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Summary

Background The development of tolerance in IgE-mediated allergies has been associated with
lower cow’s milk (CM)-specific IgE levels, increasing levels of specific IgG4 and, more
contestably, IgA.

Objective We investigated whether specific antibody responses to CM proteins differ over time
between patients who recovered from cow’s milk allergy (CMA) by the age of 3 years and
those who developed tolerance only after the age of 8 years.

Methods The study population comprised of 83 patients with IgE-mediated CMA. They
belonged to a cohort of 6209 healthy, full-term infants followed prospectively for the
emergence of CMA. Serum samples were available at diagnosis (median age 7 months), 1 year
later (median 19 months) and at follow-up (median 8.5 years). Age-matched control subjects
with no history of CMA (n = 76) participated in the follow-up. Serum levels of IgE antibodies
to CM were measured using UniCAP. Levels of IgA, IgG1 and IgG4 antibodies to
B-lactoglobulin and a-casein were measured using ELISA.

Results Patients with persistent CMA at the age of 8 years (n= 18 at diagnosis, n =16 at later
time-points) had higher CM-specific IgE levels at all three time-points (P< 0.001) compared
with patients who became tolerant by 3 years (n = 55 at diagnosis, n =54 a year later, n =40 at
follow-up). They had lower serum IgA levels to B-lactoglobulin at diagnosis (P= 0.01), and
lower IgG4 levels to B-lactoglobulin (P = 0.04) and a-casein (P = 0.05) at follow-up.
Conclusion High CM-specific IgE levels predict the persistence of CMA. Development of
tolerance is associated with elevated levels of B-lactoglobulin-specific serum IgA at the time
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of diagnosis, and later increasing specific IgG4 levels to B-lactoglobulin and «-casein.
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Introduction

Cow’s milk allergy (CMA) affects 2-3% of infants [1, 2].
Most children recover from CMA by the age of 3-4 years,
but the allergy persists until school age in 10-20% of
patients [1, 3]. While both atopic and non-atopic children
produce low levels of IgE, IgG and IgA antibodies to food
antigens, sensitization entails the production of higher
specific IgE antibody levels [4, 5]. Patients with persisting
CMA tend to have higher levels of IgE antibodies to cow’s
milk (CM) proteins than patients who recover early [6, 7].
Antibodies of the IgG4 subclass seem to associate with
the development of tolerance. Low levels of 1gG4 to B-

lactoglobulin and/or OVA indicated the need for pro-
longed elimination diet among children with CM and/or
egg allergy [8]. Individuals tolerating CM had higher CM-
specific IgG4 levels than those with allergic reactions to
CM [9]. In patients with hen’s egg allergy, an increase in
OVA-specific IgG4 and a decrease in specific IgE levels
were concurrent with the natural development of clinical
tolerance to the allergen [10]. Data from immunothera-
peutic settings are consistent with the observations from
natural settings in food allergy, although they mostly
address desensitization rather than long-term tolerance.
Meglio et al. [11], however, followed children for over
4 years after oral desensitization to CM and reported
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long-term tolerance to be associated with decreased
specific IgE levels. In a study on patients with CMA but
asymptomatic to heated CM, an increase in casein-specific
IgG4 levels was observed after a 3-month period of
consuming heated CM, whereas specific IgE levels did
not change [12]. Similarly, during immunotherapy to CM
that elicited desensitization, specific IgG, most notably
IgG4, levels increased while specific IgE levels remained at
baseline levels [13]. During peanut-allergy immunother-
apy, desensitization was associated with increased specific
IgG4 levels and decreased specific IgE levels [14].

The development of tolerance may also involve IgA
antibodies, although the evidence to date is controversial.
The relatively high prevalence of allergies among patients
with IgA deficiency [15] advocates a role for IgA anti-
bodies in the protection against allergies and/or in the
development of tolerance. Studies on grass pollen immu-
notherapy reported that as allergic symptoms improved,
specific IgA [16] or IgA2 [17] levels in serum increased. In
a population of patients with IgE-mediated CMA, CM-
specific IgE levels correlated positively with levels of
specific Igs of other isotypes (IgA, IgG1, IgG4) [18].
Bottcher et al. [5] observed that infants who developed
allergy had higher salivary levels of total and allergen-
specific IgA antibodies, whereas sensitized infants with-
out allergic symptoms had higher levels of secretory IgA.

