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Allergy Diagnosis

Pascal Demoly, Francesco Gaeta, Jean Bousquet, and Antonino Romano

The diagnosis of IgE-mediated allergy is based on the confirmation of a typical 
history of allergic symptoms by diagnostic tests. IgE is the major isotype of ana-
phylactic antibodies, and although, theoretically, IgG4 can also act as a reagin, its 
clinical importance is not significant. Thus in vivo and in vitro tests are used in the 
diagnosis to detect free or cell-bound IgE (Fig. 1). The diagnosis of allergy has 
been improved by allergen standardisation, which provides satisfactory extracts 
for both in vivo and in vitro tests for most inhalant allergens, and the introduction 
of recombinant allergens. In the present chapter, neither non-specific challenges 
nor food and drugs will be considered, since they are presented in detail in other 
chapters.

Skin Tests

Immediate-reading skin tests are widely used to demonstrate an IgE-mediated 
allergic reaction and represent a major diagnostic tool. If properly performed, they 
yield useful confirmatory evidence for a diagnosis of specific allergy. As they are 
complex to perform and interpret, it is recommended that they be carried out by 
experienced personnel [1].
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Methods

Skin Testing Methods

Several methods of skin testing are available.

Prick and puncture tests•  (SPT)

There is a high degree of correlation between symptoms and the results of both 
prick tests and provocative challenges. The modified prick test introduced by 
Pepys [2] is the current reference method, although the variability of this test has 
been shown to be greater than that of the intradermal test. Puncture tests with 
various devices [3–7] were introduced to decrease the variability of prick tests. 
Opinions concerning these so-called standardised methods vary according to the 
skill, experience and aims of the investigator. They are highly reproducible. Prick 
tests should be 2 cm apart.

In some instances (e.g. weak allergen solution), • intradermal skin tests may be 
employed. Although they are more sensitive than prick tests, they may induce 
some false-positive reactions and correlate less well with symptoms [8]. 
Intradermal tests are less safe than prick tests, since, although rarely, systemic 
reactions may occur [9]. Particular care should be taken in patients treated with 
β-blocking agents, which may increase the risk of systemic reactions. Intradermal 
tests are not considered useful for the diagnosis of inhalant allergy when standard-
ised extracts are available [1, 9–11]. As a general rule, the starting dose of intracu-
taneous extract solutions in patients with a preceding negative prick test should 

Fig. 1 Diagnosis of IgE-mediated allergy



Allergy Diagnosis 23

range between 100- and 1,000-fold dilutions of those used for prick-puncture 
tests [12]. The European Academy of Allergology and Clinical Immunology [13] 
and the US Joint Council of Allergy Asthma and Immunology [12, 14] therefore 
 recommend skin prick-puncture tests for the diagnosis of IgE-mediated allergic 
diseases and for research purposes.
Prick–prick tests:•  Prick plus prick tests with fresh foods, mainly fruits and 
vegetables, were introduced [15, 16] because the commercial extracts of some 
foods are not sufficiently sensitive or may not even be available.
Atopy patch tests:•  The atopy patch test is a procedure involving epicutane-
ous patch tests with allergens known to elicit IgE-mediated reactions and the 
evaluation of eczematous skin lesions after 24–72 h in patients with aeroal-
lergen- and food-triggered atopic dermatitis [17]. It has been standardised 
with regard to the use of vehicle and dose response relationships [18, 19]. 
Although there is increasing evidence that a small subset of patients with atopic 
dermatitis show atopy patch test positivity and serum-specific IgE negativity 
to the same allergen, as far as food allergy is concerned, the atopy patch test 
still requires standardisation [20, 21]. It may also be difficult to differentiate 
between irritative and allergic reactions [20, 21]. Wheat gluten in particular has 
been suspected of causing false-positive (irritant) reactions [22]. The diagnostic 
performance of this test with food allergens can be evaluated by comparing the 
results with  double-blind, placebo-controlled food challenges (DBPCFC). There 
is a task force to study standardisation of the challenge procedures for delayed 
 reactions [21]. Instead, the problem with aeroallergens is that a ‘gold standard’ 
provocation test in atopic eczema does not exist [23].

Negative and Positive Control Solutions

Because of inter-patient variability in cutaneous reactivity, it is necessary to include 
negative and positive controls in every skin test study. The negative control solutions 
are the diluents concerned. Rare dermographic patients will have wheal-and-erythema 
reactions to the negative control. The latter will also detect traumatic reactivity induced 
by the skin test device (with a wheal which may approach a diameter of 3 mm with 
some devices) and/or the technique of the tester [12]. Any reaction at the negative 
control test sites will hinder interpretation of the allergen sites [12].

Positive control solutions are used to detect possible suppression by medication 
or disease, exceptional patients who are poorly reactive to histamine or variations 
in technician performance.

