
The diagnostic value of skin prick testing in
children with food allergy

The diagnostic accuracy of the allergen skin prick
test (SPT) in patients with suspected immuno-
globulin E (IgE)-mediated food allergy is
controversial. A positive SPT indicates food
sensitization, i.e. the presence of food-specific
IgE antibodies (1). However, a positive SPT may
occur in tolerant individuals and does not neces-
sarily represent food allergy. Measurement of
food-specific IgE antibodies can be achieved
in vivo by SPT (2), or in vitro using the Pharma-
ciaTM CAP System IgE fluoroimmunoassay
(CAP) (Pharmacia Diagnostics AB, Uppsala,
Sweden) (3). When SPT is performed, minute
amounts of allergen are introduced into the
superficial layers of the skin with a lancet (4).
The allergen diffuses into the surrounding tissue.
In sensitized patients, specific lgE antibodies on
the surface of mast cells recognize the antigen,

which is followed by the release of histamine and
other mediators (5). This mediator release and
axonal reflex lead to the development of the
weal-and-flare reaction typical of a positive SPT.
In our studies we defined diagnostic weal

diameters to common food allergens which
would invariably be associated with adverse
clinical reactions on challenge (2). We were
seeking a simple diagnostic tool to use in
clinical practice that could reliably identify
children with food allergy without the need
for resource-consuming and potentially hazard-
ous food challenges (6). Sampson and Ho have
published 95%-positive predictive CAP values
(95%-PPV CAP) for cow milk, egg, peanut and
fish (3, 7). Others have demonstrated that by
combining CAP with the atopy patch test the
need for food challenges was significantly
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The diagnostic accuracy of the skin prick test (SPT) in food allergy is
controversial. We have developed diagnostic cut-off levels for SPT in
children with allergy to cow milk, egg and peanut. Based on 555 open
food challenges in 467 children (median age 3.0 yr) we defined food-
specific SPT weal diameters that were ‘100% diagnostic’ for allergy to
cow milk (‡8 mm), egg (‡7 mm) and peanut (‡8 mm). In children
<2 yr of age, the corresponding weal diameters were ‡6 mm, ‡5 mm
and ‡4 mm, respectively. These SPT cut-off levels were prospectively
validated in 90 consecutive children £ 2 yr with challenge-proven food
allergy. In young infants under 6 months of age who have not pre-
viously been exposed to a particular food item, the SPT were often
negative or below the diagnostic cut-off but reached the diagnostic
cut-off at the time of challenge in the second year of life. We assessed the
diagnostic agreement between food-specific immunoglobulin E (IgE)
antibody levels and SPT in a cohort of 820 infants and children under
2 yr of age (median age 13.1 months) with suspected allergy to cow
milk, egg or peanut. When applying published 95%-positive predictive
CAP values, the diagnostic accuracy of SPT and IgE antibody levels
was similar for cow milk, but SPT was more sensitive in diagnosing
allergy to egg (p < 0.0001) and peanut (p < 0.0001). Further studies
are required to define age-specific diagnostic IgE antibody and SPT cut-
off levels use in infants under 2 yr of age with suspected food allergies.
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reduced (8). In the following review, the results
of studies on the diagnostic value of SPT and
food-specific IgE antibodies, conducted at the
Royal Children’s Hospital, Melbourne, will be
presented.

Diagnostic value of SPT and RAST in children with cow
milk allergy

Cow milk is usually one of the first food proteins
that infants are exposed to, either directly or
indirectly through breast milk (9). The Mel-
bourne Milk Allergy Study (MMAS) (10) des-
cribed a group of adverse clinical symptoms and
syndromes which could be elicited by dietary
challenge. These ranged from immediate reac-
tions occurring within minutes (anaphylaxis,
urticaria), to intermediate reactions within hours
(vomiting, diarrhoea, distress) and late reactions
within 24 h (cutaneous, gastrointestinal or res-
piratory symptoms). The immediate reactors had
high levels of cow milk-specific IgE antibodies, as
detected in vitro by radioallergosorbent test
(RAST), or in vivo by SPT. From a clinical
perspective, IgE hypersensitivity to cow milk was
likely if adverse reactions occurred within min-
utes of ingesting cow milk.
In our initial study on cow milk allergy (CMA)

in childhood (9), 135 consecutive challenges were
conducted in 75 boys and 45 girls (median age
24 months; range: 5 months to 13 yr), who had
been referred for investigation of suspected
CMA. Our standard challenge protocol was
followed (2, 11). SPT was performed with whole
cow milk allergen extract (Dome-Hollister-Stier,
Spokane, WA, USA). The size of the skin weal
elicited by the milk extract was compared with
that of histamine 1 mg/ml and a control solution
(12). We found that if a child presented with a
history suggestive of CMA and we selected an
SPT with ‘100% specificity’, i.e. 4+ histamine
equivalent (HE) units, SPT identified 47% of
children with CMA (sensitivity). The 4+ HE to
cow milk extract corresponded with a weal
diameter of 6 mm. By contrast, using the RAST
score with 100% specificity (RAST class 4 and
above), this identified only 10% of children with
CMA. Based on this observation, we considered
the RAST less sensitive than SPT and therefore
clinically less useful as a screening tool for CMA.

