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Proficiency testing: Skin prick test / Percutaneous skin test 
 

Background 

The precision of the skin prick/puncture test is not optimal. 

It is essential to minimize the variation making it possible to relay in the test 

results. 

In 500 patients tested with 3 allergen concentrations in quadruplicate one in twenty tests were negative 
in some clinics, and many more were found to be “out-layers” with responses much smaller than the 
average. That means that when only single tests with each allergen are performed, then many test 
results are read much smaller than they should be. In case correct response is a small wheal, then many 
tests performed by an assistant  with high cv., i.e. a big variation in size of wheals with the same extract 
in the same patient, may be negative, i.e. false negative.  

The precision of the skin prick test is low, i.e. the coefficient of variation, the c.v. is high. In university 
allergology outpatient departments the precision varies, calculated on the area, between 40 and 140 % 

2, i.e. 
the cv. of the area is twice that of the diameter). Common in vitro tests have a c.v. less than 10 %. 

Methods 
To check the precision, there are two possibilities: 

To perform 

Duplicate tests with all allergens and the positive control, histamine 

The same needle can be used for both tests with the same allergen, but the 

method is more time-consuming. The pricks are somewhat painful. This is 

inconvenient in small children. 

The duplicates should have the same size, i.e. ± 1 mm in diameter.  

Twenty tests with histamine on the volar aspect of the forearms once a month 

Ten tests with histamine should be performed on the volar aspect of both 

forearms. Tests should be done at monthly or bimonthly intervals in 3-4 

individuals. Whatever brand or concentration of histamine used in your 

clinic/office can be used.  

The wheal diameters or areas should be registered and read by an independent 

person and the c.v. calculated.  

The diameter should not vary more than ± 1 mm in diameter. 

The hands on session 

You are welcome to try different methods, material will be supplied by the 

congress.  
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Proficiency testing with histamine 

Right Arm 
 

1 D =…  6 D =…

   

 

 

2 D =…   7 D =…      

 

 
 

3 D =… 8 D =…    

 

 

4 D =… 9 D =… 

 

 

5 D =… 10 D =…

 

Left arm 

 

1 D =… 6 D =…  

 

 

 

2 D =… 7 D =…   

 

 

3 D =… 8 D =…   

 

 

4 D =… 9 D =…   

 

 

5 D =… 10 D =…  

 

 

Start of testing: 

15 min at:  

Mean: 

Range: 

c.v 

Start of testing: 

15 min at:  

Mean: 

Range: 

c.v. 

Fill in to the right of each registered wheal  

dlongest + dorthogonal mid 
= D 

 2 

Give the mean wheal diameter, the size of the largest and the smallest wheal diameters 

(range, should not be more than ± 1 mm)  

Alternatively the c.v. can be calculated for diameters per patient and per testing personnel. 

This test record should be printed by all participants prior to the workshop. 
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Skin prick testing 

Introduction  
The clinical history is the basis for the diagnosis of allergy.  

Sensitization can be shown by in vitro IgE tests or by in vivo tests, mostly skin tests. Skin 

prick testing is regarded the standard method for diagnosis of allergen sensitization.  

Sensitization vs. clinical allergy 

Although sensitization always implies a risk of clinical symptoms, the difference between 

IgE-sensitization and clinically important IgE-mediated allergy is practically important.  

Mechanisms 

All allergies are not IgE-mediated. Despite allergic diseases have similar or identical clinical 

phenotypes; they may be caused by both atopic i.e. IgE-mediated mechanisms, and non-

atopic, mainly cellular immunologic mechanisms 
(1)

.  

Diagnosis of clinical allergy 

In food allergic patients the diagnosis should be established by double blind placebo 

controlled food challenges (DBPCFC)
(2;3)

 In young children, an open challenge can be 

performed, provided positive tests are verified by DBPCFC
(2)

 .  

In clinical trials the mucosal sensitivity to aeroallergens is sometimes proven by airway 

allergen challenges. However, in practice the diagnosis of allergy towards aeroallergens is 

mostly not confirmed by upper or lower airway challenge tests. Then, the diagnosis is relying 

on the technical cut off of the test used for the diagnosis of sensitization, but is not proving 

clinically important allergy, that is left to the judgment of clinicians.  