The usual positive control for prick-puncture testing is histamine dihydrochlo-
ride, used at a concentration of 5.43 mmol/l (or 2.7 mg/ml, equivalent to 1 mg/ml of 
histamine base) [1]. Wheal diameters with this preparation range from 2 to 7 mm. 
However, a tenfold greater concentration is more appropriate [24], with a mean 
wheal size ranging between 5 and 8 mm. For the intradermal test, the concentration 
routinely used is 0.0543 mmol/l. The mean wheal size elicited ranges from 10 to 
12 mm. Mast cell secretagogues such as codeine phosphate 2.5% [5] or 9% [25] may 
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also be used. Histamine-induced skin reactions reflect vascular reactivity and are 
useful to determine whether histamine antagonists are present, while codeine skin 
reactions are a function of both mast cell reactivity and vascular responsiveness. In 
this, the reaction pathway to codeine is comparable to that of allergens, which bind to 
specific IgE on high-affinity receptors on the mast cell surface and stimulate media-
tor release, including histamine. The use of both substances therefore may provide 
a more accurate impression of the reactivity of the individual than one substance 
alone [26].

Skin Tests with Recombinant Allergens

Current diagnosis of allergy relies on natural extracts, which may lack stand-
ardisation and/or be degraded rapidly in solution. Recombinant DNA technology 
allows production of pure biochemically characterised proteins. Skin tests with 
recombinant allergens have been available since the 1990s for pollens [27], moulds 
such as Aspergillus [28], mites [29], venoms [30], and latex [31]. Skin tests with 
recombinant and natural allergens have a similar value [32–34] if the recombinant 
allergens have been well selected and represent all or most epitopes of the natural 
allergen [35, 36].

Allergy diagnosis based on allergenic molecules is important in patients with 
multiple pollen sensitisation [37], since this condition appears to be determined by 
sensitisation to defined allergenic components (panallergens) or by pollen of mul-
tiple species [38]. Detection of IgE to non-panallergenic molecules using skin tests 
and/or serum IgE allows more important allergenic sources to be identified.

Food allergens are usually non-standardised and unstable in solution. 
Recombinant allergens should be useful for the diagnosis of food allergy such as 
apple [39], celery [40], peanut [41], and cherry [42]. Skin tests with recombinant 
food allergens can be an alternative to prick–prick tests with foods.

Grading of Skin Tests and Criteria of Positivity

Skin tests should be read at the peak of their reaction by measuring (in mm) the wheal 
and the flare approximately 15 min after the performance of the tests. Late-phase 
reactions are not recorded because their exact significance is not known [12, 13]. 
Some scoring systems have been proposed and may be used in daily practice.

In the USA, for example, for skin-prick tests: neg = 0 reaction, 1 + = 1 mm wheal 
above saline control; 2 + = 1–3 mm wheal above saline control; 3 + (the first point we 
consider a positive reaction) = 3–5 mm wheal above saline control plus an accompa-
nying flare; 4 + = > 5 mm wheal above saline control, plus an accompanying flare.

For prick tests, when the control site is completely negative, small wheals 
of a mean diameter of at least 3 mm of the negative control represent a positive 
 immunological response [1, 2], but these reactions do not necessarily imply the 
presence of a clinical allergy [1].
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Factors Affecting Skin Testing

Skin reaction is dependent on a number of variables that may alter the performance 
of skin tests:

The quality of the allergen extract•  is important. When possible, allergens that are stand-
ardised by using biological methods and that are labelled in biological units should be 
used [12, 13]. Recombinant allergens can also be used effectively (see above).
Age•  is known to affect the size of the reaction [1], but positive skin-prick tests can 
be found early in infancy [43, 44]. In old age, the size of skin tests decreases [45].
Seasonal variations•  related to specific IgE antibody synthesis have been 
demonstrated in pollen allergy [46]. Skin sensitivity increases after the pollen 
season and then declines. This effect has some importance in patients with 
low sensitivity [47] and/or in patients sensitised to allergens such as cypress 
pollen [48].
Drugs•  affect skin tests and it is always necessary to ask patients about the drugs 
they have taken. Some drugs such as astemizole (no longer available in many 
countries) can depress or abolish responses to skin tests for a period of up to 
6 weeks (for review see [1]). Discontinuing other H1-antihistamines 1 week 
before is required [1]. Montelukast does not appear to reduce skin test reactivity 
[49] and does not need to be discontinued before skin testing. Butterbur Petasites 
hybridus, a herbal remedy for the treatment of allergic rhinitis, does not produce 
any significant effects on the histamine and allergen cutaneous response [49].
Patients with dermographism (urticaria) or widespread skin lesions should not • 
be tested by prick puncture tests. Intradermal tests with the proper negative 
 control may sometimes be feasible.

Interpretation of Skin Tests

Carefully performed and correctly interpreted skin tests with high-quality allergen 
extracts and a battery that includes all relevant allergens of the patient’s geographic 
area are a simple, painless and highly effective method. Therefore, skin testing 
represents one of the primary tools for allergy diagnosis.

Both false-positive and false-negative skin tests may occur because of improper 
technique or material. False-positive skin tests may result from dermographism or 
may be caused by ‘irritant’ reactions or a non-specific boost from a nearby strong 
reaction [1].

