B)

Summary Statement 243. There are 7 generally acceptable
criteria for establishing causation and aggravation of OCD.
(C)

Summary Statement 244. Among health care professionals,
ACD may occur as part of the spectrum of immunoreactivity
to NRL in latex gloves. (A)

Summary Statement 245. Allergic contact dermatitis from
exposure to plants is the result of specific cell-mediated
hypersensitivity induced by previous contact with that family
of plants. (A)

Summary Statement 246. Contact dermatitis is commonly
implicated after exposure to topical medications, including
lanolin, para-aminobenzoic acid (PABA), caine derivatives,
antihistamines, iodochlorhydroxyquin, NSAIDs, and cortico-
steroids. (A)

Summary Statement 247. Allergic contact dermatitis due to
topical corticosteroids may occur in up to 5% of patients with
suspected CD. (A)

Summary Statement 248. Simultaneous exposure to aller-
gens and irritants may produce both additive and synergistic
ACD responses due to their interaction. (A)

Summary Statement 249. The role of detergents in hand
dermatitis is a reflection of their ability to disrupt the skin
barrier. (A)

Summary Statement 250. Allergic contact dermatitis is a
significant clinical problem in children. (A)

PART 1
Part 1 is an update of in vivo and in vitro techniques that are
available as adjunctive diagnostic instruments for confirma-

tion of common allergic problems. These problems include
both IgE and delayed hypersensitivity (ie, tuberculin-like and
contactant allergy) adaptive immune responses. Emphasis is
placed on reliability of reagents and devices. Quality assur-
ance is also discussed in the context of reproducibility and the
need to minimize intertechnician and interlaboratory variabil-
ity.

IN VIVO DIAGNOSTIC TESTS OF IMMEDIATE
HYPERSENSITIVITY REACTIONS

Percutaneous and Intracutaneous In Vivo Diagnostic Skin
Tests
Summary Statement 1. First described in 1867 by Dr Charles
Blackley, skin tests (prick/puncture and intracutaneous) have
evolved as reliable, cost-effective techniques for the diagno-
sis of IgE-mediated diseases. (B)

History and Background
Although Blackley first documented the diagnostic potential
of skin testing by placement of an allergen on abraded skin,
the introduction of the cutaneous test for tuberculosis by von
Pirquet became the chief impetus for subsequent allergy skin
testing.1,2 The first of these was the scratch test made by
rubbing the allergen into a small, blood-free scratched area of
the forearm and introduced by Schloss for the diagnosis of
food allergy in children.2 A few years later, Schick and Cooke
independently introduced the intracutaneous test as a diag-
nostic method.2 Although the scratch method was used ex-
tensively in the past, it has fallen out of general use because
of greater patient discomfort, poor reproducibility, and the
possibility of residual linear pigmented or depigmented ar-
eas.3 As a way to avoid these problems, prick/puncture tests
were introduced in the early 1950s. Sir Thomas Lewis had
first suggested the puncture technique as an alternative skin
test.4 However, Squire first called attention to the quantitative
aspects of the prick/puncture technique as a method of de-
tecting sensitization to various proteins.5 He estimated that a
small amount (3 � 10�6 mL) of the test solution was intro-
duced through the puncture site. Prick/puncture tests have
been widely adapted throughout the world, although some
practitioners prefer exclusive use of intracutaneous tests.

Prick/Puncture Tests
Summary Statement 2. Prick/puncture tests are used to con-
firm clinical sensitivity induced by aeroallergens, foods,
some drugs, and a few chemicals. (B)

Present application
Prick/puncture tests are widely used for confirmation of clin-
ical immediate hypersensitivity induced by a wide variety of
naturally occurring allergens such as inhalants and foods.
Under carefully defined circumstances, these tests are also
useful in the diagnosis of drug and chemical hypersensitivity
(platinum salts, acid anhydrides, polyisocyanates, sulfone-
chloramide, and succinylcholine analogs) reactions. They are
frequently used as reference standards for evaluating speci-
ficity and sensitivity of specific in vitro tests for IgE, and they
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may also be used to determine bioequivalent potencies of
allergenic extracts in European countries.

Technique
Summary Statement 3. A number of sharp instruments (hy-
podermic needle, solid bore needle, lancet with or without
bifurcated tip, and multiple-head devices) may be used for
prick/puncture tests. (C)

Summary Statement 4. Although a number of individual
prick/puncture comparative studies have championed a par-
ticular instrument, an objective comparison has not shown a
clear-cut advantage for any single or multitest device. Fur-
thermore, interdevice wheal size variability at both positive
and negative sites is highly significant. (C)

Summary Statement 5. Optimal results can be expected by
choosing a single prick/puncture device and properly training
skin technicians in its use. (C)

Summary Statement 6. Although prick/puncture tests are
generally age, sex, and race independent, certain age (chil-
dren younger than 2 years and adults older than 65 years) and
racial (African American children) factors may affect their
interpretation. (C)

Summary Statement 7. Skin test allergens used for prick/
puncture tests should be potent and stable. (B)

Summary Statement 8. To ensure proper interpretation,
positive (histamine) and negative (saline or 50% glycerinated
HSA–saline) should be performed at the same time as aller-
gen tests. (B)

In performing the prick test, a sharp instrument (hypoder-
mic needle, solid bore needle, blood lancet) is passed through
a drop of extract or control solutions (histamine, saline) at a
45° to 60° angle to the skin.6,7 The skin is then gently lifted,
creating a small break in the epidermis through which the
suspected allergen solution penetrates. Alternatively, the skin
device may be passed through the drop at a 90° angle to the
skin. This is called a puncture test. Devices used in this
manner generally are designed with a sharp point and a
shoulder (0.9 or 1 mm) to prevent excess penetration into the
dermis. Devices with multiple heads have also been devel-
oped to apply several skin tests at the same time.8 Several of
these devices may also be used for modified scratch tests by

applying a slight rotating twist after the puncture is made.
Lancet instruments, either coated or submerged in a well
containing the allergen extract (Phazet, Prilotest), are not
used in the United States.6,7

In 1995, the Occupational Safety and Health Administra-
tion (OSHA) called attention to the possible safety and health
risks to bloodborne pathogens that may arise with the practice
of using a single device for multiple applications and wiping
the device between tests.9 OSHA opined that the technician
could unintentionally be pricked with the device when wiping
it between tests. This notice led many allergists to abandon
the use of solid-bore needles for percutaneous testing, result-
ing in greater use of the newer devices, each of which is
discarded after use.

Numerous studies have compared the reliability and vari-
ability of various devices.10–29 Analysis of the results of these
combined studies plus several recent prick/puncture compar-
ative studies does not reveal a clear-cut advantage for any
single or multitest device because interstudy results are vari-
able. This is partially due to the degree of trauma that the
device may impart to the skin, thereby accounting for differ-
ent sizes of positive reactions and even the possibility of
producing a false-positive reaction at the site of the negative
control. Thus, prick/puncture devices require specific criteria
for what constitutes a positive reaction (Table 2).27,30 What is
readily apparent from this table is the fact that wheal size
variability between the studies is highly significant at both
positive and negative test result sites.27 In addition, consid-
erable care should be given to proper training of skin test
technicians. To achieve quality assurance among technicians,
consistency in skin test performance should be demonstrated
by skin testing proficiency protocols. In Europe, a coefficient
variation of less than 20% after histamine control applications
has been suggested, whereas a coefficient variation of less
than 30% was used in a recent Childhood Asthma Manage-
ment Study.30 Table 3 outlines a suggested proficiency testing
protocol. Criteria (diameter or wheal area � SD) for positive
and negative test results should be preestablished with the
device selected by each clinical test site. Under clinical
conditions, it is impossible to quantify the exact amount of

Table 2. Size of Wheals That Are Larger Than 99% of the Wheals With Saline, Using the Same Device on Subject’s Back by the Same
Operatora

Devices 1
0.99 Quintile of reactions

at the negative control
sites, mm

Devices 2
0.99 Quintile of reactions

at the negative control
sites, mm

Quintest (HS) puncture 0 DuoTip (Lincoln) twist 3.5
Smallpox needle (HS) prick 0 Bifurcated needle (ALO) prick 4.0
DuoTop (Lincoln) prick 1.5 MultiTest (Lincoln) puncture 4.0
Lancet (HS) 2.0 Bifurcated needle (ALO) puncture 4.5
Lancet (ALK) 3.0 Quick Test (Pantrex) 4.0
DermaPICK II 0 Greer Track (Greer) 3.5

Abbreviations: HS, Hollister Steir; Greer, Greer Laboratories; ALO, Allergy Labs of Ohio; Lincoln, Lincoln Diagnostics; ALK, ALK America.
aDevices 1 are those for which a 3-mm wheal would be significant. Devices 2 are those for which a more than 3-mm wheal should be used as
significant.
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injected material by prick/puncture tests. However, a recent
gamma camera–based method to measure microvolumes la-
beled with radioisotopes attained a high degree of precision
and accuracy in measuring microvolumes.31 This degree of
precision of allergen delivery might be useful for bioequiva-
lency standard assays by prick/puncture methods.

In the past decade, a number of prospective epidemiologic
studies have relied heavily on the prick/puncture test for
evaluating increase or decrease in atopy over time.32,33 Obvi-
ously, as discussed herein, such studies require the use of a
single device with predetermination of the variability of
wheal-and-flare diameters elicited by allergen, histamine, and
saline, a proficient operator, and potent, stable test extracts.
Several epidemiologic studies of this type have confirmed
highly repeatable results in the short term (ranging from 1
week to 11 months).34,35 In addition, other studies reported
repeatability during a 2- to 3-year period.36,37

Concurrent drugs may affect the validity of prick/puncture
and intracutaneous tests. Antihistamines vary considerably in
their ability to suppress wheal-and-flare responses (Table 4).
Furthermore, the studies that evaluated degree and duration
of antihistamine suppression were not directly comparable
because they used different pharmacodynamic models (eg,
histamine vs allergen induced). The general principle to be
gleaned from various studies is that the use of first- and
second-generation antihistamines should be discontinued 2 to
3 days before skin tests with notable exceptions being ceti-
rizine, hydroxyzine, clemastine, loratadine, and cyprohepta-
dine (Table 4).38–40 The tricyclic antidepressant doxepin may
also suppress the wheal-and-flare response for as long as 6
days.41 Histamine2 antagonists may cause mild suppression,
and their use should be discontinued for 24 hours before

testing.42,43 Oral prostaglandin D2 inhibitors, (eg, indometh-
acin) given several hours before testing may increase the
wheal area by 17%, whereas cysteinyl leukotriene antagonists
(eg, zafirlukast, montelukast) had negligible effects.44,45

Short-term oral corticosteroids (30 mg of prednisone daily for
1 week) do not suppress skin tests.46 There are dissenting
opinions about the effect of long-term and relatively high-
dose corticosteroids (�20 mg/d) on suppression of immediate
skin test reactions.47,48 By contrast, repetitive and prolonged
application of potent topical corticosteroids for greater than 3
weeks may suppress immediate skin tests over areas where
they have been applied.49–51 Skin tests should be avoided in
these sites or corticosteroids should be avoided in such sites
for 2 to 3 weeks before testing. This effect is attributed to a
combination of a decrease in mast cell recruitment and an
increase of mast cell apoptosis.49,50

Several physiologic factors may affect interpretation of
skin test results. Suppression of endogenous cortisol may
affect late-phase reactions (skin and pulmonary) without a
change in early-phase responses.52,53 Although both prick/
puncture and intracutaneous histamine tests were not for-
merly considered to be affected by menstrual phase, a recent
study demonstrated optimal reactions to allergens when
prick/puncture tests were performed at midcycle.54 Histamine
wheals are significantly larger in darkly pigmented skin com-
pared with light skin, thus emphasizing the importance of a
histamine control.55 A recent investigation of school aged
children revealed that histamine skin reactivity differed mark-
edly in 3 different countries (Italy more than Poland more
than Libya).56 Short-term UV-B radiation may reduce wheal-
and-flare intensity by as much as 50%.57

Prick/puncture tests can be performed on the upper back or
volar surface of the forearm.58 Not only is the back more
reactive than the forearm, but specific locations on the back
and forearms vary in reactive intensity.58 Regardless of loca-
tion, it is recommended that there should be sufficient space
(eg, approximately 2 to 2.5 cm) between each applied aller-
gen, and tests not be placed in areas 5 cm from the wrist or
3 cm from the antecubital fossae.21,35,59–60 Skin tests should
not be performed in skin sites with active dermatitis or severe
dermatographism. If they are performed in the presence of
mild dermatographism, the results should be interpreted with
caution.

Prick/puncture tests may be performed in infants as young
as 1 month. Although an early study reported that positive
reactions tend to be smaller in infants and younger children
(�2 years) than in adults, a recent investigation of prick/
puncture tests in infants revealed that they exhibit a high
degree of reliability.61,62 The prevalence of positive skin test
results increases until the third decade, after which there is a
slow decline, particularly after the age of 50 years.63 Never-
theless, significant positive skin test results may still be
demonstrated in patients well older than 65 years. Several
investigations reported that African American children with
or without asthma were more likely to exhibit positive prick/

Table 3. Suggested Proficiency Testing and Quality Assurance
Technique for Prick/Puncture Skin Testing

● Using desired skin test device, perform skin testing
with positive (histamine 1–10) and negative controls
(saline 1–10) in an alternate pattern on a subject’s
back.

● Record histamine results at 8 minutes by outlining
wheals with a felt tip pen and transferring results
with transparent tape to a blank sheet of paper.

● Record saline results at 15 minutes by outlining
wheal and flares with a felt tip pen and transferring
results with transparent tape to a blank sheet of
paper.

● Calculate the mean diameter as (D � d)/2; D �
largest diameter and d � orthogonal or
perpendicular diameter at the largest width of D.

● Histamine
Calculate the mean and SDs of each mean wheal

diameter
Determine coefficient of variation (CV) � SD/mean
Quality standard should be CV less than 30%
● Saline
All negative controls should be �3-mm wheals and

�10-mm flares.
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Table 4. Suppressant Effects of Drugs on Immediate Skin Testsa

Antihistamine generic name
Mean days
suppressed

Maximum days
suppressed

Dose

First generation
Chlorpheniramaine 21b; 32c 61c 4 mg 4 times daily
Clemastine 53c 103c 1 mg twice daily
Cyproheptadine 94c 114c 8 mg/d
Dexchlorpheniramine 44c 44c 4 mg/d
Diphenhydramaine 22c 52c 50 mg 4 times daily
Hydroxyzine 52c 82c 25 mg 4 times daily
Promethazine 32c 52c 25 mg 4 times daily
Tripelennamine 32c 72c 50 mg 4 times daily

Second generation
Azelastine nasal 25,6c 1% twice daily
Cetirizine 35c 10 mg/d
Fexofenadine 25c 60 mg twice daily
Loratadine 75c 10 mg/d
Levocabastine nasal 05c 50 micro/sp twice daily
Levocabastine Opth 05c 0.05% twice daily

Tricyclic antidepressants and tranquilizers
Desipramine 27b 25 mg single dose
Imipramine �108c

Doxepin 67b 25 mg single dose
Doxepin topical 119c

Histamine2 antihistamines
Ranitidine �110c 150 mg single dose

Cysteinyl leukotriene antagonists
Monteleukast 011,12 10 mg
Zafirlukast 013 20 mg

Local anesthetic
EMLA cream 0 wheal14

150–100%14

5 g over volar surface of arm 1 hour
before test suppression of erythema

a When study reports in fractions of days, the total is rounded up. Maximum days would apply to most patients, but there may be exceptions where
this would be longer.
b Single-dose study.
c Multiple-dose study
1. Long WF, Taylor RJ, Wagner CJ, Leavengood DC, Nelson HS. Skin test suppression by antihistamines and the development of subsensitivity.
J Allergy Clin Immunol. 1985;76:113–7.(III).
2. Cook TJ, MacQueen DM, Wittig HJ, Thornby JI, Lantos RL, Virtue CM. Degree and duration of skin test suppression and side effects with
antihistamines: a double blind controlled study with five antihistamines. J Allergy Clin Immunol. 1973;51:71–7.(III).
3. Phillips MJ, Meyrick Thomas RH, Moodley I, Davies RJ. A comparison of the in vivo effects of ketotifen, clemastine, chlorpheniramine and
sodium cromoglycate on histamine and allergen induced weals in human skin. Br J Clin Pharmacol. 1983;15:277–86.(IIa).
4. lmind M, Dirksen A, Nielsen NH, Svendsen UG. Duration of the inhibitory activity on histamine-induced skin weals of sedative and non-sedative
antihistamines. Allergy. 1988;43:593–6. (III).
5. Simons FE, Simons KJ. Clinical pharmacology of new histamine H1 receptor antagonists. Clin Pharmacokinet. 1999;36:329–52. (LB).
6. Pearlman DS, Grossman J, Meltzer EO. Histamine skin test reactivity following single and multiple doses of azelastine nasal spray in patients
with seasonal allergic rhinitis. Ann Allergy Asthma Immunol. 2003;91:258–62. (Ib).
7. Rao KS, Menon PK, Hilman BC, Sebastian CS, Bairnsfather L. Duration of the suppressive effect of tricyclic antidepressants on histamine-
induced wheal-and-flare reactions in human skin. J Allergy Clin Immunol. 1988;82:752–7. (III).
8. Wolfe HI, Fontana VJ. The effect of tranquilizers on the immediate skin wheal reaction: a preliminary report. J Allergy Clin Immunol.
1964;35:271–3. (III).
9. Karaz SS, Moeckli JK, Davis W, Craig TJ. Effect of topical doxepin cream on skin testing. J Allergy Clin Immunol. 1995;96:997–8. (III).
10. Miller J, Nelson HS. Suppression of immediate skin tests by ranitidine. J Allergy Clin Immunol. 1989;84:895–9. (III).
11. Simons FE, Johnston L, Gu X, Simons KJ. Suppression of the early and late cutaneous allergic responses using fexofenadine and montelukast.
Ann Allergy Asthma Immunol. 2001;86:44–50.(Ib).
12. Hill SL III, Krouse JH. The effects of montelukast on intradermal wheal and flare. Otolaryngol Head Neck Surg. 2003;129:199–203. (Ib).
13. Saarinen JV, Harvima RJ, Horsmanheimo M, Harvima IT. Modulation of the immediate allergic wheal reaction in the skin by drugs inhibiting the
effects of leukotriene C4 and prostaglandin D2. Eur J Clin Pharmacol. 2001;57:1–4. (IIb).
14. Sicherer SH, Eggleston PA. EMLA cream for pain reduction in diagnostic allergy skin testing: effects on wheal and flare responses. Ann Allergy
Asthma Immunol. 1997;78:64–8. (IIb).

S18 ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



puncture test results to outdoor aeroallergens than their coun-
terpart white cohorts.64,65

Allergen extracts used for percutaneous and intracutaneous
testing ideally should be of known composition and potency.
Although a limited number of standardized extracts are com-
mercially available, most inhalant and food extracts are not
standardized. Before the recent availability of standardized
extracts, the composition of nonstandardized, commercially
available extracts varied greatly between the manufacturers.66

This situation is slowly improving with the introduction of
bioequivalent extracts.67,68 In Nordic countries, the wheal and
flare of a positive control histamine test are used to assign
biologic equivalency to allergen materials.69,70 Bioequiva-
lency by this system is defined as histamine equivalent prick
(HEP) units. Although relatively few commercialized ex-
tracts are yet designated in bioequivalent allergy units (eg,
grass, cat), the trend toward universal bioequivalency is well
under way, as evidenced by more recent attempts to standard-
ize commercial food antigen extracts not only by wheal area
but also by objective organ challenges.71,72

Stability and potency of allergenic test extracts are also
important issues. Since it is known that allergen extracts
deteriorate with time, accelerated by dilution and higher
temperatures, allergen skin test extracts are usually preserved
with 50% glycerin.73,74 If dilutions are required for skin test
threshold testing, the diluent should be HSA (0.03%)–sa-
line.73 All extracts should be stored under cold (4°C) to
ensure stability.74 In vivo biologic activity of genetically
engineered recombinant allergens has been evaluated and
compared with specific allergens from which they were de-
rived.75,76 In general, they appear to be highly specific and
safe. However, the sensitivity of single recombinant allergens
is usually lower than those obtained with natural allergen
extracts.75 The precise role of recombinant allergens as in
vivo diagnostic tools remains to be determined.

Positive and negative controls should be performed with all
tests. In the United States for many years the only available
positive control was histamine phosphate (2.7 mg/mL equiv-
alent to a 1.0-mg/mL histamine base). Wheal diameters with
this preparation range from 2 to 7 mm.59 Currently, a 10-
mg/mL histamine dehydrochloride control is available, and
this is the preferred positive control for prick/puncture skin
tests. The negative control consists of 50% glycerinated
HSA–saline if concentrated extracts are used.

Reading the test results
Summary Statement 9. The peak reactivity of prick/puncture
tests is 15 to 20 minutes at which time both wheal and
erythema diameters (or areas) should be recorded in millime-
ters and compared with positive and negative controls. (B)

Summary Statement 10. Qualitative scoring (0 to 4�; pos-
itive or negative) is no longer used by many clinicians be-
cause of interphysician variability in this method of scoring
and interpretation. (B)

A standardized approach to reading the tests has not yet
been achieved. For example, some clinicians advocate imme-

diate blotting of the allergen after the prick/puncture test to
reduce the risk of an adverse reaction, whereas others leave
the allergen in place for 20 minutes.77 No essential difference
has been found between these techniques. Histamine control
tests should be read 15 minutes after application at the peak
of reactivity.69 The peak of allergen prick/puncture tests is
usually 15 to 20 minutes after application. Although some
investigators have advocated the primary importance of the
wheal diameter,70 both erythema and wheal should be mea-
sured and recorded in millimeters for appropriate compari-
sons with positive (ie, histamine) and negative controls (ie,
buffered diluent or 50% glycerinated extracts). Since trauma
may affect wheal size (Table 2), an allergen response less
than 3 mm generally should not be regarded as positive.27,30,70

Devices that produce wheals that exceed 3 mm at negative
control sites should be avoided.11 Unfortunately, there is
variability among physicians and investigators in recording
the dimensions of flare, wheal, or both. The size of the
reaction may be recorded as a mean wheal diameter, D � d/2
(with D indicating the largest diameter of the wheal and d
indicating the largest diameter orthogonal to D), planimetry
(either direct or from a traced copy), minimal diameter of a
significant wheal �3 mm, comparison to an HEP test caused
by 1 or 10 mg/mL of histamine dihydrochloride (defined as 1
HEP with 10 mg/mL being the preferred reference standard),
or a score related to a codeine phosphate control defined as a
wheal of 75% or greater of a control codeine phosphate
solution (25 mg/mL).17,24,78 Qualitative scoring (0 to 4�; 0 or
�) is no longer used by many clinicians because of marked
interphysician variability in scoring and interpretation of this
method.79

To summarize, a prick/puncture test with a response of at
least 3-mm diameter (with equivalent erythema) more than
diluent control done at the same time is required as proof of
the presence of cutaneous allergen specific IgE. There is a
recent trend to develop more precise methods of measuring
wheal area, such as handheld scanners with appropriate com-
puter software, end point titration, and morphometry because
wheal size (area or diameter) has assumed greater diagnostic
significance.80–84 Several investigators have determined that
specific cutoff values (eg, �8 mm for peanut) obviate the
need to confirm clinical sensitivity by organ challenge
tests.85,86 If similar pretest probabilities for clinical sensitivity
can be developed for more allergens by defining precise
cutoff prick/puncture measurement results, the clinical utility
of prick/puncture tests will be greatly enhanced.

