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Summary

Oral food challenge (OFC) is still considered the gold standard for diagnosis of food allergy
(FA). Skin prick test (SPT) and specific IgE (sIgE) tests are very useful but limited in their pre-
dictive accuracy. End point test (EPT) has been recently considered to determine the starting
dose to induce oral desensitization. Allergometric tests combined may discriminate children
at higher risk of reactions during OFC. We considered 94 children referred to our Allergy
and Immunology Pediatric Department between January 2009 and December 2011 with
CMA. Cutaneous allergometric skin tests (SPT and EPT) were periodically performed on all
94 children with CMA; sIgE levels against cows milk proteins (CMP) a-lactalbumin, (¢-lac-
toglobulin and casein were periodically evaluated through blood samples every 6-12 montbs.
During the period of the study, 26/94 (27.6%) children underwent more than once OFC.
We collected 135 OFC compared with clinical presentation: 49/135 (36.2%) OFC were
performed shortly after the onset of symptoms directly related to spontaneous intake of milk, to
confirm suspicion of FA; 86/135 (63.7%) OFC were performed to evaluate the acquisition
of tolerance. Of these, 52/86 (60.4%) OFC resulted positive, 34/86 (39.5%) were negative.
The 3D EPT has the best ratio sensitivity (SE) / positive predictive value (PPV), SE 83%,
specificity (SP) 58.3%, PPV 89.3%, negative predictive value (NPV) 45.1%. EPT 6D and
7D have the best PPV (100%) with a low NPV (respectively 22.2% and 21.2%). We 0b-
tained that a mean fresh milk wheal diameter = 12 mm was predictive of 97% OFC, but
only 32/101 (31.6%) allergic children presented this value. The tests with a wheal diameter <
5 were performed on younger children, all of which were less than 9 months old; only 5 other
tests performed on less than 9 months olds resulted in the others subgroups (1 in = 12 mm
wheal and 4 in the group between 6-11 mm).

We also found that 95% of children with 4D EPT wheal diameter < 6 mm resulted tolerant.
This cut off could be useful to decide which children have a lower risk of reactions during the
OFC. EPT is more useful than SPT especially for children < 1 year of age being a less operator
dependent test, and it could be helpful to discriminate between children with the highest risk
to develop anaphylaxis following an OFC (= 5D positive EPT) and children with lowest risk
(> 2D positive EPT), but it can’t replace OFC, that currently remains the gold standard in
the diagnosis of FA. We also underline that in allergic children younger than 9 months old,
the values of SPT with fresh milk is much lower than in older children, so that its better to
separate this group of age when we try to predict the evolution of OFC through the evaluation
with EPT. A validation of such results in a prospective study could maybe be useful to confirm
the outcome of our data in the predictivity of OFC.
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Introduction

The oral food challenge (OFC) is still considered the gold
standard for diagnosis of food allergy (FA). Cow’s milk aller-
gy (CMA) is the most frequent FA in infants, affecting 2-3%
of children under 1 year of age. OFC confirms the suspicion
of CMA, it helps monitoring the resolution of CMA and it
evaluates the necessity of dietary restriction (1-7). However,
OFC is not without risks; in a recent study, about 28% of these
tests resulted in systemic and potentially life-threatening reac-
tions (4). The high prevalence of FA in children increased de-
mand for OFC, and this has created a need to identify those
patients with the highest risk to develop anaphylaxis following
an OFC. Hence, easy-to-follow parameters that could predict
severe reaction to the OFC must be determined to better assess
the risk-benefit ratio for each patient undergoing OFC. Previ-
ous studies examined the relationship between skin-prick tests
(SPT) or specific serum immunoglobulin E levels (sIgE) and
the outcome of OFC (5-14). Many Authors (10-12) tried, for
instance, to correlate SPT wheal diameters with CM to the out-
come of OFC, obtaining different cut off values; in particular,
Sporik et al. (10) defined a cut off (> 8 mm), and sensitivity was
not high enough to prevent allergic reactions during the OFC in
allergic children, and moreover wheal diameters measurement
in SPT were influenced by the operator. Furthermore, Calvani
et al. (11) evaluated the validity of SPT by taking different cut
off points for fresh milk and CMP. Using logistic regression,
they defined the wheal size diameter predictive of a 95% posi-
tive OFC for fresh milk (15 mm) lactalbumin (9 mm), casein
(9 mm) and lactoglobulin (10 mm). Verstege et al. (12) calcu-
lated that for fresh milk a wheal diameter of 12.5 and 17.3 mm
was respectively predictive of 95% and 99% of positive OFC.
They were able to define cut off levels for CM by using the SPT,
which was not possible using the sIgE. SPT has high sensitivity,
but its specificity is rather low so, alone, it is not sufficient to
predict the outcome of the OFC.

