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Cow’s milk allergy: Evaluating tolerance through skin-prick test
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INTRODUCTION

SUMMARY

Objective: To evaluate the wheal diameter in allergy skin-prick tests (SPT) with
cow’s milk extract (CM) comparing tolerant and persistent patients.

Method: A retrospective cohort study involving database analysis of children with
diagnosis of cow’s milk protein allergy (CMPA) mediated by immunoglobulin E in
a specialized outpatient clinic that regularly performed SPT between January 2000
and July 2015. Patients were allocated into two groups: tolerant or persistent. Com-
parisons were made at diagnosis and over time between tolerant and persistent pa-
tients using Fisher’s, Mann-Whitney or Wilcoxon tests and significance level at 5%.
Results: After applying inclusion and exclusion criteria, the sample includes 44
patients (29 tolerant and 15 who persisted with CMPA). In the tolerant group, the
medians of SPT were: 6 mm at diagnosis and 2 mm at the development of toler-
ance; a significant difference (p<0.0001) was found. In the persistent group, the
median SPT at diagnosis was 7 mm, while in the last SPT it was S mm, with no
statistical difference (p=0.173). The comparison of medians in the last SPT be-
tween groups was significant (p=0.001), with a reduction greater than 50% in SPT
in the tolerant group.

Conclusion: Serial SPTs were useful for diagnosis, and a decrease higher than 50%
in diameter can indicate the moment to perform oral food challenge (OFC) tests,
helping to detect tolerance in CMPA.

Keywords: food hypersensitivity, immediate hypersensitivity, hypersensitivity
to milk/diagnosis, immune tolerance, child, preschooler.

indicated, oral food challenge (OFC) tests with the sus-

The increased prevalence of food allergy (FA) is a reality
throughout the world, presenting more severe reactions
and resolution at a later age."” The natural history of cow’s
milk protein allergy (CMPA) described until the 2000s
showed that allergy would develop early, with resolution
in the first years of life.*® More recently, Skripak et al.! re-
ported in 2007 that 21% of the children with CMPA re-
mained allergic up to the age of 16 years.

Diagnosis of IgE-mediated CMPA is based on a com-
bination of compatible clinical history and specific IgE
testing to cow’s milk (CM), either by in vivo skin-prick
testing (SPT) and/or in vitro search for specific serum IgE
(ImmunoCAP®) to CM and its fractions. In addition, when

pected food should be conducted, which is considered
the gold standard for the diagnosis of FA.>!?

In a reference center for food allergy, Jacob et al.'! in
2009 showed that only 45% of patients were tolerant at
the age of 5 years. Risk factors associated with the per-
sistence of IgE-mediated CMPA were considered: pres-
ence of anaphylaxis, sensitization to other foods, high
concentration of total IgE and specific IgE to CM and ca-
sein with cutoff points over than 4.88 kU/L and 3.5 kU/L,
respectively.!!

Many studies suggest cutoff values for SPT that sup-
port the diagnosis of FA but, so far, there are few studies
evaluating test results to define tolerance, and none from
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Brazil.* Determining values for SPT to CM associated
with tolerance and/or percentage of decrease in values
could be useful for earlier indication of OFC with that
food, avoiding prolonged restrictive diets and other risks
for patients with CMPA.

The objectives of this study were: to compare SPT
wheal diameters with CM extract between patients of the
tolerant and persistent groups at diagnosis and at the
time of tolerance acquisition, and to compare the varia-
tion of SPT wheal diameters in the tolerant and persis-
tent groups.

MeTHoD

A retrospective cohort study involving database analysis
of medical charts of all children with confirmed diagno-
sis of immunoglobulin E-mediated CMPA (CMPA-IgE)
who underwent SPT serially, being allocated into one of
two groups: CMPA tolerant and CMPA persistent. All pa-
tients negative to OFC in the clinical follow-up were con-
sidered CMPA tolerant.

Medical charts of 445 patients being followed up by
the Unit of Allergy and Immunology of Instituto da
Crianca, HC-FMUSP, between January 2000 and July
2015 were assessed regarding clinical history, family and
personal history of atopy, clinical manifestations asso-
ciated with CMPA, and specific IgE dosage to cow’s milk
on ImmunoCAP®. The following inclusion criteria were
used: Confirmed diagnosis of CMPA defined based on
suggestive history of CMPA associated with the presence
of positive specific IgE, as well as OFC showing reactiv-
ity to CM (except in patients with a history of anaphy-
laxis) and at least three SPT over the follow-up period.
Exclusion criteria included: patients lost to follow-up;
patients with recent anaphylaxis caused by cow’s milk
protein but who did not undergo SPT to this allergen
and patients with non-IgE-mediated CMPA.