Clinical relevance
Summary Statement 11. The diagnostic validity of prick/
puncture tests has been confirmed not only in patients ex-
posed to allergens under natural conditions but also in pa-
tients undergoing controlled organ challenge tests. (B)

Summary Statement 12. Although prick/puncture testing
often correlates with exposure history, there are significant
exceptions to this observation. (B)
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The diagnostic value of prick/puncture tests has been de-
termined chiefly by comparing the test to history of symp-
toms associated with exposure. They have been used most
frequently to evaluate individual cases and populations of
allergic patients. The diagnostic validity of prick/puncture
tests has been confirmed as a correlate of clinical sensitivity
in double-blind, randomized control studies under outdoor
(parks) and indoor (controlled environmental exposure units)
exposure conditions.87 The diagnostic accuracy in prick/punc-
ture tests has also been confirmed in groups of clinically
allergic patients undergoing specific nasal bronchoprovoca-
tion challenge measured by nasal resistance or acoustic rhi-
nometry under controlled laboratory conditions.88–92 Like-
wise, in the case of foods, prick/puncture tests have been
demonstrated to correlate with clinical symptoms that occur
after either open or double-blind food challenges.93–97 How-
ever, 1 of these studies revealed that this correlation did not
necessarily apply to all foods.93 When used as a diagnostic
test for potential symptoms based on exposure and/or history
alone, the utility of prick/puncture tests is highly allergen
dependent, giving concordant results with certain allergens,
such as cat dander, but not with others.97–99 Nevertheless,
given their generally favorable diagnostic characteristics,
other tests (intracutaneous, atopy patch, various specific IgE
tests) are often compared with prick/puncture tests as a ref-
erence.100–108 Interestingly, a recent prospective study re-
ported that 60% of skin sensitive (wheal �4 mm) asymptom-
atic subjects developed clinical allergy. These results
suggested that a positive prick/puncture test result in an
asymptomatic person may predict subsequent clinical aller-
gy.108

Sensitivity, specificity, and positive and negative predictive
indices
Summary Statement 13. Many studies have verified the sen-
sitivity and specificity of prick/puncture tests for both inhal-
ant and food allergens when correlated with nasal and oral
challenge tests. (B)

Summary Statement 14. Compared with clinical history
alone, the diagnostic accuracy of prick/puncture tests showed
more limited capacity to predict clinical sensitivity for both
inhalant and food allergens. (C)

It is generally accepted that prick/puncture tests are less
sensitive than intracutaneous tests. This is partially explained
by the larger volumes of test solutions administered by the
intracutaneous route. To compensate for this, positive prick/
puncture tests require that the test extracts be 50 to 100 times
more concentrated than intracutaneous test solutions. This
relative lack of sensitivity to prick/puncture tests can be
partially compensated for by avoidance of glycerinated ex-
tracts or by adding small amounts of Tween 80 (0.0005%).15

On the other hand, prick tests are more specific than intracu-
taneous tests because the increased sensitivity at a fixed
concentration of the intracutaneous test (1 in 1,000 wt/vol)
may be responsible for a small but reproducible number of
false-positive reactions, presumably because of an irritant

effect. Because of the uncertainty created by this relationship
between prick/puncture and intracutaneous tests, comparative
investigations have been conducted to establish cutoff values,
sensitivity, specificity and predictive indices of these tests
with respect to inhalants and selected food allergens. Inter-
pretation of these results varies, depending on whether the
comparative gold standard is clinical history or controlled
provocation challenges. With respect to inhalant allergens,
several investigations have demonstrated that it is possible to
establish more scientific guidelines for interpreting the tests
and what they predict.90,91,97,109 Using positive nasal provoca-
tion challenges as a standard, the sensitivity of prick/puncture
tests ranges from 85% to 87%, whereas the specificity of
these tests is between 79% and 86%.90,91 A recent meta-
analysis comparing prick/puncture tests to nasal challenge
revealed positive likelihood ratios of 4.93, 16.17, 3.23, and
4.06 for cat, tree pollen, grass pollen, and house dust allergen,
respectively, whereas the corresponding negative likelihood
ratios were 0.08, 0.03, 0.04, and 0.03.109–113 In a single mold
investigation (Alternaria sp) that compared skin testing to
challenge tests, positive and negative likelihood ratios were
similar for both prick/puncture and intracutaneous tests
(prick: positive likelihood ratio of 11.75, negative likelihood
ratio of 0.05; intracutaneous: positive likelihood ratio of 8.80,
negative likelihood ratio of 0.05).114 (Refer to Evaluation of
Inhalant Allergy, Part 2 for clinical significance.)

A comparative study of allergic asthmatic patients under-
going nonspecific methacholine challenge causing a 20% fall
in FEV1 of 4 mg/mL or less (wt/vol) or 8 mg/mL or less
(wt/vol) revealed that the sensitivity, specificity, and negative
predictive value of prick/puncture tests were 91%, 52%, and
85%, respectively, with the cutoff value of provocation con-
centration that caused a decrease in FEV1 of 20% (PC20) 8
mg/mL or less (wt/vol).108 The lower cutoff PC20 of 4 mg/mL
or less (wt/vol) increased the sensitivity and negative predic-
tive value to 98.2% and 97.8%, respectively. This suggests
that positive prick/puncture skin test results are more likely to
be associated with asthma of greater severity, as indexed by
the lower cutoff methacholine PC20 value of less than 4
mg/mL (wt/vol). A negative prick/puncture test result de-
creased the probability of having asthma by 10- to 20-fold in
subjects whose pretest probability was low to moderate.109

The diagnostic accuracy of prick/puncture tests in food al-
lergy has been compared with patients (mostly children) who
have positive open or double-blinded controlled positive re-
actions to specific foods.85,93–97,115–118 In several of these stud-
ies, it was possible to determine cutoff levels of skin prick/
puncture tests wheal diameters that were 100% diagnostic for
several foods (eg, �8 mm for milk; �7 mm for egg; �8 mm
for peanuts).94–99,115 These specific food cutoff values also
indicate the probability of more severe food allergy because
the controlled oral food challenges to which these were
compared reproduced clinical anaphylactic events, which
could be carefully monitored and treated. However, cutoff
wheal sizes associated with high likelihood of allergy are
variable, depending on the age (older children and infants),
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device, and reagents. Once cutoff values are ascertained and
validated, both likelihood ratios and the area under the re-
ceiver operating characteristic curve can be calculated with
the goal of eliminating the need for confirmation by provoc-
ative challenges.85,86,115

Sensitivity, specificity, and the predictive indices have also
been compared with clinical history, both for inhalant and
food allergens.97,98,119–122 Several of these investigations used
the area under the receiver operating characteristic curves to
determine optimal cutoff values and to evaluate the ability of
various allergens to predict symptom histories of hay fever
and asthma.120,121 Analysis of these studies revealed no uni-
fying principle about the accuracy of prick/puncture skin tests
as predictors for hay fever and asthma. Thus, 1 study con-
cluded that even the combination of history to common
allergens and physical examination is not diagnostic with
respect to skin prick/puncture and specific IgE tests.98 There
are exceptions, one of which concluded that a skin prick/
puncture wheal size of 3 mm or larger to cat elicited a
sensitivity of 0.9, a specificity of 0.9, and a diagnostic accu-
racy of 0.9.97 The limited capacity of skin prick/puncture tests
for predicting clinical symptoms was also tested by structured
interviews with patients undergoing aeroallergen skin tests.123

Patients were found to have limited ability to correctly predict
positive skin test results to aeroallergens based on their own
clinical symptom experiences.

Limitations
Summary Statement 15. The reliability of prick/puncture tests
depends on the skill of the tester, the test instrument, color of
the skin, skin reactivity on the day of the test, potency, and
stability of test reagents. (C)

Summary Statement 16. False-positive prick/puncture tests
may occur (1) to tree pollens in honey bee–sensitive patients
due to cross-reactive carbohydrate determinants present in
honey bee venom and (2) in tree-sensitive patients being
tested to tree pollens no longer indigenous to the area. (C)

Summary Statement 17. The rare occurrence of specific
positive organ challenge test results in patients with both
negative prick/puncture and intracutaneous tests suggests that
alternative pathways, including locally secreted IgE, IgE-
independent, or nonimmune stimuli may activate mediator
release in the end organ. (C)

The reliability and interpretation of the prick/puncture test
is heavily dependent on the skill and interpretation of the
individual tester, the reliability of the test instrument, the
color of the skin, the status of skin reactivity on the day of the
test, potency and stability of test extracts, especially the
optimum concentrations used for the test, and experimental
differences between duplicate prick tests.13,19,30 Appropriate
proficiency test methods for evaluating accuracy, precision,
and reproducibility of skin testing are encouraged in the
training of personnel (Table 3).30,124

If quality controls are not used, interpretation of the test
results varies from one technician to another. The hazards of
blood contamination with the use of all instruments must be

given appropriate attention, and all technicians must be care-
fully trained in appropriate barrier techniques, as well as
avoidance of accidental needle punctures. Reliability of
prick/puncture tests requires that allergen extracts be potent
and of known composition. Whenever possible, extracts with
known biologic potency should be used.66,124,125 For example,
commercial extracts of fruits and vegetables are likely to lose
potency over relatively short periods. Therefore, prick/punc-
ture tests for these potential allergens should be performed
either with freshly made food extracts or by the prick-prick
method in which the tester first pricks the fresh food and then
the skin. This method may be particularly helpful when there
are differences in the allergenicity of different cultivar strains
(eg, apples).126,127

If interpretation of allergen prick/puncture tests are ex-
pressed as a ratio of equivalency to a positive control (eg,
HEP), selection of the positive control may affect the diag-
nostic accuracy of the test. It has been shown that using a
ratio of allergen to positive histamine control for grading
ragweed reactivity elicited better diagnostic accuracy than the
ratio of allergen to a codeine phosphate control.128 By con-
trast, relating allergen-induced and control histamine wheals
reduced intertechnician reproducibility.129

Several confounding issues concerning test extracts could
limit diagnostic accuracy of prick/puncture tests. A recent
report demonstrated that approximately 16% of honeybee
venom allergic patients may be misdiagnosed as having mul-
tivalent pollen sensitization because they reacted to nonspe-
cific cross carbohydrate determinants in venom extracts.130 A
recent study of patients sensitive to multiple tree pollens
revealed a lack of correlation between prick/puncture tests
using commercial extracts of 15 previously reported indige-
nous tree species compared with actual mean tree species
pollen counts samples in the local aerobiology system.99 This
study indicated that prick tests to tree pollens should only be
performed with those species that have been confirmed as
being current airborne aeroallergens by aerobiologic sam-
pling (see nationalallergybureauwww.aaaai.org/nab/).

For unknown reasons, the diagnostic accuracy of intracu-
taneous testing is superior to that of prick/puncture tests in
several well-established IgE-mediated anaphylactic reactions
(eg, penicillin, muscle relaxant, and venom hypersensitivity).
In recent years, however, even intracutaneous negative Hy-
menoptera allergic patients have been reported to experience
anaphylaxis.131,132

Although the accuracy of prick/puncture tests in predict-
ing the presence or absence of clinical allergy has been
generally confirmed by previously cited studies, provided
the proper cutoff levels of interpretation are used, there are
specific reports of proven end-organ sensitivity in the
absence of positive prick/puncture or intracutaneous test
results.133–143 This occurrence has not been explained, al-
though pathways such as locally secreted IgE, IgE-inde-
pendent, or non-IgE stimuli have been suggested.139,144,145

In the case of reactions to foods despite negative test
results, the trigger protein in the test reagent may not have
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been fully extracted (with respect to the appropriate
epitope) or the causal protein was rapidly degraded.140 –143

Safety
Summary Statement 18. Life-threatening generalized sys-
temic reactions are rarely caused by prick/puncture tests. In a
recent retrospective survey, 1 death was reported in a patient
who received 90 food prick/puncture tests at one time. (C)

In a retrospective analysis of children being tested for
atopy, 6 cases of generalized reactions occurred in infants
younger than 6 months who showed positive skin prick test
results to fresh food specimens. Other common features in
this group of patients were active eczema and a family
history of allergic diseases. All infants received prompt
treatment and recovered well.146 The overall rate of gen-
eralized reactions was 521 per 100,000 tested children. In
a 12-year survey of fatal reactions to allergen injections
and skin testing in both adults and children from 1990 to
2001, one fatality was confirmed after skin prick testing
with multiple food allergens.147 This patient also had mod-
erately persistent asthma, and 90 food prick tests were
applied at one time. Analysis of near or life-threatening
reactions in the same survey revealed no instances of
reactions attributed to inhalant prick/puncture tests. In the
recently published Practice Parameter, The Diagnosis and
Management of Anaphylaxis, the concurrent use of
�-blockers and angiotensin-converting enzyme inhibitors
is cited as a relative contraindication to skin testing.148 –151

Intracutaneous Tests

Present applications
Summary Statement 19. Intracutaneous tests will identify a
larger number of patients with lower skin test sensitivity and
are used when increased sensitivity is the main goal of
testing. (B)

Summary Statement 20. Intracutaneous tests are useful for
evaluation of anaphylaxis, particularly drug (ie, penicillin)
and Hymenoptera venom anaphylaxis. (A)

Summary Statement 21. When compared with specific na-
sal challenge, skin end point titration (SET) is equivalent to
prick/puncture skin tests. (B)

Intracutaneous tests are generally used when increased
sensitivity is the main goal of testing (ie, when prick/puncture
test results are negative despite very convincing history of
exposure).152 They permit identification of a larger number of
clinically reactive patients, especially those with lower skin
test sensitivity. In addition, skin sensitivity to low potency
allergenic extracts may best be evaluated by this method.

As previously discussed, intracutaneous tests are prefera-
ble for diagnosis of drug and venom anaphylaxis.153–161 The
utility of intracutaneous tests for diagnosis of drug-induced
penicillin anaphylaxis has been extended to a variety of drug
classes, including cancer chemotherapeutic agents, muscle
relaxants, insulin, and heparin.162–166 Although experience and
standardization of these drug categories are limited compared

with penicillin and venoms, their negative and positive pre-
dictive values appear to be comparable.163

Although intracutaneous tests at strengths customarily per-
formed (1:100 to 1:1,000 [wt/vol] from manufacturer’s con-
centrate) are more sensitive, there are conflicting results
about their ability to predict clinical allergy. Several studies
in the previously cited meta-analysis investigated how well
intracutaneous tests predict symptoms after natural or labo-
ratory allergen challenges.110 Two high-quality studies con-
ducted in cat- and grass-sensitive patients concluded that
positive likelihood ratios were poor (0.89 and 1.05 for cat and
grass, respectively) as were negative likelihood ratios (1.24
and 0.98 for cat and grass, respectively).111,167 By contrast, the
accuracy of intracutaneous tests was excellent for Alternaria
species, as evidenced by positive and negative likelihood
ratios of 8.80 and 0.05, respectively.114 These disparate re-
sults probably reflect the intrinsic variability of individual
allergens among investigators and their abilities to predict
clinical allergy.113

One recent investigation demonstrated that SET, which is
a modified quantitative testing method, is equivalent to prick/
puncture testing for both positive and negative predictability
of clinical allergy when both are compared with nasal chal-
lenge.90 The end point response in SET is the lowest concen-
tration of allergen that produces a wheal: (1) that is the first
wheal 2 mm larger than the negative control wheal and (2) is
followed by a second wheal that is at least 2 mm larger than
the preceding one.90 It should be stressed, however, that SET
is roughly equivalent to new skin prick tests only at dilutions
ranging from 1:12,500 (wt/vol) to 1:312,000 (wt/vol). By
comparison, most physicians who perform intracutaneous
testing use dilutions ranging from 1:100 (wt/vol) to 1:1,000
(wt/vol).90 Indeed, a study designed to test the predictive
response of timothy prick/puncture and intracutaneous tests
to nasal provocation revealed that the addition of a single
intracutaneous test at a dilution of 1:500 (wt/vol) (No. 2 in the
Rinkel nomenclature) adds no additional predictability when
the prick test result is negative and therefore appears to be
unwarranted.91 Similar disappointing results were obtained
when Alternaria intracutaneous tests at a dose of 1:500 (wt/
vol) were compared with specific nasal challenge93 and con-
trasted sharply with a previous Alternaria study.114

Techniques
Summary Statement 22. Intracutaneous tests should be per-
formed with small volumes (approximately 0.02 to 0.05 mL)
of allergens injected intracutaneously with a disposable 0.5-
or 1.0-mL syringe. (C)

Summary Statement 23. As a general rule, the starting dose
of an intracutaneous allergen test ranges from 100- to 1,000-
fold more dilute than the allergen concentration used for
prick/puncture tests. (C)

A single-unit, 0.5- or 1.0-mL disposable syringe with an
attached hypodermic needle is preferred. The gauge of the
attached hypodermic needle may vary from 26 to 30.168 The
use of a Hamilton calibrated syringe ensures a reproducible
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injected volume, but this appears to offer little advantage to
careful injections that produce wheals of similar size.168,169

The reproducibility of intracutaneous tests is affected by the
same variables as those described for prick/puncture tests.57

These include the age of the skin, the area of the body where
the tests are applied, skin pigmentation, interference by con-
current medications, and potency and biologic stability of the
allergen test extracts. Intracutaneous tests are usually placed
on the upper arm or volar surface of the forearm rather than
the back to allow for application of a tourniquet should
systemic symptoms occur. The back also reveals considerable
differences in skin reactivity between different areas of the
back of individual patients.168 There may be leakage of the
allergen at the injection site because of improper technique,
but this can be prevented by the use of unitized syringes and
needles. Concurrent tests with diluent control solutions also
should be performed. In addition, a positive histamine control
(equivalent to 0.10 mg/mL [wt/vol] of histamine base) should
be included to evaluate the degree of skin response at the time
of the test. The volumes of intracutaneous test solutions may
vary from 0.02 to 0.05 mL, depending on the purpose of the
test. Delivery of small volumes (�0.03 mL) is difficult to
attain with regularity. Because of the greater possibility of
systemic reactions after intracutaneous testing, special care
should be given to preparing less potent test dilutions. As a
general rule, the starting dose of intracutaneous extract solu-
tions in patients with a preceding negative prick test result
should range from 100- to 1,000-fold dilutions of the con-
centrated extracts used for prick/puncture tests.58 In the case
of standardized allergens, such as ragweed, grass, dust mite,
and cat, the range of starting intracutaneous test solutions in
patients with preceding negative prick/puncture test results is
between 10 and 100 BAU.58,170

Most of the factors that affect the reliability of prick/
puncture tests also apply to intracutaneous tests. Several of
these have already been discussed (ie, smaller dose of the
positive histamine phosphate control and the unsuitability of
the back for intracutaneous tests). Technical training for
precision and reproducibility of intracutaneous tests should
also be emphasized, especially for those persons performing
biologic equivalency tests. A recent investigation of intracu-
taneous skin tests noted that intracutaneous testing had poor
reproducibility, appearing to confirm a much earlier
study.171,172 The effects of drugs on intracutaneous testing are
similar to the agents discussed under prick/puncture tests.
Although immediate-phase reactions are not affected by cys-
teinyl leukotriene modifiers, the late-phase cutaneous reac-
tion is reduced.45

Reading the test results
Summary Statement 24. Intracutaneous tests are read 10 to 15
minutes after injection, and both wheal and erythema (in
millimeters) should be recorded. (B)

For intracutaneous tests, histamine controls and allergen
sites are usually read 10 to 15 minutes, respectively, after the
injections. Similar to prick/puncture tests, various indices,

such as the longest diameter, the sum of the largest diameter
and its orthogonal diameter divided by 2, products of the
diameters, planimetry, and measurement of paper traced from
skin responses, have been used to interpret intracutaneous
results. Both erythema and wheal diameters should be mea-
sured and recorded. Erythema can be measured as reliably as
wheal reactions and is the sole criterion for bioequivalency
tests in the United States.59,124 Any reaction larger than the
negative control may indicate the presence of specific IgE
antibody. Given the greater sensitivity and equivocal repro-
ducibility of intracutaneous testing, however, small positive
reactions may not be clinically significant.173 There are no
evidence-based studies on standardized intracutaneous test
grading. Eighty-five percent of board-certified allergists re-
cently surveyed reported that they used the criterion of 3 mm
above the negative control as a threshold for a positive
intracutaneous test result.174 The criteria for determining the
SET titration threshold stipulate a measurement of 4 mm
above the negative control.90

Clinical relevance
Summary Statement 25. The diagnostic sensitivity of intracu-
taneous tests is probably greater than prick/puncture tests
when testing for penicillin, insect venom, or certain drug
class (eg, insulin, heparin, muscle relaxants) hypersensitivity.
(C)

Summary Statement 26. The greater sensitivity of titrated
intracutaneous tests, especially in the erythema component, is
an advantage for determining biologic potency of allergen
extracts and biologic allergy units (BAU) as based on intra-
cutaneous erythema assays in sensitive human volunteers. (B)

In general, intracutaneous tests are useful in detecting
patients with lower levels of clinical sensitivity when evalu-
ating allergens (both natural and recombinant) of low skin
reactive potency (eg, Hymenoptera). They have been evalu-
ated and validated in diagnosis of several important IgE-
mediated drug reactions, including anaphylactic reactions
induced by penicillin, succinylcholine analogs, and cancer
chemotherapeutic agents. In the case of penicillin anaphylac-
tic hypersensitivity, intracutaneous testing (after initial prick
testing) is a first-line approach. Under the proper test condi-
tions1 (use of both major and minor penicillin determinants),
these tests were found to have a negative predictive value of
almost 99% in a large, multicentered clinical trial.153 Recent
reports suggested that intracutaneous tests might also be
useful adjuncts for the diagnosis of nonimmediate allergic
reactions to aminopenicillins.175 The diagnostic accuracy of
intracutaneous tests for predicting anaphylaxis associated
with cephalosporins and other non–�-lactam antibiotics is
limited because standardized reagents are not available for
most of these antibiotics.176 Intracutaneous tests are used
mostly as a complement to prick/puncture tests in the evalu-
ation of anaphylaxis to muscle relaxants.163,166 Test concen-
trations between 10 and 1,000 �g/mL (wt/vol) have shown
97% concordance with prick/puncture tests.177 Although sys-
temic IgE-mediated reactions are much less frequent with
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commonly used biologics (eg, protamine, human insulin,
heparin), a number of case reports suggest that they may be
useful for confirming the immunologic nature of these reac-
tions.166,178–180 Venom intracutaneous skin testing is the most
useful in vivo immunologic procedure for confirming imme-
diate hypersensitivity to venoms.181

The greater sensitivity of intracutaneous tests offers an
advantage for determination of biologic potency of allergenic
extracts and their respective recombinant allergens.75,182 Di-
agnostic markers for ABPA were identified by intracutaneous
testing of a panel of recombinant antigens derived from
Aspergillus fumigatus.182 Variability among commercial
venom extracts may also be evaluated by intracutaneous
testing.183

Dose response assays of erythema in response to intracu-
taneous testing in sensitive human volunteers are the basis of
BAU in the United States.124 In Europe, it has been suggested
that bioequivalency could be based on prick/puncture
wheals125

Sensitivity, specificity, and positive and negative predictive
indices
Summary Statement 27. At dilutions between 10�2 and 10�3

(wt/vol), intracutaneous tests for most allergens exhibit poor
efficiency in predicting organ challenge responses and cor-
relating with the presence of detectable serum specific IgE.
(C)

Summary Statement 28. There are limited data about equiv-
alency of sensitivity, specificity, and predictive indices be-
tween intracutaneous and prick/puncture tests when com-
pared with organ challenge tests. One study demonstrated
that more dilute intracutaneous concentrations were compa-
rable to prick/puncture tests in predicting positive nasal chal-
lenges. (C)

Summary Statement 29. Similar comparative equivalency
studies based on history and symptoms alone revealed that
intracutaneous tests were comparable to prick/puncture tests
only at intracutaneous titration end points between 10�5 and
10�6 g/mL (wt/vol). (B)

Summary Statement 30. Because clinical use of intracuta-
neous tests is usually restricted to a single dose (ie, 1:1,000
wt/vol), which may be irritant, predictive accuracy of these
tests at this concentration is often confounded by false-posi-
tive results. (C)

Quantitative estimates of sensitivity, specificity, and the
predictive indices are difficult to evaluate because most of the
clinical experience with allergen intracutaneous testing has
been performed at a single dilution (1:1,000 wt/vol). For
example, a recent investigation of potential clinical mold
allergy could not distinguish between atopic and nonatopic
phenotypes in patients being tested to molds at this dilu-
tion.171 However, a study comparing intracutaneous titration
end point with prick testing showed a modest correlation for
a panel of 8 allergens.106 Although these data suggest that
intracutaneous end point titration might achieve sensitivity
and specificity values equivalent to the prick test, there is

only one head-to-head comparison of the 2 methods with
clinical history and/or provocation testing.91 By comparing
intracutaneous end point titration, skin prick/puncture tests,
and nasal provocation determined by acoustic rhinometry,
this investigation revealed that skin prick/puncture tests were
more sensitive (85.3% vs 79.4%) and more specific (78.6%
vs 67.9%) than intracutaneous end point titration as a screen-
ing procedure. The positive and negative predictive values of
intracutaneous end point titration were 75% and 73%, respec-
tively.91 Another study comparing intracutaneous tests to skin
prick/puncture tests at 30 and 3,000 biologic units/mL, re-
spectively, found positive predictive values of 87.1% and
79.1% for intracutaneous and prick/puncture tests, respective-
ly.170 The same investigators also established optimum intra-
cutaneous and prick/puncture cutoff values of 0.7 and 0.4
HEP equivalents, respectively.184 Compared with clinical his-
tory, the positive predictive value for detection of allergic
sensitization was 77% for intracutaneous tests and 86% for
prick/puncture tests.184 End point intracutaneous titrations to
a single allergen (ragweed) were compared with history and
specific in vitro IgE (RAST) in a group of patients being
evaluated for possible clinical allergy.185 At intracutaneous
titration end points between 10�6 and 10�8 g/mL (wt/vol),
70% of the patients had a positive history and approximately
50% of the patients had a positive RAST result. At intracu-
taneous titration end points between 10�5 and 10�3 g/mL
(wt/vol), only 60% of patients gave positive histories and
15% exhibited specific IgE.185 This study indicated that more
dilute end point threshold levels of intracutaneous tests could
approach the diagnostic accuracy of prick/puncture tests. In a
more recent investigation using recombinant birch pollen Bet
v 1 as the allergen, the endpoint intracutaneous titration
method correlated modestly with basophil histamine release
but not with specific serum IgE.186 Thus, in this study, the
biologic sensitivity of the intracutaneous end point titration
threshold appeared to outperform both basophil histamine
release and serum specific IgE.