So far, sIgE and SPT have not been found useful for predict-
ing severe reaction when used in isolation. Correlations be-
tween milk proteins sIgE levels and the outcome of OFC can
be found in many papers (13-17). Anyway, the parameters to
predict the challenge outcome vary by children age, by prote-
ic fractions considered and by measuring methodics. In some
studies, the age of children seems to be correlated with IgE and
SPT cut off levels, particularly for food challenges with egg
and milk, with lower cut off levels in infants under 2 years of
age (15,16). In a recent study, Wulfert et al. (17) found that
CMP sIgE values, in particular sIgE against casein and (3-lac-
toglobulin, could be able to make a discrimination between al-
lergic and non allergic children, without identifying a cut off.
Furthermore, they found a direct correlation between sIgE val-
ues and age of tolerance, in particular children that acquired

milk tolerance at a later age had higher levels of casein or cow’s
milk sIgE. Another cutaneous test, the end point test (EPT),
has been recently considered in FA diagnosis (18-20). Mori
et al. (19) have used EPT to determine the starting dose of
oral desensitization in allergic children. In our previous study
(20), we demonstrated that EPT represents a cheap, economic
and useful test, and that it could provide a good prediction
of the outcome of OFC. This study is a continuation of the
previous one, to assess if increasing the number of subjects and
combining the different tests (SPT, sIgE, EPT) improves the
performance in the prediction of the outcome of OFC.

Material and Methods

Subjects in the study

We considered 94 children referred to our Allergy and Immu-
nology Pediatric Department between January 2009 and De-
cember 2011 with CMA. Of these, 44 patients were involved
in our previous study. During the period of the study, 26/94
(27.6%) underwent more than once an open OFC. This retro-
spective study was approved in July 2012 by the Ethical Com-
mittee of University Hospital S. Orsola-Malpighi of Bologna.
The mean age at diagnosis of 94 children with CMA was 6
months (4-12 months).

Inclusion criteria

* Specific symptoms after ingestion or contact with milk and
/ or derivatives: respiratory symptoms (rhinitis, broncho-
spasm), gastrointestinal (vomiting, diarrhea), skin (hives,
eczema exacerbation), generalized (anaphylaxis).

* SPT and sIgE positive for CMP (a-lactalbumin, -lactoglo-
bulin and casein).

Exclusion criteria

* Subjects with systemic and chronic diseases (different from al-
lergic diseases) and with other physical or mental retardation,
neurological abnormalities, thoracic surgery, tuberculosis.

* Datients with severe medical conditions that, in the opinion
of the investigator, contraindicate the patient’s participation
in the study.

Plan

All 94 children with CMA were periodically performed to
cutaneous allergometric skin tests (SPT and EPT); sIgE lev-
els against CMP (a-lactalbumin, 8-lactoglobulin and casein)
were periodically evaluated through blood samples every 6-12
months. EPT were performed on the same day of SPT by the
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same investigator on the volar surface of the forearm. The in-
vestigator was not blind and the outcome of OFC was known.

Skin Prick Test

In all 94 children SPT was performed with fresh cow’s milk and
commercial milk extract (Lofarma, Italy). The positive control
was carried out with a histamine standard (1 mg/ml) and the
negative control with a glycerosaline solution. A wheal reaction
= 3 mm was required for positivity.