Personally I never start immunotherapy or elimination procedures without a positive 

provocation test, for upper airway disease, a conjunctival provocation test by stepwise 

increasing doses. It is simple, rapid and convincing 
(3ab)

. 

Definition of allergy  

According to the definitions proposed by a working group within European Academy of 

Allergy and Clinical Immunology (EAACI)
(4)

 and adopted by the World Allergy 

Organization, WAO
(5)

 allergy is defined as an immunologically mediated hypersensitivity to 

foreign substances, allergens. The best defined mechanism is the interaction between allergen 

and allergen specific IgE, as-IgE, attached to receptors (FcRI) on mast cells (MC) and 

basophiles (BPh)
(6)

. However, immunologically mediated hypersensitivity can also be 

mediated by other mechanisms, mainly cell mediated mechanisms (Figure 1)
(4)

.   

IgE-mediated allergic diseases  

Immunologically mediated hypersensitivity is named allergy (Figure 1)
(4;5)

.  

Some allergies are mediated by IgE antibodies, whereas others are mediated by other 

mechanisms, i.e. non-IgE-mediated allergy.  

Atopy  

Some of the IgE-mediated allergies are induced by very low quantities of inhaled or ingested 

proteins, allergens. These allergies are called atopic. Thus atopy is defined as the presence of 

IgE antibodies towards allergens, typically pollen, mite, animal dander and mold proteins.  
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Allergic diseases  

Eczema (atopic dermatitis), asthma, allergic rhino-conjunctivitis etc. have been named “atopic 

diseases”, but should be called “Allergic diseases”. Allergic diseases can be either atopic, i.e. 

IgE-mediated, or induced by another mechanism, mostly by cells, i.e. non-atopic (Figure 

1)
(4;5)

. Furthermore, IgE-antibodies are involved in allergic but not atopic diseases such as 

helminthic infections.  

 

Figure 1
(4;5)

 

Atopic sensitization means an as-IgE response to low concentrations of allergen. 
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Skin prick testing 
Methods for skin testing  

Skin prick/puncture testing represents an easy way to demonstrate sensitization in a clinical 

setting. It induces an immediate wheal and flare reaction when using high concentrations of 

allergen, sometimes followed by a late reaction i.e. induration and erythema, appearing after 

some hours and lasting for hours to days.  

Skin testing measures the combination of the presence of as-IgE, MC releasability, and tissue sensitivity to 

mediators in the skin.  

The reaction is obvious to the patient and is therefore valuable to visualize the reaction to e.g. 

cat, dog or cockroach that makes it easier to the patient/parents to accept the allergy. It 

appears within a few minutes that makes it attractive in clinical practice. However, the 

method has many problems, which must be handled correctly, especially in scientific trials, 

but also considered in practice
(7)

.  

Allergens for in vivo testing  

Allergen extracts used for in vivo diagnosis are often marketed as standardized, but most 

companies use ”Fantasy Units”
(8)

 i.e. extracts are standardized against an in-house reference, 

IHR
(8-10)

. Each company has its own IHR and often company-specific source material. In 

some cases, the content of the most important allergens, major allergens, is also given. 

However, the methods for determination of major allergen vary between manufacturers
(10)

. Thus, the content 

of major allergen cannot be compared between manufacturers
(10)

. The CREATE project
(11;12)

 will hopefully 

find monoclonal antibodies and natural or recombinant allergens which in combination can be used by all 

laboratories to determine major allergens. 

Furthermore, allergen extracts/allergens used for in vivo testing must be kept under conditions 

assuring stability. Enzymatic degradation of allergens is most pronounced among molds
(13)

, 

but proteolytic enzymes are also present in pollen extracts
(14)

. 

A potent Cladosporium extract looses much of its allergenic activity within 3 months in glycerol and within 

one week in albumin diluent
(13)

  So far, natural or recombinant allergens are not marketed for in vivo 

diagnosis of sensitization/clinical allergy.   