Most studies on IgG4 and IgA antibody responses
during the transition from allergy to clinical tolerance
have investigated small numbers of patients undergoing
immunotherapy. We approached the issue with a patient
population (n=83) from a prospective study on the
natural course of CMA. We investigated how antibody
levels to B-lactoglobulin and a-casein developed over
time in patients with IgE-mediated CMA, and whether
they differed between patients who became tolerant to CM
by the age of 3 years and those with persistent CMA at the
age of 8 years.

Methods

Study population

We examined blood and salivary samples from 83 chil-
dren with IgE-mediated CMA, who have been previously
described [3]. Informed and written consent was received
from all participants and their parents before any tests
were performed. The Ethics Committee of the Hospital for
Children and Adolescents, University of Helsinki, ap-
proved of the study.

Subjects were part of a population-based cohort of
6209 full-term newborn infants recruited between August
1994 and November 1995 to prospectively study the
emergence of CMA [2]. An open oral challenge after a 2-
week elimination period of CM confirmed CMA in 118
children at a mean age of 7 months [2]. CMA was

Table 1. Age and number of patients’ serum samples at time points
investigated within three study groups (patients who became tolerant to
cow’s milk by age 3 years, or at 3-8 years, and patients who had
persistent cow’s milk allergy at 8 years)

Age median (range); N

Tolerant Tolerant Persistent
by 3 years at 3-8 years at 8 years
At diagnosis 6.4 (2.8-12); 55 6.4 (3.0-13); 10 7.0 (3.0-11); 18
(months)
1 year after 19 (15-24); 54 19 (16-24); 11 19 (12-23); 18
diagnosis
(months)
Follow-up 8.7 (8.0-9.1); 40 8.8 (8.1-9.1); 10 8.5 (8.0-9.0); 18
(years)

considered IgE-mediated if skin prick test (SPT) with
liquid CM formula (weal diameter >3 mm greater than
the negative control) or specific IgE antibodies to whole
CM (>0.7 kU/L measured with UniCap, Phadia, Uppsala,
Sweden) or both were positive at any time-point 0-12
months after diagnosis [3]. Negative control for the SPT
was 50% glycerol solution (Soluprick, ALK, Denmark) and
positive control was histamine dihydrochloride (10 mg/
mL). We followed the 118 children at an outpatient clinic
every 6-24 months until recovery, which was defined as
regular use of CM before the visit or as having a negative
open oral challenge. We furthermore invited the patients
in a time frame from August 2003 to March 2004 for a
follow-up study on their CMA status and other atopic
manifestations; 94 (80%) patients participated [3]. Clinical
data on the patients were available from previous studies
on the population [2, 3, 19].

For the current study, we divided the patients with IgE-
mediated CMA into three groups based on the pace of
clinical recovery: patients (1) who became tolerant by age
3, (2) or by age 3-8 and (3) who had persistent CMA at 8
years (Table 1). Most patients had skin symptoms at the
first, diagnostic CM challenge; the reaction was immedi-
ate (<24 h) in approximately half of the patients (Table 2).

We studied the serum samples available collected at the
time of diagnosis, a year after and at the final follow-up
(Table 1). In addition, samples were available from 76 out
of 80 control subjects from the same cohort who partici-
pated in the follow-up study (median age 8.6; range
8.1-9.3). Salivary samples were collected at the time of
diagnosis before the CM challenge. They (n=81) were
available from 54 patients tolerant by 3 years, 11 tolerant
by 3-8 years and 16 persistent at 8 years.