End Point Test

EPT consists of seven progressive dilutions of fresh cow’s milk
(30 mg/ml) with saline solution (1D: 1/10 = 3 mg/ml, 2D: 1/100
=0.3 mg/ml, 3D: 1/1.000 = 0.03 mg/ml, 4D: 1/10.000 = 0.003
mg/ml, 5D: 1/100.000 = 0.0003 mg/ml, 6D: 1/1.000.000 =
0.00003 mg/ml, 7D: 1/10.000.000 = 0.000003 mg/ml) in 10
ml plastic tubes. For the dilution 1:10 we added 9 ml of saline
solution to 1 ml of fresh milk. To obtain the dilution 1:100 we
added 9 ml of saline solution to 1 ml drawn out from the 1:10
dilution and so on. In data analysis we considered wheal diame-
ters start from 2 mm in EPT.

Specific IgE

The determination of cow’s milk sIgE was performed by Immu-
noCAP™ (Thermo Fisher, Sweden). Values greater than 0.35
kUa/L were considered as positive.

Oral Food Challenge

We started the challenge with 1 drop of cow’s milk, then we
progressively increased every 20 minutes the amount of milk
administered according to this scheme: 1 ml, 5 ml, 10 ml, 20
ml, 40 ml, 50 ml, 100 ml. OFC was considered positive and
stopped in the presence of a clear and objective clinical reac-
tion (visible, measurable or even better quantifiable clinical
symptoms) especially if occurred in a short time after inges-
tion. In presence of vomiting, cramping, abdominal pain, di-
arrhoea, generalized urticaria, cough with bronchospasm after
ingestion of food, OFC was stopped. The occurrence of sub-
jective symptoms like itching in the mouth or mild local urti-
caria around the mouth was followed by the next dose of food
(21). The severity of clinical symptoms was graded following
a five-level grading system for food-induced anaphylaxis (22).
After the last dose, children without reactions were observed
for 2 hrs. During OFC, children were completely free from
any treatment with antihistamines. Children that did not ex-
perienced clinical reactions during the challenge were defined
tolerant, whereas those who presented clinical reactions were

defined allergic. On the basis of the outcome of the OFC, al-
lergic patients maintained an exclusion diet, contrarily to tol-
erant patients who were allowed to include milk in their diet.

Statistical analysis

Statistical analysis was performed by means of SPSS 15 for Win-
dows, SPSS Inc., Chicago, Ill. Student’s t-test was used for the
comparison of mean values. Probability values of less than 0.05
were considered as statistically significant. Two by two tables
were used to calculate sensitivity (SE), specificity (SP), positive
predictive value (PPV) and negative predictive value (NPV). SE
was defined as the proportion of true positives detected, speci-
ficity as the proportion of true negatives detected. PPV describes
the proportion of the true positives among the apparent posi-
tives, while NPV shows the proportion of true negatives among
apparent negatives. Candlestick charts were used to compare the
same parameters in different groups of patients. The Geomet-
ric Mean of sIgE levels was calculated considering the average
of the logarithmic values converted back to a base 10 number.
Quadratic discriminant analysis was used to calculate the best
parameters. Quadratic discriminant analysis was used for the
classification of a sample as Positive or Negative. A Leave-One-
Out cross-validation method was applied onto the dataset for
testing the classification performance: all samples but one were
used for training the method, which was eventually applied to
the left sample for classification. The overall performance of the
test was obtained by looping this procedure over all the sam-
ples. The optimal signature for classification was obtained by
considering all the couples of parameters, and selecting the best
performing combination of these couples.

Results

We have collected 135 OFC compared with clinical presenta-
tion: 49/135 (36.2%) OFC were performed shortly after the
onset of symptoms directly related to the spontaneous intake of
milk, to confirm suspicion of FA; 86/135 (63.7%) OFC were
performed to evaluate the acquisition of tolerance. Of these,
52/86 (60.4%) OFC resulted positive because children showed
clinical reactions, 34/86 (39.5%) were negative. Comparing
the mean wheal diameter of every EPT’s dilution between the
group that presented allergic symptoms after intake of milk
or derivates and the group without symptoms, we obtained a
significant difference (p < 0.05) for the first 3 dilutions (table
1). No significant differences with commercial extract between
two groups were found. Furthermore, we calculated accuracy of
EPT and we obtained that 3D has the best ratio SE/PPV (SE
83%, SP 58.3%, PPV 89.3%, NPP 45.1%), EPT 6D and 7D
have the best PPV (100%) with a low NPV (respectively 22.2%
and 21.2%) (table 2).
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Table 1 - Mean wheal diameter (mm) of EPT ar different dilutions (Ist dilution = 1:10 [1D], 2nd dilution = 1:100 [2D]...).
Comparison between EPT performed in presence of allergic symptoms (n. 101) or in absence of allergic symptoms (n. 34).