Limitations
Summary Statement 31. For most allergens, a fixed dilution
(1:1,000 [wt/vol]) of intracutaneous tests has poor efficiency
in predicting organ challenge responses. (A)

Summary Statement 32. Intracutaneous tests are occasion-
ally negative in venom-sensitive patients who experience
life-threatening reactions. (C)

Summary Statement 33. Repetitive (�2) intracutaneous
penicillin testing may sensitize a small number of individuals
to penicillin. (C)

The chief problem with intracutaneous tests performed at a
fixed dilution (1:1,000 [wt/vol]) for most allergens is rela-
tively poor efficiency in predicting organ challenge re-
sponses, the most reliable predictors of clinical sensitivity. In
a recent study that specifically evaluated this relationship,
this limitation appeared to apply to most of the common
indoor and outdoor allergens.171 Similar findings were re-
ported in an exposed population being evaluated for mold-
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related health effects.187 In venom allergy, intracutaneous
skin test results are occasionally negative, even in patients
with near life-threatening reactions to the specific venom.188

A deliberate sting challenge under controlled conditions
should be considered in such an unusual circumstance.

There is some evidence that anaphylactoid reactions to
venom occur in a substantial number of patients with masto-
cytosis or urticaria pigmentosa having relatively high consti-
tutive levels of serum tryptase.189,190 Also, as discussed under
Summary Statement 17, skin test results to inhalants and
foods may rarely be negative despite positive end organ
challenge test results. Repetitive (�2) intracutaneous penicil-
lin testing may sensitize a small number of individuals to
penicillin.191 Six of 239 (2.5%) volunteers who were skin
tested to penicillin on 2 occasions converted to a positive skin
test result. Intracutaneous tests often do not correlate well
with serum specific IgE levels. One possible explanation for
this disparity was a recent study in which binding of allergen
specific IgE antibodies to the � chain of Fc�I receptor was
suboptimal and did not correlate with either intracutaneous
tests or specific basophil sensitivity.186,192

Safety
Summary Statement 34. Immediate systemic reactions are
more common with intracutaneous tests; 6 fatalities were
reported in a recent retrospective survey. (C)

Summary Statement 35. Prescreening with prick/puncture
tests is a practical way to avoid life-threatening reactions to
intracutaneous tests. (C)

Summary Statement 36. If prick/puncture prescreening is
not used, preliminary serial threshold titrations should be
considered, starting at high dilutions (10�5 to 10�8 g/mL
[wt/vol]). This is of particular importance if exquisite sensi-
tivity (eg, anaphylaxis to foods and drugs) is suspected. (D)

Although adverse events occurring after intracutaneous
tests are rare, they can occur.193,194 Large local reactions, both
immediate and late, may cause discomfort and occasionally
mild, nonprogressive systemic reactions may be associated
with the latter. Immediate systemic reactions are more com-
mon with intracutaneous tests because larger volumes are
injected. Six fatalities attributed to intracutaneous skin tests
were reported by the Committee on Allergen Standardization
of the AAAAI.195 Five of these patients had asthma and were
tested without preceding prick/puncture tests. No fatalities
were associated with intracutaneous testing in the most recent
12-year survey of fatal reactions from 1990 to 2001.147

To reduce the likelihood of adverse reactions during skin
testing, several precautions may be taken. Prescreening with
prick/puncture test is a practical way to avert an untoward
number of adverse local and/or systemic responses in routine
skin testing of patients. If prick/puncture tests are not per-
formed routinely, preliminary threshold intracutaneous test-
ing should be considered, beginning at higher dilutions (ie,
10�5 to 10�8 g/mL [wt/vol]). Even greater precautions should
be observed if patients are suspected of having exquisite
sensitivity, such as anaphylaxis, to certain foods and drugs. In

such cases, even prick/puncture tests should be initiated with
several serial 10-fold dilutions of the usual test concentration.
Patients receiving �-adrenergic blocking agents and mono-
amine oxidase inhibitors may present special risk-benefit
problems. If a systemic reaction should occur, epinephrine
may not be totally effective in patients taking �-blockers, and
epinephrine may adversely affect patients taking monoamine
oxidase inhibitors.59

Late-Phase Cutaneous Reactions

Definition and description
Summary Statement 37. The late-phase cutaneous response is
a continuation of either prick/puncture or intracutaneous test-
ing, generally the latter, and is characterized by erythema,
induration or edema, and dysesthesia. (B)

The late-phase cutaneous reaction develops progressively
at sites of immediate wheal-and-flare reactions and is char-
acterized by erythema, induration or edema, and dysesthe-
sia.196–201 Histopathologically, it is characterized by the pres-
ence of edema, mixed cellular infiltrates, and sometimes
fibrin deposition scattered throughout the dermis without the
deposition of complement, IgG, IgA, IgM, or vascular dam-
age. Less frequently, the late-phase cutaneous response may
occur in the absence of an immediate skin test response and
may be confused with cell-mediated, delayed hypersensitiv-
ity.202,203 Isolated late cutaneous reactions were observed in
approximately 36% of children undergoing skin tests for
suspected allergies. Most of these isolated late-phase cutane-
ous responses were due to inhalant allergens, such as cock-
roach and various mold spores.204 The clinical significance of
this is as yet unknown.

Causes
Summary Statement 38. The late-phase cutaneous response
may occur after both immune and nonimmune activation.
Many allergens have been implicated. (B)

Late-phase cutaneous reactions occur after both immune
and nonimmune (eg, 48/80, kallikrein) mast cell activation.
Agents stimulating immunologic activation of the mast cells
that have induced the late-phase cutaneous response include
anti-IgE antibodies and the following allergens or antigens:
aeroallergens (molds, pollens, danders, mites, and enzymes),
penicillin, heparin, insulin, and possibly some foods.205,206

The propensity to develop the late-phase cutaneous response
may be dependent on the type of antigen, host sensitivity, and
the concentration of injected antigen or allergen.207

Reading the test results
Summary Statement 39. The late-phase cutaneous response
should be read between the 6th and 12th hours after the skin
tests are applied; measurements of mean diameter and/or area
of induration or edema should be recorded. (B)

After challenge with diverse stimuli causing immediate
wheal-and-flare responses, the intensity of the late-phase
cutaneous response increases rapidly (doubling or tripling in
size) during the first 2 hours.198–201,208 The response plateaus
between the 6th and 12th hours, is present at 24 hours, and
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usually disappears by 48 hours after challenge. Accordingly,
these reactions should be quantified between the 6th and 12th
hours (most commonly at the 6th or 8th hour) by measure-
ments of mean diameter and/or area of induration or edema.

Although the minimum size of induration or erythema of
the late-phase cutaneous response has not yet been standard-
ized, the extent of these measurements should be compared
directly with previously applied diluent or histamine sites,
which typically demonstrate neither induration nor erythema
6 to 8 hours later.197,207 One investigator suggests a minimum
of 5 mm of induration and/or erythema be considered.204 The
late-phase cutaneous response is in part mediated by antigen-
specific major histocompatibility complex restricted T cells,
which in the past were thought to be prototypic of tuberculin-
induced delayed-type hypersensitivity. However, it has been
demonstrated that both characteristic histologic features and
the occurrence of isolated late-phase cutaneous response after
immunization with T-cell–specific small overlapping aller-
genic (eg, from Fel d 1) peptides can distinguish between a
late-phase cutaneous response and delayed-type hypersensi-
tivity.202,209 Immunochemical histologic analysis at various
stages of the inflammatory milieu of a late-phase cutaneous
response reveals a diversity of cells, including macrophages,
eosinophils, neutrophils, tryptase positive mast cells, Lang-
erhans cells, and, interestingly, large numbers of ba-
sophils.210,211 T cells are also present and the late-phase cu-
taneous response is thought to be partially dependent on
them, possibly through effects of cytokines, particularly IL-4,
IL-5, and IL-10.210,212–214 Also noteworthy is up-regulation of
the CCR3L (eotaxin) and CCR4L chemokines in T cells
(skin, lung, and blood) after allergen-induced late-phase cu-
taneous response.215,216 Not surprisingly, a variety of other
mediators and proinflammatory cytokines have also been
described in association with the late-phase cutaneous re-
sponse.217–219

Clinical relevance
Summary Statement 40. Although the clinical relevance of
late-phase cutaneous response is not as yet fully established,
several randomized, controlled studies suggest that reduction
in sizes of late-phase cutaneous response may parallel clinical
response to immunotherapy. (B)

Although the clinical relevance of late-phase cutaneous
response cannot yet be delineated with certainty, there has
been preliminary progress about some potential clinical ap-
plications. At least 4 randomized, controlled clinical trials of
immunotherapy in patients with allergic rhinitis have shown
marked reductions in late-phase cutaneous response in pa-
tients who experience successful reduction of clinical symp-
toms.212,220–222 Furthermore, reduction in size of the late-phase
cutaneous response was also associated with recruitment of
CD4� CD25� regulatory T cells and CD4� interferon-�� TH1
cells to sites of allergen-induced late-phase cutaneous re-
sponse in cat-allergic subjects.223 It has been suggested that
patients with atopic dermatitis may be classified phenotypi-
cally into either positive or negative late-phase cutaneous

response reactors.208 Atopic dermatitis patients with signifi-
cant late-phase cutaneous response reactions were more
likely to demonstrate higher levels of IL-5 and specific IgE to
house dust mite antigens.214,224 Of related interest was a study
in which birch pollen–sensitive patients with atopic dermati-
tis and isolated late eczematous reactions to birch pollen–
related foods demonstrated up-regulation of specific T cells
in biopsy specimens of delayed skin lesions.225 Recently,
there have been numerous anecdotal case reports that suggest
delayed-type intracutaneous tests are useful for the diagnosis
of various drug allergies, including nonimmediate allergic
reactions to muscle relaxants, penicillins, non–�-lactam an-
tibiotics, antiepileptics, and heparins.177,226–230 However,
many of these delayed intracutaneous tests were not inter-
preted within the 6- to 12-hour range of the late-phase cuta-
neous reaction, so it is not clear whether such testing repre-
sents cell-mediated hypersensitivity reactions or variants of
the late-phase cutaneous response. Further research is needed
to clarify this issue.

Sensitivity, specificity, and positive and negative predictive
indices
None of these indices are available for late-phase cutaneous
response because there are too few clinical trials to provide a
practical basis for determining sensitivity, specificity, pre-
dictability, or likelihood ratios.

Safety
Summary Statement 41. The same principles that pertain to
safety of skin tests apply to late-phase cutaneous responses.
(C)

The same principles that pertain to safety of prick and
intracutaneous tests used to detect immediate hypersensitivity
apply to late-phase cutaneous responses. Possible severe im-
mediate reactions would only occur during the initial imme-
diate phase and not during the late-phase cutaneous response–
evolving reaction in the 6- to 12-hour period after application
of the test. However, systemic reactions that occur during the
reading period of intracutaneous testing could possibly persist
or worsen and present a clinical problem if the mediator
release was intense enough. This could occur at the same time
as the late-phase cutaneous response might be expected to
peak. In both safety surveys previously discussed, no evi-
dence of life-threatening events or fatalities to late-phase
cutaneous responses has been reported. Antihistamines may
offer symptomatic relief for persistent erythema and pruritus,
presumably due to histamine newly released from previously
unstimulated mast cells recruited to the lesion.

Inhibitors of the late-phase cutaneous response
Summary Statement 42. Preadministration of drugs, such as
calcineurin inhibitors, misoprostol, prednisone, and azelas-
tine, before application of skin tests partially or completely
inhibit the late-phase cutaneous response. (B)

Preadministration of calcineurin inhibitors and misoprostol
results in complete inhibition of late-phase cutaneous re-
sponse, whereas prednisone and azelastine are partial inhib-
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itors.231–234 However, none of these agents has been proven to
be inhibitory once late-phase cutaneous response is fully
established.

Number of Skin Tests
Summary Statement 43. The number of skin tests and the
allergens selected for skin testing should be determined based
on the patient’s age, history, environment and living condi-
tions (eg, region of the country), occupation, and activities.
Routine use of large numbers of skin tests or routine annual
tests without a definite clinical indication are clearly not
justified. (D)

Although recommending a standard panel of skin tests that
would encompass all possible clinical situations in North
America may prove to be unattainable, expert consensus
panels have ventured opinions with the expectation that rel-
ative consistency of skin testing, including number of tests, is
a desirable goal for both clinical practice and research.235,236

These opinions are based on current principles regarding
constitutive allergenicity, cross-allergenicity, aerobiologic
monitoring, and correlation with organ challenge testing or
supervised natural exposure (ie, a park study or environmen-
tal exposure unit). Wherever possible, evidence-based
sources should be used to determine whether specific allergen
tests based on pretest probability are likely to confirm a
suspected clinical diagnosis.

Special clinical situations and exposures must be consid-
ered in selecting skin test reagents. Prick/puncture or intra-
cutaneous skin tests are important for diagnosis of inhalant
allergy. Some clinicians prefer to initially screen with prick/
puncture followed by intracutaneous tests if the results of the
former are negative, whereas others exclusively use intracu-
taneous tests. Initial prick/puncture screening followed by
end point intracutaneous serial titration is an accepted regi-
men for evaluation of Hymenoptera and several clinical drug
sensitivities. Only prick/puncture tests should be performed
to define food sensitivity. Each of these situations involves
special approaches, which will be addressed in the following
discussion.

Restricted allergen panels may be adequate for epidemio-
logic cross-sectional or prospective population studies.236,237

Similarly, baseline atopic phenotype, as determined by se-
lected skin test allergen panels, is a necessary prerequisite for
evaluation of genetic or environmental interactions. For in-
dividual patient evaluations, a larger number of skin tests is
usually necessary in the rational planning of avoidance mea-
sures and immunotherapy if that should be required.

Although recognizing that the history may be a relatively
insensitive predictor of clinical sensitivity in some situations,
certain historical features serve as important pretest probabil-
ity guides to the numerical extent of skin tests. Generally,
fewer prick/puncture tests need to be performed in infants and
very young children (�2 years of age) because these children
are not likely to be sensitized to as many allergens as older
children and adults. In toddlers, sensitization is more apt to
reflect intense and prolonged exposure to allergens encoun-

tered earliest in life, such as foods, house dust mites, indoor
molds, and animal danders rather than pollen.

If inhalation allergy is narrowly confined to a single season
(eg, ragweed in North America or birch in European northern
countries), a limited number of relevant skin tests would
suffice for confirmation of the clinical diagnosis and testing
to irrelevant inhalant and food allergens would be inappro-
priate. By contrast, perennial symptoms would require a more
extended skin test panel of both indigenous outdoor and
indoor inhalants but not foods unless a history of food allergy
happened to be a concurrent problem of the patient.

Occupationally related clinical allergy (eg, latex, food in-
halants, chemicals) is a special circumstance for which lim-
ited skin test reagents would be satisfactory. Similarly, skin
tests for a few drugs that cause anaphylaxis (eg, penicillin,
succinylcholine analogs) reliably predict life-threatening ana-
phylactic reactions. A history of anaphylactic reactions to
insect venom stings requires skin test confirmation. There are
6 commercially available skin test preparations for stinging
and biting insects (eg, honey bee, wasp, yellow jacket, yellow
faced hornet, white faced hornet, and imported fire ant).

The most controversial aspect of defining a standardized
skin test panel relates to inhalant allergens. Of these, there is
general agreement that significant indoor allergens such as
house dust mite, prevailing indoor fungal allergens (Penicil-
lium species, Aspergillus species, Alternaria alternata), cock-
roach, and epidermals (cat, dog, feathers), should be tested in
patients with perennial respiratory symptoms. Pollens may
also be found indoors when windows are kept open.238 The
geographic variability of airborne-pollinating plants through-
out the floristic zones of the world, particularly in North
America, raises a cogent concern about how to select the
number of skin tests and treatment reagents for this class of
allergens.

Certain key botanical and aerobiologic considerations are
applicable to the selection process. First and foremost, all 5 of
the postulates regarding clinically significant pollen allergens
originally proposed by Thommen should be satisfied: (1)
constitutive allergenicity of the pollen, as determined by
symptoms occurring during its exposure in addition to the
presence of a positive skin test result; (2) the pollen is
anemophilous; (3) the pollen is produced in sufficiently large
quantities; (4) the pollen is sufficiently buoyant to be carried
considerable distances; and (5) the plant producing the pollen
is widely and abundantly distributed.239 Thus, pollen of water
and insect pollinated plants are automatically eliminated from
further consideration. This applies to such plants as golden-
rod, daisy, sunflower, dahlia, and rhododendron. Although
pine pollen satisfies postulates 2 to 5, it is not a clinically
important allergen because its constitutive allergenicity is
weak. A cardinal principle of Thommen’s postulates is that
skin test reactivity alone does not define clinical sensitivity.
Skin test positivity must be combined with observable symp-
toms, increased symptom scores or physical signs during a
known pollen season, controlled laboratory, or environmental
exposure unit challenges.240,241 Pollen quantitative sampling
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by Burkard traps, Hirst traps, Rotorods, or personal sampling
must be sufficiently high to fulfill the other Thommen pos-
tulates. Annual pollen sampling data in various regions of the
country are available at the National Allergy Bureau web site
(www.aaaai.org).

Aerobiologic variability also affects pollen distribution.
Masting, the simultaneous production of large numbers of
pollens by a plant population, is a common feature among
trees in temperate forests.242 Allergenicity is enhanced with
higher daily mean temperatures.243 Successive wetting and
drying cycles release not only pollen but also very small
cytoplasmic fragments (30 nm to 4 �m) that retain allergenic
activity.244,245 The latter are detected by immunostaining of
personal cascade impactors.244–246 Pollen distribution also
varies with altitude.247,248

The difference between cosensitization and cross-sensiti-
zation is often misunderstood in the selection of relevant skin
test and extract reagents. The Allergome database revealed
that pollen allergens can be classified into 29 of 7,868 protein
families.249 Panallergens such as profilin, polcalcin, 1,3-�-
gluconase, and cross-reactive carbohydrate determinants ac-
count for extensive cross-reactivity among pollen-sensitized
patients.249–254 Thus, the relevant allergen profile of ash shares
epitopes with pollen allergens not only from other tree pol-
lens but also from grass and weed pollen species.255 Similarly,
pollen allergy to white birch, a member of the order Fagales,
can be found in birch-free geographic areas that have other
non–birch tree species of the Fagales order.256 This is partic-
ularly germane to the decision about number of tests because
it demonstrates clearly that skin test reactivity alone cannot
decide the clinical significance of an allergen. A high per-
centage of reactions to the ornamental black locust in polli-
nosis patients is ascribed to cross-sensitization to panaller-
gens in other common pollens.257 This is termed an allergy
mirage.257 Cross-sensitivity to pollen profilins has been dem-
onstrated in CD4� TH2 clones, which promiscuously recog-
nize homologously conserved regions on birch and grass
profilins.258 This may be in part due to conserved allergen-
specific motifs.259 Cross-sensitization to profilin and/or bro-
melain-type cross-reactive carbohydrate determinants caused
by timothy grass or mugwort pollen has also been reported in
venom sensitization.130,260 These recent demonstrations of ex-
tensive cross-sensitivity among all pollens must be critically
reviewed either when selecting a skin test panel or when
interpreting the results.

The reported prevalence of outdoor airborne fungi depends
on sampling technique (viable vs nonviable; bioaerosol vs
surface) and the collecting device.261–266 Viable cultures also
vary depending on media and duration of culture. In general,
Cladosporium and Alternaria species are predominant in the
summer months. Indoor mold sampling almost always detects
species of Aspergillus and Penicillium.267,268 Recent molecu-
lar cloning of airborne fungal spores can also identify many
Basidiomycetes and Ascomycetes.269 Although many other
species have been identified, their comparative significance is

difficult to ascertain. Cross-allergenicity among major classes
of airborne fungi has not been well delineated.

These facts about cross-allergenicity are particularly ger-
mane to formulation of treatment extracts for a particular
floristic region, which should reflect the validity of aerobio-
logic sampling, the constitutive allergenicity of pollens, as
evaluated by direct skin, exposure, and/or challenge tests, and
how well positive test results correlate with the patient’s
clinical symptoms. Other factors that may need to be incor-
porated into the final formulation decision include unex-
pected allergen exposure because of frequent travel to other
floristic zones and commercial availability of appropriate
allergen extracts.