Usefulness of SPT in predicting positive open food
challenges

Over the next decade, a prospective study of
children with suspected hypersensitivity to cow
milk, egg and peanut was undertaken (2). These

children were referred from a high-risk popula-
tion for the investigation of food allergy. The
results of 555 food challenges performed in 467
children (median age 3.0 yr) were available (2).
Challenge outcomes were categorized into three
groups: positive, negative or inconclusive. The
sensitivity and specificity of each weal diameter
as a predictor of a positive food challenge were
calculated and data from inconclusive challenges
excluded. Fig. 1a–c summarize the relationship
between SPT weal diameters to cow milk, egg
and peanut, and challenge outcomes. Challenges
were analysed separately for children aged
0–2 yr, and older children. For the whole group
(median age 3 yr), an SPT weal diameter to cow
milk ‡8 mm, egg ‡7 mm and peanut ‡8 mm was
invariably associated with an adverse reaction on
formal open challenge. Of major importance was
the finding that for children 2 yr of age or
younger ‘100% specificity’ was achieved with
lower SPT weal diameters: ‡6 mm for cow milk,
‡5 mm for egg and ‡4 mm for peanut. This may
in part be attributable to lower intrinsic skin
reactivity in this age group (13). It may also
reflect a lower threshold of reactivity to food
allergens in young children with IgE food
hypersensitivity.

Limitation of using a 3 mm cut-off weal diameter in the
diagnosis of food allergy

In the past, international best practice has been
to consider an SPT weal cut-off diameters of
‡3 mm as a positive reaction (14). Below this
level non-specific and poorly reproducible reac-
tions may be seen (1, 6, 15). Cutaneous
reactivity varies with age to both histamine
and non-specific mast cell degranulators (16).
Therefore, many centres use a 1% or 10%
histamine solution-induced SPT as a reference,
and some report the size of the allergen-
induced weal as HE units (12, 16). Our
data have shown that these SPT cut-off levels
will vary depending on the clinical context,
the allergen extract used and the age of the
child.
In Tables 1 and 2, the diagnostic accuracy of

different SPT weal diameters is shown for cow
milk, egg and peanut, in children 0–2 yr, and
children 2 yr and older (2). It should be noted
that a positive allergen SPT of ‡3 mm was a poor
predictor of clinically relevant food allergy. For
the entire cohort, regardless of age group, an
SPT ‡3 mm had a sensitivity for detecting allergy
to cow milk of 74%, 84% to egg, and 96% to
peanut, but the specificity was only 79%, 70%
and 71%, respectively.
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Diagnostic SPT weal diameters in infants and young
children not previously exposed to suspected food
allergens

We investigated the diagnostic accuracy of
SPT in children who had never directly
ingested a particular food item. Infants were
identified from the Melbourne Atopy Cohort
Study (MACS) (17), a birth cohort of 620
atopy-prone infants. Mothers were encouraged
to breastfeed, and infants commenced solids
from 6 months of age. Introduction of egg,
peanut and tree nuts into the diet were
delayed until after 12 months. All infants were
skin tested at 6 months of age, and 1 yr
thereafter. Infants with any SPT reactivity to
cow milk, egg or peanut underwent open food
challenges (2).
We identified 37 infants who had never

directly been exposed to cow milk, egg or
peanut, but who reacted one of these food
items on challenge before 2 yr of age. In these
patients, SPT at 6 months were often below
our recently defined age-specific 100%-diag-
nostic cut-off (2), but SPT weal diameters
reached the diagnostic cut-off at the time of
challenge in the second year of life. As
expected, some, but not all children with
levels below the ‘100% diagnostic level’ reac-
ted on challenge. However, all children above
that level had a positive challenge. Fig. 2a,b
shows the SPT weal diameter to egg and
peanut at 6 months of age, and at the time of
challenge in the second year of life. SPT levels
to egg (p ¼ 0.0004) and peanut (p ¼ 0.01)
were significantly lower at 6 months of age
than at the time of challenge about 12 months
later.
At 6 months of age, 13 of the infants had a

negative SPT (0 mm) to egg, but 12 months
later, at the time of open challenge, 10 of these
infants had developed positive SPT (‡5 mm)
above the diagnostic SPT threshold. Similarly,
of six infants who were SPT-negative (0 mm) to
peanut at 6 months, four had developed positive
SPT of ‡4 mm at the time of challenge
12 months later (Fig. 2a,b). All of these children
with an SPT above the age-specific diagnostic
cut-off level subsequently reacted to open chal-
lenge with egg and peanut. All but one of the
children had never had egg or peanut during
this period (one had accidental exposure to
egg at 7 months of age that elicited perioral
erythema). Thus, negative skin tests to these
foods in early infancy do not preclude the
subsequent development of IgE hypersensitivity
in later childhood.