EPT performed in presence of allergic EPT performed in absence of allergic
symptoms (101) symptoms (34)

Fresh milk' 9.3 mm 5.1 mm
1D (1:10)! 7.1 mm 3.5 mm
2D (1:100)? 5.6 mm 2.8 mm
3D (1:1000)? 4.5 mm 2.8 mm
4D (1:10000) 3.4 mm 2.2 mm
5D (1:100000) 2.7 mm 2 mm

6D (1:1000000) 2.4 mm 0 mm

7D (1:10000000) 2 mm 0 mm

'p =0.03,%p = 0.04

Table 2 - End point test (EPT): sensitivity (SE), specificity (SP), positive predictive value (PPV) and negative predictive value (NPV) of
each dilution obtained by 101 tests performed in presence of allergic symptoms or in absence of allergic symptoms (34).

EPT SE sp PPV NPV
1D (1:10) 100% 4% 81.4% 100%
2D (1:100) 93% 20.8% 83.1% 41.6%
3D (1:1000) 83% 58.3% 89.3% 45.1%
4D (1:10000) 60% 79.1% 92.4% 32.2%
5D (1:100000) 36% 95.8% 97.2% 26.1%
6D (1:1000000) 17% 100% 100% 22.2%
7D (1:10000000) 12% 100% 100% 21.2%

Table 3 - The determination of sIgE was carried out or in presence of symptoms directly connected to intake of cow’s milk or to OFC:
comparison between OFC performed in presence or absence of allergic symptoms.

Determination of sIgE  Presence of symptoms directly connected to Absence of symptoms directly connected to
intake of cow’s milk or to OFC intake of cow’s milk or to OFC
geometric mean range geometric mean range
Casein' 18.6 kU/L (0.4-100 kU/L) 0.41 kU/L (0.35-13.4 kU/L)
a-lactoalbumin? 10.3 kU/L (0.35-100 kU/L) 0.36 kU/L (0.35-3.6 kU/L)
$-lactoglobulin® 5.4 kU/L (0.35-38.3 kU/L) 0.43 kU/L (0.35-11.1 kU/L)

'p = 0.003, %p = 0.004, °p = 0.005
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Table 4 - Percentage of positivity of the wheal at different dilutions of EPT (Ist dilution = 1:10 [1D], 2nd dilution = 1:100 [2D]...) of
cow’s milk, divided following the fresh milk wheal diameter (= 12 mm, 6-11mm, < 5mm). In 101 cases, EPT were performed before OFC,
strictly after the appearance of symptoms directly related to spontaneous intake of cows milk proteins. Mean age 5 yrs (range 3 mos-14 yrs).

=12 mm 6-11 mm <5 mm
(32/101) (55/101) (14/101)
Mean age: 8.7 yrs Mean age: 5.3 yrs Mean age: 5.2 mos

Mean wheal diameter: 14.2 mm Mean wheal diameter: 8.12 mm  Mean wheal diameter: 4.7 mm

(range: 13-20 mm) N (%) N (%)
N (%)

1D (1:10) 32 (100) 55 (100) 14 (100)
2D (1:100) 32 (100) 55 (100) 14 (100)
3D (1:1000) 32 (100) 49/55 (89) 11/14 (79)
4D (1:10000) 32 (100) 37155 (67) 2/14 (14)
5D (1:100000) 17/32 (53) 25/55 (45) 2/14 (14)
6D (1:1000000) 8/32 (25) 21/55 (38) 0

