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The ability of Phadiatop Paediatric (PP), Phadiatop (P), mixed-food
RAST (MF), and the combination of P and MF to identify children with
atopic allergy was evaluated among 193 children who had a family history of
atopic disease, and who had an average age of 5 years. If atopy is defined
as the presence of at least one positive skin prick test (> 2 + ) to common food
and or inhalant allergens, P had a sensitivity of 86",,, a specificity of
94",,, and an efficacy of 92",,. These figures were somewhat better than the
results with PP. However, when P was combined with MF, the sensitivity
increased to 89",,, but at the expense of lowered specificity (83",,) and efficacy
(84",,). If the tests were related only to clinical signs/symptoms of atopic
disease, the sensitivity and efficacy were, at maximum, 63",, and 81",,,
respectively. There was a discrepancy between the results of P and PP m 9",,
of^the children. One explanation of this discrepancy may be that PP
seems to be incapable of detecting children with respiratory allergies induced
by pollens from birch and related trees. The results indicate that m

I 5-6-year-old children P should be preferred to PP and to the combination
if P and MF for atopy screening, at least in places where birch pollen is
cotiimon allergen.
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Several studies indicate that the prevalence of child-
hood allergy has increased in recent decades (1, 20).
During childhood, aiiergy is often IgE-mediated and
there is a need for reliable in vitro tests that can
distinguish children with IgE-mediated diseases
(atopy) (17) from those with non-IgE-induced
hypersensitivity reactions; i.e., symptoms due to
mucosal hyperreactivity simulating aiiergy. Although
foods are the principal allergens in the youngest age
groups, inhalant allergens, such as pollens, animal
danders, and mites, have also been found to play a
role (9, 18, 19, 22). Screening tests for atopic allergy
should therefore be age-related and include as many
of the relevant allergens as possible.

Phadiatop (P) and Phadiatop Paediatric (PP;
Pharmacia Diagnostics, Uppsala, Sweden), two in
vitro tests that can detect IgE-antibodies (IgE-ab),
have been introduced to identify childhood atopy. P
detects IgE-ab against inhalant allergens and PP
against a combination of food and inhalant aller-
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gens. Both tests have high sensitivity, specificity, and
efl̂ icacy in the identification of childhood atopy (2, 3,
7, 16, 22-25) and are recommended as screening
tests for atopy when the child is above (P) or below
(PP) 7 years of age. In children 5-6 years of age, the
two screening tests are considered to overlap.

However, previous studies of the usefulness of P
and PP for identifying atopy in preschool ages con-
flict. Sigurs et al. (19) showed that P was positive in
91 °o of atopic children, 4 years of age and older,
with IgE-ab against food and inhalant allergens. By
combining P with a mixed-food RAST (ME), Zim-
merman & Eors>th (25) found that the sensitivity
increased without any change in the specificity. On
the other hand, van Toorenenbergen et al. (22) ob-
served that, among 135 children with a positive PP,
the combination of P and ME was negative in 15%.
Therefore, the present study aimed to determine
whether P and PP analyses were comparable in abil-
ity to identify atopy in a group of Swedish children.
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5-6 years of age, with a family history of atopic
disease. MF was included in the test panel to evalu-
ate the food allergy component.

Material and methods

A total of 193 children, 77 girls and 116 boys, with
a family history of atopic disease and a median age
of 5 (range 4.7-5.9) years, was followed from birth
(12, 13).

Skin prick tests

Skin prick tests (SPTs) were performed with eight
food allergens: hen's egg-white and hazelnut (Solu-
prick, w/v 1/100, ALK, Copenhagen, Denmark), soy
and fish (Soluprick, w/v 1/20), pure cow's milk (3%
fat), ovalbumin (OA), ovomucoid (OVO), and beta-
lactoglobulin (BLG). The protein concentration of
the last three extracts was 10 mg/ml (for details, see
Reference 12).