Fig. 1. (a) The outcome of cow milk challenge and cow milk
skin test weal diameter (mm). The solid bars represent the
subgroup of children 0–2 yr. Reproduced with permission
from Sporik et al. (2). (b) The outcome of egg challenge in
egg skin test weal diameter (mm). The solid bars represent
the subgroup of children 0–2 yr. Reproduced with permis-
sion from Sporik et al. (2). (c) The outcome of peanut
challenge and peanut skin test weal diameter (mm). The
solid bars represent the subgroup of children 0–2 yr.
Reproduced with permission from Sporik et al. (2).

Diagnostic value of skin prick test

437



Prospective validation of 100%-diagnostic SPT levels in
children £ 2 yr of age

We prospectively validated the diagnostic accu-
racy of the age-specific SPT cut-off levels in 90
consecutive infants £ 2 yr of age with IgE-
mediated allergy to cow milk, egg or peanut
(Table 3). All infants had presented with a
convincing history of immediate-onset urticaria
or angioedema after ingestion of small amounts
of allergen. SPT were performed in all infants
within a mean of 1.5 ± 0.1 months after the
initial allergic reaction. SPT diameters (median,
95% CI: minimum, maximum) for each food
item are summarized in Table 3. None of the
infants presented with SPT diameters below the
published diagnostic cut-off levels (2), suggesting
that all infants would have been correctly diag-
nosed as allergic to cow milk, egg or peanut.

Comparison of in vitro and in vivo tests in young
children with food allergy

As mentioned above, SPT appeared more sensi-
tive than RAST in identifying children with food
allergy (11). In that study, we explored the
agreement between CAP-RAST levels with the
95%-PPV CAP, as defined by Sampson and Ho

(3), and the ‘100%-diagnostic’ SPT levels formilk,
egg and peanut in young children with suspected
food allergy. We studied 820 children, median age
13.1 months (range: 0.7–24 months; 531 male),
who had presented with suspected allergy to cow
milk, egg and/or peanut. The clinical features
attributed to food allergy were similar to patients
in our previous studies. SPT were performed and
blood samples taken on the day of the initial
assessment. In Table 4, the frequency of IgE food
allergy identified by the ‘100%-diagnostic SPT’
and the 95%-PPV CAP is shown.
From the data presented in Table 4, McNe-

mar’s test showed a significant difference between
the 100%-diagnostic SPT levels and 95%-PPV
CAP in diagnosing food allergy to egg
(p < 10)6) and peanut (p < 10)6), but not to
cow milk (p > 0.05). Children (23.2%) with IgE
food allergy were identified by the ‘100%-diag-
nostic SPT’ but not by 95%-PPV CAP. On the
contrary, only 3.6% of the patients were identi-
fied by 95%-PPV CAP but not by SPT. These
results suggest that the use of the ‘100%-
diagnostic SPT’ levels, compared with in vitro
measurement of lgE antibodies to cow milk, egg
and peanut, reduce the need for food challenges
in young children with suspected food allergy.

Table 2. Diagnostic accuracy of age-specific skin prick weal diameters in children under 2 yr of age (2)

Food item Weal diameter (mm) Sensitivity Specificity Positive predictive value Negative predictive value

Cow milk 0 0.30 0.15 0.17 0.26
‡3 0.58 0.91 0.79 0.78
‡6 0.20 1.00 1.00 0.68

Egg 0 0.17 0.38 0.50 0.11
‡3 0.79 0.75 0.92 0.50
‡5 0.62 1.00 1.00 0.42

Peanut 0 0.00 0.33 0.00 0.06
‡3 1.00 0.67 0.94 1.00
‡4 0.93 1.00 1.00 0.75

Table 1. Diagnostic accuracy of age-specific skin prick weal diameters in children aged 2 yr and above (2)

Food item Weal diameter (mm) Sensitivity Specificity Positive predictive value Negative predictive value

Cow milk 0 0.11 0.36 0.15 0.28
‡3 0.79 0.73 0.75 0.77
‡6 0.49 0.95 0.91 0.64
‡8 0.30 1.00 1.00 0.58