Food prick and puncture skin tests are excellent diagnostic
modalities for the diagnosis of IgE-mediated clinical entities,
which include anaphylaxis, food-dependent exercise-induced
anaphylaxis, acute urticaria, atopic dermatitis, and the oral
allergy syndrome. The last is often associated with cross-
sensitivity to panallergens in pollens.270 In many instances,
the history suggests appropriate allergen testing; in other
situations, a preliminary diet history and diaries provide ad-
ditional clues. At times, reconstruction of a suspected etio-
logic meal may direct suspicion to specific food components
in that meal. Relatively few foods account for most IgE-
mediated allergic reactions in both children and adults. The
more common food allergens in infants and young children
are cow’s milk, hen’s egg, peanuts, tree nuts, soybeans, and
wheat, whereas the adult counterparts are peanuts, tree nuts,
fish, crustaceans, mollusks, fruits, and vegetables. Commer-
cial fruit and vegetable extracts rapidly lose potency so many
clinicians either prepare fresh extracts of these classes of
foods or test by the prick-prick method. This method is
preferred to detect strain differences in fruit allergens (eg,
apple).126 Because of many false-positive test results and
potential risks, intracutaneous tests to foods are not recom-
mended. Food tests are inappropriate for investigation of
chronic idiopathic urticaria (CIU) or angioedema.

The scope and number of skin tests for allergy diagnosis
reflect the clinician’s scientific knowledge and clinical expe-
rience. The choice and number of test allergens should be
continuously refined in accord with scientific advances, bo-
tanic and aerobiologic surveys, demographic trends, and
availability of relevant, defined reagents. Practice must be
directed to the best documented concepts of allergen preva-
lence, geographic distribution, and immunochemical relation-
ships.

Although no prospective studies provide direct evidence
for these issues, the literature concerning clinically relevant
allergens suggests a rationale and evidence-based process for
determining the number of skin test reagents. This issue had
received serious consideration by the Joint Task Force on
Practice Parameters in conjunction with expert consultants
during the preparation of Allergen Immunotherapy: A Prac-
tice Parameter, at which time the Joint Task Force suggested
a core panel of indoor and outdoor inhalant allergens. This
list includes representative species of the major classes of
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trees, grasses, and weeds, commonly sampled species of the
Deuteromycetes fungal class, and a group of well-recognized
indoor allergens.

After full consideration of the previously discussed vari-
ables and confounders that may affect clinical sensitization to
inhalants, the Joint Task Force on Practice Parameters con-
cludes the number of skin tests (eg, �70 prick/puncture and
40 intracutaneous tests) for inhalant allergens, as published in
the Practice Parameters on Allergy Diagnostic Testing in
1995, is justified as an initial diagnostic evaluation. However,
routine annual tests without a definite clinical indication are
clearly not indicated.

Based on recent extensive food allergy research reviewed
in Food Allergy: A Practice Parameter, relatively few foods
are responsible for most clinical food allergy suggested by the
patient’s history and pretest probability. However, this gen-
erality does not exclude the possibility that larger numbers of
tests may be required in certain disease states in which
multiple or hidden food allergy is possible (eg, eosinophilic
esophagitis; anaphylactic reactions after a restaurant meal;
food-dependent, exercise-induced anaphylaxis) or for evalu-
ating the potential that allergy to additional allergenic foods
may exist or occur once a diagnosis of food allergy is con-
firmed to be likely. Tests for venom and drug sensitivities are
not included in this calculation because these tests are per-
formed only in patients with a strongly suggestive history of
anaphylaxis and not routinely in patients who present with
inhalant or food allergy.

Exceptions to these recommendations may occur based on
causal factors suggested by the patient’s history. Additional
test allergens may be required for exposures to occupational
allergens, in patients with unusual hobbies or personal con-
tact with less common pets (eg, rodents) or livestock. In some
cases, the history may be misleading. For example, some
patients with predominantly seasonal symptoms and an in-
definite history after exposure to house dust may exhibit
positive skin test results to house dust mites, subsequent
avoidance of which may decrease both seasonal and nonsea-
sonal symptoms.

From time to time, patients may present with symptoms
caused by previously unidentified substances that potentially
are new allergens. There is a role for testing such patients
with properly prepared extracts of a new allergen. There is
insufficient evidence, however, to justify tests for nonproven
agents, such as newsprint, sugar, cornstarch, orris root, to-
bacco smoke, cotton, formaldehyde, and smog.

If a patient presents with idiopathic anaphylaxis, up to 30
screening prick/puncture tests have been reported to identify
causal foods in a small percentage of such patients.271 A
subsequent overview of this study questioned whether the
diagnostic yield of such a strategy was worthwhile.272 Nev-
ertheless, in the diagnostic evaluation of suspected anaphy-
laxis, it would be prudent to distribute the total number of
screening tests over several clinic visits to avoid the possi-
bility of severe anaphylaxis if multiple reactions occurred.

Apart from the exceptions noted herein, the consensus of
the Joint Task Force is that it is rarely necessary to exceed the
number of tests cited in the previously published statement.

ORGAN CHALLENGE TESTS

Introduction
Summary Statement 44. Respiratory challenge tests are used
when an objective gold standard for establishing clinical
sensitivity is indicated. (B)

Historically, provocation challenge tests with inhalant al-
lergens have been used to clarify the role of allergens in
specific organs. They may occasionally facilitate or confirm
the diagnosis of clinical sensitivity when the history is sug-
gestive but skin and/or specific IgE test results are nega-
tive.133–138,145,185,188 If negative, a nonallergic trigger is likely.
They also are used to evaluate response to therapy, either
pharmacologic or immunologic.273 In general, these tests re-
quire cooperative patients with respect to both age and mental
status. The site of specific organ challenge is history depen-
dent (ie, conjunctival, nasal, bronchial, or skin) (eg, patch
tests for ACD; supervised insect stings).189,274,275 These tests
are often the tools of research protocols that require an
objective gold standard for establishing clinical sensitivity.
They are often required to substantiate clinical sensitivity of
occupationally induced diseases after cutaneous and respira-
tory exposure to proven and possible new workplace aller-
gens.276 Since occupational exposures may occur via fluids,
aerosols, vapors, or dust, special exposure apparatuses for
such tests are necessary and may only be available in tertiary
medical centers. New techniques for assessing local and
systemic inflammatory biomarkers are emerging as useful
clinical diagnostic adjuncts for both immediate and delayed
hypersensitivity diseases. In this regard, components of ex-
ternal secretions (ie, tears, nasal lavage, induced sputum,
BAL), exhaled nitric oxide, and breath condensates are cur-
rently being used independently or in conjunction with chal-
lenge regimens.

Conjunctival Challenge
Summary Statement 45. Conjunctival challenge tests are usu-
ally conducted for suspected localized eye allergy but in some
cases they may also be helpful in investigating nasal allergy.
(B)

Summary Statement 46. Conjunctival challenge tests are
evaluated by symptoms of itching and objective indices,
including tear volume, amount of mucus, and palpebral or
bulbar erythema. (B)

Although conjunctival tests are used primarily for sus-
pected localized eye allergy, some clinicians also consider
them to be confirmatory for nasal allergy.274,277,278 The inferior
conjunctival fornix is a point where the inferior palpebral and
bulbar conjunctivae meet and is the most convenient area to
apply either dry or fluid challenge allergens.279,280 Dry mate-
rials may be placed directly with an applicator (eg, tooth-
pick), whereas fluid materials may be applied with an eye
dropper, with a pipette, or through a high-water-content con-
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tact lens. For solutions, a starting concentration is usually 3-
to 4-log fold less than prick/puncture allergen concentrations
(ie, 1:10 [wt/vol]). If test results are negative at these dilu-
tions, serial log fold increasing concentrations are tested up to
a final concentration of 1:1,000 (wt/vol). Before beginning
the challenge, placebo tests (isotonic sodium chloride solu-
tion or an inert, nonirritant dust particle) are applied to the
opposite eye. Subjective and objective responses can be mea-
sured before and 5, 10, and 15 minutes after the challenge.
Subjective symptom scores for erythema, edema, and sensa-
tion may be obtained for the subject. These 3 features are
usually graded on a scale of 0 to 4. Sensation (usually itching)
is usually the first to occur followed by erythema and edema
within 10 minutes of the challenge. Recording the duration of
itching may add more objectivity to this measurement.281

Quantitative measures include tear volume, amount of mucus,
palpebral and/or bulbar conjunctival hyperemia or erythema,
edema, or surface sensation of itching. Objective conjunctival
changes can be examined with slit-lamp magnification. A
more precise technique is spectroradiometry, which uses the
chromaticity of light reflected from the conjunctivae to quan-
tify erythema.281 Edema can be measured with the fractional
millimeter reticule of the slit-lamp microscope. Measure-
ments are made of the lower lid and bulbar conjunctivae.281

Tears and secretions can be further evaluated according to
composition and cytology (ie, inflammatory cells, mediators,
cytokines, specific IgE antibodies).282,283

Nasal Challenge
Summary Statement 47. Nasal challenges provide objective
evidence of clinical sensitivity when the diagnosis is in ques-
tion or in situations when it is desirable to evaluate efficacy
of therapeutic management. (B)

Summary Statement 48. Nasal challenge responses are
evaluated by subjective symptoms and objective measure-
ments of nasal airway resistance, the number of sneezes, and
the measurement of inflammatory mediators in nasal secre-
tions. (B)

Blackley first reported the effects of applying allergen in
the nose as a diagnostic and research tool.1 In clinical practice
today, nasal challenge testing is infrequent but may be used
as an objective test of clinical sensitivity when the diagnosis
is in question or to evaluate efficacy of therapeutic manage-
ment.90,185,133–138 Clinical investigators consider it to be an
especially valuable technique of evaluating new therapeutic
agents.284,285

Almost any allergen may be used for a nasal challenge.
Over the years, many procedures for delivering allergen have
been used. The allergen can be applied as a dry or fluid
preparation. Dry grains of pollen and other allergens have
been placed or inhaled directly in the nasal mucosa but can be
difficult to distribute evenly and prevent inhalation into the
lower airways.286 Allergen extracts can be directly applied to
the nasal mucosa with paper disks, pipettes, syringes, or
spraying with an atomizer. The particles should be large
enough to permit trapping in the nose because fine particles

may tend to go beyond the nasal passages into the lower
airways and produce undesirable effects.287,288 Paper disks
soaked with fluid appear to provide the most localized deliv-
ery and avoid the spread of fluid droplets to other areas,
especially the lower airways.279 Dose responses using nasal
solutions are similar to those described for conjunctional
tests. Fluid allergen preparations can also be sprayed intra-
nasally by aerosol. Spraying aerosol particles (0.1 to 0.4 mL)
with an atomizer reaches a wider area of the nasal passages
and has been referred to as a whole-nose challenge.280 The
diluent often used is 0.9% saline. For research purposes,
pollen exposure simulating natural exposures has been con-
ducted in large exposure chambers or rooms.281

Procedure
Nasal challenges should be conducted in a quiet room with
temperature and humidity being recorded. The subject should
be allowed to accommodate to the environment for at least 30
minutes before testing is started. Inasmuch as nasal conges-
tion is the primary response, a baseline measurement of nasal
airway resistance is first performed (eg, anterior [ie, inspira-
tory and expiratory nasal PEFR], posterior, or acoustic rhi-
nometry).286,288–300 This is followed by a control challenge
most often with the saline diluent. If the nasal airway resis-
tance increases by more than 30% from baseline, the testing
is deferred. Otherwise, testing continues with increasing con-
centrations of the allergen challenge material and measure-
ment of nasal airway resistance or ancillary tests at regular
intervals (eg, every 1 minute for the first 5 minutes, every 2
minutes for the next 10 to 15 minutes, every 5 minutes if
testing is continued beyond 15 minutes).287,288,294–297

Supplementary measurements
Subjective responses may be obtained by symptom scores or
visual analog scales.298,299 Objective ancillary measures in-
clude counting of sneezes and measurement of secretions.
The volume of secretions can be measured by collecting all
secretions within a specified period by suction, lavage, hand-
kerchiefs, filter paper, or simply gravity drainage from the
subject’s nose into a container.290,300 Nasal secretions, as well
as specimens obtained by lavage, biopsies, and brushings
after a challenge can be studied and analyzed for inflamma-
tory mediators, cytokines, cells, and other components.301–304

Nasal specific IgE may suggest local production of IgE
antibody.301

Specific Bronchial Challenge
Summary Statement 49. Specific (allergic) bronchial chal-
lenge provides a measure of lower airway clinical sensitivity
when there is uncertainty or dispute. (B)

Summary Statement 50. Guidelines for the performance of
specific bronchial challenge include factors such as withhold-
ing certain medications before the test, determining the initial
allergen dose by preliminary skin or methacholine challenge
testing, a beginning forced expiratory volume in 1 second
(FEV1) baseline of 70% or better, the amount or duration of
exposure to allergen, measurement of FEV1 at intervals after
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the exposure, careful observation for late-phase responses,
comparison to a placebo-controlled challenge usually per-
formed the day before the specific challenge, and, optionally,
repetition of methacholine challenge 24 to 48 hours after
specific challenge for evaluation of induced bronchial hyper-
responsiveness. (B)

General considerations
In general, specific bronchial challenge testing is most often
performed for research or when there is diagnostic uncer-
tainty or dispute.305 Additionally, possible new asthma trig-
gers can be investigated and confirmed with specific bron-
chial challenge. Before implementation of a specific
bronchial challenge, many centers elect to determine the
degree of nonspecific bronchial hyperresponsiveness as a
guide to allergen dosage and duration of allergen challenge.
This is usually scheduled 1 day before specific bronchial
challenge. After baseline and control FEV1 tests are mea-
sured, dose increments of methacholine or histamine are
inhaled every 10 minutes and followed by FEV1 tests. The
end point PC of either methacholine or histamine is extrap-
olated from the respective dose response curves at the point
where the FEV1 decreases 20% from the control (saline) test,
and these are designated as PC20 METH or PC20 HIST. Bronchial
hyperresponsiveness is defined as PC20 METH of 10 mg/mL or
less or PC20 HIST of 8 mg/mL or less. The precautions and
preparations recommended for specific new challenges are
identical to those for nonspecific testing (eg, methacholine,
histamine).273,306 Use of short-acting �2-agonists should be
stopped 8 hours before the challenge, whereas long-acting
�2-agonists, leukotriene antagonists, and sustained-release
theophylline should be withheld 48 hours before the test. Use
of inhaled cromolyn and steroids is preferably discontinued 1
month before the challenge if the purpose is to identify or
confirm a specific allergenic trigger. Antihistamines should
be withheld for at least 72 hours. Systemic steroids inhibit
mainly the late response and should be withheld for at least
24 to 48 hours if the presence of a late response needs to be
observed. If medications cannot be withheld without wors-
ening of symptoms and maintaining the FEV1 at 70% or more
of the normal predicted value, the test should be postponed
because symptomatic, unstable asthma may lead to false-
positive results. Ideally, if testing is being performed for
occupational allergens, the subject should have been away
from work for at least a week or until the asthma disappears.
Specific bronchial challenge should be performed only in a
medically supervised setting, usually a hospital or research
facility, with resuscitation equipment readily available in the
event of life-threatening anaphylactic or asthmatic reac-
tions.307

In the case of natural allergens (eg, pollen, molds, house
dust mite), there are no clear guidelines for the initial con-
centration of allergen or exposure time to be used for test-
ing.307,308 Standardized (AU or BAU) or conventional (wt/vol
or protein nitrogen units [PNU]) allergenic extracts can be
used. A prior intracutaneous skin test SET may be performed

to estimate the initial challenge dose. In general, the initial
concentration can be 10 to 100-fold more concentrated than
the concentration that produced a 2� reaction with a wheal
greater than 5 mm (eg, an initial concentration of 0.05 �g/mL
if the SET was 0.0005 �g/mL).45 Exposure to ambient and
particulate allergens (eg, epidermals, pollens) is a more dif-
ficult procedure because the combined logistics of locale,
ambient measurements and exposure time require special
attention. Preliminary nonspecific bronchial challenge results
with methacholine or histamine (ie, PC20METH or PC20HIST)
may be useful for planning the duration of exposure.309

Procedures
Because suspected allergens or agents in the home or work-
place have different physical configurations, protocols for
exposing a patient during a challenge are variable, and there
are currently no standardized or universally accepted proto-
cols for specific bronchial challenge testing. For soluble
allergens, aerosolization is the preferred technique. The di-
luent used in the allergen extract should be used as the control
aerosol at the beginning of the specific bronchial challenge.
Various types of nebulizers may be used, including the De-
Vilbiss jet nebulizer, Wright nebulizer, Rosenthal dosimeter,
or an ultrasonic nebulizer.310 The fall in FEV1 after control
exposure, if any, should be less than 10% from the baseline.
A greater fall indicates bronchial lability that can affect test
results, and further testing should be postponed until the
underlying asthma is stabilized.

Since the early airway response usually occurs within 10 to
12 minutes after challenge, the subject is dosed with increas-
ing concentrations (2- to 5-fold) of allergen every 15 to 20
minutes. Pulmonary function tests are best performed 10 to
15 minutes after aerosol challenge.311 A sustained fall in
FEV1 of 20% or more from the baseline at any time is
considered a positive response, and the testing is stopped if
this occurs. The results of the challenge can be expressed as
PC20, which is derived from a log dose-response curve. In-
haled short-acting �2-agonists should be given to restore
FEV1 to within 10% of baseline. Since late-phase asthmatic
responses may occur, arrangements should be made for peak
flow monitoring or direct observation of such reactions,
which usually appear 6 to 12 hours later.312 Several doses of
systemic steroids may be required if the FEV1 does not
reverse after inhaled �2-agonist treatment of the late-phase
response. Some clinicians repeat methacholine challenge 24
to 48 hours after specific challenge for evaluation of induced
bronchial hyperresponsiveness.

Allergen exposure units
Allergen exposure units, also known as challenge chambers,
enable a controlled environment where the delivery of the
allergen into the atmosphere can closely approximate natural
exposure and where the concentration can be rigorously con-
trolled. Such units range from a simple enclosed space to a
specially constructed chamber for precisely monitoring vari-
ables such as humidity and temperature. The Vienna chal-
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lenge chamber was the first chamber developed for controlled
allergen exposure of several subjects at one time.303 Most
challenge chambers are currently located only in academic
medical centers and research facilities.313

Occupational challenge testing
Summary Statement 51. Occupational challenge testing re-
quires special precautions with respect to the innate toxicity
of the suspected allergen and special apparatuses used to
measure and control the quantity of challenge substances,
such as potentially irritating volatile agents and dust. (B)

The American Conference for Governmental Industrial
Hygienists sets the threshold limit value and short-term ex-
posure limit for many occupational agents.314 Ideally, these
limits should not be exceeded in any specific bronchial chal-
lenge testing. If possible, the level of the suspected agent is
measured in the workplace, and this level is used to guide the
dose for testing so that unrealistically high concentrations are
not inappropriately used. The duration and concentration in
the challenge are determined by the investigator based on the
subject’s clinical history, airway hyperresponsiveness on
prior nonspecific bronchial challenge testing, and nature of
the test agent. If the subject has a history of a severe,
immediate reaction, exposure should be shorter and more
incremental. The lower the PC20, the greater the baseline
airway hyperresponsiveness and the greater likelihood of an
immediate significant reaction. A shorter or longer starting
duration of exposure is used if the PC20 is 0.25 mg/mL or less
or more than 0.25 mg/mL, respectively.309,315 High-molecu-
lar-weight allergens (eg, animal or vegetable proteins) usu-
ally cause immediate reactions with an isolated early or
biphasic reaction (early and late) and can often adequately be
tested in 1 active challenge day.316 On the other hand, low-
molecular-weight agents (eg, polyisocyanates, plicatic acid)
induce non–IgE-mediated isolated late or biphasic reactions,
necessitating progressive incremental testing over several
days.317 Many OA laboratories conduct follow-up nonspecific
bronchial challenge tests to determine if the challenge test
itself has caused an increase in bronchial hyperresponsive-
ness.316,317

In 1989, the AAAAI Subcommittee on Bronchoprovoca-
tion for Occupational Asthma released the Guidelines for
Bronchoprovocation on the Investigation of Occupational
Asthma, which reviewed general principles for specific bron-
chial challenge testing.318 The Canadian Thoracic Society has
also released guidelines on the diagnosis and management of
OA.317 The nature of workplace exposure should be simulated
as closely as possible. Special protocols and closed circuit
apparatuses for specific types of agents, including dust and
vapor challenges, have been developed in OA research cen-
ters.316,317,319

Evaluation at and away from work
Summary Statement 52. A practical clinical method of assess-
ing OA is prospective monitoring of the worker at and away
from work by serial peak expiratory flow rates (PEFRs) or

FEV1 values if this can be arranged by mutual agreement of
employee and employer. (B)

A practical clinical method of assessing OA is prospective
monitoring of the worker at and away from work if this can
be arranged with mutual agreement of employee and em-
ployer. After symptomatic asthma has disappeared during
absence from work, the worker returns to his/her job for a
period of 1 to 2 weeks. During this time, a symptom log is
kept and supervised PEFR tests 4 times a day are obtained.
Similar data are collected for 1 to 2 weeks away from work.
The PEFR records are plotted serially to determine changes
over time. This is accomplished by visual inspection, but a
computer-based pattern recognition system having the advan-
tage of complete repeatability is available.320

Animal exposure challenges
Animal exposure challenges are used primarily in research
settings to determine the efficacy of medication regimens or
environmental interventions. Exposure challenges using live
cats in enclosed rooms, commonly known as cat rooms, are
being used more frequently to evaluate medication efficacy in
cat-allergic patients.321 Although levels of cat (Fel d 1) anti-
gens vary widely, the cat room is still considered a conve-
nient and valid challenge technique that closely approximates
natural cat exposure.

Workplace challenge is a direct approach to determine
animal allergy in the workplace (eg, laboratory workers
whose primary research requires exposure to mice, rats,
guinea pigs, and rabbits).322,323 It is estimated that a third of
laboratory animal workers have allergy to animals and a third
of allergic workers have asthma.324 The diagnosis is often
made by a suggestive history, positive skin test responses to
the relevant allergens, and PEFR monitoring inside and out-
side the workplace. Although specific challenge testing is
rarely necessary in the laboratory, as with other occupational
allergens specific bronchial challenge may be useful under
special circumstances.

Inflammatory Biomarkers of Upper and Lower Airway
Fluids
Summary Statement 53. Many inflammatory correlates can be
evaluated and studied serially in respiratory and other body
fluids, such as nasal smears or lavage, induced sputum, and
BAL. These may define specific phenotypes or in some cases
predict severity. (B)

Respiratory fluids (in some cases blood and urine) may
reflect the presence of both specific sensitivity and non-
specific inflammatory events. Measurement of inflamma-
tory markers is emerging as a common clinical paradigm.
Noninvasive techniques, such as nasal or sputum eosino-
phils, have been previously discussed. However, improved
nasal lavage and induced sputum techniques have substan-
tially expanded our ability to measure various inflamma-
tory indices.303,304,325–332 For example, the number of CD4�

and CD8� cells, macrophages bearing IL-10 or IL-12,
ECP, myeloperoxidase, and cytokines or chemokines may
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identify specific asthma phenotypes or differentiate asthma
severity.326,332 In some instances, inflammatory mediators
may be serially assayed in blood and urine.333,334 Various
cell populations and inflammatory proteins have also been
identified in BAL.335–341 Soluble factors can be identified
by proteonomic analysis.342,343

Summary Statement 54. Exhaled nitric oxide is a noninva-
sive measure of airway inflammation and is useful for mon-
itoring objective responses to topically administered cortico-
steroids. (B)

Many recent clinical studies have demonstrated that
exhaled nitric oxide is a suitable, noninvasive measure of
airway inflammation, particularly in atopic subjects.338 –348

Several reports indicate that it is as good a predictor of
asthma as nonspecific bronchoprovocation tests.344,345,347,349

It is particularly useful for monitoring objective responses
to topically administered corticosteroids.338 A recent lon-
gitudinal monitoring study of lung injury and reactive
airways dysfunction syndrome after short-term chlorine
exposure revealed marked reduction of exhaled nitric ox-
ide during the acute toxic phase with gradual return to
normal during the next 15 months.350 This was interpreted
as a reflection of acute damage to epithelial cells, which
are the chief sources of nitric oxide synthesis.