The analysis included only SPTs made with cow’s
milk extract from the same source (FDA Allergenic® -
RJ), throughout the study period, using a standard tech-
nique. Individual disposable plastic lancets were used
(Alko do Brasil, Rio de Janeiro, Brazil) and reading was
performed 15 minutes later by measuring the largest
perpendicular diameters and calculating the mean di-
ameter. Results were positive if mean wheal diameter >
3 mm compared to negative controls."?In patients un-
dergoing a minimum of three SPT during follow-up un-
til development of tolerance, the percentage change of’
the wheal diameter observed in SPT at diagnosis and at
the development of tolerance was assessed. A group of’
patients who did not develop tolerance to CM but had

at least three evolutive SPTs until completion of the
study was also included.

This study was approved by the Ethics Committee
for Hospital Research Project Analysis of the FMUSP
(CAPPesq) under number 9449/2012.

Data were analyzed using Statistical Package for So-
cial Sciences (SPSS) 13.0 and MedCalc Statistical Soft-
ware 15.8.

After normal distribution analysis using Shapiro-Wilk
test, the nominal variables: gender, family history of at-
opy, use of cow’s milk in the nursery, breastfeeding for
less than 6 months, and the presence of other allergic dis-
eases were described by frequencies and compared be-
tween tolerant and persistent patients based on the Fish-
er’s exact or Mann-Whitney test. Continuous variables
(age at onset symptoms and at the collection of data, and
specific IgE levels to cow’s milk by ImmunoCAP®) in the
same groups were described by medians and compared
using Mann-Whitney and Wilcoxon test.

SPT results (in mm) were described as medians and
minimum and maximum values at diagnosis and at the
end of the study, both in the tolerant and persistent group.
Comparisons at each time were performed using Mann-
-Whitney test.

The reduction in median SPT to CM from diagnosis to
the time point of tolerance in the tolerant group, and from
diagnosis to the last SPT performed by the end of the study
in the persistent group was assessed using Wilcoxon test.

In all analyzes, the considered significance level was 5%.

ResuLts

Once the inclusion and exclusion criteria were applied,
our sample totaled 44 patients, 29 in the group that de-
veloped tolerance, and 15 in the group that persisted with
CMPA by the end of the study.

Table 1 summarizes the epidemiological and clinical
characteristics, and ImmunoCAP® results of the patients
included, with no statistically significant difference be-
tween the groups, except for a history of anaphylaxis more
frequent among persistent patients and ImmunoCAP®
values for cow’s milk higher in that group.

In the tolerant group, 11 patients (37.9%) developed
tolerance up to the age of 5 years, and 18 patients (62.1%)
developed tolerance after 5 years of age.

Regarding the ImmunoCAP® results at baseline for
CM, there was a statistically significant difference between
the tolerant group (median = 4.39 kU/L, ranging from
0.53 to 100 kU/L) compared with the persistent group
(median = 24.1 kU/L, ranging from 8.78 to 100 kU/L)
with p=0.0003 (Wilcoxon test).
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TABLE 1 Epidemiological and clinical characteristics, and ImmunoCAP® results for cow’s milk allergy according to the status

of tolerance or persistence in 44 pediatric patients.

Variable Tolerant patients Persistent patients [+

n=29 (%) n=15 (%)
Gender 19 10 1.00%
Male
Current age (years) 5.4 8.0 0.08**
Median (min-max) (1.9-17.9) (3.7-13.9)
Family history of atopy 20 (68.9) 12 (80) 0.500*
Personal history of atopy 23(79.3) 10 (66.7) 0.468*
Did not use CM while in the nursery 15(51.7) 10 (66.7) 0.522*
Breastfed for < 6 months 24 (82.7) 15(100) 0.149*
Age at onset of symptoms (days) 120 120 0.736%*
Median (min-max) (1-300) (7-300)
Atopic dermatitis 4(13.8) 2(13.3) 1.000*
Anaphylaxis 12 (41.4) 13 (86.7) 0.0048*
ImmunoCAP® for CM (kU/L) 4.39 241 0.0003*
Median (min-max) (0.53-100) (8.78-100)

CM: cow’s milk.
*Fisher’s test; ** Mann-Whitney; *Wilcoxon test.

In the tolerant group, the following SPT measures
were found at diagnosis: median of 6 mm (3-15 mm). As
for the development of tolerance, the measures found
were: median 2 mm (0-5 mm) (Figure 1A). There was a
statistically significant difference between the values with
p<0.0001 (Wilcoxon test), and a reduction greater than
50% in SPT values.