Test devices  

Charles Blackley
(15)

did the first skin test on his own lower leg by scratching the skin and applying a dough of 

pollen. The reaction was immense with local swelling and itching that lasted for days. Thus, it included both 

an immediate and a late phase response that were not separated. 

The skin prick test (SPT)/puncture test was introduced by Jack Pepys
(16)

 in 1972.  An epidermic needle was 

introduced trough a drop of allergen extract applied on the surface of the skin into the superficial layer of the 

epidermis, the tip was elevated, lifting the skin, allowing a minute amount of the extract to get into contact 

with skin MC. 

Thirty years ago a lancet with a 1 mm sharp tip and shoulders preventing the lancet to 

penetrate more than 1 mm was introduced by Ǿsterballe and Weeke, ”The allergy Pricker”
(17)

. 

The tip should e 1 mm with shoulders. Other features are of less importance 
(17)

.The tip of the 

lancet should be introduced vertically into a drop of extract on the skin, and pressed into the 

skin, using the volar aspect of the fingertip. The pressure should be the same every time 

(Figure 2), since, as for all similar devices, the response depends on the pressure applied.  

The same principle applies to several other devices marketed today. 

 

 



Skin prick testing 7 

 

Dreborg AAAAI Orlando 2012-03-02 7 (16) 

 

 

The technique using the “Allergy Pricker” 

has been shown to be better reproducible 

than that using the epidermic needle 
(18)

. 

However, the precision varies between 

testers/nurses/assistants within wide ranges.  

Therefore, each testing person should use 

the technique he/she is currently using, 

provided the c.v. is at an acceptable level, 

i.e. within ± 1 mm in diameter, or when 

calculated to be less than 20 % based on the 

wheal diameter, 40 % based on the wheal 

area.  

 

Figure 2. 

Multi-test devices have been introduced to simplify skin testing
(19-21)

. Plastic arms are 

attached to a central plate, each arm ending in a plate with a number of 2-3 mm long, sharp, 

plastic tips. Drops of allergen solutions are applied to the tips and the device is pressed 

against the skin. The advantage of multi-test devices is said to be convenience to the testing 

personnel. The major drawback is the high c.v. in the hands of some investigators
 (19)

. I 

principle the length of the tip(s) etc of devices are the same as for single tip devices.
 
 

Skin response 

The skin response to SPT is a wheal and flare reaction. The wheal size reaches a maximum 

after 15 to 20 minutes. In some patients the immediate reaction is followed by an allergen 

dose and as-IgE dependent late reaction
(24;25)

, beginning within an hour and lasting for hours 

to days. The late response can be large and painful, but not dangerous. The late response is 

not used for diagnosis but for scientific studies.  

An erythema should be present.  

The increase of the erythema diameter is more rapid than that of the wheal area and therefore recommended 

by FDA for scientific purposes (Peter Creticos workshop).  

Recording of wheal diameter or area 

It is recommended to record the test result 15 minutes after the test 
(26, 37)

. The contour of the 

wheal should be drawn with a fine filter tip pen or ball point pen on the flare close to the 

wheal margin. The diameters can be measured directly on the skin (Figure 3), but it is 

recommended to transfer the drawing to a registration sheet by means of a translucent tape. 

Then the diameters or area can be calculated. The latter method preserves the wheal drawing 

for future comparisons. 

The longest and the midpoint orthogonal diameters of the wheal (and/or flare) are added and 

the mean wheal diameter calculated by dividing by two. Most wheals less than 5-6 mm in 

diameter (about 30 mm
2
) are more or less circular. The mean of two diameters, i.e. the mean 

of two plus two radians, and the area, i.e. squared radian times , are associated. Only the 

error of measuring the diameters and the area may influence the end result.   

  

Same pressure 

1 sec. Fingertip 

 

Nail 

Lancet 

1 mm tip 

Extract 
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Figure 3 

Inner drawing: The contour of the wheal. 

Outer drawing: The contour of the Flare. 

The area is measured or the longest and the midpoint 

orthogonal diameters of the wheal are added and the 

mean wheal diameter calculated by dividing by two. 

 

To calculate wheal areas, planimetric
(27;28)

 and scanning techniques
(29)

 have been used.  