Summary Statement 55. Although breath condensate anal-
ysis is an evolving noninvasive method for evaluation of
asthma, results are still variable and further refinements are
required before it can be accepted as a valid diagnostic
method. (C)

Exhaled breath condensate analysis is an evolving nonin-
vasive method for evaluation of asthma.351 A number of
inflammatory and oxidative stress proteins associated with
asthma have been demonstrated by this method.351–354 How-
ever, results in several studies were variable, indicating that
further sensitivity adjustments in the technique would
broaden its applicability.355

Summary Statement 56. Bronchoalveolar lavage obtained
through flexible bronchoscopy is useful in phenotyping
asthma. The finding of lymphocytic alveolitis may suggest a
diagnosis of hypersensitivity pneumonitis. (B)

Flexible bronchoscopy may occasionally be necessary for
differential diagnosis of nonasthmatic endobronchial obstruc-
tion–induced wheezing in adults.356–359 Several indications in
children include suspected tracheomalacia, persistent middle
lobe syndrome, and recurrent wheeze with cough.360–364 Bron-
choscopy is used primarily to obtain BAL. All inflammatory
markers previously discussed in the induced sputum section
may be readily evaluated in BAL.335–343 Higher levels of
immunoglobulins in BAL may indicate increased permeabil-
ity of respiratory membranes.365 Bronchoalveolar lavage is
routinely evaluated before and after segmental bronchial
challenge, a research procedure.340 As asthma phenotyping
becomes more of a clinical reality, the cellular components of
BAL assume paramount importance in distinguishing be-
tween eosinophilic and neutrophilic asthma. Atopic asthma is
also associated with specific cytokines and chemo-

kines.333,339,366,367 The finding of lymphocyte alveolitis with
increased CD8� lymphocyte counts may contribute to the
diagnosis of hypersensitivity pneumonitis.368–370

TESTS TO DISTINGUISH CLINICAL
OBSTRUCTIVE DISEASES RESEMBLING ASTHMA

Cystic Fibrosis
Summary Statement 57. Cystic fibrosis may not only be
confused with asthma, but certain genetic variants may be
associated with increased asthma risks. (B)

Patients with well-defined genetic diseases, such as cys-
tic fibrosis and �1-antitrypsin deficiency, may require con-
firmatory tests if a differential diagnosis suggests a rea-
sonable suspicion. In addition, specific allelic inheritance
patterns in these patients may predict a higher risk for
developing asthma in addition to the underlying disease.
Whenever doubt exists, a sweat chloride sample should be
obtained, especially in children and young adults. Com-
mercial test kits are now widely available for cystic fibro-
sis mutation testing.371 A recent large population survey in
Denmark revealed that 5T homozygosity or F508 del het-
erozygosity of the CF transmembrane conductance regu-
lator gene was associated with increased asthma risk.372

Cytokine levels (ie, IL-8 and TNF receptor) were higher in
cystic fibrosis than asthma patients.373

�1-Trypsin Deficiency
Summary Statement 58. Although major phenotypes of
�1-antitrypsin deficiency do not occur in asthma, recent
surveys demonstrated a high prevalence of asthma in
young ZZ homozygous �1-antitrypsin deficiency patients.
(B)

The frequent occurrence of asthma symptoms among
patients with �1-antitrypsin deficiency led to a brisk and
persistent controversy, with conflicting reports about the
scientific advisability of checking for �1-antitrypsin defi-
ciency in children and young adults.374 –382 For many years,
the debate focused on the major phenotypes of �1-anti-
trypsin deficiency (MM, MX, MS, MZ), but the distribu-
tion of these phenotypes in asthmatic patients does not
differ from that found in the general population.375,378 Nev-
ertheless, recent surveys demonstrated a high prevalence
of asthma symptoms in young ZZ homozygous �1-antit-
rypsin deficiency patients. Furthermore, a gene-environ-
ment interaction may predispose farmers with rare pheno-
types (SZ, SS, and ZZ) to develop house mite sensitization
and asthma in contrast to what is found in other young
people living in rural areas.380,382 Despite these inconsis-
tencies, �1-antitrypsin deficiency tests and even �1-anti-
trypsin phenotyping may be indicated under special cir-
cumstances. Mutational screening for �1-antitrypsin
deficiency may be obtained through pro bono commercial
programs.
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Specific tests are available to distinguish other wheezing
disorders, such as carcinoid (urine 5-hydroxyindole acetic
acid) and mastocytosis (serum tryptase).383–385

IN VIVO DIAGNOSTIC TESTS OF CELL-
MEDIATED IMMUNITY

Intracutaneous Tests

Tuberculin and Recall Intracutaneous Tests
Summary Statement 59. Purified protein derivative (PPD) of
tuberculin is the prototype antigen recall test and provides
direct evidence that hypersensitivity, as opposed to toxicity,
is elicited by the antigens in Mycobacterium hominis or
related mycobacterial species. (B)

Summary Statement 60. The tuberculin skin test is elicited
by the intracutaneous injection of 0.1 mL of standardized
PPD starting with the intermediate strength of 5 tuberculin
units. (C)

Summary Statement 61. Recall antigen skin tests are used
to evaluate cellular immunity in patients with infection (eg,
life-threatening sepsis), cancer, pretransplantation screening,
end-stage debilitating diseases, and the effect of aging. (C)

Summary Statement 62. Reduced or absent recall antigen
tests are termed anergy, which develops frequently in certain
diseases, such as hematogenous tuberculosis, sarcoidosis, and
atopic dermatitis. (C)

Present applications
Purified protein derivative of tuberculin is the prototype
recall test antigen.386 Purified protein derivative provokes a
delayed cutaneous reaction in most (but not all) immunocom-
petent subjects who have had past or present infection with M
hominis. This test provides direct evidence that hypersensi-
tivity, as opposed to toxicity, is elicited by the antigen.
Purified protein derivative–tuberculin is an ammonium sul-
fate precipitate of the heated aqueous ultrafiltrate from a
broth culture of M hominis. The skin test is elicited by the
intracutaneous injection of 0.1 mL of standardized PPD. The
reaction begins within hours and reaches maximum size in 48
hours. The involved skin feels firm or indurated to the touch.
Erythema and edema are not necessary components of the
tuberculin reaction but are usually present.387 The reaction
can persist for a week or longer. Rarely, vesiculation and
blistering indicative of exquisite delayed cutaneous hypersen-
sitivity may occur. A positive tuberculin skin test result
identifies prior exposure and sensitization to the tubercle
bacillus and/or possible active infection. Prior cross-sensiti-
zation to nonpathogenic soil or atypical mycobacteria can
produce small or modest size positive tuberculin test re-
sults.388 Although earlier studies recommended that a tuber-
culin skin test of more than 10 mm in diameter identifies 90%
of healthy persons who have been sensitized to the tubercule
bacillus, a recent study in 2,848 healthy non–BCG-vaccinated
persons revealed that this cutoff value was valid only if the
infection prevalence in the tested population was at least
10%, but it lost predictive accuracy at low infection preva-
lences. Thus, in populations with lower prevalences of latent

tuberculosis, a cutoff value of more than 15-mm diameter is
proposed.389–391 When the skin test is applied in immunoin-
competent sick patients, smaller reactions, which may be
indicative of prior sensitization to M hominis, are often ob-
served.392,393 One of the most important uses of the tuberculin
skin tests is to evaluate successful skin conversion after BCG
vaccination.394

Delayed-type recall antigen skin tests are used to evaluate
cellular immunity in patients with infection (eg, life-threat-
ening sepsis), cancer, pretransplantation screening, end-stage
debilitating diseases, and the effect of aging.395–397 Recall
antigen skin tests can also be used to predict survival of
patients, to detect disease-related changes in immunity, and
as a guide to therapy outcome.398–411 A recent study suggested
that anergy appears to be a simple and reliable biomarker of
inflammatory activity in sarcoidosis patients.412 Impaired in
vivo reactions to recall antigens occur in atopic dermatitis
despite normal in vitro lymphocyte transformation respons-
es.413 It is postulated that this in vivo defect in cell-mediated
immunity may also impair host defense for certain infections,
such as chronic Molluscum contagiosum.414 A normal delayed
hypersensitivity response provides evidence of intact cell-
mediated immunity and predicts the host’s ability to eliminate
obligate intracellular pathogens and parasites. In contrast,
anergy provides evidence of impaired cellular immunity
and/or absence of prior sensitization such as occurs in hema-
togenous tuberculosis. Discrepancies in interphysician eval-
uation of delayed-type hypersensitivity skin tests occur be-
cause of the use of different antigens, variability of reading
times, and lack of standardization of test methods.414 Despite
these differences, recall antigen skin tests are in vivo corre-
lates of lymphocyte- and macrophage-dependent delayed-
type hypersensitivity responses and may be used to avoid
costly and more labor-intensive laboratory tests of cell-me-
diated immunity.415

Technique
Summary Statement 63. Candida albicans, Trichophyton
mentagrophytes, and Tetanus toxoid, the currently available
recall antigens, are injected intracutaneously in the same way
as the PPD test. (C)

Currently available recall antigens other than PPD include
C albicans (Candin Allermed Laboratories Inc; CASTA
Greer Laboratories), Tetanus toxoid vaccine (Aventis Pas-
teur), and Trichophytin (Allermed Laboratories; Greer Lab-
oratories). The MULTI TEST cell-mediated immunity, which
had included 7 recall antigens, mumps skin test antigen, and
a number of other bacterial and fungal recall antigens, is no
longer commercially available.

The standard Mantoux method for performing recall anti-
gen skin tests consists of the intracutaneous injection of 0.1
mL of antigen solution. The skin test is initiated with the
bevel of a No. 27 gauge, 0.5-in needle directed upward and
the needle held at a 15° to 20° angle to the skin. The needle
should be inserted into the skin and channeled several milli-
meters through the dermis. When correctly done, the skin will
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dimple with slight pressure or downward movement at the tip
of the needle. Injection of a 0.1-mL volume of antigen solu-
tion usually provokes a transient, mild burning discomfort
and a 5- to 10-mm wheal in the skin. Prior high level of
natural exposure is the criterion used to select potentially
useful delayed-type hypersensitivity antigens. Appropriate
delayed-type hypersensitivity skin test reagents include tu-
berculin, trichophytin, oidiomycin (C albicans), and Tetanus
toxoid. In the case of tuberculin tests, several disposable
varieties (tine test and Heaf) are available.416–418

Reading the test results
Summary Statement 64. The size of the delayed skin test
reaction is measured 48 hours after antigen challenge, and the
largest diameter of the palpable firm area that outlines the
induration response should be measured to the nearest milli-
meter. (C)

The size of the delayed skin test reaction is measured 48
hours after antigen challenge. The diameter of the palpable
firm area of the induration response should be estimated as
the average of orthogonal diameters measured to the nearest
millimeter. Gentle pressure with a ballpoint pen can be used
to dimple the skin and define the homogeneous area of
induration.419 Although measurement of accompanying ery-
thema was not formerly considered to be essential, recent
investigations showed that both erythema and induration
measurements were equally effective for identifying tubercu-
losis hypersensitivity in schoolchildren vaccinated with BCG
and active tuberculosis patients.387,394,420 A reaction diameter
of 2 mm or greater should be used as the threshold for a
minimal but measurable reaction. The size of all measurable
reactions, including immediate ones, which can occur in up to
90% of normal subjects, should be recorded.420 If immediate
reactions to delayed-type hypersensitivity skin tests occur,
the diameters of erythema and wheal reactions at 15 to 20
minutes, the erythema, edema, and induration at 6 and 24
hours, and induration at 24, 48, and 72 hours should be
measured. Notation of changes in the skin test reactions over
time should be used to differentiate immediate, late-phase
cutaneous response, and delayed-type hypersensitivity reac-
tions and detect adverse (�40 mm) skin test reactions under
these circumstances. Although rare, severe local reactions can
include blisters, necrosis, scar formation, changes in pigmen-
tation, local lymphadenopathy, and systemic symptoms, such
as fever.421,422

Summary Statement 65. When a single intracutaneous an-
tigen (other than PPD) is used to evaluate prior sensitization
to a potential pathogen, a reaction of 5 mm or greater may
suffice as the cutoff point for positive tests, but smaller
reactions (2 to 4 mm) may be clinically important. (C)

Tuberculin reagents and reading criteria have been sub-
jected to extensive prospective investigations. The PPD vac-
cine is available in 3 strengths (first, intermediate, and sec-
ond). Widespread use of the intermediate strength of PPD (5
tuberculin units) has demonstrated that reactors can be sep-
arated from nonreactors by diameters of 10 mm or greater of

induration if the prevalence of active infection in the tested
population at large is 10% or more. At this level, the presence
of turgidity was associated with a higher occurrence of active
tuberculosis.423 The cutoff value is 15 mm or more when there
is a lower prevalence of latent tuberculosis in the general
population.424 Tuberculin skin test readings up to 168 hours
after application may still be reliable.425 Nevertheless, the
number of mitigating circumstances to be discussed under
“Limitations” may affect the interpretation of the tuberculin
skin test.

Most recall antigen tests for evaluation of delayed-type
hypersensitivity have not been standardized to the same ex-
tent as the tuberculin skin test. However, the potency of
several C albicans commercial antigens has been determined
by delayed-type hypersensitivity skin tests in immunocom-
petent human volunteers426 (Candin package insert). A posi-
tive response at 48 hours is 5-mm induration or more. When
multiple antigens are collectively interpreted, the identifica-
tion of 2 or more reactions of 2-mm diameter or more can be
accepted as reliable evidence of intact delayed cutaneous
hypersensitivity. When a single intracutaneous antigen (other
than PPD) is used to evaluate prior sensitization to a potential
pathogen, a reaction of 5 mm or more may suffice as a cutoff
for a positive test result, but smaller reactions (2 to 4 mm)
should also be clinically correlated.

Clinical relevance
Summary Statement 66. The absence of delayed-type hyper-
sensitivity to all the test antigens would suggest an anergic
state. (C)

The absence of delayed-type hypersensitivity to all of the
test antigens suggests an anergic state. Above and beyond the
null reactive state, differences in relative levels of delayed-
type hypersensitivity in diameters and the ratio of the number
of positive to the total number of tests must be compared in
an appropriately matched control population within that pop-
ulation’s reference range of estimated exposures to the par-
ticular test antigen(s). This has not been accomplished for
most nontuberculin antigens. Thus, if all test results in the
anergy panel are negative, the significance of this finding
implies that 95% or more of an appropriate reference popu-
lation has reacted to 2 or more of the antigens on the same
recall test panel. Apart from the tuberculin skin test, quality
performance of this type has only been established in the case
of C albicans delayed-type hypersensitivity.424,426 The recall
panel on which this criterion is based contained Varidase, a
test antigen that is no longer available. Since the 3 currently
available recall antigens have not been compared en bloc in
a large panel of immunocompetent volunteers, anergy may
only be inferred if all 3 tested antigens are negative. Never-
theless, in a relatively small study of immunocompetent chil-
dren ages 6 weeks to 12 years, 73% of subjects tested to 2
recall antigens (C albicans and Tetanus toxoid) had at least 1
positive response.427

Summary Statement 67. The most important use of de-
layed-type hypersensitivity skin testing is epidemiologic
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screening of susceptible populations exposed to bacterial and
fungal pathogens. (C)

Summary Statement 68. The widest application of recall
antigen testing is the detection of anergy and as an in vivo
clinical correlate of cell-mediated immunoincompetency. (C)

Summary Statement 69. Although anergy testing was for-
merly conducted frequently in HIV patients to determine
whether a concurrent negative tuberculin skin test result rules
out active tuberculosis, recent evidence mitigates against this
approach. Recall antigen anergy in HIV patients has also
been investigated as an indicator of staging, progression of
disease, and response to therapy. (C)

The most important use of delayed-type hypersensitivity
skin testing is to confirm exposure to many bacterial and
fungal pathogens such as tuberculosis and histoplasmosis
in susceptible populations. Detection of positive reactions
to these and other organisms that induce delayed-type
hypersensitivity may then lead to the proper diagnosis of
active infection (if this is present) or a state of latent or
herd infection that may or may not require appropriate
therapy.428 – 433 The use of delayed-type hypersensitivity
skin tests for diagnosis of blastomycosis and coccidiomy-
cosis is no longer considered to be reliable.434 Although
histoplasmin has been used for diagnosis of histoplasmosis
in the past, a commercial histoplasmin reagent is no longer
available. Although tuberculin skin testing has been used
extensively to evaluate the efficacy of BCG vaccination,
recent doubts have been raised about the reliability of such
tests, either for the protective capacity of BCG or the
confounding effect of BCG vaccination in detecting active
infection in large populations.435,436 The widest application
of recall antigen testing is the detection of anergy, an in
vivo clinical correlate of cell-mediated immunity incom-
petency. In the case of tuberculosis detection, anergy is
purported to obfuscate tuberculin skin sensitivity in ap-
proximately 8% of patients with active tuberculosis, par-
ticularly those patients with meningitis and miliary tuber-
culosis.397,398,437 Because active tuberculosis is so common
in HIV-infected individuals, anergy skin tests were often
performed at the same time as the tuberculin skin test to
determine whether a negative tuberculin skin test result
could reliably rule out tuberculosis.438 However, a number
of recent studies have concluded that concurrent anergy is
not a reliable way of deciding whether HIV-infected indi-
viduals have active tuberculosis.439 – 441 Apart from the
question of HIV patients being coinfected with tuberculo-
sis, recall antigen anergy has been investigated in AIDS as
an indicator of staging, progression of disease, and re-
sponse to therapy.442– 446 As alluded to in the previous
section, anergy investigations have been performed in dis-
eases in which delayed-type hypersensitivity immunoregu-
latory mechanisms are affected.

Intracutaneous tests are currently being evaluated as diag-
nostic adjuncts for nonimmediate allergic reactions to various
drugs.175–179 There is no precedent for such testing because
metabolites or allergenic determinants have not yet been

found for many of these drugs. Nevertheless, anecdotal re-
ports are appearing more frequently with respect to drugs
such as lidocaine, heparins, semisynthetic heparinoids, and
even iodinated contrast media.447–450 In a larger prospective
study of 947 patients with cutaneous adverse drug reactions,
intracutaneous tests were not useful.228

Sensitivity, specificity, and positive and negative predictive
indices
Summary Statement 70. Although the standardized PPD an-
tigen has been used for many years as a predictor of active or
latent tuberculosis infection, confounders, such as susceptible
populations, BCG vaccination, and cross-sensitization with
other atypical mycobacterial species, have all affected the
diagnostic accuracy of the tuberculin skin test and, by extrap-
olation, other delayed-type hypersensitivity tests. (C)

It would appear that these indices should be readily avail-
able in the case of PPD, a standardized antigen used for many
years as a predictor of active or latent infection. However,
establishing the cutoff value for mean wheal diameter of
tuberculin reactions has not been universally accepted be-
cause of several confounding factors. First, part of the wheal
diameter may be due to cross-sensitization with atypical
mycobacterial species, and if these are strongly suspected,
specific delayed-type hypersensitivity skin tests for these
antigens may need to be evaluated.387 Other situations that
influence and give rise to positive tuberculin reactions are
prior BCG vaccination and a delayed boosting effect in health
care workers.451 By contrast, tuberculin skin test reactions
may be either reduced or abolished if concurrent anergy
exists. Thus, sensitivity, specificity, and predictive indices
would not be applicable to large population groups unless
these confounders could be eliminated. Standardization of
other recall antigens present in anergy panels is incomplete,
in respect to the antigens themselves, the diameters of wheal
and induration reactions, and the extent of exposure of test
populations to various antigens in the panel with the possible
exception of C albicans.

Limitations
Summary Statement 71. The gross appearance of a late-phase
cutaneous response and delayed-type hypersensitivity reac-
tions may not be completely distinguishable except that the
latter are more characterized by prolonged induration. (B)

Summary Statement 72. Although systemic corticosteroids
will render delayed-type hypersensitivity skin tests uninter-
pretable, 28 days of treatment with high-dose inhaled fluti-
casone (220 �g, 2 puffs twice a day) did not suppress de-
layed-type hypersensitivity to PPD in healthy volunteers. (B)

Summary Statement 73. Neither anergy nor tuberculin test-
ing obviates the need for microbiologic evaluation when there
is a suspicion of active tuberculosis or fungal infections. (F)

Summary Statement 74. Several new in vitro assays (ie,
interferon-� and polymerase chain reaction) appear to be
more reliable in predicting active tuberculosis in BCG-vac-

S36 ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



cinated persons or when cross-sensitivity to atypical myco-
bacteria may coexist. (C)

The gross appearance of late-phase cutaneous and delayed-
type hypersensitivity reactions may not be completely distin-
guishable except that the latter reactions are more character-
ized by prolonged induration. If this should occur with
antigens that have both IgE-mediated- and delayed-type hy-
persensitivity characteristics (eg, trichophytin), histologic
studies might be required.452–455 Systemic corticosteroids will
render delayed-type hypersensitivity skin test results uninter-
pretable.456 Interestingly, 28 days of treatment with high-dose
inhaled fluticasone (220 �g, 2 puffs twice a day) did not
suppress delayed-type hypersensitivity to PPD in healthy
volunteers.557 The validity of anergy testing as a guide to
interpretation of tuberculin skin testing has been questioned
by many experts.458 Neither anergy testing nor tuberculin
testing obviates the need for microbiologic evaluation when
there is a suspicion of active tuberculosis infection. In recent
years, reliability of delayed-type hypersensitivity skin tests
have been compared with polymerase chain reaction assays
and a whole-blood interferon-� assay based on stimulation
with M hominis–specific antigens. Thus far, these studies
appear to be more reliable in predicting active tuberculosis in
BCG-vaccinated individuals and situations where cross-sen-
sitivity to atypical mycobacteria may coexist.459–464 The Cen-
ters for Disease Control and Prevention has recommended
that one of the recently FDA-approved interferon-� tests, the
Quantiferon (QFT) – TB Gold (Cellestis, Victoria, Australia),
replace the tuberculin skin test.465

Safety
Summary Statement 75. Immediate hypersensitivity reactions,
including anaphylaxis, have been reported after tuberculin
skin tests. (D)

Immediate hypersensitivity reactions after tuberculin
skin testing have occurred. Within an 11-year period from
1989 to 2000, there were 24 reports that were classified as
serious.421,422 Of these, 9 are identified as being due to
anaphylaxis. There were no deaths in this group. Other
reactions included paresthesias, seizures, chest pain, syn-
cope, Guillain-Barré syndrome, and vasovagal reaction. In
1% to 2% of positive test results, blistering or even local
necrosis may occur, but this is usually self-limited. Local
reactions such as regional lymphangitis and adenitis may
also occur on rare occasions. There is 1 reported case of
acute transverse myelitis associated with tuberculin skin
testing.466

Number of Cell-Mediated Hypersensitivity Tests
Summary Statement 76. The number of skin tests for delayed,
cell-mediated hypersensitivity reactions is relatively limited.
(C)

As previously discussed, delayed hypersensitivity skin
testing is now limited to tuberculin testing and anergy testing
is available for 3 recall antigens (Candida, Trichophyton, and
Tetanus toxoid).

