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Introduction

Summary

Cut-off values for both skin prick tests (SPT) and specific IgE (sigE) levels for predicting
cow'’s milk allergy (CMA) diagnosis are not universally defined. This study is a retro-
spective analysis of consecutive children (0-18 years-old) with suspected CMA tested
with SPT and sIgE for cow’s milk (CM) and its fractions between 2016-2017. CMA
diagnosis was defined by a positive oral food challenge or a highly suggestive clinical
history of CMA and SPT and/or sIgE positive to CM and/or its fractions. One hundred
and five patients were included, 58% males with a median age of 2.5 (P25-P75:1-6)
years and the diagnosis was confirmed in 83 patients (79%). The variables associated
with CMA diagnosis were SPT with CM (p<0,05) and casein (p<0,05) and all slgF
to CM and its fractions (a-Lactalbumin, 3-Lactoglobulin and casein; p<0,05 for all).
Optimal cut-off points (Youden’s index) for CMA diagnosis were 4.5mm for the mean
wheal diameter to Cow’s milk and 3mm to casein. For slgE levels the optimal cut-off
points were: were: CM 4.36 KUA/L , alfa-lactalmunin 1.6 KUA/L, b-lactoglobulin
1.7 KUA/L and casein 2.6KUA/L. The role of SPT and sIgE levels to cow’s milk and
its fractions is unequivocal in CMA follow-up. Moreover, sigE levels seem to be more
discriminatory than SPT.

with CMA, dairy exclusion with replacement with dietary alter-
natives is indicated, for maintaining adequate nutrition, growth

Cow’s milk allergy (CMA) affects 1 to 3% of children and is one
of the most common food allergies in pediatric age (1,2). CMA
is classified according to the immunological reaction to milk
proteins as IgE mediated or non-IgE-mediated, although a com-
bination of both reactions may occur (1,3). The most common
reactions are IgE-mediated, which are immediate, appearing
within minutes to up to two hours after ingestion of cow’s milk,
and may affect one or more organs including systemic reactions
as anaphylaxis (1,3). The delayed reactions are typically non-IgE
mediated, occurring several hours after cow’s milk ingestion and
affect mainly the gastrointestinal system (3-5). Cow’s milk con-
tains several potentially sensitizing proteins, which are found in
the whey and casein fractions, including a-lactoalbumin, 3-lac-
toglobulin and casein allergens (5). When a patient is diagnosed

and development. Strict avoidance of cow’s milk has a negative
influence on the quality of life of these patients and families (6-
8). The diagnosis of IgE-mediated CMA is based on a detailed
clinical history, sIgE levels and/or SPT to whole milk and the
main sensitizing proteins, a-lactalbumin, B-lactoglobulin and
casein, followed by oral food challenge (OFC), which is the di-
agnostic gold standard. In the literature there are several studies
that try to estimate the accuracy of SPT and sIgE levels for pre-
dicting the result of the OFC, in order to decrease the risk of a
positive OFC (9,10). At this moment, there are no universally
defined cut-off values, due to a lack of reproducibility in differ-
ent populations (9,11-15).

The aim of this study was to estimate the accuracy of sIgE levels
and SPT to cow’s milk and its fractions in CMA diagnosis.
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Materials and methods
Study population and design

Retrospective analysis of the clinical records of children (0-18
years-old) with suspected CMA, followed at the Immunoallergy
Department, who were tested to cow’s milk proteins (whole milk
protein, o-lactoalbumin, fB-lactoglobulin and casein) between
2016-2017. In this analysis, we included consecutive patients
with SPT and sIgEs performed within 6 months previous to the
OFC. Patients that did not perform OFC but had a highly sug-
gestive clinical history of CMA (more than one allergic episode
upon cow’s milk protein ingestion in the previous 6 months
with at least one positive SPT and/or positive sIgE) were also
included. Patients with non-IgE mediated CMA were excluded.
Demographic data, clinical manifestations and diagnostic pro-
cedures were evaluated. The diagnosis of CMA was considered
when OFC was positive or there was a suggestive clinical history
with the criteria defined above.

Skin prick tests and specific IgE assessment

Skin prick tests were performed in all patients with whole cow’s
milk extract (5 mg/mL), a-lactoalbumin (5 mg/mL,) 3-lactoglob-
ulin (1 mg/mL), and casein (10 mg/mL), from Bial Aristegui®.
Histamine (10 mg/mL, ALK-Abell6®) was used as a positive con-
trol and glycerosaline was used as a negative control. SPT were
evaluated 15 minutes after testing. The appearance of a wheal
with a mean diameter > 3 mm was considered positive (16). The
levels of specific IgE antibodies to whole cow’s milk, a-lactoal-
bumin, [-lactoglobulin and casein were determined using the
ImmunoCAP® method (Thermo Fisher Scientific®, Uppsala,
Sweden). A result of > 0.35 kUA/L was considered positive (16).

