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Abstract

This article provides information on allergy testing and serves as a simple guide for physicians who

are considering using allergy testing as a step in patient management. Basic principles of allergy

testing, indications for testing, and how and when to choose a suitable allergy test are discussed.
Allergy testing in general refers to evaluation of either type I or type IV hypersensitivity reactions.
The type I (immediate) reaction is evaluated using the skin prick test (in vivo) or serum IgE (in
vitro) test methods, while the type IV (delayed) reaction is determined via the skin patch test
method. The allergens responsible for a specific reaction can be identified from allergy testing, and

this information is useful in administering avoidance measures. Appropriate treatment of allergic

reactions along with allergen avoidance ensure a successful treatment outcome and prevent future

reactions.

Introduction

Allergies are described as abnormal harmful
immune responses to harmless substances,
or allergens.! Both dermatologists and non-
dermatologists widely use allergy testing in
evaluation of allergies and diseases associated
with allergies. Common dilemmas concerning
allergy testing include the indication for
allergy testing, selection of the appropriate test,
interpretation of the results and application
of this information in patient management.
Comprehension of the basic principles of
allergy testing and the different types of tests
available is helpful when considering these tests
in clinical practice.

In most cases, a suspected allergen can be
identified through detailed histories of
symptoms and signs in relation to exposure
or contact. Drawing a timeline of events
is often useful to identfy the suspected
offending agent and develop a provisional
diagnosis. Type 1 allergic reactions frequently
present  with  cutaneous, aural, nasal,
guttural, respiratory, ocular and sometimes
gastrointestinal symptoms such as wheezing,
breathing difficulty, shortness of breath, mouth
breathing, nasal congestion, swelling and
tearing of eye (red flag signs for angioedema),
swelling of the lips, itching, hives, abdominal

discomfort and diarrhoea.

Type IV reactions tend to present with
purely cutaneous symptoms such as pruritic
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skin lesions. A personal or family history of
atopy is essential because individuals with
these histories are genetically predisposed to
produce IgE toward certain environmental
allergens.? Patients with atopic dermatitis have
a defective skin barrier that allows allergens to
penetrate easily, thus causing allergic contact
dermatitis.®

Physical examination of patients presenting
with allergic manifestations should include
blood pressure, pulse rate, respiratory rate,
oxygen saturation if there is tachypnoea, and
thonchi. The lips, tongue, oral mucosa and
throat should be examined for angioedema,
while the skin should be examined for
presence of urticaria, maculopapular eruptions
or vesicular lesions, and signs of atopic
dermatitis.®

Avoidance of the suspected allergen alone may
bring about a favourable clinical outcome,
thereby eliminating the need for allergy
testing in most cases. Allergy testing may be
considered in cases where withdrawal of the
suspected allergen and medical management
are unsatisfactory. Allergy testing should not
be done as a screening for asymptomatic
person or when the test result is not expected
to change the patient’s management outcome.®
Patients themselves or the parents of patients
often request allergy testing to identify possible
allergens for preventive measures; this poses
a dilemma, however, because allergy testing



without symptoms is difficult to interpret
and apply clinically. For example, a positive
prick test in the absence of symptoms does
not indicate allergy but rather merely suggests
sensitization, and allergen avoidance may not
be necessary.” Unnecessary preventive measures
such as food restriction may cause anxiety
among parents as well as possible malnutrition
in children.®

Types of allergic reactions and principles of allergy
testing

Some basic information regarding types of
allergic reactions and the principles of testing
are necessary to understand allergy testing
better. Hypersensitivity reactions are generally
classified as a type I, IL, III and IV reactions.’
The term ‘allergy testing’, in general, refers
to evaluation for suspected type I or type IV
hypersensitivity reactions that occur because
of exogenous allergens. On the contrary, type
IT hypersensitivity reactions occur because
of the presence of endogenous IgM or IgG
antibodies, for example, in acute haemolytic
transfusion
pemphigus vulgaris. Type III reactions, in

reaction, rheumatic fever and
turn, are due to antigen-antibody complexes
that result in hypersensitivity reactions, as
lupus
sickness, reactive arthritis, IgA vasculitis and

in  systemic erythematosus, serum
nephropathy. Type II and III reactions are not

evaluated via allergy testing.'