False-negative skin tests can be caused by: extracts of poor initial potency or 
subsequent loss of potency [8], drugs inhibiting the allergic reaction, diseases 
 attenuating the skin response, decreased skin reactivity in infants and elderly 
patients, improper technique (no or weak puncture). The use of positive control 
solutions may overcome some of the false-negative results because reactions will 
be either decreased or inhibited in patients with poorly reactive skin.
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The occurrence of positive responses to skin tests does not necessarily imply that 
the patient’s symptoms are due to an IgE-mediated allergy, since skin-prick tests are 
positive in 15–35% of symptom-free individuals depending on the allergen and the area 
(for review see [1]). The presence of positive skin tests in asymptomatic subjects may 
precede the onset of allergic symptoms [50, 51], especially if the allergen load is high.

Clinical Value of Skin Tests

Even after false-positive and false-negative tests have been eliminated, the proper 
interpretation of results requires a thorough knowledge of the history and the 
physical findings. A positive skin test alone does not necessarily confirm a definite 
clinical reactivity to an allergen.

With inhalant allergens, skin test responses represent one of the first-line diag-
nostic methods and when they correlate with the clinical history, in vitro tests may 
not be required [12, 13, 52].

For foods, particular caution should be used, since very few extracts are stand-
ardised and some may be insufficiently sensitive. Extracts made from fruits and 
vegetables are usually of poor quality, since the allergens are rapidly destroyed. 
Skin tests with fresh foods are more sensitive [1]. Recombinant allergens will 
 certainly improve the diagnosis of food allergy.

For occupational rhinitis, skin tests are often unreliable, except in the case of 
high-molecular-weight compounds such as latex or grain dust.

Nasal Challenge Tests

Nasal challenge tests are used in research and to a lesser extent in clinical practice, 
but they are particularly important in the diagnosis of occupational rhinitis.

Recommendations on and critical analysis of nasal provocations and methods 
to measure the effects of such tests have already been published by a subcom-
mittee of the ‘International Committee on Objective Assessment of the Nasal 
Airways’ [53–55] (Table 1), which has devised guidelines for nasal provocation 
tests  concerning indications, techniques and evaluation of the tests.

Methods

Different methods for the provocation and measurement of nasal responses 
have been used. Each technique has its own advantages and disadvantages. For 
 clinical purposes, techniques for qualitative measurements may be appropriate, 
but for experimental research, quantitative measurements with high reproduc-
ibility are essential [56] (Table 2).
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Provoking Agents

Allergens are usually administered in an aqueous solution, but although the solution 
is easy to administer into the nostrils, this form of challenge has many limits:

Allergen extracts are not always standardised. Only standardised ones should be • 
used when available.
Allergen extracts may not represent the native allergen and the amount of aller-• 
gen administered is far greater than that entering the nose during natural allergen 

Table 1 Indications for nasal challenge tests [54]

1. Allergen provocations:
 •  When discrepancies between history of allergic rhinitis and tests or between tests are 

present (e.g. in cases of diagnostic doubt).
 • For diagnosis of occupational allergic rhinitis.
 •  Before immunotherapy for allergic rhinitis. Although it is still not very common to use nasal 

provocation before starting immunotherapy, a laborious long-lasting therapy is justified by a 
proper diagnosis. This holds true particularly in the case of perennial allergic rhinitis.

 • For research.
2. Lysine-aspirin: Nasal provocation is recommended as a substitute for oral provocation in 

aspirin hypersensitivity. Whenever such nasal provocation is negative, an oral test is still 
required.

3. To test non-specific hyperreactivity:
 •  Nasal provocation with non-specific stimuli (histamine, methacholine, cold dry air, etc.) is 

not relevant for daily clinical practice and diagnosis, but can be used in research.

Table 2 Recommendations for the performance of nasal challenge tests [54]

1. Provoking agent
 • Use solutions at room temperature
 • Standardised extracts
 • Isotonic solutions buffered to a pH of about 7
 • Use control solutions
2. Administration into the nose
 • Metre-dose pump spray
 • Paper disks
3. Assessment of the nasal response: symptom scores are combined with objective measures
 • Counting sneezes or attacks of sneezing
 • Measuring volume or weight of nasal secretion
 • Changes of nasal patency, airflow or airflow resistance
4. Methods to evaluate nasal patency, airflow and airflow resistance
 • Rhinomanometry
 • Acoustic rhinometry
 • Rhinostereometry
 • Nasal inspiratory or expiratory peak flow
Less common methods are:
 • Head-out body plethysmography
 • Oscillometry
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exposure. This is also true for recombinant allergens. As an example, although 
rBet v 1 alone is sufficient for a reliable diagnosis of birch pollen allergy in 
most patients and induces skin test reactivity comparable to that of birch pollen 
extract, it provokes fewer allergic reactions in nasal provocations [57].
The potency of an aqueous extract often decreases rapidly and it is advisable, • 
at least for research projects, to use standardised and lyophilised extracts of the 
same batch freshly reconstituted on the day of the test.
Preservatives such as glycerol, benzalkonium chloride and phenol can induce • 
non-specific nasal reactions.
Temperature, pH and osmolarity of the solution should be checked carefully.• 

Allergens can also be administered in the form of a powder [58], as a solution 
adsorbed on a paper disk, or in the form of pollen grains mixed with lactose in 
capsules.