Recently laser doppler imaging
(30)

 digital photographic registration
(31)

 of wheal areas have been tried. So far 

none of these techniques have been used in clinical practice. However, the basic problems remain, the high 

c.v. of the technique used by the technician, the potency and the composition of the extract used for testing
(7)

 

The dose response of the immediate wheal reaction 

The dose response of the wheal reaction is flat and best fitted to a log/log model: Log D or A = a + b log C 

(D is the diameter, A the area of the wheal, a, the intercept with the Y-axis, b, the slope and C the 

concentration of allergen extract). b, using the D is 0.19 for allergen. b, using A is 0.38 (95 % c.l. 0,37 – 

0.40) for allergen and 0.34 (95 % c.l. 0,33 – 0.36) for histamine (Figure 4)
(27;32)

.  

When the concentration of the allergen extract is increased stepwise by ten times, then the 

wheal diameter increases from 2 to 3 mm, from 3 to 4.5 or from 4.5 to 6.8 mm in diameter, or 

the wheal area from 3 – 7 mm
2
, from 7 – 11 mm

2
, due to the flat dose response relationship of 

the wheal response to allergen. 

 Figure 4 

Vertical line: Wheal sizes in patients with 

10-fold difference in sensitivity tested 

with the same extract.  

Broken line: Wheal sizes in the same 

patient tested with ten-fold dilutions of 

one extract. 

Thin lines: The calculated concentration 

eliciting a wheal with 3 mm D. 

 

 

The dose response of the immediate flare reaction 

The dose response of the flare reaction is steeper than that of the wheal reaction
(33)

, but not 

used for evaluation of the reaction to SPT, but is used by Turkeltaub et al. for evaluation of 

the response to intradermal testing
(34)

(Workshop by Peter Creticos).  

Concentration of allergen causing a defined wheal size 

Bronchial sensitivity to methacholine, histamine, or allergen is normally given as the PC20 or 

PD20, i.e. the concentration or cumulative amount of methacholine, histamine, or allergen that 

causes 20 % reduction of FEV1. The result of nasal and conjunctival provocation tests is also 

given using the threshold concentration causing symptoms.  

10,3 

6,8 

4,5 

D 

3,0 

2,0 

 10       100    10000   10.000 100.000 U  

Units 
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Skin prick tests are most often performed with one concentration of allergen, supplied by the 

manufacturer (red line in figure 4). Probably therefore, the skin sensitivity is nowadays given 

as the diameter or the wheal area obtained with that single concentration. It is possible to 

calculate differences between groups based on the wheal size, but the data cannot be 

compared to threshold conc. of other organs
(35)

.  

However the concentration eliciting a certain wheal size, e.g. the same as that induced by the positive control, 

histamine, can easily be calculated by parallel line bio-assay(Figure 4)
(35)

. However, the same calculation can 

be made using the common slope of the dose response relationship (b), i.e. b = 0.39
(27)

, according to the 

model: log Area = a + b log Concentration, or b = 0.19 using the diameter
(27;32)

.    

Precision of the SPT and IDT.  

In relation to in vitro tests, the precision of SPT is poor
(27)

. The c.v. determined on the mean 

wheal diameter is, in most reports, ≥ 20 % and calculated on the area of the wheal ≥ 40 %. 

The precision of the IDT based on the wheal area is much better ≤ 10 %
(36)

.   

However, the c.v. of  the SPT method varies 

considerably between centers (Figure 5)
(27)

 

and is higher at low response levels (Figure 

6)
(27). 

 

Figure 5 

The c.v. of allergen wheal areas in a number 

of allergy clinics participating in biological 

standardization of common inhalant 

allergens. Some clinics with high c.v. tested 

grasses (from
(27)

). n = number of tested 

adults. 

 

 

 

Figure 6 

The c.v. of allergen (A) and histamine HCl 10 mg/ml 

(H) wheal areas of different sizes largely 

corresponding to 10-fold increases in extract potency. 

Subjects were tested with three concentrations of the 

same allergen and histamine HCl 10 mg/ml all in 

quadruplicate
(27)

.  

A = allergen; H = histamine 10 mg/ml; n = number of 

patients. 