The type I reaction, also known as the
immediate hypersensitivity reaction, occurs
because of IgE activation of mast cells in
the skin as well as the gastrointestinal and
respiratory mucosal linings. Food (e.g. seafood),
drugs, transfusion products, insect venom,
and environmental or inhaled allergens such
as pollen, animal dander and house dust
mites are common triggers. Previous exposure
to the allergen is necessary for this reaction
to manifest. The first exposure produces
sensitization, and subsequent exposure to the
same allergen triggers a cascade of events that
produces a reaction within minutes (immediate
reaction) and up to 1 to 3 days afterward (late
phase reaction). This reaction may present as
acute urticaria, pruritus, rhinitis, conjunctivitis,
diarrhoea,
anaphylaxis. Type I allergic reactions are easier

bronchospasm, angioedema  or
than type IV reactions to diagnose because the
offending allergens are often identified from a
detailed history of the episode and preceding

events.

The type IV reaction, also known as the
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delayed hypersensitivity reaction, is T-cell
mediated and also involves two phases. The
initial sensitization phase occurs when contact
is made with the allergen, which penetrates the
skin. Repeated exposure to the same allergen
triggers an inflammatory reaction manifesting
as cutaneous lesions, usually within 12 to 48
hours of exposure, for weak allergens. This
reaction commonly presents on the contact
area (localized) as pruritic and erythematous
papules, macules or vesicles that may spread
through the systemic immune response and
become generalized. This phenomenon is
known as contact dermatitis with secondary
generalizadon (or id reaction). Contact
drug (e.g.  Stevens—
Johnson syndrome), and allergic reactions
to implants (e.g. joint or dental implants)
are some examples of type IV reactions."

dermatitis, reactions

These reactions are more complicated because
the temporal relationship between allergen
exposure with clinical manifestation is often
not clear. Morphology of the rash is commonly
indistinguishable from endogenous eczema
and symptoms, such as itch or erythema, and
is highly influenced by environmental factors
such as heat, sweat and dust.

Contact dermatitis is further categorized as
irritant contact dermatitis (ICD) and allergic
(ACD). 1CD
because of direct exposure of an irritant
substance (e.g. acid or alkali) on the skin or
mucosal membrane without involving the

contact  dermatitis occurs

immunological pathway. This reaction occurs
rapidly after exposure within minutes or hours
(sometimes longer), and a similar reaction
occurs upon subsequent exposure to the same
irritant. Skin lesions due to ICD are usually
limited to the area of contact, with a well-
defined margin and present with a burning
sensation or pain. Pruritus is usually absent.!?
In contrast, ACD requires prior sensitization, is
triggered by the T cell-mediated immunological
pathway and occurs within 1 to 7 days after
exposure.”” This type of dermatitis usually
involves areas beyond contact and presents
mainly with pruritus. Sometimes, ACD occurs
after many years of repeated exposure to a weak
allergen that was used in the past without any
problems rather than after a recent or new
contact.”” Differentiating ICD and ACD
may be difficult clinically but is nevertheless
important before the patient is labelled as
allergic to a substance.® Substances causing ICD
and ACD must be avoided to prevent recurrent
episodes.
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Because the pathways for type I and type
IV allergic reactions are different, the tests
required to elicit these reactions also differ; the
type I reaction is evaluated using either a skin
prick test (in vivo) or a serologic test (in vitro),
while the type IV reaction is evaluated using a
skin patch test.!

Discussion

Types of allergy tests

1)  Prick test
The prick test works on the principle of
activating IgE antibodies on the skin’s
mast cells. Allergens in the form of
liquid droplets are placed on the skin
surface least 2 cm apart on the flexor
aspect of the forearm. A sterile needle
or lancet is introduced into the skin
through the droplet, and the needle then
pushes the allergen into the dermis. A
new lancet is used for every allergen to
prevent contamination. An alternative
method is the intradermal test, where a
small amount of an allergen is injected
directly into the dermis using a syringe
and needle. Both techniques require
a positive (histamine) and a negative
(saline) control.®