Nine inhalant allergens - cat, dog, horse, timothy,
birch, mugwort, Dermatophagoides pteronyssinus, As-
pergillus, and Cladosporium (Phazet, Pharmacia Di-
agnostics, Uppsala, Sweden) - were also tested. The
diluent was used as the negative control. Histamine
chloride in a concentration of 10 mg/ml was used as
the positive control (ALK, Copenhagen, Denmark).
An SPT was considered to be positive if the wheal
was at least 3 mm in diameter and half the size of the
histamine-induced wheal (> 2 -^) (4).

Summarized SPT scores were established for each
child. Thus, if at least one of the tested food aller-
gens caused a positive skin prick test reaction, the
child was given a positive SPT score to food aller-
gens. A corresponding score for the inhalant aller-
gens was also established.

A topic classification

ln accordance with Pepys' definition (17), only those
children who had at least one positive SPT (> 2 -f )
to any of the selected food or inhalant allergens were
considered to belong to the "atopic" group i.\
group). Children with no positive SPTs were con-
sidered to belong to the nonatopic group (NA group).

Clinical classification

The type of atopic disease was determined in each
child. The diagnosis of atopic disease (14, 15) was
based on information obtained from a questionnaire
and a physical examination of each child. This clini-
cal evaluation was performed "blindly" - i.e., with-
out information on the results of the in vivo and in
vitro analyses performed at 5 years of age. Children
with obvious and probable clinical signs/symptoms

of atopic disease were combined in the "clinical"
atopic group (CA group) (15). The remaining chil-
dren formed the group with no clinical signs
symptoms of atopic disease (NCA group).

Immunoglobulin determinations

Serum samples were collected from all children and
were stored at -20"C, pending analysis.

Phadiatop (P) and Phadiatop Paediatric (PP;
Pharmacia Diagnostics, Uppsala, Sweden) were
performed on single samples, according to the manu-
facturer's instructions. The result of each test was
expressed as positive or negative.

The presence of food-specific IgE-ab was ana-
lyzed in single samples by mixed-food RAST (MF;
fx5), which detects igL-ab against hen's egg, cow's
milk, soy. peanut, fish, and wheat (Pharmacia Di-
agnostics, Uppsala, Sweden). The test was per-
formed according to the manufacturer's instructions,
and the result was defined as either positive or nega-
tive.

For improvement of the capacity of P to identify
atopic allergy and make it more comparable with
PP, the result of P was combined with that of MF.
Thus, a new parameter (PMF) was established
which was considered to be positive when at least
one of the two tests was positive.

Total IgF (kU/1) was analyzed in duplicate by
PRIST (Pharmacia Diagnostics, Uppsala, Sweden)
(11). An increased serum IgF level was defined as a
value above the geometric mean plus 1 SD
(>24.3kU/l) in serum samples collected from a
group of age-matched nonatopic children (10).

Ethics

The study was approved by the Human Research
Fthics Committee at both the Karolinska Institute
and Soder Hospital, Stockholm, Sweden. Informed
consent was given by all the families before the chil-
dren were included in the study.

Statistics

The capacity (sensitivity, specificity, and eflScacy) of
PP, P, MF, PMF, and total IgF to identify atopy
was related to the prevalence of children with clinical
atopy (CA group) or atopy (A group).

Results
Skin prick tests

There were 20 (10%) children with at least one posi-
tive SPT ( > 2 + ) to the selected food allergens
(Table 1). Ninety-four percent (45/48) of the positive
SPTs to the food allergens were found among chil-
dren with clinical signs/symptoms of atopy (CA
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Table 1, Number [n] of positive skin prick tests to food allergens and inhalant allergens

among 193 children in relation to clinical definition (CA; NCA) and number of positive

in wfro tests (PP=Phadiatop Paediatnc, P=Phadiatop, MF = mixed-food RAST)

Table 2. Atopic disease among 193 children classified at 5 years of age as clinically

atopic (CA group; n=68) and atopic (i.e., with positive SPT ( > 2 + ) to common food

and inhalant allergens; A group; n=36)