Epicutaneous Tests

History and background
Summary Statement 77. First introduced by Jadassohn in
1896, the epicutaneous patch test has evolved as the defini-
tive diagnostic technique for the diagnosis of ACD. (A)

The patch test was introduced by Jadassohn in 1896 as the
definitive method for verifying the presence of ACD.467 A
small area of skin was covered with a semiocclusive bandage
that contained the reputed causative agent. A positive test
result was declared when the clinical disease state was repro-
duced. Procedures for performing this deceptively simple test
have evolved to provide adequate, nonirritating controlled
exposure to a defined amount of substance in a nonsensitizing
and nonsensitizer-containing patch test system.

Patch Tests

Present applications
Summary Statement 78. When clinical evaluations suggest
that exposure to a specific contactant has occurred either in an
occupational or nonoccupational clinical setting, patch testing
can be used to confirm the diagnosis. (C)

Summary Statement 79. From a public health perspective,
patch testing is useful to identify potential health hazards of
unknown and newly introduced contact allergens for the
medical community and industrial hygienists. (C)

Patch testing is used to determine the causative agent in
any chronic eczematous dermatitis if underlying or secondary
ACD is suspected. Dermatitis of the hands, feet, lips, ano-
genital region, and multiple areas of the body is a clinical
situation in which patch testing is useful. Additional indica-
tions include chronic occupational dermatitis to differentiate
ICD and also when a change of job is being considered.
Contact dermatitis due to topical medications may be super-
imposed on all dermatologic conditions, including atopic
dermatitis. When clinical evaluation suggests exposure to a
specific contactant has occurred in a clinical setting, patch
testing can be used to confirm the diagnosis. Patch testing is
also used when ACD is suspected but unproved and the
allergen is unknown. Patch testing may also be important to
inform a patient that sensitivity to a specific substance is not
present. For medicolegal adjudication purposes, it is essential
to include or exclude the diagnosis of ACD. From a public
health perspective, patch testing is useful to identify potential
health hazards of known and newly introduced contact aller-
gens for the medical community and industrial hygienist.59

This is of particular importance considering that there are
more than 85,000 chemicals in the world environment today,
and of these, more than 3,700 substances have been identified
as contact allergens.468,469

Technique
Summary Statement 80. The most common patch test tech-
niques are the individual Finn Chamber and the T.R.U.E.
TEST, an FDA-approved screening method for screening
contactant allergens. The T.R.U.E. TEST is preloaded with
23 common contactants and vehicle control that have been
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previously incorporated into a dried-in-gel delivery system,
which is coated onto a polyester backing to form a patch
template. (B)

Summary Statement 81. If photocontact sensitivity is sus-
pected, the appropriate allergens should be subjected to pho-
topatch tests primarily in the UV-A range of 320 to 400 nm.
(C)

Aluminum is the major substrate for current patch tests
because of its low allergenicity.470 The Finn Chamber is the
most popular system and uses small 8-mm (inner diameter)
aluminum chambers that are occlusive and permit more ac-
curate quantification of the dose of allergen per unit area of
skin. Individual Finn Chambers are filled with contactants
and applied at the time of testing. The chamber is applied to
the skin and held in place by hypoallergenic tape. The
T.R.U.E. (thin layer rapid use epicutaneous) TEST is an
FDA-approved method for screening contactant allergens.
The T.R.U.E. TEST is preloaded with 23 common contac-
tants and vehicle control that have been previously incorpo-
rated into a dried-in-gel delivery system, which is coated onto
a polyester backing to form a patch template. When the
template is applied to the skin, the allergens are released as
the gel becomes moisturized by transepidermal water.

Although many contact allergens have been identified and
reported, most cases of ACD are due to relatively few sub-
stances. Fewer than 40 allergens produce most cases of ACD.
Identification of the actual sensitizer in a complex product
can at times be daunting. Contaminating chemicals and minor
ingredients may be the actual allergen(s), whereas the parent
compound or major component(s) was originally considered
to be the sensitizer. In some contactant tests, mixtures such as
balsam of Peru, a mixture of various fragrances, the precise
chemical antigen is yet to be determined. In other cases, the
hapten may be an altered product metabolized after contact of
the substance to skin has occurred. The allergens formulated
in the T.R.U.E. TEST panel can be estimated to identify
approximately 25% to 30% of clinically relevant causes of
ACD.469–471 Selected panels of contactant allergen based on
the patient’s history may be required to supplement the
screening panel of allergens to cover as completely as pos-
sible the range of exposures of the patient.472 Kits for specific
occupations (eg, hairdressers, machinists) and exposures (eg,
shoes, plants, photoallergens) permit identification of other
significant contactant allergens. Each new antigen that is
evaluated requires identification, validation, and determina-
tion of the MEC and the zero-level irritant concentration for
appropriate patch testing.

Petrolatum is the most widely used vehicle for dispersion
of allergens. Although it has good stability and simplicity for
many antigens, some substances do not disperse well in this
medium. The quality of dispersion can be evaluated by light
microscopy of a test substance in petrolatum. Substances
added to enhance antigen dispersion in petrolatum introduce
an additional variable into patch testing and require patch test
controls of the additive substance in petrolatum without an-
tigen. Some materials penetrate the stratum corneum to a

greater degree in aqueous (hydrogel) or propylene glycol–
containing vehicles and will give consistently negative results
if tested in petrolatum (eg, NSAIDs).473 Failure to appreciate
the importance of vehicle-dependent delivery of a contact
allergen may lead to errors in diagnosis. Therefore, an ap-
propriate vehicle control must always be used.474 Individual
Finn Chambers or the T.R.U.E. TEST template en bloc are
placed on the upper or middle back areas (2.5 cm lateral to a
midspinal reference point), which must be free of dermatitis
and hair. If shaving is required, an electric razor is preferable.

Certain contactants (eg, antibiotics, PABA) may induce
photocontact ACD or phototoxic CD (eg, carrot, celery, fen-
nel, lemon-lime, grapefruit). When these are suspected, photo
patch tests, primarily in the UV-A range of 320 to 400 nm,
are recommended.475–478

Reading the test results
Summary Statement 82. Traditionally, patch tests remain in
place for 48 hours. After the 48-hour patch test reading,
additional readings at 3 to 4 days and, in some cases, 7 days
after the original application of the patch yield the best
overall reading reliability. (C)

Summary Statement 83. A descriptive reading scale devel-
oped by 2 major international ACD research groups is the
current standard for interpreting patch test results. (C)

Traditionally, patch tests remain in place for 48 hours.479 A
24-hour reading time has also been used, but the 48-hour
patch test reading will detect a greater number of sensitized
persons.480 Additional reading schedules have also been rec-
ommended by 2 collaborative group studies (The Interna-
tional Contact Dermatitis Research Group and the North
American Contact Dermatitis Group).481,482 These large-scale
investigations documented that approximately 30% of rele-
vant allergens that are negative at a 48 hour reading become
positive at 96 hours.481,482 If positive reactions at 48 hours
disappear by 96 hours, they may be due to irritants. Readings
at 96 hours are conducted 48 hours after removal of the
original 48-hour occlusive patch. For weak sensitizers, a
7-day reading time may be necessary.

Consensus of the 2 major ACD research groups has led to
the development and refinement of the currently used non-
linear descriptive scale, which has been accepted almost
universally.483,484 This reading scale is described in more
detail in Contact Dermatitis: A Practice Parameter. With
some experience in grading, most observers can replicate the
scores of more experienced graders. Although novel bioengi-
neered techniques (laser Doppler or reflectance measure-
ments) are objective and offer the advantage of metric results,
they have not supplanted the descriptive scale for routine
clinical observations.485

Clinical relevance
Summary Statement 84. Although patch tests are indicated in
any patient with a chronic eczematous dermatitis if ACD is
suspected, patch tests are especially important in identifying
both ICD and ACD in the occupational setting. (C)
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Summary Statement 85. Other important exposures associ-
ated with ACD include the use of topical medication, includ-
ing corticosteroids, plant-induced ACD, and dermatitis oc-
curring after use of cosmetics and personal hygiene products.
(C)

Summary Statement 86. Unprotected work and repetitive
exposure to surfactants may predispose patients to occupa-
tional dermatitis, including ICD and ACD. (C)

Summary Statement 87. Certain contactant allergens in the
T.R.U.E. TEST panel, such as nickel and some rubber chem-
icals, have a high degree of relevant (approximately 75%)
correlation with clinical sensitivity but others do not (eg,
hydroxycitronellal, thimerosal). (B)

Patch testing is the gold standard for identification of a
suspected contact allergen. It is indicated in any patient with
a chronic, pruritic, eczematous, or lichenified dermatitis if
underlying or secondary ACD is suspected. Patch tests are
especially important in identifying occupational dermatitis.
The most common occupations associated with occupational
dermatitis (both ICD and ACD) are the health professions
(especially nurses), food processors, beauticians/hairdressers,
machinists, and construction workers. Medicinal-induced CD
is a common cause of ACD. It is estimated that up to 5% of
patients using topical corticosteroids may develop ACD486–489

(see Contact Dermatitis: A Practice Parameter). Other impli-
cated agents include lanolin, PABA, caine derivatives, neo-
mycin, bacitracin, and NSAIDs. Allergic contact dermatitis to
cosmetics and personal hygiene products are common be-
cause these agents are ubiquitous in today’s society. At times,
inert formulation excipients in commercial formulations are
the sensitizers rather than the main ingredient. Plant-induced
ACD is the most common form of ACD, but patch tests for
the various varieties of culprit plants are usually not appro-
priate because of their high sensitization potentials. However,
open patch tests are valuable to demonstrate ACD to sesquit-
erpene lactones and tuliposides in florists, bulb growers, and
other workers in the bulb industry.490

Unprotected wet work and repetitive exposure to surfac-
tants may predispose patients to occupational dermatitis.
Lower irritant thresholds, initially determined by dose re-
sponse reactions to a common detergent (ie, sodium lauryl
sulfate), were associated with subsequent development of
hand ACD in a prospective study conducted in apprentice
hairdressers.491

Certain contactant allergens in the T.R.U.E. TEST panel,
such as nickel and some rubber chemicals, have high clinical
relevance (approximately 75%) to clinical sensitivity,
whereas others such as thimerosal and hydroxycitronellal
appear to have decreasing clinical relevance in recent
years.492,493 Correlations between initial patch test reactivity
and subsequent ROATs revealed a correlation between MEC
of various allergens on patch testing and positive reactions
after use testing.494

Because sensitivity to multiple allergens in test panels such
as the T.R.U.E. TEST occurs frequently, it has been proposed
that a susceptibility factor may determine the occurrence of

multiple ACD sensitivity in patients. One recent study pro-
posed a “multiple sensitivity index” in patients exhibiting
multiple reactions.495 For 17 allergens examined, 131,072
possible combinations were evaluated in a total of 2,881
patients. A total of 12.4% of these patients had multiple
positive patch test reactions ranging from 2 to 7 allergens. No
cluster patterns were evident in patients exhibiting 3 to 7
positive combinations. However, dual combinations were
most frequently observed with nickel sulfate and potassium
dichromate; formaldehyde and quaternium-15; and nickel
sulfate and formaldehyde. In this study, nickel sulfate once
again was the most frequent sensitizer.

Sensitivity, specificity, and positive and negative predictive
indices
Summary Statement 88. Patch tests are most effective when
the patients are selected on the basis of a clear-cut clinical
suspicion of contact allergy, and they are tested with the
chemicals relevant to the problem; these conditions satisfy
the prerequisites of high pretest probability. (C)

Summary Statement 89. Although the diagnostic accuracy
of contactants cannot be compared with other in vivo or in
vitro tests, diagnostic concordance between patch test sensi-
tivity and the outcomes of repeated open provocation tests
has been demonstrated for some contactants. (B)

If patch tests are to be considered as hallmarks of the
evidence-based diagnosis of ACD, the sensitivity, specificity,
predictive indices, and likelihood ratios must ultimately be
ascertained in cohorts of patients who have ACD and control
populations who do not. To some extent, these data are
available for ACD of workers in certain industries. For ex-
ample, a large industrial investigation revealed significantly
higher sensitization rates of employees in the food processing
industry compared with the total test population for nickel
sulfate (22% vs 17.2%, P � .0005), thiuram mix (4.9% vs
2.6%, P � .0005), and formaldehyde (3.5% vs 2.1%, P �
.005).496 These results were predicated on a final physician
diagnosis of ACD, which integrated the history of exposure
and clinical appearance of the lesions with patch test results.

In lieu of a valid clinical surrogate of ACD, the clinical
relevance of patch tests has been investigated by correlating
them with repeated open provocation tests. Of necessity,
these are dose response studies and must establish the MEC
of contactants before the onset of use testing. Of the reported
assays of this type, colophony, cinnamic aldehyde, isoeuge-
nol, and methyldibromoglutaronitrile showed concordance
between thresholds of patch test sensitivity and outcomes of
use tests with these chemicals.494,497,498 On the other hand,
several chemicals such as hydroxycitronellal and formalde-
hyde did not show good concordance with use tests, thereby
posing the question of what constitutes a suitable gold stan-
dard for predictors of clinical diagnosis. Given the current
uncertainty with regard to predictors, the opinion of 1 inves-
tigator that “patch testing is cost effective only if patients are
selected on the basis of a clear-cut clinical suspicion of
contact allergy and only if patients are tested with chemicals
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relevant to the problem (ie, high pretest probability)” appears
to be a reasonable summation of the utility of patch tests in
ACD.499

Limitations
Summary Statement 90. The chief limitation to traditional
patch testing for the diagnosis of ACD is the lack of a suitable
gold standard by which it can be evaluated in terms of
diagnostic accuracy predictors and likelihood ratios. (C)

Summary Statement 91. Other technical limitations of
patch tests include the inclusion of relevant contact allergens,
use of the proper vehicle, application to the proper skin area,
proper reading and interpretation, and the ability to correlate
the tests with the patient’s specific exposure. (B)

Summary Statement 92. Other limiting factors concern
reproducibility, lack of information about irritant thresholds,
and minimal elicitation concentrations (MECs) for many
common chemicals in the human environment. (C)

Summary Statement 93. The inability to separate irritants
from allergic responses is often encountered in the angry back
syndrome, which occurs in approximately 6% of cases and is
likely to develop in patients with a longer duration of the
primary dermatitis. (C)

Summary Statement 94 Negative patch test reactions may
occur even when the tests are performed with the correct
sensitizing materials because the test fails to duplicate the
conditions under which the dermatitis developed (eg, abra-
sions, frequent use of irritating soaps, washing the hands with
solvents). (C)

The chief limitation to traditional patch testing for diagno-
sis of ACD is the lack of a suitable gold standard by which it
can be evaluated in terms of diagnostic accuracy predictors
and likelihood ratios. It itself constitutes a direct organ chal-
lenge with the suspected agent, and if irritancy effects can be
excluded, it could have the same challenge significance as
other double-blinded organ challenge tests. The issue is fur-
ther clouded by the fact that each of the 3,700 contactant
substances has its own unique MEC, which may vary de-
pending on whether it is incorporated into petrolatum or
aqueous solvents. Attempts to relate positive reactions to
clinical history are not feasible because specific agents are
often not suspected by the patient. One clinical approach
suggested many years ago was to correlate the test results
with clinical response after elimination of the patch test–
positive contactant. This can be accomplished by having the
patient take a vacation, a change in the nature of his/her work,
a change in the home environment, or the use of protective
gloves. Even so, this is a painstaking process and does not
lend itself to prospective scientific investigations with appro-
priate cohort controls. Alternatively, after symptoms and
signs of dermatitis have subsided by an elimination trial,
modified use tests conducted by single- or double-blinded
protocols could serve as a challenge gold standard regimen
for specified contactants. One of these tests is the ROAT,
which is described in greater detail later in this section.

Technical problems of selecting relevant contact allergens
using the proper vehicle, applying them to the proper skin
area, reading and interpreting them properly, and correlating
the tests with the patient’s specific exposure constitute the
other limitations of patch testing. Spurious outcomes may
also be due to the difficulty of identifying a uniform test
procedure that reliably separates irritants from allergic re-
sponses. The latter problem is especially prevalent in persons
with the angry back or excited skin syndrome.500 Patch test
reactions are not uniformly reproducible. The greatest
sources of irreproducible reactions are apparently weak 1� or
�/� reactions. The accuracy of 1� reactions has been esti-
mated to be 20% to 50%, depending on the allergen and
vehicle, whereas 2� and 3� reactions are accurate 80% to
100% of the time.501 Data are sparse about irritancy and the
MECs for many common chemicals in the human environ-
ment. Danish workers, however, have established that nickel-
containing objects that release no more than 0.5 �g/cm2 per
week of nickel pose a minimal risk of sensitization and
elicitation of CD to nickel, which is one of the most prevalent
sensitizers.502

The diagnostic value of patch tests hinges on reproducibil-
ity. Although an earlier study found 40% of patch tests to be
nonreproducible, recent studies have shown excellent repro-
ducibility and reliability for a test panel of 30 allergens from
different commercial sources, with 97.2% concordant nega-
tive and 95% concordant positive results.503 This degree of
reproducibility also applies to the T.R.U.E. TEST.504

The interpretation of a single test result is susceptible to
both interobserver and intraobserver variation. Several large
studies have compared the results of simultaneous applica-
tions of several allergens tested by different patch test tech-
niques and interpreted by the same observers. Both European
and Asian study centers revealed a 64% concordance between
Finn Chamber and T.R.U.E. TEST patch test methods. Irri-
tant or questionable reactions occurred in less than 1% of all
applied patches, but false-negative and false-positive test
results can occur with either technique.505,506 The ability to
separate irritant from allergic responses is often encountered
in the angry back or excited skin syndromes. A recent pro-
spective study revealed that this occurred with a frequency of
6.2% and was more likely to develop in patients with a longer
duration of the primary dermatitis.507 The position of contac-
tants in the testing template should be considered, especially
if cross-reacting or cosensitizing substances are tested adja-
cent to a relatively potent sensitizing agent.508 Not infre-
quently, negative reactions occur even when the tests are
performed with the correct sensitizing materials because the
test fails to duplicate the conditions under which the derma-
titis developed. Abrasions of the skin, frequent use of irritat-
ing soaps, washing the hands with grease solvent, and ac-
companying infection of the skin are all factors that could act
as cofactors for either induction or elicitation of patch test
sensitivity.
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Safety
Summary Statement 95. Systemic ACD after patch testing is
rare, as is reactivation of patch test reactions after oral inges-
tion of related allergens or even by inhalation of budesonide
in patients with sensitization to topical corticosteroids. (B)

Summary Statement 96. It is possible to sensitize a patient
who had not been previously sensitized to the allergen being
tested. This is particularly true of plant contactants, such as
poison ivy or oak and aniline dyes. (B)

Systemic ACD occurring after patch testing is rare.509,510

However, it is not uncommon for patients to experience local
flares over patch test sites after peroral challenges with fra-
grance-containing foods, Chinese herbs, contactant chemicals
(nickel, gold), or drugs.511–516 Reactivation of patch test reac-
tions caused by budesonide have also been reported after
inhalation of the same drug weeks after the positive patch test
result.517 Exaggerated local reactivities may also be encoun-
tered if the concentration of the patch test substance is too
strong, thereby causing both an irritant and increased allergic
reaction. There is also the possibility of sensitizing a patient
who has not previously been sensitive to the allergen being
tested. This is particularly true of plant allergens, such as
poison ivy or oak, and aniline dyes. The possibility of active
sensitization can be minimized by testing with dilute concen-
trations of various materials.

Foods that are prone to cause ACD and also have the
ability to cause systemic CD include flavoring agents (eg, oil
of cinnamon, vanilla, balsam of Peru), various spices, garlic,
and raw cashew nuts.512

Modified Epicutaneous APT and RUT
Summary Statement 97. Two major variants of traditional
patch tests are available: the atopy patch test (ATP) and
repeated use test (RUT). (B)

Present applications
Two major variants of traditional patch tests are available:
APTs and RUTs. Evaluation of APTs as a diagnostic adjunct
for IgE-mediated inhalant and food allergy105,518–527 in pa-
tients with atopic dermatitis has occurred chiefly in non–
North American international centers. The diagnostic value
of ATPs has also been investigated in eosinophilic esophagi-
tis.528 Use tests have been developed for weak sensitizers
(ROAT), substances with poor percutaneous absorption (the
strip patch test), and several premarketing skin dose response
provocation assays for determining the minimal sensitizing
dose in human volunteers.

Technique and reading the test results
Summary Statement 98. Atopy patch tests have been evalu-
ated in patients with atopic dermatitis and eosinophilic esoph-
agitis as an adjunct for the diagnosis of inhalant and food
allergy. (B)

Summary Statement 99. Atopy patch tests for foods are
prepared with dried or desiccated foods mixed into an aque-
ous solution and placed in 12 mm Finn Chambers before
positioning on the patient’s back. (B)

Summary Statement 100. Atopy patch tests for the diagno-
sis of drug allergy are performed by incorporating liquid or
powdered drugs into petrolatum or aqueous solvents, which
are added to 12-mm Finn Chambers and placed on the back.
(B)

Summary Statement 101. Use tests have been developed
for weak sensitizers (repeated open application test [ROAT]),
substances with poor percutaneous absorption (strip patch
test), and several premarketing dose response provocation
tests for determining the minimal sensitizing dose of potential
contactants in human volunteers. (B)

Summary Statement 102. In the strip patch test penetration
of substances is enhanced by repeated adhesive tape stripping
before application of the contactant patch to the stripped area.
(B)

Summary Statement 103. The ROAT is an exaggerated use
test designed to determine a patient’s biologic threshold or
response to a suspected contactant, especially if this has not
been achieved with prior open or closed patch testing. (B)

Evaluation of APTs has occurred, particularly in Eu-
rope.517–528 They have been used as adjuncts for the diagnosis
of inhalant and food allergy in atopic dermatitis and eosino-
philic esophagitis (only in the United States) and identifica-
tion of drugs that induce mixed cutaneous reactions.528–531 For
identification of food allergy, on the test day 2 g of dried or
desiccated foods is mixed with 2 mL of an isotonic saline
solution. The mixtures are placed in 12-mm (internal diam-
eter) Finn Chambers on Scanpore (Allerderm Laboratories
Inc, Petaluma, California) and placed on the patient’s back.
Undiluted samples of commercially prepared single-ingredi-
ent foods (foods, vegetables, and meats) are placed directly in
the Finn Chambers. The patches are removed at 48 hours and
the results read at 72 hours. Patch readings are the same as
classic patch test interpretation previously discussed. Al-
though 6-mm chambers might be preferable on small backs of
young children, the 12-mm chamber size for APTs yields
much better results than the 6-mm chamber size.532 A ready-
to-use food APT (Diallertest) was recently compared with a
Finn Chamber APT and was found to have good sensitivity
and specificity.533 However, intercenter APTs are often dif-
ficult to compare directly because of the variability of test
preparations.526,528

For determination of possible drug allergy, drug patch tests
are performed with high concentrations of the commercial
form of the drug.531 It has been determined that 30% is the
highest concentration possible for preparation of a homoge-
nous dispersion in petrolatum, water, or alcohol. To avoid
serious reactions, dilutions ranging from 1% to 10% may be
preferable for specific drugs. If a commercial tablet is used,
the coating must first be removed before the substance within
the tablet is pulverized to a very fine powder. The powder is
then incorporated into white petrolatum at a concentration of
30% and also diluted at the same concentration in aqueous
solvents. Powder contained in capsules is also tested at 30%
in petrolatum or solvent. The jacket portion of the capsule is
moistened and tested as is. Liquid formulations are tested
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both as is and diluted 30% in solvent. Various formulations
are loaded onto Finn Chambers and placed on the upper back.
Because some drugs can cause immediate positive reactions,
drug patch test results should be read in 20 minutes. For
delayed hypersensitivity readings, it is necessary to read the
patches at 48 and 96 hours and, if the results are negative, on
day 7.531

An open topical provocation is also used for the diagnosis
of mixed cutaneous drug eruptions. One modification of the
open technique is to incorporate drug preparations into di-
methyl sulfoxide, which enhances absorption.531 This method
has been successful for the diagnosis of metamizol- and
naproxen-induced fixed drug eruptions.534

The traditional patch test has been modified in other ways,
depending on the purposes for which they are intended. Test
chambers of various sizes are commercially available. These
include 8-, 12-, and 18-mm Finn chambers and 19- and
25-mm Hilltop chambers.535 For relatively weak-sensitizing
substances, the larger test chambers (12-mm Finn Chamber)
may be more useful for detection of ACD.536 This is also the
case in which irritant testing with such substances as sodium
lauryl sulfate is required.535–537

The strip patch test is a variant of patch testing used for
substances with poor percutaneous penetration. Penetration
of substances is enhanced by repeated application of adhesive
tape before applications of the contactant patch to the skin.
Thus, for sequential strips, a 25-mm-diameter Blenderm sur-
gical tape is vertically applied and gently pressed downward
with the fingertips for approximately 2 seconds. The tape is
then removed in one quick movement at an angle of 45° in the
direction of adherence. Each strip is performed with a new
piece of tape on exactly the same skin area until the surface
starts to glisten.538 The older Al-Test consists of larger alu-
minum strips with Webril pads affixed by heat. These have
been found to be more useful for retaining substances of high
volatility and leachability (eg, ethylene oxide).539 For premar-
keting research purposes, several tests, including the human
repeat insult patch test (RUT), the 4-day semiocclusive patch
test, and an occlusive patch test to the popliteal fossae for 6
hours daily for 4 consecutive days, are available.540 The
ROAT is an exaggerated use test designed to determine a
patient’s biologic threshold of response to a suspected con-
tactant, especially if this had not been achieved with prior
open or closed patch testing. It is often used as a special test
for leave-on products (eg, mascara, lotions, henna tattoos)
intended for use on the skin.541 The ROAT is performed by
applying a suspected contactant to the antecubital fossae
twice daily up to 1 week and observing for dermatitis.540 At
times, ROAT can be performed by applying the patch test to
the popliteal areas or on the back of the ear.