In the group of patients persistent to CMPA, the fol-
lowing measures of SPT were found, respectively: medi-
an of 7 mm (3-13 mm) at diagnosis; and median of 5
mm (0-19 mm) at the time point of the last SPT performed
until the end of the study (Figure 1B), with no statistical-
ly significant difference between the two measures and
p-value=0.173 (Wilcoxon test).

The comparison of the medians of SPT values be-
tween groups of tolerant and persistent patients at diag-
nosis showed no statistically significant difference, p-val-
ue=0.342 (Mann-Whitney test). The comparison of the
medians of the last SPT values obtained from both groups
(Figure 2) detected a statistically significant difference be-
tween groups, with p=0.001 (Mann-Whitney test).

Discussion

Skin tests to cow’s milk are easy, fast and safe to be per-
formed, and are an important tool for the diagnosis of
CMPA. Furthermore, when performed serially, they can
help determine the best time for indicating OFC and thus
define the patient as tolerant or persistent.

Considering as a retrospective analysis of medical re-
cords, only 44 children met the inclusion criteria, as many
had not undergone three or more SPTs using cow’s milk
extract from the same supplier.

Presence of anaphylaxis was the only clinical aspect
that showed significant differences between persistent
and tolerant groups (Table 1), as previously shown in the
same service by Jacob et al.? Atopic dermatitis had no sig-
nificant influence on this difference, as described by Pay-
ot et al.”® Factors previously described such as asthma and
allergies to other foods were identified as independent
predictors for persistent CMPA after the age of 2 years,'*
not observed in the present study.

Another relevant aspect of this study was to demon-
strate that, among patients with CMPA treated at an out-
patient clinic specializing in food allergy, the develop-
ment of tolerance occurred after the age of 5 years in most
patients, confirming the data presented in the literature
in the last years. Jacob et al.,? in 2010, evaluating patients
with CMPA from the same service, identified that 45% of
the individuals were tolerant by the age of 5 years; in our
sample, we found that the rate of resolution in the same
age range fell to 37.9%. In 2010, Santos et al.** found tol-
erance in only 22% of the children aged up to 5 years.
Skripak et al.,' in 2007, found that 21% of the children
with CMPA persisted allergic up to the age of 16 years.

SPT is a very important test in IgE-mediated allergies
and must always be interpreted considering the clinical
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history.”s It is easy to perform, most cost-effective, reliable,
minimally invasive, safe, and provides immediate and re-
producible results. It must be performed by a specialist be-
cause, though rare, systemic reactions may occur. SPTs can
be performed at any age but patients younger than 2 and
older than 65 years may have smaller papules because skin

reactivity acquired during childhood reaches peak between
15 and 25 years and declines progressively.'?

It is important to know that allergenic extracts could
have different composition and potency. Extracts from
different laboratories cause discrepancies in the inter-
pretation of results.!’® Because some food proteins are
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FIGURE 1 A: Decline of SPT wheal size to cow’s milk (in mm) in the group of tolerant patients (n=29) at diagnosis and at the time point of

tolerance (p<0.0001). B: Decline of SPT wheal size to cow’s milk (in mm) in the group of persistent patients (n=15) at diagnosis and at the last

SPT carried out (p=0.173).

540

Rev Assoc Mep Bras 2016; 62(6):537-543



Cow’s MILK ALLERGY: EVALUATING TOLERANCE THROUGH SKIN-PRICK TEST

20 =

15

|

Tolerant patients

Persistent patients

FIGURE 2 Comparison of median values for the last SPT to cow’s milk (in mm), both among tolerant and persistent patients (p=0.001).

unstable, commercial extracts may be ineffective, and
SPT can be performed with fresh food, more related to
OFC when compared to commercial extracts (91.7% vs.
58.8%). In the same study, however, the authors demon-
strated that SPT using fresh CM did not result in wheal
diameters significantly larger than those obtained from
commercial extracts.”

In our study, we evaluated SPT using only a commer-
cial extract of whole CM, not including CM fractions,
since superiority of specific IgE analysis of CM for diag-
nosis compared to casein has already been demonstrat-
ed in the same service, although the values assessed were
serum specific IgE."® In addition, a previous study by Wata-
nabe et al. conducted in the same outpatient clinic had
already demonstrated that there are no differences be-
tween SPT methods and serum dosages of specific IgE.”