Food allergens

Children with at least

one positive SPT

to food allergen

Cow's miik

BLG
Hen's egg

OA

OVO

Fish

Soy

Hazelnut

Inhalant allergens

Children with at least

one positive SPT

to inhalant allergens

Cat

Dog

Horse

Birch

Timothy

Mugwort

Dpt

Cladosporium

Aspergillus

n

20

2
1

9
9
7
5

5

10

32

14

5
4

15

9
1

2
1

1

CA

17

2

1

8
8
7

5

5

9

29

14

5
4

14

9
0
2
1

0

NCA

3

0
0
1

1

0
0

0
1

3

0
0
0
1

0
]

0
0
1

pp

15

2
1
8
8
7
5

5

7

24

12
5
4

11

9
0
1
1

0

p

18

2
1

8
8
7
5

5

10

29

12

5

4

15
9

1
2
1

0

MF

15

2

1

8
9
7
5

5

6

16

7
3
1

8
6
0
1

1

0

Clinical atopy

Atopic dermatitis

Food allergy

Cow's milk

Hen's egg

Fish

Hazelnut

Respiratory allergy

Bronchial asthma

Associated with

respiratory infections

Associated with exposure

to pollens/animai danders

Aiiergic rhinoconjunctivitis

56

18
2

12
5
4

47

39

36

21

30

"2

24

16
2

10
5
4

26

16

13

14

22

Atopy

%*

67

44
5

27
14

11

72

44

36

39

61

f7, = number of children with clinical signs/symptoms of isolated atopic disease.

^2=number of children with clinical signs/;symptoms of isolc

positive ! ^ 2 + ! SPT to common food and inhalant allerge

* In reiation to number of children

*•* In relation to number of children

in A gr,3up(n=36),

with clinical symptoms of

of clinically defined signs symptoms

%**

43

89
100
83

100
100

55

41

36

67

73

Ited atopic disease and

ns.

isolated atopic di

of atopic

sease

dis-

BLG=beta-lactogiobulin; OA = ovalbumin; OVO = ovomucoid.

Dpt= Dermatophagoides pteronyssinus: CA = children with clinical signs/symptoms of

atopic disea.se; NCA = children with no clinical signs, symptoms of atopic disease.

group). Furthermore, 80",, (16 20) of the children
with positive SPTs to food allergens also had posi-
tive SPTs to the selected inhalant allergens.

Thirt\-tv\c> (17",,) of the children had positive
SPTs lo al least one of the inhalant allergens. Of
ihcse, 50",, (1632) had positive SPTs to food aller-
gens at Ihc same lime. Of the 52 positive SPTs to the
mdisidtial inhalant allergens, all btil three occurred
in children in the CA grotip (Table 1).

Alopic classificaiion

rhirt}-si\ (19",,) of the children had positive SPTs
lo al least one of the tested ibods and or inhalant
allergens, and they constitute the \ group. All except
four (89" J of the children had clinical symptoms of
atopic diseases. Atopic dermatitis was fbund in 67",,
(24 36) and respiratory allergies in 72",, (26 36) of
the children (Table 2).' Of th^ese, 62",, (16 26) had
bronchial asthma and 85",, (22 26) rhinoconjunc-
tivitis.

Clinical classification

Sixty-eight (35",,) children were classified as clini-
cally atopic (CA group - i.e.. children with all kinds

p %)
the principal atopic disease isolated. Furthermore,
there were 18 children with food allergies (23 differ-
ent food reactions), of which reactions to hen's egg,
fish, and hazelnut were the most common.

Respiratory allergies, bronchial asthma, and aller-
gic rhinoconjunctivitis were found in 47 patients, of
whom 39 had bronchial asthma and 30 rhinocon-
junctivitis (Table 2). .A.11 children in ihe latter group
reported reactions to either animal danders or pol-
lens, or to both, while only 21 children with bron-
chial asthma had reactions to the same inhalant al-
lergens. None of the children with respiratory allergy
showed only nocturnal bronchial asthma or nasal
stuffiness, symptoms associated with an allergy to
mites. However, in 92",, (36/39) of the children with
bronchial asthma, the disease was associated with
respiratory infections and other manifestations of
bronchial hyperreaetivity.