Clinical relevance
Summary Statement 104. Although clinical relevance is still
evolving with regard to the APT, several investigative groups
have reported that this test may be an adjunct in detection of

specific allergens in atopic dermatitis and eosinophilic esoph-
agitis. (B)

Because APTs are as yet not standardized, there are ongo-
ing attempts to establish reliable systems for evaluation of
clinical relevance. In patients being tested for aeroallergen
reactivity, allergen-specific concordance of APTs was com-
pared with prick/puncture tests and Pharmacia CAP tests
using 2 different concentrations and 2 different vehicles. In a
limited US investigation, optimal concordance was obtained
when petrolatum was the vehicle and allergen concentration
was [more than 1,000 PNU/g.542 Reproducibility was also
tested with allergens from different commercial sources. Re-
producibility was 56% using the same manufacturer’s ex-
tracts but much less when 2 different commercial extracts
were compared.543 An interesting insight into APTs was pro-
vided by a recent report that compared routine histologic
analysis and in situ hybridization between involved and non-
involved skin of atopic dermatitis patients who exhibited
positive ATP results. Interestingly, a positive APT reaction
required the presence of epidermal IgE on the surface of
CD1a� cells in both clinically involved and noninvolved
skin.544

Although single-center studies have disagreed about the
overall reliability of APT for the diagnosis of inhalant allergy
in atopic dermatitis patients,518–520 a large, multicenter Euro-
pean study concluded that APTs had a higher specificity
(64% to 91%), depending on the allergen, than skin prick/
puncture (50% to 85%) or specific IgE tests (52% to 85%).
Positive APT reactions were not seen in 10 nonatopic con-
trols. The conclusion of this study was that the potential for
aeroallergens and food as causes of atopic dermatitis flares
may be evaluated by APTs in addition to prick/puncture and
specific IgE tests.530

With respect to the diagnosis of food allergy by APT in
atopic dermatitis patients, several European investigative
groups show data to support that APTs may be adjunctive
diagnostic methods of evaluating food allergy in atopic der-
matitis patients, especially those patients having nonimmedi-
ate or delayed reactions and in patients younger than 6
years.522,523 In studies of eosinophilic esophagitis limited to a
center in the United States, the combination of prick/puncture
tests and APTs led to the discovery of causative foods in 18
of 26 cases.528 However, it is unlikely that APTs will have
wide applicability in North America until issues of standard-
ization and reproducibility of these tests are more fully re-
solved.

Sensitivity, specificity, and positive and negative predictive
indices
Summary Statement 105. The role of the atopy patch in
predicting clinical allergy to food is indeterminate. (B)

In contrast to traditional ACD patch tests, both negative
and positive predictive indices of APTs can be determined by
correlation with gold standard inhalation or oral food chal-
lenge tests. When APTs were evaluated in 173 patients re-
ceiving double-blinded, placebo-controlled food challenges,
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APT was the best single predictive test (positive predictive
value of 95%); the combination of positive APT and positive
prick/puncture test results optimized the positive predictive
value to 100%. For hen’s egg allergy, the APT was also the
best single predictive test (positive predictive value of
94%).525 The conclusion of this study was that the combina-
tion of positive APT results with high levels of specific IgE
for cow’s milk or hen’s egg, respectively, makes double-
blinded, placebo-controlled food challenges unnecessary for
these respective food allergies in patients with atopic derma-
titis.525 A recent larger study of suspected food allergy in 437
children (90% with atopic dermatitis) revealed that APT was
more specific than a prick/puncture or specific IgE tests but
less sensitive, so that oral food challenge was only unneces-
sary for 0.5% to 14% of the subjects.526

Limitations
Summary Statement 106. The lack of standardization of APTs
for diagnosis of both food and drug allergy is the chief
limitation. (C)

Although progress is being made, the lack of standardiza-
tion is still the major limitation of APTs. As previously
discussed, there is also a lack of uniformity in preparing
reagents, vehicles, and how the test should be read in a
uniform way. The diagnostic value and reliability of tests are
at present restricted to several clinical entities, so it is not
possible to extrapolate to allergic conditions other than atopic
dermatitis or eosinophilic esophagitis. There have been no
collaborative attempts to standardize ATPs for the diagnosis
of drug allergy. Results are highly variable at present, and it
is impossible to predict whether such testing will ultimately
be generally useful in the diagnosis of cutaneous drug reac-
tions.

Safety
Summary Statement 107. Although the purpose of APTs is to
test for food and drug nonimmediate reactions, the possibility
of anaphylaxis must be considered because there could be
significant percutaneous absorption of proteins and/or simple
chemicals with high anaphylactogenic potential. (B)

Although the chief purpose of APTs is to test for food and
drug nonimmediate reactions, occurrence of anaphylaxis
must be considered. The possibility that there could be sig-
nificant percutaneous absorption of proteins and/or simple
chemicals cannot be ignored, particularly in patients with a
history of exquisite anaphylactic sensitivity in addition to
their nonimmediate reactions.

Number of Epicutaneous Skin Tests
Summary Statement 108. The appropriate number of APTs is
indeterminate because they are not routinely performed. (B)

Atopy patch tests are being evaluated as diagnostic ad-
juncts chiefly to evaluate the role of inhalant and food aller-
gens in atopic dermatitis and less often for the diagnosis of
drug hypersensitivity. The use of APTs in the United States is
controversial because there is no consensus about their rele-
vance or number. The decision to use them is made on a

case-by-case basis, but previously discussed criteria for per-
forming such tests should be reevaluated periodically as their
future use increases in the United States.

Summary Statement 109. Because ACD is frequently
caused by unsuspected substances, up to 65 patch tests may
be required for diagnosis. (D)

The number of patch tests is highly variable and case
dependent. The only FDA-approved test device is the
T.R.U.E. TEST, which consists of 23 common contactants,
but it is only diagnostic in approximately 25% to 30% of
cases. Supplementary patch tests are often required as sug-
gested by the patient’s exposure history, and up to 65 con-
tactant tests are recommended by the North American Con-
tact Dermatitis Research Group.

IN VITRO DIAGNOSTIC TESTS OF IMMEDIATE
HYPERSENSITIVITY

Measurements of IgE Antibodies

Historical Perspective
One of the most important advances in allergy research was
the 1966 discovery that reaginic activity resided in a previ-
ously unidentified immunoglobulin class.545–548 After consol-
idation of the available data, the WHO named this class of
immunoglobulin IgE. The availability of an IgE myeloma
provided relatively large quantities of IgE and allowed the
production of human anti-IgE antibodies, which led to im-
munoassays capable of measuring both total and allergen
specific IgE concentrations in serum and other body fluids.
The first assay for allergen specific IgE was reported in 1967
and was termed the RAST.549 Since its initial description and
commercialization, a number of technical improvements have
been made in assay technology, including better character-
ized allergen solid phases, monoclonal antibodies, decreased
assay time, less expensive instrumentation, automation, and
the substitution of enzyme labels for radioactive labels. More
recent, modified allergen specific IgE antibody assays are
calibrated using heterologous interpolation against the WHO
75/502 international human serum IgE reference preparation.
This common calibration strategy among assay methods per-
mits a uniform system of reporting IgE antibody results in
quantitative kIUA/L units traceable to a common IgE stan-
dard.

One of the major controversies in allergy has been the
comparison of immunoassays for allergen specific IgE with
biologic tests of allergic sensitivity.186 Much of the contro-
versy results from failing to make a clear distinction about
precise questions to be answered by these studies. As is the
case with skin tests, a direct correlation cannot be assumed
between the presence of specific IgE antibodies and clinical
disease. Accepting the skin test as the equivalent of clinical
hypersensitivity creates problems because of factors dis-
cussed in the previous section: (1) the lack of uniform pro-
cedures for performing skin tests, (2) the lack of uniform
criteria for grading skin test results as positive or negative, (3)
the difference among natural, purified, and recombinant test
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allergens, and (4) the differential sensitivity of individuals
sensitized to the same allergen. In addition, there has been
limited effort to ensure the quality of skin tests, since skin
tests are typically performed as a single determination, and
the skin test result may be falsely negative or positive. At-
tempts have been made to resolve the question of false-
positive skin test results by performing allergen challenges,
but this may not always be relevant since there is general
agreement that some patients with allergen specific IgE do
not respond to an allergen challenge, an inherent limitation of
these procedures.550 This suggests that a positive skin test
result does not necessarily mean clinical allergy.550 Con-
versely, some patients who respond to end organ allergen
challenge do not have positive specific IgE in vivo or in vitro
test results.90,133,136,185,527,551 Notwithstanding these controver-
sies, there is general agreement that, for most allergens,
allergen-specific immunoassays detect IgE antibody in the
serum of most but not all patients who are clinically allergic.
The precise sensitivity of these immunoassays compared with
prick/puncture skin tests has been reported to range from less
than 50% to greater than 90%, with the average being ap-
proximately 70% to 75% for most studies.112,13,133,185,186,552–559 In
most situations, skin tests are therefore the most clinically useful
tests for the diagnosis of IgE-mediated sensitivity.

Total Serum IgE Assays
Summary Statement 110. Total serum IgE concentrations are
reported in international units or nanograms per milliliter (1
IU/mL � 2.44 ng/mL). (A)

Summary Statement 111. Total IgE is cross-standardized
with the WHO 75/502 human reference IgE serum verified by
periodic proficiency surveys. (B)

Summary Statement 112. The clinical applications of total
serum IgE are of modest value. High serum IgE concentra-
tions occur in allergic bronchopulmonary Aspergillosis
(ABPA), the therapeutic response of which is evaluated by
serial IgE values. (B)

Summary Statement 113. Total serum IgE is required for
assessing the suitability of a patient for omalizumab therapy
and determining the initial dose. (B)

The most frequently used method for measuring total IgE
concentrations is a sandwich-type assay. In this assay an
anti-IgE antibody bound to a solid support is used to bind all
IgE from the test sample. Serum proteins other than IgE are
washed away from the support, and the IgE remaining bound
to the support is quantified by means of a second, labeled,
anti-IgE antibody.59,549,560

Total serum IgE concentrations are most frequently re-
ported as international units or nanograms per milliliter (1
IU/mL � 2.44 ng/mL of IgE). Although the Systeme Inter-
national (SI) specifies that IgE be reported as micrograms per
liter with 2 significant digits (XX � 10n), it is still not widely
used.561 There are now a number of national and international
reference preparations for total serum IgE.562–564 However, the
WHO 75/502 is the principal human IgE reference serum
preparation to which all clinically used total serum IgE assays

are currently cross-standardized. The availability of these IgE
reference preparations has led to improved interlaboratory
concordance of clinical total IgE assay results. For most
commercial methods, total serum IgE determinations should
be accurate to 2 significant digits, and the coefficient of
variation for repeated assays should be less than 10%.59,564

This level of proficiency has been recently confirmed with
data from the College of American Pathologists Diagnostic
Allergy External Proficiency Survey.565 The routine quality
control for total serum IgE assays is primarily directed toward
assessing accuracy and precision. Previous problems with
interference by other serum proteins have been largely elim-
inated by the availability of commercial antibodies specific
for human IgE with high specificity and avidity. Accuracy
and precision are evaluated by the inclusion of both internal
and external standards in these assays.

One technical problem reported with some sandwich-type
immunoassays for total serum IgE has been termed the hook
effect. This term describes the problem of samples with very
high total IgE concentrations that produce results identical to
those of samples with much lower IgE concentrations. If
increasing quantities of IgE are added in an assay, there
should be a linear rise to a plateau. In some assays, however,
the plateau may begin to fall to lower levels as increasing
amounts of IgE are added. To avoid this problem, some
laboratories assay samples at 2 dilutions with the expectation
that the more dilute sample will produce a quantitatively
lower result. If the more dilute sample does not produce a
lower result, the sample needs to be rediluted and reassayed
until it is clear that the sample is appropriately diluted. At this
point the concentration of IgE in the unknown can be extrap-
olated from the linear rising portion of the standard calibra-
tion curve. Interdilutional coefficients of variation should
remain less than 20% for an assay that maintains parallelism
between the reference curve and dilutions of test specimens.

Allergen Specific IgE Assays
Summary Statement 114. As with total IgE, commercial spe-
cific IgE antibody assays are calibrated using heterologous
interpolation against the WHO 75/502 human IgE reference
serum, thereby enabling a uniform system of reporting. (E)

Summary Statement 115. In addition to WHO 75/502 cal-
ibration, an earlier specific IgE classification system was
based on internal positive calibration curves from a positive
control heterologous serum containing specific IgE antibod-
ies, which in the original RAST was white birch specific.
However, FDA clearance for modified specific IgE tests
requires use of homologous internal control allergic sera
whenever this is possible to obtain. (E)

Summary Statement 116. The precise sensitivity of these
immunoassays compared with prick/puncture skin tests has
been reported to range from less than 50% to more than 90%,
with the average being approximately 70% to 75% for most
studies; similar sensitivity ranges pertain when immunoas-
says are compared with symptoms induced after natural or
controlled organ challenge tests. (C)
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Summary Statement 117. As with skin tests, the interpre-
tation of specific IgE results requires correlation with the
history, physical examination, and, in some cases, symptoms
directly observed after natural or laboratory exposure to al-
lergens. This cannot be accomplished by commercial remote
practice laboratories, which base recommendations for im-
munotherapy on a history form submitted by the patient and
specific IgE results. (B)

Summary Statement 118. Because the constitutive allerge-
nicity, potency, and stability are variable among commercial
allergen extract reagents, sensitivity and the positive predic-
tive value of both prick/puncture and specific IgE tests gen-
erally tend to be higher among pollens, stable anaphylacto-
genic foods, house dust mite, certain epidermals, and fungi
compared with venoms, drugs, and chemicals. (C)

Summary Statement 119. Proper interpretation of specific
IgE tests needs to take into consideration variables such as the
binding affinity or avidity of allergens, solid-phase systems,
cross-reactive proteins and glycoepitopes, specific IgG anti-
bodies in the test system, and high total serum IgE (�20,000
IU). (E)

Summary Statement 120. A multiallergen (up to 15 aller-
gens bound to a linear solid-phase system) test can screen for
atopic status, following which allergen specific tests are re-
quired for more definitive evaluation.

Summary Statement 121. Specific IgE immunoassays are
not recommended as a definitive confirmatory test for several
specific clinical conditions. They provide neither diagnostic
nor prognostic information when measured in the cord blood
of newborn infants. They do not have sufficient sensitivity for
foolproof prediction of anaphylactic sensitivity to venoms or
penicillins. (B)

Summary Statement 122. Specific IgE immunoassays may
be preferable to skin testing under special clinical conditions
such as widespread skin disease, patients receiving skin test
suppressive therapy, uncooperative patients, or when the his-
tory suggests an unusually greater risk of anaphylaxis from
skin testing. (B)

Summary Statement 123. Determination of allergen speci-
ficity by inhibition of specific IgE binding is a unique at-
tribute of specific IgE testing. (E)

Summary Statement 124. Automated systems using multi-
plexed allergen assays are being rapidly developed. One of
these is cleared by the FDA for the simultaneous measure-
ment of 10 allergens. (E)

Commercially available assays for allergen specific IgE are
based on the principle of immunoadsorption.557,560,562,566 The
allergen specific IgE of interest binds to the allergen, which
has either been previously bound to a solid phase or becomes
bound to a solid phase after the IgE has been bound. IgE that
does not bind to the allergen, together with other irrelevant
proteins, are then washed away from the solid phase. The
amount of the IgE bound to the allergen is quantitated using
a labeled anti-human IgE (monoclonal or mixture of mono-
clonal) antibodies. The label can be a radioactive isotope an

enzyme, or a ligand to which an enzyme or antiligand con-
jugate is bound.

A number of methods have been used throughout the years
to report allergen specific IgE results.562,566–569 First, a quali-
tative reporting scheme was used in which assay response
produced by the test serum was compared with the results
obtained with sera from nonatopic individuals who are known
to be free of allergen specific IgE antibody. The mean and SD
are computed for the IgE antibody–negative sera. Only test
sera that produces results greater than the mean � 2 or 3 SDs
are called positive. The results of a test serum also can be
expressed as a ratio or a percentage of the mean of the
negative sera. In original RAST-type assays, a ratio of more
than 3 was considered positive. This qualitative ratio method
is presently used only in research IgE antibody assays and is
no longer used by clinical laboratories certified by the Clin-
ical Laboratory Improvement Amendments of 1988 reporting
patient data.

A second method for classifying IgE antibody results has
been to compare the results of a test serum to a calibration
curve derived from a serum with a known amount of the same
specific IgE. This method is called “homologous interpola-
tion” because the IgE antibody specificity being measured in
the test and reference serum are the same. Although a ho-
mologous interpolation scheme is considered by some inves-
tigators as the most attractive calibration approach, it is not
used in many FDA-cleared IgE antibody clinical assays be-
cause it was not always possible to find sufficient quantities
of serum containing IgE antibody (ie, 35 to 100 serum sam-
ples) from patients with relatively rare clinical allergies.
However, the FDA Final Guidance for Industry document
stipulates specific provisions for using “allergen specific con-
trol sera.”570

The first clinically used RAST incorporated a heterologous
interpolation scheme that related all allergen-specific IgE
values to a standard curve derived from sera containing IgE
anti–birch pollen.549 To provide a grading scheme, the cali-
bration curve was divided into arbitrary classes from 0 to 4.
In an attempt to improve the sensitivity of the RAST, the
modified RAST scheme was developed. The modified scor-
ing system relates the number of radioactive counts in each
unknown to class scores using a single control point (ie, 750
normalized counts).571 Although the modified scoring system
artificially increases diagnostic sensitivity by lowering the
assay threshold, it also reduces diagnostic specificity of the
assay (ie, increase of false-positive results). This limitation
constitutes a major problem for those who continue to use this
system.59

The major FDA-cleared semiautomated and automated
assays (Table 5) for allergen-specific IgE antibody use a
second, heterologous interpolation scheme in which a total
serum IgE calibration curve is used to report results as inter-
national units of IgE per milliliter. This value can be con-
verted into mass units of IgE per volume (eg, nanograms of
IgE per milliliter) because the IgE calibration curve is stan-
dardized against the WHO Human IgE International Refer-
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ence Preparation 75/502.570 There are some data to indicate
that 1 IU/mL of allergen specific IgE antibody is equivalent
to 1 IU/mL of total serum IgE.572 However, this needs further
confirmation.559,573 Table 5 is a partial compilation of current
commercial assays compared with the original RAST immu-
noassay. Current methods now use improved matrix binding
combined with fluoroenzymatic or chemiluminescence detec-
tion systems. In addition, most of them are either semiauto-
matic or completely automatic.

Apart from the obvious advantage of expressing specific
IgE results in mass units, as compared with the WHO human
IgE reference standard, most specific IgE classification sys-
tems (both radioactive and enzymatic) are currently based on
internal positive control curves calibrated with allergen-spe-
cific antisera. According to current FDA guidance regula-
tions, regarding RAST-based methods, the source and stabil-
ity of allergen-specific control sera should be specified.570 In
addition, confirmation of allergen IgE specificity should be
identified for each allergen contained in the internal control
sera. This implies that there be a homologous internal control
positive reference specific IgE serum (eg, test serum specific
for ragweed vs internal control ragweed specific IgE serum).
A heterologous specific IgE serum control is not ideal and
could confound or mislead results inasmuch as allergen prep-
arations are mostly mixtures of proteins that can vary widely
in composition, immunogenicity, allergenic potency, and
binding to various matrices.574

One semiautomatic assay manufacturer stipulates that each
laboratory should establish its own expected reference ranges
presumably with homologous antisera for various sensitive
populations (pollen, mold, or other allergen-sensitive pa-
tients) of interest.575 It is not known whether all technology
manufacturers address this issue. Although it is recognized
that homologous control sera might be difficult to obtain,
store, and maintain stability for many allergens, homologous
specific reference sera to 8 major inhalant, 6 major food, and
4 major venom allergens could readily be incorporated into
currently available multiarray semiautomatic or automated
systems (Table 5). This could be readily accomplished be-
cause FDA clearance for commonly available allergosorbents
only requires a maximum of 100 specific IgE positive serum
samples.