Egg 0 0.05 0.83 0.60 0.14
‡3 0.87 0.67 0.93 0.50
‡6 0.68 0.92 0.98 0.35
‡7 0.52 1.00 1.00 0.29

Peanut 0 0.04 0.50 0.18 0.15
‡3 0.95 0.72 0.91 0.81
‡6 0.78 0.94 0.98 0.59
‡8 0.51 1.00 1.00 0.40
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A major limitation of comparisons between
positive SPT and CAP cut-off values were
performed between children from different age
groups. The median age of our patients in our
study was 13 months, whereas patients in the

cohort of Sampson and Ho (3) were up to 16 yr
of age (median age 5.2 yr). Two more recent
Spanish studies have defined 95%-PPV CAP for
cow milk and egg in infants and young children
(18, 19). In a study of children under 2 yr of age
with egg allergy, Boyano-Martı́nez et al. (18)
found that CAP levels ‡0.35 kUA/l were diag-
nostic of egg allergy; these diagnostic levels were
lower than the 95%-PPV CAP level of 6 kUA/l
found by Sampson and Ho (3). In addition,
Garcı́a-Ara et al. (19) found a 95%-PPV CAP of
5 kUA/l for cow in infants with challenge-proven
CMA, which was again lower than the cut-off
level of 32 kUA/l defined by Sampson and Ho
(3).
In the light of the Spanish studies (18, 19), we

have re-examined some of our early data
comparing the ‘100%-diagnostic SPT’ weal
diameters for cow milk and egg allergy with
the 95%-PPV CAP from the Spanish cohorts
(Table 5). Generally, there was good agreement
between both parameters, but as shown in
Table 5, disagreement was noted in 16.6% of
cases for cow milk, and in 8.0% for egg.
Further, prospective studies are required to
re-evaluate these findings.

Limitations of '100%-diagnostic SPT' in the diagnosis of
IgE food allergy

Use of the ‘100% diagnostic SPT’ cut-off levels,
i.e. levels representing 100% specificity, has the
advantage of making an accurate diagnosis of
food allergy without subjecting children to inap-
propriate dietary restriction. However, it does
have the disadvantage of increasing the need for
formal food challenge in order to determine the
status of children who fell below the diagnostic
cut-off. Our cut-off values were derived from a
referred population with a suspected diagnosis of
food allergy or from an atopy-prone birth cohort
(MACS). These cut-off levels have not been
validated on a population-based sample of unse-
lected children. As the level of an SPT is affected
by a number of factors, including the potency of
the extract being used (20), the method by which
the SPT is performed, the intrinsic skin reactiv-
ity, the age of the child and variations in
technique (13), it will be essential for individual
centres to develop their own in vivo and in vitro
markers of food allergy in relation to the
outcome of food challenges.

Concluding remarks

Our studies have demonstrated that SPT is a
useful tool in the diagnosis of food allergy. Using

Table 3. Skin prick test (SPT) results in 90 children <2 yr of age with food
allergic reactions (18)

Cow milk Egg Peanut

Number of infants 27 30 33
Mean age at first reaction (months, s.d.) 10.7 (4.6) 11.5 (2.4) 12.6 (4.4)
Mean age at SPT (months, s.d.) 11.9 (4.4) 13.1 (2.8) 14.3 (4.3)
Median weal diameter (mm, 95% CI) 6.0 (6–8) 8.0 (6–13) 7.0 (5–13)
Minimum weal diameter (mm) 6.0 5.0 4.0
Maximum weal diameter (mm) 12.0 22.0 17.0

CI, confidence interval.
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Fig. 2. (a) Skin prick test weal diameter at 6 months and at
the time of egg challenge in 29 children under 2 yr of age not
previously exposed to egg. (b) Skin prick test weal diameter
at 6 months and at the time of peanut challenge in 14
children under 2 yr of age not previously exposed to peanut.
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‘100%-diagnostic SPT’ cut-off values, a propor-
tion of children with symptoms of food allergy
do not need to be challenged, which reduces costs
and hazards. In our early studies, SPT appeared
to be more sensitive than food-specific serum lgE
antibody testing in the diagnosis of food allergy.
However, when age-specific cut-offs were devel-
oped, this difference was less significant. Based
on these findings, the indications for food chal-
lenges in our unit have changed. If on initial
assessment the SPT to cow milk, egg or peanut
exceeds the ‘100%-diagnostic’ cut-off, the child is
considered allergic and will not undergo food
challenge at that time. Children are re-evaluated
annually and challenged according to the SPT
results. Children with adverse reactions to other
foods (such as soy and wheat) where the predic-
tive SPT values have not been established, may
still require food challenges. Further studies are
required to define the diagnostic CAP and SPT
cut-off levels for common food allergens in
infants and young children.
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