Phadiatop. Phadiatop Paediatric. and mixed-food
RAST

Number of positive tests. There were 41 (21 "Q) chil-
dren with positive P at 5 years of age, as compared
to 44 (23"o) and 36 {19°^} children with positive
PP and MF, respectively. When the results of P
were combined with the results of MF, this new
parameter (PMF) was positive in 58 (30%) of the
cases.
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Capacity of Phadiatop Paediatric, Phadiatop, mixed-
food RAST, and IgE to identify atopv

In children with atopy. P showed high values for all
three variables., sensitivity (86"(,), specificity (94",,),
and efficacy (92",J (Table 3). PP had lower values,
ranging from 72"^ to 89",, for the three variables.
Sensitivity for PMF was high (89"o), but specifi-
city and efficacy were not as high as for P.

In children with clinical symptoms of atopy. The ca-
pacity of the tests to identify "clinica! atopy" (CA
group) showed low sensitivity for P, PP, MF, and
PMF (Table 3). However, the specificity was high
(88-96"(,), and the efficacy varied between 73",, and
81",,. On the other hand, a raised IgF level had a
sensitivity of 81 "„ in clinical atopy but a very low
specificity (48",,) and efficacy (60",,).

Concordance between Phadiatop Paediatric and
Phadiaiop

PP and P gave similar results in 176 (91 "„) children
(Table 4). However, in 17 (9",,) children, the results
differed; in 10 children, only PP was positive, and in
the remaining seven children, only P was positive.
Among 10 children with positive PP but negative P.
none were found in the A group; i.e., they had no
positive SPTs (Table 4). In contrast, among the
seven children with a positive P but a negative PP,
five were classified as atopic (A group).

Concordance between Phadiatop Paediatric and the
combination of Phadiatop and mixed-food RAST

Combining P and MF increased the number of posi-
tive tests from 41 to 58. The concordance between

Table 3, Diagnostic value cf Phadiatop Paediatric (PP), Phadiatop IP), mixed-tooa RAST

(MF), combination of Phadiatop and mixed-food RAST (PMPl, and total IgE. Results are

given as sensitivity specificity, ana efficacy of these tests in diagnosing atopy in 193

children

Table 4. Concordance between Phadiatop Paediatric (PP) and Phadiatop (P), and between

Phadiatop Paediatnc and combination of Phadiatop plus mixed-food RAST (PMFl in re-

lation to number of children with "clinical atopy" and "atopy"

Sensitivity (%!

CA group

A group

Specificity (%)

CA group

A group

Efficacy (%)

CA group

A group

n

68
36

68
36

68
36

PP

56
72

95
89

81
85

P

53
86

96
94

81
92

MF

38
53

92
89

73
92

PMF

63
89

88
83

79
84

IgE*

81

86

48
44

60
52

n

Ciinicai atopy

CA
NCA

Atopy

A
NA

PP+
P+

34

32
2

26
8

PP-

P-

142

26
116

5
137

PP+
P-

10

6
4

0
10

PP-
P+

7

4

3

5

PP+
PMF +

41

36
5

26
15

PP-

PMF-

132

23
109

4

128

PP+
PMF-

3

2
1

0
3

PP-

PMF +

17

7
10

6
11

* Based on number of serum samples with raised IgE levels (>24.3 kU,/l).

CA=children with clinical signs,/symptoms of atopic disease; A = children with positive

(>2 + ) SPT to common food and.'or inhalant allergens: sensitivity=true positive,/(true

positive + false negative); specificity=true negative/(true negative + false positive);

efficacy=(true positive + true negative),/all infants.