Measurement of antibodies

Serum and non-stimulated salivary samples were stored at
—80 °C until analysed.
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Table 2. Clinical symptoms, cumulative volume of cow’s milk (CM) that
elicited symptoms and reaction time at the diagnostic oral cow’s milk
challenge in three study groups (patients who became tolerant to cow’s
milk by age 3 years, or at 3-8 years and patients who had persistent cow’s
milk allergy at 8 years)

N (%)
Tolerant Tolerant Persistent
by 3 years at 3-8 years at 8 years
Skin 52 (93) 10 (91) 18 (100)
Gastrointestinal 8 (15) 2 (18) 0(0)
Respiratory 3 (5.5) 2 (18) 5 (28)
Anaphylaxis 0 (0) 1(9.1) 0(0)
Cumulative volume 28 (51) 5 (45) 12 (67)
of (M <20 mL
Cumulative volume 7 (13) 1(9) 4(22)
of CM > 200 mL
Reaction time >24h 6 (11) 0(0) 4(22)

CM-specific IgE antibodies in sera were measured using
enzymatic UniCap fluoroimmunoassay (Phadia) [19].

Serum antibodies of IgA, IgG1 and IgG4 isotypes to
bovine-pB-lactoglobulin and o-casein were measured
using ELISA. The method was also applied for measuring
CM-specific IgA levels in saliva. Protocols for antigen-
specific IgA and IgG measurement have been described
previously [20, 21]. Levels of antigen-specific IgG4 and
IgG1 were measured with a protocol adapted from Ruiter
et al. [9]. Microtitre plates (Nunc Maxi Immunoplate,
Thermo Fisher Scientific, Roskilde, Denmark) were coated
either with bovine-B-lactoglobulin (Sigma-Aldrich, St
Louis, MO, USA) at a concentration of 1ug/mL, or with
bovine-a-casein (Sigma-Aldrich) at a concentration of
2 ug/mL in phosphate-buffered saline (PBS) and incubated
at 4°C overnight. After washing with PBS, a blocking
solution of 2% sheep serum in PBS was applied to the
plates, followed by an incubation of 1h at 37°C and
washing with PBS-0.05% Tween (PBS-Tw). Sera were
diluted to 1 :20 in 1% sheep serum in PBS-Tw, and applied
in duplicate to the antigen-coated plates and to control
plates (coated only with blocking solution). The plates
were incubated for 1h at 37 °C. After washing, 100 uL of
horseradish peroxidase (HRP)-conjugated anti-human
IgG4 (Sanquin, Amsterdam, the Netherlands) at dilutions
of 1:30000 for a-casein or 1:10000 for B-lactoglobulin,
or anti-human IgG1 (Zymed Labotatories, San Fransisco,
CA, USA) at a dilution of 1:1000 was applied to wells,
followed by an incubation of 1h at 37 °C. After washing,
100 uL of tetramethyl-benzidine (TMB) liquid substrate
(Sigma-Aldrich) was applied to the plates and incubated,
excluded from light, for 10 min at room temperature. The
reaction was stopped with 1m H;P0O,, and the optical
density of the end product was immediately measured at
450nm with a semiautomatic photometer (Labsystems
Multiscan, Frankfurt, Germany). Values were expressed as
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arbitrary units (AU) deduced from the optical densities of
the reference serum curve with a high level of antibodies
after subtracting the blanks. The reference serum was a
separate pool of sera collected for IgA and IgG isotypes; its
concentration was assigned to 100 AU.

Statistical analysis

Logarithmic transformations of antibody levels (IgE to CM
and IgA, 1gG4, IgG1 to B-lactoglobulin and a-casein) were
compared with one-way ANova between the three patient
groups, and including control subjects at follow-up. The
comparison between the two extreme patient groups
(tolerant by 3 years and persistent at 8 years) was
performed with f-test of independent variables. General
linear model (GLM) for repeated measures was applied to
test whether antibody levels changed significantly over
time and whether the temporal profiles of antibody levels
differed between the groups. Spearman’s correlation was
calculated for specific IgA levels in serum and salivary
samples. A P-value of 0.05 or less was considered statis-
tically significant. Statistical analysis was performed with
SPSS 15.0.1 for MicroSoft Windows.