The test area is examined after 15 to 20
minutes to evaluate the skin reaction.
Presence of a wheal with a diameter
of 3 mm or greater is considered as
indicative of a positive reaction.® Larger
wheals indicate higher sensitivity to the
allergen but not necessarily more severe
allergic symptoms. The absence of wheal
formation with an allergen indicates
the absence of an allergy to that specific
allergen; the positive control should
form a wheal, while the negative control
should not produce any reaction. If a
wheal formation does not occur with the
positive control, the patient could have
inadvertently taken an antihistamine
prior to the test, which causes
dampening of the reaction. Results of
the test would then be rendered invalid.
Formation of a wheal and flare with the
negative control suggests hypersensitive
skin/dermographism.  Cross-reactivity
may occur, meaning that the sensitivity
to one allergen may cause a reaction with
another even if there was no previous
exposure.® The sensitivity and specificity
of the prick test to aeroallergens is about
70-97%, and to food allergens, the
sensitivity and specificity is 30-90%.”
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Indications for the prick test:>"

e Suspected food allergy (e.g. to egg,
peanut, wheat, fish, soy or cow’s
milk) that cannot be determined
from food elimination or challenge.

e Doorly controlled or frequent
exacerbation of allergic rhinitis,
rhinosinusitis, eczema or bronchial
asthma, where identifying and
avoiding allergens (animal dander,
pollen, cockroaches and house dust
mites) may improve the condition.

e Suspected or previous allergy to a
drug such as penicillin (only when
there are limited alternative drugs
which can be used for treatment).

Food allergy commonly presents as acute
urticaria, angioedema or gastrointestinal
symptoms. Chronic urticaria (> 6 weeks)
is rarely due to an allergic reaction;
hence, allergy testing is not beneficial in
these cases.

Precautions and contraindications for the

prick test:5'

o Patients on treatment with oral
antihistamine and antidepressants
need to defer treatment before
the test (3 days for lst-generation
and 10 days for 2nd-generation
antihistamines) to avoid wheal
dampening,.

o Application of topical steroids at
the test site should be stopped 2 to
3 weeks prior to testing because it
may dampen the results. However,
oral or inhaled steroids may be
continued because use of these
substances does not affect the
results.

o The prick test is contraindicated
in padents who experienced
anaphylaxis 4 to 6 weeks prior to
the test.

. The prick test in the elderly may
not be accurate because skin
reactivity declines with age. Serum
IgE testing may be considered
instead.

o It is best to defer the prick test for
children below 2 years of age and
pregnant women.

. There is a small chance of
anaphylaxis during the test. Hence,
testing should be performed where
health professionals and emergency
resuscitation facilities are available.
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2)

Serologic (serum IgE) testing

'The serologic or blood test for diagnosing
allergies is based on the principle of
detecting  circulating IgE  antibody
levels against specific allergens in the
blood. Blood assays are performed
using different  techniques, such as
radioallergosorbent  tests  (RAST) or
enzyme-linked immunosorbent  assay,
depending on equipment availabilicy. A
single allergen or a battery of allergens
(between 36 to 54 or more) can be tested,
and selection of the suspected allergen or
allergens is shortlisted from the patient’s
history. Common allergens are food,
plants, house dust mites, and animal
dander. Sensitivity and specificity of food
specific serum IgE vary according to the
type of allergen; in general, sensitivity
is high for common allergenic food like
egg, peanut, milk and soy but specificity
is low (38-59%)." Sensitivity to house
dust mites and animal dander is 64—67%,
while specificity is 85-99% depending
on the IgE threshold value.!® The cost
for serum IgE testing depends on the
number of allergens selected for testing,

Indications for serum Ig E testing:

. The skin prick test is not available
or the suspected allergen is not
available in skin prick test series.

. The patient has extensive dermatitis
or dermographism that may cause

a false positive with the skin prick

test.

. The patient is unable to
discontinue oral antihistamines.

. There is a history suggestive of an
allergy, but skin prick testing is
negative.

e 'There is a history of anaphylaxis to
any allergen.

Post-prick  test and  serum IgE  test
counselling

Once the allergen has been identified
or excluded using prick tests or serology
testing, its clinical relevance must be
determined. Patients must be informed
and educated regarding allergens to avoid.
However, rigid food avoidance, especially
in children, may lead poor growth; hence,
good nutrition intake must be ensured
by providing a balance with alternative
sources of nutrients.®  Fortunately,
children tend to develop tolerance as they
grow older in most cases of food allergy.®
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Both prick tests and serum IgE testing
have low positive predictive values, but
their negative predictive value is high.”
This means that, even if the test does not
identify specific allergens, it is useful to
exclude allergens that are not responsible
for the allergic reaction. For example, if
the test did not cause a reaction to egg,
patients need not avoid egg in their diet.
However, false positive results may occur
following both tests, and thus, results
should be interpreted with caution
and always correlated with history and
physical Anaphylaxis

can be prevented through immediate

examination.
administration of intramuscular
epinephrine injection in cases where
accidental exposure to a known allergen
has occurred.

