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6. Skin tests used for epidemiological studies

6.1. PURPOSE OF SKIN TESTING IN
EPIDEMIOLOGICAL STUDIES

The purpose of skin testing in epidemiological
studies has been to find out the prevalence of
skin test positivity to common allergens in the
general population or in groups of patients
lacking a clinical history of atopy. In epidemi-
ological follow up studies of samples of pa-
tients, skin tests have been used as a tool to
study the development of sensitization and
natural desensitization. It has also been sug-
gested (51) that it might be valuable to advise
symptom-free persons with positive skin tests,
i.e. with latent allergy (41) that they may
belong to a risk group which is at risk of
developing atopic symptoms (58,51). Whether
it is advisable to start prophylactic measures
and avoidance of allergen exposure in these
subjects should be further evaluated. As yet,
the predictive value of positivie skin tests is
dubious. This is especially true for positive
tests with pollen extracts.

Atopic A person prone to develop IgE me-
individual diated allergic disease when ex-

posed to certain antigens (aller-
gens)

Sensiti- Immunologic response with pro-
zation duction of IgE antibodies, con-

ceivably resulting in atopic dis-
ease

ED50 Median effective dose

6.3. ESTIMATES OF SENSITIZATION
OF A SAMPLE (POPULATION)

6.3.1. Prevalence

Prevalence, i.e. the percentage of individuals
showing a positive SPT to a certain allergen, or
in some studies (30), two or several positive
SPT's to any of the allergens tested has been
used as a criterion of sensitization.

6.2. NOMENCLATURE

Prevalence the number (%) of patients with
positive ST in the sample (pop-
ulation) studied

Incidence the number of new cases with posi-
tive ST in the sample (population)
studied

Cumulative the number of subjects in the sam-
incidence pie (population) who have been ST

positive during a given period of
time

Atopic Diseases such as hayfever, asthma,
diseases urticaria, eczema, food allergy when

based on IgE-antibody interaction

6.3.2. Median effective dose (ED50)

The median threshold concentration (with 95 %
confidence interval) in the sample studied has
been used as a measure of the sensitivity of that
sample (8). This measure can be compared to
the ED50 in other samples. In fact the Nordic
Biological Unit 10 000 BU/ml (11,15,46) is the
ED50 of patient samples referred to University
Allergy outpatient Clinics (or similar).

6.4. INFLUENCE OF DIFFERENT
FACTORS ON RESULTS

A number of factors influence the result of
epidemiologic studies using skin tests for esti-
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mation of the prevalence of sensitization: The
cut off limit of the method; The technique
employed and how it is performed; The preci-
sion of the method in the hands of the in-
vestigator (nurse, assistant); The composition
and potency of allergenic extract employed.

6.4.1. Cut off limit of the method - detection limit

An SPT reaction is considered positive when
the weal diameter is ^ 3 mm in diameter ( =
^ 7 mm2)(reviewed in 11). However, in some
studies a cut off limit of ^ 2 mm in diameter (3
mm2) has been used (34). Then the background
response, i.e. the weal response to diluent in the
same sample of patients should be carefully
documented. The difference between 2 and 3
mm in mean diameter denotes a 10-foId differ-
ence in skin sensitivity (13).

6.4.2. Cut off limit - number of positive SPT

When the prevalence of sensitization is studied,
then some investigators have used one positive
SPT as an indication of atopy, others two or
several positive tests. Haahtela and Jakomaeki
(30) found that the prevalence of atopy de-
creased from 49 to 34% when the limit for
atopy was changed from one to two positive
SPT.