Administration in the Nose

Aqueous allergen extracts can be delivered from atomisers and an exact dose can 
be applied. Other investigators use a pipette and allergens are deposited during 
rhinoscopy. When using any of these methods, care should be taken to avoid 
non-specific responses, and for all experiments, the diluent of the allergen extract 
must be administered before the allergen, to test for the non-specific response. 
Small paper disks can be directly applied to the nostrils and allergen powders or 
pollen grains can be insufflated easily with Spinhalers or derived devices.

Other methods are of interest. In the Vienna Challenge Chamber [59] or the 
environmental exposure unit [60], patients are challenged under controlled condi-
tions with purified airborne grass pollen. However, these conditions are only used 
for large clinical trials and are not useful in the diagnosis of allergic rhinitis.

Assessment of the Response

Different methods have been used to assess the response to allergens. None of these 
are fully accepted by all investigators.

Symptoms produced after a challenge can be recorded. Sneezing, rhinorrhea and 
nasal blockage are easy to assess and yield valuable information. However, patients 
can react with different symptoms on different test days and it is preferable to record 
more than one symptom [61]. Nasal obstruction is one of the cardinal  symptoms 
in allergic rhinitis and the major symptom of the late-phase reaction  following 
allergen challenges. The objective measurement of this symptom is therefore of 
greatest importance. However, physiological fluctuations in nasal resistance may be 
a problem in monitoring the nasal provocation test [62].

So far, rhinomanometry is the best evaluated and standardised technique [53, 63]. 
Active anterior rhinomanometry was recommended by an international committee 
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in 1984 [53]. Unlike active posterior rhinomanometry, with active anterior rhinoma-
nometry, unilateral measurements can be made.

Acoustic rhinometry [64], characterised by a low coefficient of variation, has been 
used in nasal challenge tests with bradykinin, histamine and allergens. It appears 
to be a safe, non-invasive, objective and validated measure of nasal obstruction. 
However, acoustic rhinometry has limitations and pitfalls. The value of acoustic 
rhinometry in evaluating nasal responses after provocation in routine clinical work 
is not yet established although it is gaining more importance [65].

Rhinostereometry [66] can be used to record changes in the thickness of the 
nasal mucosa. With a microscope, 0.2 mm changes can be recorded in test sub-
jects fixed to the apparatus using an individually made plastic splint adapted to 
the teeth. Rhinostereometry is, however, a time-consuming method. It seems 
useful for comparisons between well-defined groups of subjects and between 
the same subjects on different occasions. It may be combined with laser Doppler 
flowmetry [67].

Nasal peak flow appears to correlate very well with rhinomanometry [68].
Other methods, such as rhinostereometry and whole body plethysmography, 

have been proposed [69], but they have not yet been fully assessed.
Comparisons between methods are also available. In order to find the most 

sensitive method, assessments were made by means of symptom score, acoustic 
rhinometry, nasal peak expiratory and inspiratory flow, and rhinomanometry dur-
ing histamine challenges [70]. There was no difference in the mucosal reactivity 
between patients and controls, regardless of the method used, but nasal peak flows 
were more sensitive to mucosal changes than the other methods studied.

Measurement of Mediators and Cells during Challenges

Allergen-specific nasal challenges are a valid and reliable tool for studying the 
pathophysiological mechanisms involved in allergic inflammation. Nasal chal-
lenges induce an immediate and late response in allergic subjects with the release 
of pro-inflammatory mediators. Nasal biopsies may also be obtained and have been 
used in many drug trials [71]. Measurement of mediators in the nose may increase 
the sensitivity of nasal challenges [72], but more data are needed.

Factors Affecting Nasal Challenges

As in any other in vivo tests, the major factors affecting nasal challenges are the 
quality of the allergens used and the drugs taken by the patient. Other factors are 
more specific to nasal challenges, including technical problems already discussed 
and inflammation of the nasal mucosa.

Sodium cromoglycate should be withdrawn 48 h before the test, the second 
generation H1-antihistamines and nasal steroids 5–6 days before, ketotifen and 
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imipramines 2 weeks before, and astemizole at least 1 month before. Nasal vaso-
constrictors may not modify nasal challenges. Specific immunotherapy decreases 
the sensitivity of the nose to allergens.

The nasal mucosa may be altered by several factors and the response to aller-
gens may be greatly affected. Indeed, it has been shown that an allergic reaction 
significantly increases the reactivity of the nose following a subsequent stimulation 
because of the priming effect initially described by Connell [73]. Viral infections, 
pollutants induce the release of pro-inflammatory mediators and cytokines in nasal 
secretions. Nasal challenges should thus be performed at least 2–4 weeks after any 
allergic or infectious episode. Finally, the nasal cycle [62] should be taken into 
consideration when rhinomanometry is used.

Challenges with Occupational Agents

The diagnosis of occupational rhinitis is often complex and requires nasal provo-
cation tests with the relevant occupational agent [74–76]. The challenge can be 
carried out in the form of natural exposure, especially if the relevant allergen is 
unavailable. For example, this has been done for laboratory animal allergy in a 
vivarium during cage cleaning [76].