 

 

 

To reduce the high c.v. of the SPT, it is 

essential to use a proficiency program in daily practice as well as in diagnostic and 

epidemiological studies using SPT. 
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SPT proficiency testing 

One method is the use of SPT with all extracts in duplicate. Then, the sizes of duplicate tests, 

which should be identical, can be compared and these comparisons give immediate feedback 

to the assistant whether his/her technique is acceptable or not.  

As a rule of thumb, the size of the two wheals obtained with the same extract should not 

differ more than ± 1 mm in diameter. The mean histamine wheal size should be the same from 

time to time to make it possible for you to compare results from time to time.  

In studies it is this also important to make it possible to compare results with allergens between similar 

groups and within the same group over time. This method is inconvenient to young children. 

Another possible method to document the precision of the method, in the hands of the 

assistant, is to perform a number of tests with the histamine reference used in your office in a 

reference group of patients or employees. These tests should be repeated at monthly intervals, 

the size of the histamine wheals should not differ between test occasions, and there should not 

be more than a ± 1 mm difference between the largest and smallest wheal diameter in the 

same patient.  

This means that the c.v. should be less than 20 % based on the wheal diameters or 40 % when calculated on 

wheal areas, respectively. Furthermore the sine wheals should be documented and stored for future 

comparisons.   

Due to the variable results between testing personnel, the skin prick test is not suitable for comparison of the 

sensitivity of patient over time or between regions.  

In scientific trials for diagnosis of sensitization or allergy, it is mandatory to use some kind of proficiency 

evaluation
(7;26)

, to minimize errors caused by varying test techniques within and between assistants involved 

in the trial.  

The cut off limit of the skin prick test 

In both North American and European position papers
(26;37)

, the cut off has been set to 3 mm  

in diameter, i.e. 7 mm
2
. There are several reasons for this: 

 The dose response of the wheal diameter/area is flat, 

 The high c.v. of the SPT method. The c.v. is high independent on whether it is 

calculated on the basis of diameters, areas, or if it is calculated on the concentration 

eliciting a given skin response, e.g. a wheal of the same size as that of the histamine 

wheal.
(26-28)

   

 The measurement of small wheal areas/diameters is difficult and therefore the c.v. of 

small wheal areas/diameters is higher than that of larger wheal areas/diameters. 

 The difference between 2 and 3 mm wheal diameter means a ten-fold difference in 

skin sensitivity. 

 Instead of using non-precise measures of skin sensitivity, actually under the 

methodological detection limit, the potency of the test extract can be increased 10 or 

100 times to detect slight sensitization - if wanted and needed. Several mg of allergen 

extract as measured by dry weight or protein, or about 1 mg of major allergen/ml have 

not shown irritating properties, provided endotoxins and the like are removed.  

The cutoff of a laboratory diagnostic method is defined by the + 3 s.d. of the background response. In the 

case of SPT this has not been documented scientifically. It should be done by testing a high number of 

patients with many (at least 10) tests with the diluent, saline or dry device and then calculate the + 3 s.d. of 

the background, i.e. the trauma as such. 
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Sensitivity of the SPT  

According to Turkeltaub et al
(33)

 the ID test is about 1,000 times more sensitive than the SPT 

method. Niemeijer et al
(38)

 found 30 Nordic BU/ml (about 30 ng of major allergen/ml
(23)

 used 

for IDT to induce a wheal response of the same size as that of 3,000 BU/ml (about 3,000 ng 

of major allergen/ml
(23)

 used in SPT, i.e. a 100-fold difference in sensitivity of the two 

methods. However, much higher concentrations must be used, i.e. at least 100,000 ng of 

major allergen, to diagnose most clinically sensitive patients
(39)

 (with reduced specificity), due 

to the wide variation in sensitivity between patients sensitive to the same allergen source 

material. Actually, among patients sensitive to the same inhalant allergen, there is a difference 

in skin sensitivity of 1,000,000 times, i.e. an extract with 1 ng of major allergen/ml induces a 

skin response in the most sensitive patient but the least sensitive patient may need an extract 

with 1 mg of major allergen/ml to get the same reaction
(40)

.  