6.4.3. Precision of the method

Precision of the SPT (and ICT) methods vary
with technique (4,6,37), investigator / nurse /
assistant performing the test (4,15). Therefore,
the precision of the technique used in the hands of
the investigator / nurse / assistant must be docu-
mented, preferably by performing at least dupli-
cate tests with each test solution (or at least the
reference substance)(ll). Using the weal area as
a measure of weal size, and transforming the data
('°log (area mm^ + 1)), the coefficient of variation
(c.v. % = s.d.xlOO/ mean) should be less than
40% (20% when the mean diameter is used).
This limit seems reasonable, since 15 % (7 %) can

be achieved by skilled investigators (15), al-
though much lower precision, i.e. higher c.v. %,
has been recorded (15). This means that - 1 s.d.
may not exceed 1.5 mm when the mean diameter
is 4 mm (lower limit of the mean diameter 2.5
mm) and not 1.6 mm when the diameter is 5 mm
(lower limit 3.5 mm). Similarly, - 2 s.d. = 1,7
and 1,9 mm, respectively (lower limit 2.3 and 3.1
mm, for 4 and 5 mm weals, respectively. This is a
crucial point as those with a true weal diameter of
4 mm, all have allergen specific IgE attached to
their skin MC. However, many weals will be
recorded as negative despite the individuals are
sensitized. Thus, differences in precision may
account for differences in recorded prevalence
between samples of patients with the same true
prevalence.

6.4.4. Technique and performance

It has been demonstrated that the size of the weal
differs between techniques in the hands of the
same investigator (4,6), i.e. a technique that
induces smaller weals, gives a lower prevalence
than does a technique that induces larger weals
(6,47). The technique is of greatest importance in
patients with a skin sensitivity at the border of
positivity. However, differences in performance
between investigators using the same technique
and test solution should also be considered. Dif-
ferences in weal size as large as 3.5 versus 7 mm
in mean diameter when using the same allergen
solution, have been registered (4,11).

6.4.5. Potency and composition of extract

The higher the potency of the allergenic extract
used, the more patients will show a positive reac-
tion, i.e. sensitization (12,18)(Fig. 1 and 3,
Chapter 3). It has been documented in biological
standardization trials that patients attending a
University Allergy Outpatient Clinic, all will get
a positive reaction with 100 000 BU/ml(15-17).
When the same extract was used in a diagnostic
trial using subjects from the general population,
i.e. including also individuals only slightly al-
lergic, then 1 mill. BU/ml was needed to diag-
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nose all patients, whereas 10 000 BU/ml showed
a high specificity (18). These examples clearly
demonstrate the necessity of using allergenic
preparations with known potency, relevant to the
question raised in the study.

When an allergenic preparation with only one
component, to which some people are highly
allergic, is used for diagnosis, only some of the
patients clinically sensitive to the allergen will
give a positive test. Thus, 98% of dog sensitive
patients were positive when SPT was performed
with a well characterized dog allergen prepara-
tion (50) prepared from the best allergen source
material, dog dander, whereas only == 20 % were
positive with one of the allergens of dog dander,
dog serum albumin (12,44).

6.4.6. Prevalence of clinical allergy

When the aim of an epidemiological investiga-
tion is to study the prevalence of sensitization,
then it is recommended to use an extract with
defined and high potency and relevant composi-
tion. Provided the aim permits it, one major
allergen can be used. When the aim is to study
the prevalence of clinical allergy, then the con-
centration used should been documented regard-
ing its diagnostic capacity in a suitable sample of
patients, preferably with characteristics similar
to those of the sample studied in the epidemiolog-
ical study. However, the prevalence of sensitiza-
tion and/or clinical allergy is often higher in
samples studied in diagnostic trials, than in epi-
demiological studies, because many patients are
needed when the prevalence of disease is low (as
for example in the general population). Then,
corrections must be made for the lower preva-
lence of atopic disease, otherwise many individu-
als without disease will be diagnosed ("false posi-
tives", patients with latent allergy (41)).