Bronchial Challenge Tests

Asthma is a multifactorial disease in which the non-specific bronchial hyper-
reactivity is a key factor, and so it is sometimes difficult to determine the exact 
importance of allergy. However, bronchial challenge tests with allergens are mainly 
used in research and to a lesser extent in clinical practice maybe with the exception 
of occupational asthma. Although easier to carry out, nasal or conjunctival provoca-
tion tests cannot replace bronchial challenge tests [77].

Technique

The traditional method for performing bronchial challenges is to use allergens in a 
solution form administered by nebulisers or in chambers, the patient handling the 
suspected allergen. Usually, the response is measured using FEV

1
 and a provocative 

dose inducing a 20% reduction from the baseline is required to classify a bronchial 
challenge as positive (PD

20
FEV

1
) [78, 79].

Provoking Agents

The vast majority of inhaled allergens are in the form of aqueous solutions similar 
to those used for nasal challenges. Because most asthmatics have increased bron-
chial hyperreactivity, inhaled solutions must be isotonic, iso-osmolar and close to 
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body temperature and without irritant preservatives [80]. In research trials, it is rec-
ommended to use standardised lyophilised extracts of the same batch reconstituted 
on each of the test days.

However, administration of nebulised extracts bears little resemblance to natural 
allergen exposure in terms of allergen form, size, dose and site of deposition in 
the airways. In the bronchial provocation test, enormous doses of 1–4 μm drop-
lets inhaled through the mouth reach all parts of the airways [80]. During natural 
exposure, the 20–60 μm pollen grains, animal allergens, or mite faeces are trapped 
mostly in the nose. Daily exposure consists of thousands of microprovocations of 
very small amounts of allergen. In case of animal dander or exposure to mould, 
the size of the particles is smaller (1–5 μm). However, aerosol challenges are still 
widely used and attempts have been made to standardise the methods.

Since severe asthmatic reactions may occur during allergen challenges, increas-
ing doses of allergens are administered until a positive immediate reaction demon-
strates that the maximum tolerable dose has been administered.

Natural allergen exposures are made in environment challenge exposure  chambers, 
which are discussed below.

Administration into the Airways

The administration of allergens into the airways depends on many factors,  including 
the aerodynamic size of the particles [80]. Two methods have gained more accept-
ance than others and provide remarkably similar results: intermittent generation 
of aerosols during full deep inspiration or continuous aerosol generation during 
tidal volume [81]. However, there are more sophisticated methods available, such 
as computerised equipment for the delivery of inhaled doses of solid particles in 
specific bronchial challenges [82].

Assessment of the Response

Many different techniques are also available. It is now accepted that the test should 
be stopped when an immediate response is observed with at least a 20% fall in 
FEV1 (PD

20
FEV

1
), a 25% fall in the maximum mid-expiratory flow rate, or a 

35% increase in specific airway resistances [78, 80]. However, the most used is 
PD

20
FEV

1
 since FEV

1
 is the most reproducible lung function test [83]. In some 

cases, PD
15

FEV
1
 is used, making it advisable to measure the pulmonary function 

serially to monitor late-phase reactions, if they occur.

Early- and Late-Phase Reactions

The typical reaction to inhaled allergens is characterised by an early (immediate) 
airway response that fully develops within 10–20 min and is rapidly reversible after 
inhalation of a short-acting β2 agonist. This reaction is sometimes followed by a 
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late-phase reaction that develops within 3–5 h after the challenge and usually peaks 
at 6–10 h. In some patients, these reactions are followed for several days, usually in 
the morning, by episodes of bronchoconstriction.

The early-phase reaction is typically due to bronchospasm, whereas the late-
phase reaction is associated with airway inflammation.

Reproducibility of the Response

Many studies have confirmed that asthmatic responses induced by allergen chal-
lenges have a good reproducibility [84]. This is the reason for the widespread use 
of bronchial challenges in the development of drugs.

Factors Affecting Bronchial Challenges

The response to inhaled allergens is determined by the level of allergenic sensitivity 
as well as by the level of non-specific airway hyper-responsiveness [85, 86].

As in all in vivo tests, the major factors affecting nasal challenges are the quality 
of both the allergens used and the drugs taken by the patient. There are also other 
factors more specific to bronchial challenges, including baseline airway calibre, 
viral infections, recent asthma exacerbations and pollutants (in particular tobacco 
smoke).

It is usually recommended to avoid allergen challenges if the baseline FEV
1
 is 

under 70% of predicted values, because the reaction induced by the inhaled allergen 
may lead to a severe asthmatic reaction [79].

Use of short-acting inhaled β2-agonists, aspirin, theophylline or anticholinergics 
should be stopped for at least 12 h prior to the test. Long-acting β2 agonists should 
be stopped for 24 h. Cromoglycate and inhaled corticosteroids should be stopped 
for a week.

Environmental Exposure Units

Pollen exposure in the environmental exposure unit is an effective, reproducible, safe 
and suitable method for single-centre clinical studies [59, 60]. These exposure units 
are mostly used to assess the efficacy of anti-allergic treatments. However, the prim-
ing effect [73] on the nasal mucosa is not considered in many studies and the results 
of the challenges do not usually accord with clinical data.