For safety reasons, these concentrations must be considered when using new substances 

for testing 
(41;42)

.  

Intradermal skin testing inherits a higher risk of general reactions and fatalities 
(43;44)

 due to the much higher 

volume injected into the skin when testing intradermally than by SPT. If an initial SPT is negative or 

questionable, then the sensitivity of the SPT can be increased by increasing the concentration of allergen. 

When testing with new, non-documented substances or extracts, the initial concentration tested must be low, 

i.e. at the ng level of major allergen/ml. Then the concentration can be increased tenfold when using the 

intradermal route and 100 to 1000-fold when testing by SPT. If an SPT has a diameter < 3 mm, then a 1000-

fold higher concentration will induce a wheal with at the most 10 mm diameter. If you prefer to go from SPT 

to IDT then the same concentration as used for negative or questionable skin response with SPT can be used 

for IDT without any risk of general reactions. However, when considering switching from SPT to IDT, it is 

important to use at least duplicate tests in SPT, to reduce the risk that the SPT is accidentally negative due to 

bad technique. Furthermore, when testing new substances the non-specific irritating effect must be checked, 

preferably by testing non-allergic, non-exposed individuals, with the same concentrations of allergen, 

obtaining negative results.  

Annual variation in skin and organ sensitivity 

The response to SPT varies in relation to pollen seasons
(45)

, with stronger reactions after the 

season, slowly declining until before the next season indicating the boosting effect of allergen 

exposure. This is also true for the conjunctival provocation test
(46)

. Therefore, the season must 

be considered when reporting on sensitization or changes in skin response to allergen. 

However, both the SPT
(47)

 and the CPT
(48)

 give repeatable results within one month, i.e. 

correctly performed using reliable methods.  

Affinity  

It has been claimed that the affinity of IgE antibodies interfere with the results of not only in vitro
(49)

 but also 

in vivo tests
(6;50)

 contributing to explain the overlap between positive and negative tests in clinically sensitive 

patients.  

Variation of sensitization over time, between regions and samples as measured by 
SPT 

A prerequisite for reliable results when comparing skin prick test results over time in the same population or 

between samples/populations is that the following criteria are fulfilled: 

1. The same standardized extract, preferably freeze-dried, with the same potency and composition should 

be used. The content of major allergen(s) should be given as well as the method for determination of 

major allergen content.  

2. The assistants/nurses should be trained in advance to use the same pressure on the lancet until the 

response to histamine HCl dihydrochloride 10 mg/ml (54.3 mmol/L) in a sample of individuals is 

constant. If histamine dihydrochloride 10 mg/ml is used, then the wheal diameter should be about 5-6 

mm, ± 1 mm, in mean diameter. 

3. The same assistant/nurse performs the test and her technique is documented as below.  
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4. In the study, at least duplicate tests should be performed, allocated mirrored, one set on each arm, or in 

small children, at least duplicate tests with histamine. The duplicates may not differ more than ± 1 mm 

in diameter. 

5. If not duplicate tests can be performed, e.g. in small children, then at least 20 tests with histamine 

should be performed in a sample of individuals at regular intervals to compare the size of the wheal 

response to histamine from time to time and the c.v. of the histamine tests, obtained by the testing the 

same group of individuals/personnel. 

6. Another person, not knowing the allocation of tests should read the test results.  

7. The c.v. should always be reported 

8. If different assistants/nurses are used in the same or different centers within the same trial, then they 

should perform tests in 10 individuals at the same time. At least ten tests with histamine 

dihydrochloride 10 mg/ml, i.e. 54.3 mmol/L, on each individual. The comparison between the 

participating curses should be repeated at intervals or at least at the end of the study using the same 

sample of patients/epmployees before and after the trial 

There are very few studies that fulfill these criteria.  

Criterion 1 is only fulfilled in a few major studies e.g. the worldwide ISAAC study 
(51)

 performed in several 

hundred centers using the same method. The same allergens were used in all centers. However, the 

methodology was not compared between all centers. In most trials conclusions have been drawn, despite 

different persons have tested different extracts have been used and no proficiency studies have been done.  
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