+ = positive result of test; - = negative result of test; CA = children with clinical signs

symptoms of atopic disease; NCA=children with no clinical signs, symptoms of atopic

disease; A=children with positive ( > 2 + ) SPT to common food and or inhalant aller-

gens; NA=children with no positive ( > 2 + ) SPT to common food and.or inhalant

allergens.

the combined parameter (PMF) and PP was 90",,
(173 193; Table 4). A positive combined test but a
negative PP was found mainly (65",,; // = 1117) in
children classified as nonatopic (

Concordance between results if Phadiatop
Paediatnc, Phadiaiop, mixed-food RAST. and SPT

There was an acceptable concordance between the
SPT results to food allergens and PP and MF
(Table 1). Thus, among 20 children with at least one
positive food skin prick test, 15 had positive PP and
MF. Interestingly, 18 of the 20 children with positive
summarized SPT to food allergens had positive P.
Moreover, all 17 clinically atopic children with posi-
ti\e SPTs toward the selected food allergens (CA
group) had positive P. In contrast, two and three of
these children were missed by PP and MF, respec-
tiveK. Furthermore, one child with a positive SPT
score to food allergens and positive MF has no
symptoms of atopic disease (NCA group). Of
10 children with positive SPT to hazelnut, all 10
had positive P while only seven had positive PP
(Table 2).

Of the 32 children with positive SPT reactions to
inhalant allergens, 24 (75",,) had positive PP
(Table 1). The corresponding figure for Mf-̂  was 16
(50" J . while almost all children - i.e., 29 (91",,) -
had positive P. In the last group, 93",, (27 29) be-
longed to the CA group. All children with positive
PP and positive SPTs to inhalant allergens (// = 24)
were clinically atopic.

Fxcept for cat, there vvas complete concordance
between the SPT results to animal danders and
timothy pollen and the corresponding PP and P re-
sults. Both PP and P were negative for the same two
children with positive SPTs to cat dander.

However, among 15 children with positive SPT to
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birch. 1 1 had positive PP, while all were positive in
the P analysis. Three of four children with positive
SPTs to birch pollen but negative PP had positive
SPTs to hazelnut at the same time, but none of them
had positive SPTs to other food or inhalant aller-
gens. The fourth child had positive SPT to D. pter-
onyssinus. Three of these four children were classi-
fied as clinically atopic. while the fourth child had no
clinical manifestations of atopy. The allergic respi-
ratory symptoms in the first-mentioned three chil-
dren were strictly correlated to the tree-pollen sea-
son. The remaining 11 children with positive SPTs
to birch p(,)llen and positive PP also had positive
SPTs to other inhalant and/or food allergens, and
they showed allergic symptoms when exposed to a
variety of allergens.

Discussion

This study show s that the preschool period is one in
which the identification of atopic allergy is highly
dependent on the choice of /// vitro test. P was bet-
ter than PP and MF in sensitivity, specificity, and
efficacy in the identiticaticMi of atopy (i.e.. children in
tlie A group with at least one positive SPT to food
and or inhalant allergens). This t)bservation indi-
cates that the IgH-ab patterns even at 5-6 years of
age are rather similar to those of adults. Earlier stud-
ies have also shown that in this age group the lev-
els of igH-ab to food allergens usualh start to de-
cline, while the levels of IgE-ab to inhalant allergens
increase (9. 18, 19, 21, 25).

The diflerence between the capacities of P and PP
io identif) atopy anu>ng our children was further
conlirmed b\ showing the disconcordance of the two
tests (Table 4). One explanation of this diflerence
max be that the two /;; viiro tests onl\ partl> overlap
witli respect to allergen composition. This hxpothe-
sis is suppt>rted b\ the obser\ ation that a child with
an isolated tree-pollen-induced respirator} allerg},
with t)r without a concomitant food aliergy to nuts,
nui\ be missed by PP but not by P. Such a finding
is important, since birch pollen is an important in-
halant allergen (5. 6) in northern Europe, in north-
ern Japan, and in North .America.