In cat allergy, exposure to cats in environmental exposure units has been widely 
used [87], but there is a high variability of cat allergen during these studies.

There are also environmental exposure units that are used for the diagnosis 
of occupational allergy. These are of great value and have been used for latex 
 sensitisation [88].
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Conjunctival Challenge Tests

The conjunctival challenge test is useful in clinical research. When indicated in 
clinical routine, it is a safe and easy test with good precision [89–91]. Nasal and 
 conjunctival challenge tests give similar results in many, but not all patients [92].
Occupational allergy can also be determined using conjunctival challenges [93].

Technique

Provoking Agents

Allergens are administered in an aqueous solution.

Administration in the Eye

Conjunctival provocation tests are usually performed by applying 20 μl of the 
 diluent and then 20 μl of the allergen solution in the conjunctival cul-de-sac.

Assessment of the Response

The positivity of conjunctival provocation tests can be assessed by symptom score 
or by the release of mast cell-derived mediators. Abelson proposed an easy scoring 
system [91] (Table 3). Conjunctival provocation tests is positive when the cumula-
tive score is ≥ 5. For clinical purposes, only the early-phase reaction is recorded 
[94]. For research or pharmacologic purposes, both the early- and late-phase 
responses may be examined. Cells and inflammatory mediators can be assessed 
[95], but they are only useful in research and for assessing drug mechanisms [96]. 
Many studies have been performed using conjunctival challenges to assess the effi-
cacy of oral [96, 97] or ocular drugs [98, 99] and specific immunotherapy [100].

More sophisticated methods can be used, such as digital imaging [101], scan-
ning and imaging technology [102] or using a fractional millimetre reticule in the 
eyepiece of a slit lamp microscope for quantifying eyelid swelling [103], spectro-
radiometer or colorimeter for measuring erythema [103].

Factors Affecting Conjunctival Challenges

As for all in vivo tests, the major factors affecting conjunctival provocation tests are 
the quality of both the allergens used and the drugs taken by the patient. There are 
also other factors more specific to nasal challenges, including technical problems 
already discussed and inflammation of the nasal mucosa.
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Clinical Value and Indication for Conjunctival Challenges

The results of conjunctival provocation tests appear to be more reproducible 
than those of nasal challenges, but vary more than the results of skin tests or IgE 
measurement. The challenge is time-consuming and may be unpleasant, and so 
it is not routinely used. Conjunctival provocation tests, however, may be used in 
clinical practice to confirm the allergy of a patient, especially when there is a dis-
crepancy between the results of skin and in vitro tests or when immunotherapy is 
indicated. They can also be used to assess the results of specific immunotherapy 
or drug trials.

Laboratory Tests

The diagnosis of IgE-mediated hypersensitivity is based on positive histories, skin 
tests and/or specific-IgE assays. Sometimes identification of the causal factors is 
not easy because of the high number of allergens and the fact that not all allergies 
are IgE-dependent. In vitro tests are of great interest to allergists in order to estab-
lish the culprit agent and to avoid provocations, especially for patients exposed to 
several allergens simultaneously or with histories of life-threatening reactions.

Table 3 Scoring system to measure the signs and symptoms of allergic conjunctivitis [91]

Redness, eyelid swelling
0: None
1: Mild
2: Moderate
3: Severe

Chemosis
0: None
1: Mild, detectable with slit lamp, conjunctiva separated from sclera
2: Moderate (visually evident, raised conjunctiva, especially in the limbal area)
3: Severe (ballooning of conjunctiva)

Tearing
0: None
1: Mild (eyes feel slightly watery)
2: Moderate (blows nose occasionally)
3: Severe (tears rolling down cheeks)

Itching (to be graded by subject)
0: None
1: Mild (intermittent tickling sensation)
2: Moderate (continual awareness but without the desire to rub)
3: Severe (continual awareness with the desire to rub the eyes)
4: Incapaciting itching (subject insists on rubbing eyes)
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Serum-Specific IgE Assays

The discovery of IgE in 1967 was a major advance in the understanding and diag-
nosis of allergic diseases [104, 105]. In normal subjects, levels of IgE increase from 
birth (0–1 KU/l) to adolescence and then decrease slowly and reach a plateau after 
the age of 20–30 years. In adults, levels of over 100–150 KU/l are considered to 
be above normal. Allergic and parasitic diseases as well as many other conditions 
increase the levels of total IgE in serum. Thus, the measurement of total serum 
IgE is barely predictive for allergy screening and should no longer be used as a 
diagnostic tool.

In contrast to the low predictive value of total serum IgE measurements in the 
diagnosis of immediate type allergy, the measurement of allergen-specific IgE in 
serum is of importance.

Methods

The first technique used to accurately measure serum specific IgE was the 
RAST (radioallergosorbent test) [106]. New techniques are now available using 
either radio- or enzyme-labelled anti-IgE [107, 108]. The different reagents are 
critical for an appropriate assay. Results are expressed in terms of total radio-
active counts bound (cpm), arbitrary units (RAST class, PRU/ml) or units of IgE 
(IU/ml, KU/l).