7D (1:10000000) 5/32 (16) 17/55 (31) 0

SIgE levels against milk’s proteins both in the group of allergic
reactions and in the group without symptoms have been report-
ed in table 3; it has to be emphasized that only two patients
with severe symptoms and a large SPT wheal presented very low
levels of sIgE against milk’s proteins (below 1.5 kU/L). Using
the discriminant analysis previously described, we also evaluated
the best parameter signature, a combination of STP with fresh
milk, 3D (1:1000) and 4D (1:10000) that increases the accu-
racy of this allergometric test (PPV 85.1%, NPV 61.8%). We
divided skin tests related to allergic symptoms according to fresh
milk wheal diameter in 3 groups (table 4). We obtained that
a mean fresh milk wheal diameter = 12 mm was predictive of
97% OFC, but only 32/101 (31.6%) allergic children present-
ed this value. EPT with a wheal diameter = 5 were performed
on younger children, all of which were less than 9 months of
age; only 5 other EPT performed on less than 9 months olds
resulted in the others subgroups (1 in = 12 mm of wheal and
4 in the group between 6-11 mm). Furthermore, we obtained
that 95% of children with 4D EPT wheal diameter < 6 mm
were tolerant. OFC remains the gold standard in the diagnosis
of FA, moreover this predictive test could discriminate with a
high precision those children with the highest risk to develop
anaphylaxis following an OFC.

Discussion

The OFC is currently the gold standard to diagnose FA but it
is still a risky test, it is also expensive, and there are no prac-
tical parameters neither clear guidelines to discriminate which

children should be tested and which shouldn’t. Many Authors
have tried to correlate cutaneous tests or sIgE levels with the
outcome of OFC without significant results. Calvani et al. (11)
evaluated the validity of SPT by taking different cut off points.
Using logistic regression they defined the wheal size diameter
predictive of a 95% positive OFC for fresh milk (15 mm) lac-
talbumin (9 mm), casein (9 mm) and lactoglobulin (10 mm).
Verstege et al. (12) calculated that fresh milk wheal diameters of
12.5 and 17.3 mm were respectively predictive of 95% and 99%
positive OFC. Our data show that only 31.6% tests showed a
wheal diameter = 12 mm, so that we need other tests in more
than 60% cases to have a good prediction. We tried to combine
the different allergologic tests to identify the best predictive of
FA. We have obtained that 3D has the better ratio between SE/
PPV (SE 83%, SP 58.3%, PPV 89.3%, NPV 45.1%); more-
over, by combining the different parameters with quadratic dis-
criminant analysis we obtained that fresh milk SPT, 3D and 4D
have the best parameters with a PPV of 85.1% and a NPV of
61.8%. The combination of these parameters slightly increases
the prediction of the OFC, because about 15% of tests is not
predictive of the outcome of OFC. A negative EPT to 3D shows
that 45.1% of negative children could present reactions during
OFC, this predictive value meaning lower than showed in our
previous study. Mori et al. (19) used EPT to determinate the
first dose for oral desensitization, considering the dilution im-
mediately below the positive as the starting dose for OFC. They
concluded that EPT allows to be more confident with each sin-
gle child, reducing the risk of reaction at the beginning. In our
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previous study (20) we found out that a positive 4D of EPT
could be the first step, after a positive SPT to cow’s milk to select
children who should not try OFC.

Furthermore, 6D and 7D have a PPV of 100%, with a NPV
respectively of 22.2% and 21.2%; these results could be useful
to select which children are at higher risk to develop anaphylaxis
during OFC. We also found that 95% of children with 4D EPT
wheal diameter < 6 mm resulted tolerant. This cut off could be
useful to decide which children could be undergone by OFC
with lower risk of reactions. sIgE against casein were significant-
ly higher in allergic children than in tolerant ones, but it was not
possible to define a cut off. EPT is a safe and cheap test, easily
performed without risk of adverse reactions. It could be a valid
approach to improve the use of the skin test in the diagnosis of
FA; EPT is more useful than SPT especially for children < 1
years age, because it is a less operator dependent test; it could be
helpful to discriminate between children with the highest risk to
develop anaphylaxis following an OFC (= 5 D positive EPT),
and those with lowest risk (> 2 D positive EPT) but this can’t
replace OFC, that currently remains the gold standard in the
diagnosis of FA. We also underline that in the allergic children
younger than 9 months old, the values of SPT with fresh milk
are much lower than in older children; so, that it’s better to
separate this group of age when we try to predict the evolution
of OFC through the evaluation with EPT. A validation of such
results in a prospective study may be useful to confirm the out-
come of our data on the predictivity of OFC.
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