The cutoff values for SPT as presented in the 2014
guideline for CMPA diagnosis show several authors de-
scribing wheal diameters equal to 3 mm for fresh CM as
positive predictive values (PPV), with specificity ranging
from 50 to 100%, which demonstrates the great variabil-
ity of results in these studies.?**** Other authors showed
wheal diameters for fresh CM between 6 to 15 mm, vary-
ing with age.**%’

In the tolerant and persistent groups, median SPT to
CM at diagnosis was 6 mm »s. 7 mm, with no statistical
significant difference (p=0.342). Considering the last per-
formed SPT, there was a significant difference between

tolerant and persistent patients (p=0.001). This demon-
strates the importance of evolutive analysis of the SPT,
which presents progressive decay in the tolerant group
unlike the persistent group. Statistically significant SPT
values for tolerance, investigated in 178 children and con-
firmed by OFC, were found by Payot et al., correspond-
ing to 2.2 in tolerant vs. 5.1 mm in persistent patients, re-
sults very similar to our data.?®

SPT has been used for decades to prove or rule out
sensitization to allergens. Negative SPT results are used
to confirm the absence of IgE-mediated reaction, with
negative predictive value (NPV) exceeding 95%. This test’s
PPV, however, reaches approximately 50%, often requir-
ing OFC to confirm the diagnosis.?®**° Therefore, it is not
possible to set SPT values to be widely used for diagno-
sis of CMPA, which also applies to establish tolerance.

The inclusion of patients with at least three SPT was
based on the lack of results in the literature showing the
time point in the follow-up of patients with CMPA in
which tolerance could be established and CM promptly
reintroduced to the diet. That would liberate the patients
and their families from the anxiety and difficulties relat-
ed to a restrictive diet for children and adolescents.

The main limitation of our study is sample size, which
did not allow the development of a ROC curve as per-
formed by Payot et al.’®

When we analyze the values of median SPT at diagno-
sis and at the time of tolerance acquisition, there was a de-
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cline of over 50% (6 mm vs. 2 mm), which may be indica-
tive of OFC to confirm CMP tolerance associated with a
favorable clinical outcome. We did not find in the litera-
ture values comparable to our results. On the other hand,
in the persistent group, the decline was lower than 50% (7
mm vs. 5 mm), suggesting that the moment was not ideal
to perform an OFC. In a recent publication by Payot et al.,”?
the authors found a probability of 80% of negative OFC
with SPT wheal size equal to zero, specific IgE for CM at
0.85 kU/L and IgE to casein for 0.73 kU/L, values that can
be difficult to achieve in clinical practice.

ConcLusioN

The use of SPT for diagnosis and to predict the presence
of tolerance in cases of CMPA is useful and can be per-
formed serially along the CMPA progression, favoring in-
dication of a more appropriate time to perform OFC
when its values are reduced by at least 50%. Regional stud-
ies with larger numbers of patients will allow more accu-
rate results to indicate the best time to carry out an OFC,
avoiding dietary restrictions for a prolonged time.
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Resumo

Alergia ao leite de vaca: avaliacdo da tolerancia pelo teste
cutineo alérgico

Objetivo: avaliar o didmetro da papula do teste cutineo
alérgico (TCA) com extrato de leite de vaca (LV) compa-
rando pacientes tolerantes e persistentes.

Método: estudo de coorte retrospectivo de andlise de ban-
co de dados de criangas com diagndstico de alergia a pro-
teina do leite de vaca (APLV) mediada pela imunoglobu-
lina E, em ambulatério especializado, que realizaram TCA
de forma evolutiva, sendo alocados em dois grupos: tole-
rantes ou persistentes, entre janeiro de 2000 e julho de
2015. As comparagdes foram realizadas ao diagnéstico e
evolutivamente entre tolerantes e persistentes, pelos tes-
tes de Fisher, Mann-Whitney ou Wilcoxon, utilizando ni-
veis de significincia de 5%.

Resultados: aplicando critérios de inclusio e exclusio, a
amostra incluiu 44 pacientes (29 tolerantes e 15 que per-
sistiram com APLV). No grupo tolerante, as medianas do

TCA foram: ao diagnéstico, de 6 mm, e, no desenvolvi-
mento de tolerdncia, de 2 mm, com diferenca significan-
te (p<0,0001). No grupo persistente, a mediana do TCA
ao diagndstico foi de 7 mm e no momento do dltimo
TCA, de 5 mm, sem diferenca estatistica (p=0,173). A com-
paracio das medianas no dltimo TCA entre os grupos
mostrou-se significante (p=0,001), com redu¢io maior de
50% no valor do TCA no grupo tolerante.

Conclusio: os TCA seriados foram tteis para o diagnés-
tico, e a redu¢do maior que 50% em seu didmetro pode
indicar o momento para realizac¢do de testes de provo-
cacdo oral (TPO), auxiliando na detec¢io de tolerincia
na APLV.

Palavras-chave: hipersensibilidade alimentar, hipersen-
sibilidade imediata, hipersensibilidade a leite/diagnésti-
co, tolerincia imunoldgica, crian¢a, pré-escolar.
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