Oral food challenges

Oral food challenges (OFC) were performed in the Allergy Unit
of the Hospital with increasing doses of cow’s milk, given at
regular intervals according to the standard protocol of the Unit
(236 mL of milk divided in 7 incremental doses every 15-30
minutes). All the OFC were performed with an open protocol
just as routine clinical practice. Informed consent was previous-
ly obtained from the parents. All patients remained for, at least,
2 hours under observation after the last milk dose intake, before
being discharged. If a clinical reaction appeared, the challenge
was discontinued and treatment was provided and the test was
considered positive.

Statistical analysis

Statistical analyses were conducted using IBM SPSS for Mac
version 20.0 (SPSS, Chicago, IL, USA) and MedCalc 14.10.2

(MedCalc Software bvba, Ostend, Belgium). Continuous vari-
ables were expressed as mean + standard deviation, median
(25th to 75th percentiles) and categorical variables were ex-
pressed as counts (percentages). The relationship between sen-
sitivity and specificity and the optimal decision points for sIgE
and SPTs were determined by analysis with the receiver-operat-
ing characteristic (ROC) curve. Correlation between the SPT
wheal diameters and sIgE levels was evaluated with Pearson’s
correlation coefficient. The Yates and Fisher chi-squared test
was used for comparison between groups. The Mann-Whitney
non-parametric test was used to compare continuous variables
of the two groups. The relationship between SPT or sIgE and
food challenge outcome was analysed using logistic regression.
Youden’s index (17) was used to calculate the optimal cut-offs
for the considered variables associated with CMA diagnosis. An
alternative cut-off was also calculated for maximization of the
specificity (specificity=100%). The level of significance o = 0.05
was considered.

Results

In this analysis, we included 105 patients, 61 (58%) males. The
median age of the children evaluated was 2.5 years (P25-P75:
1-6 years). The group with confirmed allergy consisted of 83
patients (79%) and the control group (allergy excluded) of
22 (21%). In the group of patients with confirmed allergy, 37
(45%) were included for having had positive oral food chal-
lenge and the remaining (46, 55%) due to a strongly suggestive
clinical history of CMA. Among the patients with confirmed
allergy, 57% had a previous history of anaphylaxis, 87% had cu-
taneous manifestations (hyperemia, urticaria and angioedema),
54% gastrointestinal (vomiting, diarrhea) and 13% respiratory
symptoms (rhinorrhea, sneezing, laryngeal stridor, hoarseness,
coughing, dyspnea).

The main characteristics of the patients with confirmed allergy
and the patients with excluded allergy regarding age, gender,
SPT and sIgE are shown in table I.

The associations between the evaluated variables and the CMA
diagnosis are shown in table II.

The associations between the SPTs and the sIgE to milk and
milk fractions were: cow’s milk rho=0.234 (p=0.023); o-lact-
albumin rho=0.372 (p<0.0001); B-lactoglobulin rho=0.349
(p=0.001); Casein rho=0.489 (p<0.0001).

The ROC curves constructed from the ratio between sensitivity
and specificity of SPTs and sIgE levels are shown in figure 1.
Using Youden’s index, only taking into consideration the vari-
ables with a statistically significant association to CMA diagno-
sis, the optimal cut-off points, description of the sensitivity (S),
specificity (Sp), positive predictive value (PPV) and negative
predictive values (NPV) for mean wheal diameters in SPTs and
sIgE levels are presented in table III.
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Table I - Main characteristics of the patients with excluded and confirmed cow’s milk allergy.

Excluded allergy (n=22) Confirmed allergy (n=83) p-value
Male gender (%) 54.50 59.00 0.809
Age (Median; P25-P75) 2.00 (0.90-3.00) 3.00 (0.92-3.00) 0.126
Skin prick tests (mean wheal diameter in millimetres); median (P25:P75)
Cow’s milk extract 4.00 (0.00-6.00) 7.00 (5.00-10.00) 0.013
a-Lactalbumin 9.50 (6.00-11.00) 8.80 (6.50-12.10) 0.537
[-Lactoglobulin 6.00 (0.00-7.50) 7.00 (4.50-10.00) 0.136
Casein 3.00 (0.00-6.00) 7.30 (5.00-10.30) 0.001
Cow’s milk extract 0.66 (0.28-3.24) 11.40 (2.90-25.60) <0.0001
a-Lactalbumin 0.56 (0.16-1.31) 1.86 (0.69-11.80) 0.002
[-Lactoglobulin 0.23 (0.06-1.06) 1.89 (0.43-9.02) <0.0001
Casein 0.30 (0.03-1.34) 6.01 (0.99-14.00) <0.0001

Specific IgE levels (kUA/L); median (P25:P75).

Table II - Associations between the evaluated variables and cow’s
milk allergy diagnosis.