Factors Affecting the Measurement of Serum Specific IgE

Specific IgE measurements are not influenced by drugs or skin diseases. Many 
technical factors can affect the measurement of IgE. The quality of reagents 
used (allergens, anti-IgE antibodies) is of importance. IgE antibody assays need 
to be sensitive and specific to make quantitative measurements over as wide a 
range as possible [109]. A high-capacity solid phase provides a large excess 
of allergen that maximises the binding of IgE antibody. The anti-IgE prepara-
tions applied must be Fcε-specific and preferably combinations of monoclonal 
antibodies with specificities against more than one epitope on the Fc fragment 
and with complementary dose-response characteristics. Calibrators should be 
traceable to the WHO International Reference Preparation for human IgE, 
75/502 [110].

As for skin tests, the quality of allergens is of critical importance and, when 
possible, only standardised extracts should be used. Standardisation of the aller-
gen source material in combination with adequate reagent design provides precise 
and reproducible data increasing the accuracy and efficiency of allergy diagnostic 
testing. However, using molecular biology, it is possible to obtain large quantities 
of major allergens for many species. Recombinant Bet v I produced in bacterial 
expression systems allows accurate in vitro diagnosis of birch pollen allergy in over 
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95% of birch pollen allergic patients [111]. Other studies have found similar values 
for recombinant allergens. Thus, single recombinant allergen or a combination of 
a few major recombinant allergens or the addition of some relevant recombinant 
allergens to an allergen extract can substitute the crude extract for in vitro diag-
nostic purposes [112]. It also seems that in vitro diagnostics for pollen allergy can 
be simplified using cross-reactivities. Current diagnostic extracts for grass pollen 
allergy are usually composed of mixtures of pollen from different grass species. 
Their complex composition hampers accurate standardisation. It was recently 
shown that the use of one grass species is sufficient for the in vitro diagnosis of 
grass pollen allergy. Purified natural Lol p 1 and Lol p 5 detect over 90% of grass-
positive patients. Around 80% of the IgE response to grass pollen is directed to 
these major allergens [113]. The same is true for purified natural Bet v 1, Bet v 2 
and profiling to diagnose Fagales pollen allergy [114].

Significance of Measurement of Serum Allergen Specific IgE

Several studies have shown that serum-specific IgE results correlate closely to those 
of skin tests and nasal challenges. As in skin tests, the presence or absence of specific 
IgE in the serum does not preclude symptoms, and some symptom-free subjects have 
serum-specific IgE. Although a low specific IgE titre may not be clinically relevant, 
the titre of serum-specific IgE is usually unrelated with symptoms. This is because 
the severity of symptoms depends not only on IgE antibodies but also on the releas-
ability of mediators, the response of the target organ to mediators and non-specific 
hypersensitivity. When using single allergen tests, the cost of serum-specific IgE 
measurement is high and only a selected list of allergens can usually be tested.

Screening Tests Using Serum Specific IgE

Some methods use either a mixture of several allergens in a single assay [115] or 
test several different allergens during a single assay. These tests can therefore be 
used by specialised doctors and non-allergists as screening tests for the diagnosis 
of allergic diseases.

The clinical relevance of these tests has been extensively studied and it has been 
shown that their efficiency (specificity and sensitivity) in allergy diagnosis is often over 
85% [115]. However, using these tests, the patient is defined only as allergic or non-
allergic and more extensive investigations for rhinitis are needed if the test is positive.

Basophil Activation Tests

Basophils are major effector cells of allergic disease; they express the high-
affinity IgE receptor (FcεRI), which is the main activating receptor for 
these cells. Flow cytometry has been used to investigate activation of human 
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basophils, both in vitro and in vivo [116], and it gives information on anaphy-
lactic reactions.

The main advantages of the latest-generation flow cytometry analysers are 
the capability of identifying cells even in very small percentages of the total 
population examined (below 1%). In patients with immediateallergic reactions, 
a flow cytometric basophil activation test to detect specific surface mark-
ers with monoclonal antibodies can also be performed. At present, the most 
commonly used antigens in basophil activation tests are CD63 and CD203c. 
However, a new basophil identification antigen, CRTH2 (chemoattractant 
receptor-homologous molecule expressed on T-helper 2 cells) and the recently 
described activation antigens CD13, CD164 (behaving as CD203c), and 
CD107a (paralleling CD63 expression) could be applied in order to improve 
it [117].

However, the assessment of basophil activation as a clinical tool for the diag-
nosis of allergic disease is still in its infancy. Cytometry-assisted investigation of 
human basophils has been used to evaluate patients sensitised to inhalant allergens 
[118, 119], food [120, 121], latex [122, 123], drugs [124–127], and insect venom 
[128, 129], and is also helpful to study patients with autoimmune chronic urticaria 
[130, 131].

Microarrays

The microarray is an ordered array of microscopic elements on a planar substrate 
that allows the specific binding of genes or proteins [132, 133]. Protein microar-
rays are suitable to study protein–ligand interactions in which the ligand can be a 
protein, peptide, DNA, RNA, oligosaccharide or chemical compound. Any micro-
array assay provides a precise measure of the number, amount or concentration 
of the molecules present in a sample. The feasibility of using allergen-chips or 
arrayed allergens for multiallergen testing has been reported [134, 135]. In contrast 
to conventional allergy diagnosis, allergen microarray permits the simultaneous 
investigation of several hundred allergens and the measurement of different classes 
of immunoglobulin (IgE/IgG4) in a single step, and requires only a small amount 
of serum.