Recent advances in lasers, computational power, DNA
technology, component miniaturization, and other technolog-
ical advances have allowed for the development of allergen
specific IgE multiplexing.576 Multiplexing, or the quantitative
measurement of specific IgEs to numerous allergens simul-
taneously using array technology, is a major potential im-
provement over present day monoplex methods.577 Multi-
plexed arrays for the measurement of specific IgEs use
smaller sample sizes and are potentially cheaper, faster, more
sensitive, and more accurate than any present day technology.
Approaches to multiplexed array allergy testing have been
described using glass slides with microdot placement of al-
lergens or allergens covalently attached to microspheres that
have been internally dyed and are spectrally distinguishable
(liquid suspension arrays).578,579 One such liquid suspension
array assay has been FDA (510K No. K020387) for the
simultaneous measurement of specific IgEs to house dust
mite, cat, timothy grass, Bermuda grass, mountain cedar,
short ragweed, Alternaria (mold), milk, egg white, and
wheat. Secondary antibody detector systems include chemi-
luminescence and fluorescence. Amplification methods, such
as DNA rolling circle amplification, have also been de-
scribed.580

In terms of quality control, all assays for allergen specific
IgE antibody should have known IgE antibody–positive and
IgE antibody–negative sera run with each lot of reagents.
Known positive and negative sera should be included in each
assay for each specific allergen being tested. These quality
control serum data confirm the quality and validity of the
assay and the accuracy of the calibration curve. Results
generated by the assay should not be reported if the results of
the positive and negative quality control sera are not within
95% confidence limits for the assay.562

An investigation comparing analytic precision and accu-
racy of specific IgE assays performed by 6 different com-
mercial laboratories using various methods (or modifications
thereof) listed in Table 5 was reported in 2000.563 Coded and
blinded serum samples containing different levels of specific
IgE antibodies to 17 allergens were picked up from physi-
cians’ offices by each laboratory over a span of 6 weeks.
Collectively, the statistical analyses of these data revealed
that assays performed by 4 laboratories gave different results
for different allergens, and there were multiple instances of
poor precision, quantitation, and accuracy. Results from 2
laboratories that use the ImmunoCap system could be
grouped with results expected from an ideal immunoassay.563

These disparate results should encourage commercial labora-
tories to participate in proficiency surveys and to make the
results of such surveys readily accessible to the ordering
clinician.565

Some laboratories report negative IgE antibody results for
rare allergens when the laboratory has never obtained specific
positive sera, which could demonstrate that the assay is really
capable of detecting IgE with the expected specificity. In the
United States, commercially available allergen-containing re-
agents (eg, allergosorbents) are submitted to the FDA and

Table 5. Representative List of Current Commercial Specific IgE
Technology

Method Detected by Technique

Phadebas RAST Radioimmunoassay Manual
Hitachi CLA (MAST) Chemiluminescence Semiautomatic
CAP System Enzyme/substrate Semiautomatic
Hycor Turbo-MP Radioimmunoassay Semiautomatic
Ala Stat Enzyme/substrate Semiautomatic
Hy-Tec E/A Enzyme/substrate Automatic
ImmunoCAP Systems Enzyme/substrate Automatic
Immulite 2000 Chemiluminescence Automatic

Abbreviations: MAST, multiple allergen solvent test; RAST, radioaller-
gosorbent assay.
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given FDA clearance when data are supplied by the manu-
facturer that has analyzed at least specific 35 to 100 IgE
antibody–positive serum samples from clinically allergic in-
dividuals. When serum samples from 35 different sensitized
individuals cannot be identified in the world for a particular
allergen specificity, the FDA gives the allergen-containing
reagent the designation of an analyte-specific reagent (ASR),
which indicates that less than 35 serum samples have been
used to quality control the allergen-containing reagent. The
ASR reagents are not fully FDA cleared, but they have been
quality controlled sufficiently by the manufacturer to validate
allergen specificity and permit their use in clinical laboratory
testing with the caveat that they are “for research purposes
only.”

Ideally, a total serum IgE should be performed on all serum
samples that are assayed for allergen specific IgE antibody. If
the total serum IgE level is high (eg, 20,000 IU/mL for some
assays), steps such as automatic dilution should be taken by
the laboratory to ensure that the assay results for specific IgE
are true positives and not the result of nonspecific binding in
the assay. The total serum IgE level that produces a false-
positive result due to nonspecific binding is presumably iden-
tified by the manufacturer of all commercially available al-
lergen specific IgE assays563,566,567 and should be made
available to the ordering clinician. A clue to possible non-
specific binding is a report of weakly positive IgE antibody
results with multiple allergens.581 Nonspecific binding by
glycoepitopes (ie, cross-reactive carbohydrate determinants)
is a potential source of a positive test result without clinical
significance.582–584 To check this, IgE reactivity of a glyco-
protein to which the patient had not been sensitized (eg,
bromelain) should be tested against the patient’s serum.582

An adequate presentation of the allergen in the assay is
essential for optimal sensitivity of an assay.585 Assay inaccu-
racies can result from a number of conditions: (1) the protein
recognized by IgE may be a minor constituent of the total
protein in the allergen preparation and hence it becomes a
minor fraction of the protein bound to the solid phase, which
leads to insufficient protein for adequate IgE binding; (2) the
protein recognized by IgE may be labile because of either its
molecular structure or the presence of proteolytic enzymes in
the allergen preparation; and (3) the chemical linkage used to
bind the protein to the solid phase may destroy the epitope
recognized by IgE or the linkage may occur at a site so close
to the epitope that steric hindrance occurs.

IgG antibody specific for allergens may occur as a result of
natural allergen exposure or active allergen immunotherapy.
Since IgG antibody is often present in quantities greatly
exceeding the quantity of IgE antibody, specific IgG antibody
may bind to available sites of the allergosorbent, thereby
preventing subsequent IgE binding and leading potentially to
falsely low or negative test results.586

Different allergen extracts may have identical proteins or
peptide epitopes recognized by IgE antibodies. In this case, a
patient who is sensitized to an allergen may have a positive
test result to both the original allergen and other allergens that

cross-react with the original allergen.587 The relationship of
cross-reactive IgE antibodies evaluated by either skin or
specific IgE tests to clinical disease is known for some but not
all allergens. Exposure to cross-reactive allergens may or
may not provoke symptoms (eg, most grass-sensitive patients
tolerate wheat, a potent cross-reactant in grass pollen ex-
tracts). This problem of allergen cross-reactivity may also
complicate interpretation of skin tests.

The detection of allergen specific IgE antibody in serum
with an FDA-cleared assay may be viewed as a risk factor
that supports a positive clinical history in making the diag-
nosis of allergic disease. As with skin testing, IgE antibody
specificities involving extracts that contain potent allergenic
components such as ragweed, house dust mite, and cat epi-
dermals tend to correlate much better with clinical sensitivity
and provocation tests. The use of purified fractions (ie, Amb
a 1, Der p I, Der f 1, Fel d 1, Alt a 29, Hev b 5) often fortifies
sensitivity and the test’s correlation with clinical disease
compared with unfortified immunosorbent.588 On the other
hand, extracts with weaker allergenic epitopes may demon-
strate substantially less correlation with various indices of
clinical sensitization. This situation may be compounded
further in the case of foods in which multiple allergenic
epitopes are often contained in the crude extract mixture and
minor components may actually dilute the major allergen
responsible for clinical sensitization. Furthermore, as dis-
cussed herein, certain allergenic epitopes in foods (ie, wheat)
may strongly cross-react with allergens in 1 of the potent
classes of inhalant aeroallergens (ie, grass), leading to spuri-
ously false-positive results. However, the predictive value of
anaphylactogenic food specific IgE for outcome of oral food
challenge has received considerable attention and is discussed
below and further in part 2.140,589–591 Because the constitutive
allergenicity, potency, and stability are variable among com-
mercial allergen extract reagents, sensitivity and the positive
predictive value of both prick/puncture and specific IgE tests
generally tend to be higher among pollens, anaphylactogenic,
stable food proteins, house dust mite, certain epidermals, and
fungi compared with venoms, drugs, and chemicals.

Inhibition of Specific IgE Antibody Binding
The most expedient method for determining the specificity of
IgE binding is to determine whether the addition of a small
quantity of a homologous allergen in the fluid phase will
inhibit most IgE binding. Inhibition usually indicates that IgE
binding in the assay is a result of the IgE antibody specifically
recognizing the allergenic protein.564 Theoretically, some al-
lergen preparations may contain substances such as lectins,
which could nonspecifically bind IgE. If IgE is being non-
specifically bound, either most serum samples are positive in
the assay or there is a relationship between the total serum
IgE concentration and an increase of assay positivity to
multiple lectin-containing allergens. In demonstrating spe-
cific inhibition, it should be possible to inhibit at least 80% of
the specific IgE binding in a dose response manner.564
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The degree of binding inhibition produced when a fluid
phase allergen is added to a serum containing allergen spe-
cific IgE depends on the ratio between the quantity of specific
IgE and the quantity of allergen added. When the quantity of
specific IgE is kept constant, the percentage of inhibition
produced can be used to estimate the quantity of allergen in
the fluid phase. Under appropriate experimental conditions,
including an adequate supply of potent allergen specific IgE,
inhibition can be used to standardize allergen extracts, esti-
mate the quantities of allergens, and evaluate cross-reactivity
between allergens.581

A specific allergen may be detected in a crude extract of
multiple allergens using the inhibition technique.581 For ex-
ample, if a patient is known to be allergic to peanuts, and the
patient has symptoms of an allergic reaction after eating a
piece of candy, the question could be whether the candy
contained peanut allergen. If an extract of the candy inhibits
the binding of the patient’s IgE to a solid-phase peanut
allergen preparation, there would be good reason to suspect
that the candy contained either peanut or an allergen that
cross-reacted with peanut.

Allergen Specific IgG and IgG Subclass Assays
Summary Statement 125. Allergen specific IgG may be mea-
sured by immunodiffusion or immunoabsorption. (E)

Summary Statement 126. Immunodiffusion antibodies to
cow’s milk are associated with Heiner’s disease, a non-IgE
disorder that presents in infants with pulmonary infiltrates.
(B)

Summary Statement 127. IgG and IgG subclass antibody
tests for food allergy do not have clinical relevance, are not
validated, lack sufficient quality control, and should not be
performed. (B)

Summary Statement 128. Although a number of investiga-
tors have reported modest increases of IgG4 during venom
immunotherapy, confirmation and validation of the predictive
value of IgG4 for therapeutic efficacy of venom immunother-
apy are not yet proven. (C)

Allergen specific IgG can be measured using immunoas-
says similar to those used to measure allergen specific IgE.586

Allergen specific IgG is often easier to detect than specific
IgE because it is usually present in a higher concentration.
The antibody used to measure the IgG bound in an assay can
be either an anti-human IgG or specific for 1 of the subclasses
of IgG (IgG1, IgG2, IgG3, or IgG4). When subclass specific
IgG antibodies are used, the quantity of the particular IgG
antibody subclass can be determined. IgG and IgG subclass
antibodies specific for allergens usually are measured in
arbitrary units, although mass values may be extrapolated
from a total or subclass specific standard curve. An allergen
specific IgG assay is subject to the same technical problems
as specific IgE assays, and specific IgG assays should be
evaluated using the same criteria and techniques as those used
for IgE assays. The level of expected precision should be 2
significant figures with variation less than 15%, or lower,
since the quantity of IgG to be measured is often relatively

large, especially after immunotherapy.586 Currently, no
blinded proficiency surveys are available for evaluating in-
terlaboratory performance of allergen specific IgG or IgG
subclass assays.

Clinical Application and Interpretation

Total serum IgE concentration
Several studies have proposed using the total IgE concentra-
tion in cord blood as a method for predicting an infant’s risk
of developing allergic disease.592 Although the results of the
early reports were promising, subsequent studies have not
found the cord blood IgE concentration to be a reliable
predictor of risk.592 Even if it were possible to predict the risk
of allergic disease, such knowledge would have little clinical
value because there are not as yet proven methods for pre-
venting allergic disease in high-risk children.

Measurements of total serum IgE concentration are of
modest clinical value when used as a screen for allergic
disease or for predicting the risk of allergic disease.592 Al-
though epidemiologic studies have shown that the risk of
asthma is highly correlated with the total serum IgE concen-
tration, the variation from individual to individual is too great
to provide much diagnostic value.592–595 Similarly, the broad
range of values and the variation among individuals means
that total serum IgE concentrations provide only modest
information about the risk of allergic disease on an individual
basis.590 Furthermore, a normal total IgE does not exclude
clinical allergy. Evaluation of patients with suspected ABPA
is one of the few clear indications for measuring serum IgE
concentrations.596 An extremely elevated total serum IgE
concentration is found in nearly all patients with ABPA and
is one of the major diagnostic criteria. There is also a sug-
gestion that the serum IgE concentration is an indicator of
disease activity and that serial determinations should be used
to evaluate the adequacy of treatment.596

With the licensing of omalizumab (Xolair) for the treat-
ment of allergic asthma, another application of total serum
IgE is verification that the patient is a suitable candidate for
anti-IgE therapy with total serum IgE levels between 70 and
800 IU/mL. The total serum IgE level before taking omali-
zumab combined with the patient’s weight will determine the
correct dosing to ensure efficacious reduction of free IgE
circulating in blood. After 1 month of taking omalizumab, a
new assay that measures the level of circulating IgE that is
free or unbound with omalizumab can confirm the effective-
ness of the dosing regimen.597 This test is not yet commer-
cially available. Although as much as 62% loss in accuracy
was observed in FDA-cleared human IgE assays, the Immu-
noCAP system was sufficiently robust to provide accurate
and reproducible total and allergen-specific antibody results
in the presence of therapeutic levels of serum omalizumab.598

Serum IgE concentrations are often abnormal in patients
with congenital immunodeficiencies, but these abnormalities
are rarely diagnostic.599 The primary exception to this state-
ment is the syndrome of hyper-IgE, eczematous dermatitis,
and recurrent pyogenic infections. In this syndrome, the total
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serum IgE level is extremely elevated and is one of the major
diagnostic criteria for the disease.599 Nonspecific elevation of
IgE level is also observed in the Wiskott-Aldrich, ataxia
telangiectasia, DiGeorge, and Ommen syndromes.600

Patients with acquired forms of immunodeficiency may
have altered levels of serum IgE, but these alterations are not
diagnostic.601 A few published reports have indicated that
serum IgE is elevated in patients with HIV infection and that
there is a modest correlation between IgE elevation and
clinical course or state of the disease.602

IgE myeloma is a rare form of multiple myeloma, with
fewer than 40 cases reported worldwide.603 Some cases of IgE
myeloma may have been misdiagnosed as light chain disease
because of failure to measure serum IgE concentrations.
Since the course of IgE myeloma is distinct from that of light
chain disease and other myelomas, IgE should be measured in
patients with clinical symptoms suggestive of myeloma and
in whom myelomas of other isotypes have been ruled out.603

Total serum IgE concentrations have been reported to be
abnormally high in a variety of diseases. In drug-induced
interstitial nephritis or graft vs host disease, there may be a
relationship among the course of the disease, response to
therapy, and the IgE level, but none of these relationships are
firm enough to recommend total IgE as part of the clinical
evaluation of these diseases.592

Allergen specific IgE concentration
Summary Statement 129. The probability distribution of

specific IgE for several anaphylactogenic foods (peanuts, egg
white, cow’s milk, and codfish) can define clinical sensitivity
as verified by double-blind oral challenge tests; similar rela-
tionships have been defined for several respiratory allergens.
(A)

Multiple studies have shown that allergen specific IgE is
rarely detectable in cord blood.592 In the few cases in which
specific IgE for common allergens was detectable, neither
diagnostic nor prognostic significance was demonstrated.
Based on current information, there is no clinical indication
for attempting to measure allergen specific IgE in cord blood.
However, several investigations have shown that elevated
food specific IgE in early infancy may predict respiratory
sensitization at a later age.604–607

A recent study claimed virtually equivalent specific IgE
sensitivity results between a blood spot test and serum.608 The
blood spot test was performed using paper-absorbed or
-eluted blood obtained by finger prick.608 Preliminary results
suggested this was a successful method for determining IgE
sensitization in preschool children. Prototypic, miniaturized,
multiarray assays may offer a similar advantage in the fu-
ture.577,609

Efforts to develop a screening procedure have led to tests
in which multiple allergens are coupled to a single solid-
phase substrate560,610,611 (Table 5). If the multiple allergen test
result is positive, there is a high probability that the patient is
allergic to at least 1 of the allergens included in the test.
Additional tests that use individual allergens then can be used

to determine other allergens to which the patient may be
sensitive. In general, these multiallergen screening tests have
shown acceptable diagnostic sensitivity and specificity when
compared with skin tests.560,610,611

The clinical value of multiple allergen screening tests
depends on the selection of patients. In a symptomatic self-
selected population, a positive test result would significantly
increase the probability that the patient was allergic. If mul-
tiple allergen tests were used to screen an unselected popu-
lation, there would be an unacceptable number of false-
positive and false-negative results. By itself, a positive
multiple allergen test result does not provide sufficient infor-
mation to make a specific clinical diagnosis or to initiate
therapy.59 In addition, a negative multiple allergen test result
does not exclude clinical sensitivity because the commercial-
ly-available multiallergen screening tests only screen for ap-
proximately 15 aeroallergens.

Recommendations concerning the number of specific IgE
tests for confirmation of suspected clinical sensitivity corre-
spond to those discussed for prick/puncture tests in Summary
Statement 43.

There are no clinical scenarios in which immunoassays for
allergen specific IgE can be considered either absolutely
indicated or contraindicated. There are some situations in
which immunoassays may be preferable to skin testing for the
diagnostic evaluation of patients. If the patient has had a
nearly fatal reaction to an allergen, the immunoassay offers
the advantage of testing the patient for allergen specific IgE
without the risk of inducing a severe reaction from a skin
test.612,613 In this situation, an IgE antibody measurement
using immunoassay is less likely to provoke severe patient
anxiety about the possible adverse consequences of a skin
test. A positive IgE antibody test result strongly supports the
clinical impression. A negative test result reduces the prob-
ability that the suspected allergen is causally associated, but
it is essential that the negative result be confirmed by skin test
before the allergen can be excluded as a possible anaphylac-
togen.612,613 If both test results are negative, a supervised
challenge may still be necessary. If a patient does not have a
sufficient large area of normal skin to allow skin testing,
immunoassays for specific IgE are useful for confirming
clinical impressions.550,564 Examples would include individu-
als with severe dermatographism, ichthyosis, or generalized
atopic dermatitis. Theoretically, a third situation in which
immunoassay may be preferable is during the refractory
period immediately after a severe allergic reaction. If it were
clinically necessary to determine the patient’s sensitivity
within a few days after such a reaction, an immunoassay
might provide a better way to ascertain the necessary infor-
mation.550 Antihistamines and drugs such as tricyclic antide-
pressants reduce or block skin test reactivity550 (Table 4). If it
is necessary to document allergic sensitization either before
the drug has been cleared from the patient’s body or if it is
inadvisable to stop taking the medication, an immunoassay
may provide needed information. When a patient is unable to
cooperate with skin testing because of mental or physical
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impairment, measurement of specific IgE by immunoassay
would be preferable because of reduced risk to an agitated
patient or personnel who would normally perform the skin
testing.

Quantitative results from clinical IgE antibody assays have
allowed investigators to study whether the quantity of serum
IgE antibody has any predictive utility in defining clinical
sensitivity. In the area of food allergy, several groups have
shown that the quantity of specific IgE antibody in serum to
peanut, egg white, cow’s milk, and fish may define current
clinical sensitivity in many patients.140,526,589–591,614 Probabili-
ty-based risk of clinical food allergy increases as the quantity
of serum food specific IgE increases. Probability curves can
define, for some foods, levels at which reactions are highly
likely (eg, 95%) and may dissuade the need for an oral food
challenge. Thus, the higher the value, the more specific the
test becomes in terms of clinical food allergy. Over interpret-
ing values in the class 1 and 2 categories may lead to false
assumptions. When levels are undetectable, 5% to 20% may
still have reactions, and so the clinical history is important in
interpretation of results.589

Probability-based risk evaluation has also been extended to
respiratory allergy using quantitative allergen specific IgE
antibody data previously reported from four European labo-
ratories.573 A logistic regression model was used to compare
the relationship between the physician’s final diagnosis of
allergic respiratory disease (positive or negative) based on the
clinical history, physical examination, and skin testing and
serologic testing data and the quantitative level of serum IgE
antibody alone. Probability curves were calculated in this
study to show the relationship between IgE antibody in blood
and the dichotomous clinical diagnosis of the absence or
presence of allergic respiratory disease. The probability of
obtaining a positive allergy diagnosis at a given serum IgE
antibody level by the Pharmacia UniCAP System has been
evaluated for different allergens at 4 clinics. Differences in
the shape of the IgE antibody level vs probability of clinical
disease curves was seen both between allergens within a
clinic and between clinics for the same allergen specificity.573

This indicates that use of specific IgE antibody levels to
support the clinical diagnosis of respiratory allergic disease is
different for the same allergist depending on the particular
inhalant allergen and between allergists for the same allergen
specificity. Importantly, however, the authors make the case
that quantitation of serum IgE antibody improves the confi-
dence of the clinical diagnosis of inhalant allergies better than
simply knowing if IgE antibody is present or absent.

Another group also studied the clinical utility of quantita-
tive serum IgE antibody measurements in the diagnosis of
respiratory allergy.574 They used purified recombinant timo-
thy grass and birch pollen allergens to compare the relative
ability of puncture skin testing, nasal provocation, and IgE
antibody serology by the CAP System to reflect immediate-
type respiratory sensitivity. Although the skin test and nasal
provocation results were significantly correlated, the intensity
of these biological reactions did not correlate with the level of

allergen specific IgE antibody in serum. The authors con-
cluded that factors in addition to IgE influence the extent of
allergic tissue reactions.

A recent probability risk evaluation comparing skin tests
and serum specific IgE to a panel of saprophytic mold aeroal-
lergens revealed relatively poor correlations.615 The results of
this investigation confirmed the relatively low sensitivity
rank order for fungi when evaluated by in vitro serologic
tests.

Predictability of both skin and in vitro tests for IgE-medi-
ated anaphylaxis to Hymenoptera venoms may also require
reconsideration, especially if patients are tested at extended
times after the anaphylactic episode. A recent investigation
demonstrated relatively poor reproducibility of both venom
skin tests and serum specific IgE when 35 patients, who had
experienced systemic reactions, were tested on 2 occasions 2
and 6 weeks apart.616

Immunoassays for allergen specific IgE offer a unique
advantage when compared with skin testing in their ability to
use soluble allergen inhibition to examine specificity and
cross-reactivity among allergens. Although these assays are
used chiefly for research purposes, they may be clinically
important in some situations. For example, if a patient has a
history of anaphylaxis after an insect sting and the patient is
found to be skin test positive to yellow jacket venom at a low
concentration and positive to Polistes wasp venom at a higher
concentration of venom, the question arises whether the pa-
tient is sensitive to both insects or whether skin test reactivity
to wasp venom is the result of cross-reactivity. An inhibition
assay showing that all the reactivity to Polistes wasp venom
could be inhibited by yellow jacket venom strongly suggests
that the positive skin test result to Polistes wasp was the result
of cross-reactivity. Furthermore, the patient could be success-
fully treated with yellow jacket venom alone, saving the
added expense of treating with Polistes wasp venom. Aller-
gen cross-reactivity may also be clinically relevant when
deciding how many species of weeds, grasses, trees, and
mites need to be included in an immunotherapy regimen.

Allergen specific IgE measurements may be useful in
evaluating fatalities that may have resulted from allergic
reactions by determining the allergen responsibility for the
fatal reaction.612,613

Allergic bronchopulmonary aspergillosis is an inflamma-
tory disease of the lungs characterized by severe asthma,
sputum production, peripheral blood eosinophilia, and an
increased total serum IgE concentration. If untreated, it may
progress to central bronchiectasis and, ultimately, pulmonary
fibrosis and death. After proper treatment with corticoste-
roids, total serum IgE levels usually decrease. Total serum
IgE should be followed during the disease since an increase in
IgE may herald a relapse of disease. Aspergillus specific IgE
and IgG are usually present in the sera of patients with
ABPA. Although the levels of these antibodies do not always
correlate with disease activity, they tend to decrease as active
disease subsides.596,617,618
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