Odds-ratio (CI 95%) p-value
Male gender 1.201 (0.466-3.094) 0.704
Age 1.127 (0.974-1.304) 0.114
Skin prick tests
Cow’s milk 1.242 (1.041-1.481) 0.017
o-Lactalbumin 1.034 (0.935-1.144) 0.513
[-Lactoglobulin 1.133 (0.979-1.311) 0.090
Casein 1.280 (1.085-1.510) 0.003
Specific IgE levels
Cow’s milk 1.393 (1.137-1.707) <0.001
a-Lactalbumin 1.264 (0.995-1.606) 0.049
[-Lactoglobulin 2.142 (1.176-3.898) 0.012
Casein 1.712 (1.166-2.514) 0.006

Table 111 - Sensitivity (S), specificity (Sp), positive predictive value
(PPV) and negative predictive value (NPV) for mean wheal diam-
eters in SPT and sIgE levels.

SPT cut-offs by Sensitivity Specificity PPV

P 0,
Youden’s index (%) (%) (%) NPV (%)
Cow’s milk extract 0 o 0 0
(>4.50 mm) 77% 60% 93% 38%
Casein (>3.00mm) 92% 60% 31% 13%
sIgE cut-offs by Youden’s index
Cow’s milk extract
0 0 0 0
(>4.36 KUA/L) 71% 95% 100% 30%
a-Lactalbumin o o o
20
(>1.60 KUA/L) 55% 86% 100% 52%
[-Lactoglobulin 0 0 0 )
(>1.70 KUA/L) 58% 95% 100% 44%
Casein o N o .
(>2.60 KUA/L) 64% 95% 100% 37%

CI 95%: Confidence-interval.

Using alternative cut-offs for maximization of the specificity,
only taking into consideration the variables with a statistically
significant association to CMA diagnosis, the optimal cut-off
points for the mean wheal diameter to cow’s milk was 12.5 mm
and casein 20mm. For sIgE, also using maximum specificity cri-
teria, the optimal cut-off points for cow’s milk extract was of 8.2
kUA/L, a-Lactalbumin of 8.6 kUA/L, B-Lactoglobulin of 3.1
kUA/L and casein of 4.2 kUA/L.

sIgE specific IgE; SPT: skin prick tests.

Discussion

We investigated the accuracy of sIgE levels and SPT mean wheal
diameters in the management of children with CMA diagno-
sis. In our sample, children’s age distribution was similar to the
published data about CMA, suggesting that most of patients
achieve tolerance within 3 to 4 years (5). Age was not associated

with CMA diagnosis and this may be influenced by the fact that
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Figure 1 - ROC curves to obtain optimum levels of mean wheal diameter of SPT (a) and sIgE levels (b).
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patients followed in our Department are high-risk patients with
decreased chances of spontaneous CMA outgrow.

From the evaluated variables analysed, the ones that had a sta-
tistically significant association with CMA diagnosis were the
SPT with cow’s milk and casein and all the sIgE to cow’s milk
and its fractions. In the evaluated patients, and consistently
with available literature, allergic patients had higher levels of
sIgE to cow’s milk and its fractions although the differences
where less notorious on SPT (10).

Comparing the optimal cut-offs for sIgE found in our study
with available literature they were similar when using Youden’s
index criteria (Franco et al. (10); milk: 5.17 kUA/L; a-Lact-
albumin: 0.95 kUA/L; B-Lactoglobulin: 0.82 kUA/L; casein:
0.72 kUA/L) but inferior when considering the maximum
specificity (Franco et al. (10); milk: 77.7 kUA/L; a-Lactalbu-
min: 20.7 kUA/L; B-Lactoglobulin: 50.8 kUA/L; casein: 15.9
kUA/L). Recent systematic reviews have reported the hetero-
geneity in these cut-offs (9) and our study adds more data to
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clarify his question. A previous study conducted in our Hospital
(18) also found different cut-offs for sIgE levels to cow’s milk
extract using Youden’s index (sIgE milk cut-off: 2.15 kUA/L)
and maximum specificity criteria (sIgE milk cut-off: 25 kUA/L)
but a different methodology was used in patient inclusion as
only were included patients that performed OFC (18).

The optimal cut-offs for SPT found in our study compared with
available literature were similar when using Youden’s index cri-
teria (Franco et al. (10); milk: 3.5 mm; casein: 3.0 mm) but
superior when considering the maximum specificity (Franco et
al. (10); milk: 5.0 mm; casein: 10.0 mm).

Our study has some limitations, as not all patients performed
OFC to confirm CMA. Nevertheless, with the methodology
used, this analysis reflects routine clinical practice, with OFC
protocols and postponement of OFC when clinical history is
highly suggestive of active CMA. Another potentially limitation
is that the accuracy found for SPT and sIgE levels may only
apply to patients in a tertiary allergy unit and with a higher risk
of having severe manifestations. We may speculate that these
results may not be applicable to other clinical settings. Never-
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