Microarrays were first used in the field of allergic diseases to analyse  recombinant 
allergens to determine the individual sensitisation profile of patients [136]. DNA and 
protein microarrays have then been assessed for the diagnosis of respiratory allergy, 
and particularly bronchial asthma and rhinitis, atopic dermatitis, food allergy, and 
hypersensitivity to aspirin [137–141].

Microarray technologies have already proven to be invaluable in the field of 
genomics and proteomics and solutions to these challenges will undoubtedly 
facilitate the development of clinically useful diagnostic chips in the foreseeable 
future.
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Clinical Value of the Tests and Correlation Between Tests

The diagnosis of allergy is based on the correlation between the clinical history 
and diagnostic tests for allergy. It is not possible to diagnose allergy based solely 
on responses to skin tests, in vitro tests, or even challenges. Factors affecting tests 
should always be checked before investigations, since drug therapy may modify 
the results of in vivo tests for days or even weeks. The importance of allergen chal-
lenges depends on the disease and the quality of the allergen extract considered. 
The different tests used in the diagnosis of allergy do not have the same biological 
and clinical significance.

Diagnosis of Inhalant Allergy

Skin tests represent the primary diagnostic tools used for immediate-type hyper-
sensitivity. Comparisons between the measurement of specific IgE and skin tests 
depend on the quality and standardisation of the allergens used in both types of 
tests and, to a lesser extent, on the method of skin testing used. The weakest cor-
relations have been obtained with mould and unstandardised dander extracts. For 
standardised allergens, challenges are usually not necessary to confirm the diagno-
sis of allergy. There are good correlations between a strongly positive response to a 
skin test and the detection of serum-specific IgE and between a negative response 
to a prick test and the lack of detection of serum-specific IgE, whereas small wheals 
induced by prick tests and positive results of intradermal tests with concentrated 
extracts are less frequently associated with the detection of serum-specific IgE. 
Positive responses to skin tests and serum-specific IgE can be found in totally 
symptom-free subjects with a similar prevalence.

Correlations between responses to skin tests and to the measurement of 
allergen-specific IgE with inhalation challenges are less consistent because of the 
non-specific hyper-reactivity. Poor correlations are observed with un-standardised 
extracts, weakly positive responses to skin testing, and the RAST, or when there 
is a discrepancy between the clinical history and skin tests. When there are both 
a  suggestive history and strongly positive responses to skin testing and the RAST, 
inhalation challenges are often positive. The prevalence of positive responses 
to inhalation challenges in symptom-free patients is lower than that of positive 
responses to skin testing or the RAST, but pollen-allergic patients who suffer only 
from rhinitis often manifest a positive response to bronchial challenge with pollen 
extracts.

Correlations between responses to skin tests and serum-specific IgE with nasal 
challenges are less consistent because of the non-specific nasal hyper-reactivity. 
Poor correlations are observed with un-standardised extracts, weak positive 
responses to skin testing, and the RAST, or when there is a discrepancy between 
the clinical history and skin tests.
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Before the discovery of IgE and when poorly characterised allergens were used, 
false-negative results were frequent and the bronchial challenge was useful to diag-
nose allergic asthma. It is now mostly restricted to research protocols, assessment 
of drugs in development, and occupational medicine.

Correlations have not been performed with environmental exposure chambers or 
conjunctival challenges.

Diagnosis of Food Allergy

While allergic reactions to foods are usually due to IgE-mediated hypersensitivity 
mechanisms, there are a number of immune mechanisms that may contribute to 
adverse reactions to foods. Tests for allergic reactions include both skin-prick tests 
and the measurement of serum allergen-specific IgE antibodies. The diagnosis of 
food allergy is complicated, however, because allergen extracts and the test reagents 
currently available are not standardised and their stability is poorly determined. The 
presence of food-specific IgE in serum or a positive skin test to a foodstuff does 
not always correlate with a food allergy since some patients outgrow their allergy 
with age and not all patients with food-specific IgE have a clinical sensitivity. In 
many instances, the diagnosis has to be confirmed by a double-blind food chal-
lenge, which should be carried out under precisely specified conditions and by staff 
who have the competence to manage anaphylactic reactions. As for other forms 
of allergy, unproven and controversial techniques such as cytotoxic tests, VEGA 
testing or sublingual provocation tests have no proven value.

Diagnosis of Occupational Allergy

Occupational rhinitis must be more precisely confirmed than allergic rhinitis of other 
aetiology. In practice, interviews concerning the causal relation, frequency, latent 
period and atopic disposition often provide suggestions, but sometimes give unreli-
able evidence for diagnosing occupational nasal allergy. Therefore, examinations 
such as skin tests, nasal provocation tests and determination of the IgE antibody level 
are necessary to confirm the causality between the disease and the work exposure.
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