When P and MF were combined in a new para-
meter (PME), the specificity and efficacy for atopy
detecticMi became lower than those observed for P
alone (Table 3). The marginal increase in sensitivit\
achieved b\ combining the result of two tests meant
that 32 instead of 31 children were correctly identi-
fied as atopic (Table 3). On the other hand, the de-
crease in specificity from 94'\, to 83",, corresponded
to 16 children with positive PMF but negative SPT.
These diflerences can be attributed to the presence
of low le\ els of lgE-ab to food allergens which are
often found in the skin and in the serum, w ithout an\

obvious connection to chnical symptoms of atopic
allergy (8, 9, 12).

The limited usefulness of adding MF̂  to P for the
identification of atopy has also been reported by
others (14). However, it conflicts with the results of
Zimmerman & Forsyth (25). Furthermore, the abil-
ity of PP (sensitivity of 72%, specificity of 89%, and
efficacy of 85"o) to detect atopy was lower than that
reported by Wood et al. (24). Our children had a
narrow age range, 4.7-5.9 years, while Wood et al.
(24) and Zimmerman & Forsyth (25) studied chil-
dren with a wider age range who were mainly below
5 years of age. This probably explains the greater
influence of food sensitization in their studies.

.Another explanation of the difl"erence may be
sought in the classification of atopy. According to
Pepys, the word ''atopy"' should be used without
clinical implication (17). We used only the SPT re-
sults to establish atopy. In previous studies (24, 25),
the definition of atopy was established by combin-
ing the case history with the physical examination
and a positive SPT and or RAST test. We believe
that when RAST is used to classify for atopy, the
results will be biased if a similar in vitro test (i.e., P
or PP) is evaluated for its ability to detect the cases
of atop\. On the other hand, vve agree with Wood
et al. (24) and Zimmerman & Forsyth (25) that when
using an /// vitro test for atopy screening of IgF anti-
bodies, one must also use a test for IgE sensitization
in the classification of atopy. In this study, the num-
ber of children in the CA group was reduced by
approximately 50",, when the SPT results were in-
cluded in the classification of atopy (Table 2). The
decrease in numbers was most pronounced among
children with clinical signs symptoms of atopic der-
matitis and bronchial asthma. Furthermore, Pepys"
classification increased the efficacy of identifying
atopy by PP and P from 81",, to 85"„ and 81",, to
92",,, respectively (Table 3).

When studying the capacity of the four tests (P,
PP, MF, and PMF) to identVy a child in the CA
group - i.e., children with all types of clinical signs
symptoms of atopic diseases - we found that sen-
sitivitN and efficacy decreased to 63",, and 81",,,
respectively. However, as P in particular, but also
PP, was of great value for identifying children in the
A group, both tests provide the general physician
who has a limited experience of allergies with "a
good means'" of distinguishing between children with
and without an atopic component in the disease; i.e.,
to distinguish between IgE-mediated allergy and
nonallergie hypersensitivity.

In conclusion, our results indicate that for atopy
screening of 5-6-year-old children:
- Phadiatop is useful and, at these ages, better than

Phadiatop Paediatric.
- Phadiatop Paediatric might be useful at younger
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ages, but the upper age limit should not exceed 5 ^"'"^ ''"tl Igl- responses to common food protems and inhal-
ants in the first 7 years of life. Clin .Mlergy 1987: 17: 571-8.
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- The combination of Phadiatop with mixed-food (PRIST). Clin AUercy 1976: 6: 51-9.
RAST may be an alternative, but further studies H. LILJA G. DANNAELS .A. FALTH-MAGNUSSON K. ct al. Im-

are needed to evaluate the interpretation of a posi- '"""^^ response of the atopic woman and foetus: effects of

t,ve combinat,on test in children with negative ^ ^ t ^a,n"ANe;2^%'̂ ' it'lTi'U'""^' * '"" ' '"• '"''
SPTs. 12, LILJA G . DANNAEUS A. Foi CARD T . GRAFF-LONNEVIG

G. .lOHANSSON SGO. OMAN H. l-ft'ects of maternal diet
during late pregnancy and lactation on the dexclopment of
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