The advantages of the skin prick test
compared to serologic testing are the
lower cost and the shorter time to obtain
results, while the disadvantages include
the facts that fewer allergens can be
tested, cooperation from young children
is difficult, several essential drugs must be
withheld and the procedure has a small
risk of anaphylaxis.

Patch test

The patch test is the gold standard test
used to detect type IV reaction (delayed
hypersensitivity), and it has a sensitivity
and specificity between 70 to 80%.'
Repeated exposure to allergens causes
memory T lymphocytes to become
activated and trigger a clinical reaction
known as allergic contact dermatitis.
Common allergens acquired through
contact include fragrances, vehicles
and preservatives in cosmetics, latex,
plants, topical medications (e.g. topical
antibiotics and corticosteroids), metals
(e.g., nickel), adhesives, textiles and hair

dyes.!?

Indications for the patch test:
. Suspected contact or occupational
dermatitis where the lesion is
isolated in the area of contact.
. Worsening  of  existing

despite

atopic

dermatitis adequate
treatment.

. Recurrent dermatitis affecting the
lips, face, hands, feet and perineum
(areas that are frequently exposed to

contact allergens).



o Stasis eczema, discoid eczema
and chronic recurrent eczema for
which a definite cause cannot be

established.

Patch testing includes a different series
of allergens from the prick test, and
there are about 35 to 80 allergens that
are commercially available. The most
commonly used series is the European
Standard Battery, which consists of 34
allergens. The patients own products,
such as cosmetics,

toiletries, and hair products, can also
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be tested using the patch test. Selection
of the allergen or allergens to be tested
is based on history and suspicion.
Allergens are placed in small aluminium
or polyethylene chambers measuring 8
mm in diameter and 0.55 mm in depth,
and they are adhered to the skin on the
back (Figures 1 and 2). The patch is
removed after 48 hours, and the first
reading is documented. A second (final)
reading is performed after 96 hours. A
third reading on day 7 may be necessary
for certain allergens, such as metals, that
require longer contact on the skin before
an assessment can be made.'

Figures A—D. A: Aluminium chambers filled with allergens. B: Allergens are patched to the upper
back with hypoallergenic tape. C: Result of test on day 3 showed positive reaction to nickel.
D: Result of test on day 5 showed persistence of the reaction to nickel, while negative reaction to
other allergens remained.

Results are interpreted based on
the degree of inflammation using
criteria.~ from  the  International
Contact Dermatitis Research  Group
(ICDRG)."!"! 'The patch test is reported
based on the presence or absence of
erythema, infiltration, papules, vesicles
or blisters. Reactions are documented as
‘+” (weak positive reaction), ‘++ (strong
positive reaction) and ‘+++  (extremely
positive reaction). Some reactions are
reported as ‘doubtful’ when the reactions
do not fulfil criteria for a clear-cut
positive reaction, while others produce
irritation rather than allergic reactions,
which differentiates ICD from ACD."
Reporting patch test results is tedious
and requires training and experience.'*!!

Precautions and contraindications for the

patch test:"*!

. Pre-test counselling is important
because patients must refrain from
bathing and exercise during the
test period. Sweating and wetting
of the patch causes it to dislodge,
leading to test failure. Refraining
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from bath or ablution may not
be acceptable in certain cultures;
hence, informed consent must
be obtained. Patients should be
counselled regarding side effects
such as erythema, pruritus, or
hyper- or hypopigmentation at the
test site. Occasionally, blisters may
appear, and eczema may flare. Any
skin discoloration that may occur
at the test site will resolve with
time.

e 'The test should be planned about 6
months from the time of suspected
contact to avoid a flare of the
existing dermatitis, especially if it is
poorly controlled.

. Patients who are on treatment with
a high daily oral steroid (> 10 mg),
steroid injections, cyclosporin (> 2
mg/kg) or phototherapy, or those
who have recent excessive sun
exposure (within 1 week) should
defer the patch test because it may
affect test results. Those on low
doses of oral steroids (< 10 mg)
and antihistamines may proceed
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with patch testing because neither substance is known to affect the test.

e Topical steroid application must be avoided at the test site both 1 week before and
during the test.

e The patch test should be deferred in pregnant women because immunological changes
of pregnancy may affect patch results.

* A positive reaction may spread from a test site, causing a false positive result at adjacent
sites. Hence, results need to be interpreted with caution.