6.5. PREVALENCE OF SENSITIZATION
TO COMMON ALLERGENS AND
ATOPY, RESPECTIVELY

6.5.1. General considerations

The prevalence of positive skin tests to defined
allergens and of atopy defined e.g. as two

positive skin tests using a battery of allergen
extracts known to be of importance in the
region, has been extensively studied (1-3,5,7-
10,19-36,38-43,52)(Table 1). The quality of
allergens employed was unsatisfactory in most,
but not all studies, the potency was ill defined
and skin test techniques and criteria for posi-
tivity varied between studies. Therefore, com-
parison of results between these studies is dif-
ficult. The prevalence of positive skin tests
varied considerably i.e. from 19 to 70%.
These differences do probably not reflect dif-
ferences in prevalence, but rather variation in
technique, potency etc., which highly stresses
the need for new studies with defined materi-
als, techniques, documented precision etc. Ex-
tracts should be stored freeze-dried for follow
up studies and for calibration against stan-
dards with known potency and composition,
or for comparison with extracts used by other
investigators or extracts used in the market-
place.

6.5.2. Variation with age

Sensitization varies with age (34,35,45,48,51).
Sensitization to foods is common in infants
and young children, but often disappears
within a few years (34,51), whereas sensitiza-
tion to inhalants is more common in older
children and adults (34,35,51). The skin reac-
tivity seems to be more pronounced in older
children and young adults than during the two
first years of life (45,48,51). Skassa-Brociek et
al (48) found a lower sensitivity to histamine
in young and elderly individuals. However,
Stucky et al (49) found that individuals with
skin sensitivity to many allergens had a higher
skin sensitivity to histamine. It is well known
that the number of patients with atopic skin
sensitization is lower in young children and
the elderly. Therefore, the difference in reac-
tivity to histamine may be an expression of
the degree of allergen sensitization, varying
with age. This interpretation is favoured by
the findings that children with sensitization to
foods showed similar skin reactivity to hista-
mine irrespective of age (14).
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Prevalence of immediate skin test reactivity in

Table 1

"normal" subjects and in general populations according to selected studies

Country and study Number, type and
age of subjects

Skin test Number of al- Criteria for a positive Prevalence
method lergens tested reaction (weal mm) of positive

reactions (one
or more)(%)

USA
Grow and Herman

(1936)

Curran and Gold-
man (1961)

Lindblad and
Farr (1961)

Hagy and Set-
tipane (1969)

Barbee et al.
(1976)

Brown et al.
(1979)

Friedhoff et
al. (1981)

Barke, R. et
al. (1987)

Gergen, P. et
al. (1987)

Italy

Corbo, G. et
al. (1988)

Canada

Chang-Yeung, M.
et al. (1985)

United Kingdom

Herxheimer et
al. (1954)

Greenberg et al.
(1970)

Godfrey and
Griffiths (1976)

D'Souza and Da-
vies (1977)

How et al.
(1978)

150 normals
20-30 yrs

100 normals
16 and over

100 normals
16-81

1243 students
16-20

3102 general
population

307 allergic
and non-allergic
9-78

406 factory
workers

1333
cohort > 3 y.
followed 8.1 y.

16.204
6-74

295
11-14 y.

3353
workers
3 diff. groups

100 normals
5-75

121 factory
workers

303 schoolchild-
ren, 8-14

1267 general po-
pulations, 45-70

288 factory
workers

ic.

scratch
ic.

ic.

scratch

prick

prick

prick

prick

prick

prick

prick

prick

prick

prick

prick

prick

13

9
5-10

5
1:100
1:10
1:1

15

5

14

variety
of crude
extr.

5
W/w

8

4

common
allergens

12

7

2

4

3

5

weal and flare

5

weal and
erythema

1

1
5

> contr.

erythema
> 10.5 mm =

2.5 mm^

3

1

3

1

1

55.5

9

4
24
71

30.9

34

68.7
47.9

9 7
d" 29

init. 39.1%
follow up
50.7%

20.2%

918%
d'32%

22.4

34

21

33.7

24.3

38.8
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Table 1 continued

Prevalence of immediate skin test reactivity in "normal" subjects and in general populations according to selected studies

Number of al- Criteria for a positive Prevalence
lergens tested reaction (weal mna) of positive

reactions (one
or more)(%)

Country and study

Australia and

Papua New Guinea
Andersson

(1979)
Woolcock et al

(1978)

Denmark
Johnson and

Mygind (1978)

Hungary

Cserhati et al.
(1983)

Finland
Haahtela (1979)

Haahtela and
Jokela (1979)

Haahtela et al.
(1980)

Haahtela (1980)
(thesis)

Haahtela (1988)

Number, type and
age of subjects

335 general
population
505 general po-
pulation, 20-69

127 medical
students, 21-35

300 negat, fam.
hist.

218 adoles-
cents, 14-16

295 conscripts.
18-19

708 adoles-
cents, 15-17

1217 young
people, 14-19

1640 male
smokers 50-69

Skin test
method

prick

prick

prick

prick

prick

prick

prick

prick

prick

11

8

21

comm.
allergens

16

16

16

> contr.

19

44,3

29,9

64%

31

50

49

46

26 1
10 2

6.5.3. Prevalence of clinical allergy

As mentioned in Chapter 3, many patients
show positive skin tests, provided the potency of
allergens used is high, i.e. they are sensitized
but not clinically allergic, they have latent al-
lergy (41). Van Asperen et al (51) showed that
those with clinical allergy were more sensitive
than those without clinical symptoms at contact
with the allergen in question. Horaik (38) fol-
lowed a group of children with positive skin
tests but without clinical symptoms. He found
that over a period of 5 years, more than 50 %
acquired rhino-conjunctivitis and an additional
5 % asthma. The prognostic value of such data
is high, provided standardized allergens with
known potency are used, i.e. the results can be
utilized by practicing allergists/pediatricians.

6.6. RECOMMENDATIONS FOR FUTURE
EPIDEMIOLOGICAL STUDIES

The skin prick test, scratch and ICT methods
are all possible to use for epidemiological stud-
ies. However, in epidemiological investigations
in which a large number of individuals ar-
estudied, and skin tests are used as a diagnostic
tool, the test method should be reproducible
and easy to perform. The recording of skin
reactions (weal size) should be simple and it
should be easy to obtain an estimate of skin
sensitivity. Due to its simplicity, safety and
painlessness in relation to the ICT method and
higher precision in relation to the scratch test
method, the SPT method should be preferred in
epidemiological studies. Among SPT methods,
the standardized method using a needle of the
£sterballe type should be preferred (See Chap-
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ter 2 and 3). Allergenic preparations used in
epidemiologie studies should fulfil the criteria
given in Chapter 2. Preferably, the diagnostic
value of such extracts should be documented in
a sample/population with known prevalence of
disease (disease defined as positive history, posi-
tive challenge test at a certain concentration
etc.) and including all patients in the general
population with clinical allergy to the allergen
in question.

Future epidemiological studies using skin
tests should
- be performed with the SPT/puncture tech-
nique and a needle of the 0sterb£Jle type,
- use allergen extracts which are freeze-dried
and at least one vial should be stored frozen for
future comparison with later developed stan-
dards,
- use allergens known to be of importance or
probably of importance in the region, with a
composition reflecting that of the naturally oc-
curring allergen source material, or for some
purposes, well defined major allergens
- have a diagnostic capacity of the concentra-
tion chosen documented in relation to clinical
allergy, when the possible clinical relevance of
an allergen is addressed
- be documented regarding the precision of the
technique of the investigator/assistant, prefer-
ably by performing tests in duplicate with each
test solution,
- be performed at a defined time of the year
and time of the day (See Chapter 2)
- have weal sizes documented in a permanent
manner (See Chapter 2),
- use ^ 3 mm diameter as cut off limit for weal
size and the presentation of distribution of sen-
sitivities in the sample should be by weal area
and/or mean diameter, complemented with the
corresponding end point concentration, estimat-
ed by an equation using the mean slope for
allergen (0.4 for area, 0.2 for diameter when
the mean diameter is used as measure of weal
size):

End point cone in e.g. IU = Tested cone
X [3/actual mean weal diameter] ^

where 3 denotes the cut off limit for weal diameter
and 5 is derived from 1/b (b slope; bestimated on
the basis of weal diameters = 0.2).

The above mentioned guidelines should be fol-
lowed. If it is not possible to follow them in all
details, the reason should be given and comment-
ed on.
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