*  Anirritant reaction to an allergen may cause a false positive result.

Post-patch test counselling

Patch test results should be correlated with the patient’s symptoms, signs and exposure. Once
the offending allergen is identified, the patient must be informed and counselled to avoid the
offending allergens to prevent recurrence or persistence of symptoms. The list of substances
and products that contain specific allergens can be obtained from an online contact allergen
database such as http://contactallergy.com/index.html. This online information and written
documentation will help to generate a list of products that contain the specific allergen that
the patient needs to avoid.

The approach to select a suitable allergic test based on the presenting symptoms and signs is
summarized in Figure 3.

Symptoms and signs

* Acute urticaria + Angioedema without urticaria *  Recurrent/poorly
angioedema with suspected controlled AD despite
food allergens not adequate treatment or
improving with avoidance Is patient on any drug? adult-onset AD
e Recurrent or poorly e Stasis eczema, discoid
controlled AR and BA eczema or chronic eczema
despite adequate treatment Yes No without a clear diagnosis
*  Recurrent or poorly *  Suspected contact allergy
controlled AD with ‘ to topical medications,
suspected food or cosmetics or toiletries
aeroallergens *Withhold and *Consider with well-demarcated rash
re-evaluate corresponding to area of
*  Hereditary contact
*  Suspected allergen not Possiible s ocrlacquired ° Der'rnatitis affecting
available in skin prick test A%%SI . h—'b’ eyelids, head, neck, hands
serics ° inhibitor and/or feet
Patient unable to : E:t[igilitsics . ?jiﬁ:;:;i); ¢ (Siuspect.efi occupational
discontinue oral ermatitis
antihistamine
* History suggestive of
allergy, with negative skin
prick test Patch test
‘ ‘ *  Drug-related allergy is more complicated and follows a
different algorithm. If a drug allergy or Cl-inhibitor deficiency
Yes to any No to any is suspected, the patient will require further evaluation by a
of the above of the above dermatologist.
‘ ‘ AD - atopic dermatitis, AR — allergic rhinitis/rhinosinusitis, BA
‘ Serum IgE ‘ ‘ Prick test ‘ — bronchial asthma, ACEI — angiotensin converting enzyme

inhibitor

Figure 3. Approach to allergy testing
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Other tests

A few other tests are available for further
confirmation of allergies. However,
these tests are not widely available
and are performed in specialized
allergy centres because more advanced
expertise is required for patient
selection,  preparation, test related
materials, procedures, interpretation and
application of the results.

Prick to prick test

The prick to prick test is usually
performed for food allergies when
commercially prepared extracts of the
allergen in question are not available
or a different allergenic component
of the food is suspected in a negative
prick test.20 Fresh fruit or vegetables
are pricked, followed by immediate
pricking of the skin with the same lancet.
Other test procedures, reading and
interpretation are similar to those of the
prick test.

Basophil activation test (BAT)

Basophils, just as mast cells, will
degranulate when IgE attached to high-
affinity IgE receptors on the cell surface
is cross-linked in the presence of an
allergen. The basophil activation test is
relatively new but has the advantage of

high sensitivity and specificity.”"

Double-blind  placebo-controlled — food
challenge (DBPCFC)

This is the gold standard test in diagnosis
of food allergies. The DBPCFC is guided
by the outcomes of the prick test, specific
IgE and the BAT. It involves meticulous
preparation of the food and the placebo,

stringent dosing schedules and multiple
assessments of the clinical reactions.?

Conclusion

The prick test, the serum IgE test, and the
patch test are all useful to identify common
allergens responsible for clinical manifestations
of allergies. The prick and serum IgE tests
detect type I reactions usually related to food
and acroallergens while the patch test detects
type IV reactions, which are responsible for
contact dermatitis. Indication for testing
must be clear because testing asymptomatic
individuals is not beneficial.  Clinicians
must be wary of false positive or negative
results, interpret the results with caution, and
always match the results with a good history
and physical examination. Management of
allergies may be exhausting because some
allergens, such as house dust mites and pollen,
are constantly present in the environment,
thereby rendering incessant reactions. Some
allergens may be difficult to detect because
they are weak and produce a reaction only
after repeated exposures over months or years.
Once the relevant allergens are identified and
symptomatic treatment is instituted, patients
must be informed and educated on allergen
avoidance; this would reduce the likelihood
and incidence of future reactions and ensure a
satisfactory management outcome.
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