Results

Children with persistent CMA at the age of 8 years had
higher levels of CM-specific IgE at all three time-points
compared with those who became tolerant by the age of 3
years (Table 3, Fig. 1). GLM of repeated measures indicated
both time (P<0.001) and group (as designated in Table 3;
P=0.005) to be significant factors to the differences.
Levels of CM-specific IgE were higher at follow-up in all
children who had a history of IgE-mediated CMA includ-
ing those with early recovery, compared with control
subjects (Table 3).

In contrast to CM-specific IgE levels, serum IgG4 levels
to B-lactoglobulin were lower at follow-up among pa-
tients with persistent CMA at age 8 than among patients
tolerating CM by 3 (Fig. 1a) or 3-8 years, and also in
comparison with control subjects (Table 4). Comparison of
serum IgG4 levels with o-casein resulted in similar,
although less pronounced, differences between groups
(Table 4). Time and group were both significant factors to
differences in temporal profiles of B-lactoglobulin IgG4
levels (GLM of repeated measures: P<0.01); the levels
increased more over time among patients who became
tolerant by the age of 3 years than among those with
persistent CMA at the age of 8 years (Fig. 1a). Levels of
IgG1 to B-lactoglobulin and o-casein did not differ
between the groups (data not shown).

Serum levels of IgA to B-lactoglobulin were higher at
the time of diagnosis among patients who recovered from
CMA by 3 years compared with both groups where
recovery was delayed until either 3-8 years or beyond 8



4 E. M. Savilahti et af

Table 3. Cow’s milk specific IgE levels in three groups (patients who became tolerant to cow’s milk by age 3 years, or at 3-8 years, and patients who had
persistent cow’s milk allergy at 8 years) at diagnosis, one year after and at follow-up, and control subjects at follow-up

Cow’s milk-specific IgE geometric mean (95% confidence interval) kU/L; N

Tolerant by 3 years

Tolerant at 3-8 years

Persistent at 8 years Control subjects P one-way ANOVA

6.2 (2.8-13); 18 NA < 0.0001
10 (5.2-20); 16 NA < 0.0001
2.6 (1.0-6.9); 16 0.1 (0.08-0.1); 76 < 0.0001

At diagnosis 1.0 (0.7-1.4); 55 5.4 (2.2-13); 10
1 year after diagnosis 0.7 (0.5-1.0); 54 2.4 (1.1-5.0); 11
Follow-up 0.2 (0.1-0.2); 40 0.3 (0.1-0.8); 10
(a) 1007 p=0.04
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Fig. 1. Levels of B-lactoglobulin (BLG)-specific IgG4 (a) and IgA (b) in
two of three groups: patients who recovered from cow’s milk allergy
(CMA) by the age of 3 years (blank boxes), patients who recovered at 3-8
years (boxes with diagonal lines) and those who still had persistent CMA
at 8 years (checkered boxes). The y-axis represents (a) IgG4, and (b) IgA
levels to BLG in arbitrary units (AU). Measurements are shown on a log10
scale; lines mark (from bottom up) the 5th percentile, lower quartile,
median, upper quartile and the 95th percentile. The x-axis depicts the
three time-points under investigation: at diagnosis (dg), approximately
1 year after (dg +1 year) and at follow-up. P-values: one-way ANOVA.

years (Table 4, Fig. 1b). The two groups with delayed
recovery did not significantly differ from one another
(Table 4, t-test P-value>0.5). Analysis with GLM of
repeated measures showed time to be a significant factor
(P=0.04), with a downward trend over time (Fig. 1b),
whereas the temporal profiles of specific IgA levels did not
differ significantly between the groups.

Salivary CM specific IgA levels at diagnosis correlated
positively with serum B-lactoglobulin-specific IgA levels

at diagnosis (Spearman’s correlation coefficient 0.4;
n=53; P<0.005) and a year later (Spearman’s correlation
coefficient 0.4; n=52; P<0.03) among patients who
recovered from CMA by the age of 3 years. The same
observation held for all those who recovered by the age of
8 years (Spearman’s correlation coefficient at diagnosis
0.4; n=63, and a year later 0.3; n=61; for both P<0.001),
but not for patients with persistent CMA at the age of 8
years (Spearman’s correlation coefficient at diagnosis 0.4;
n=16; P=0.2 and a year later —0.04; n=14; P=0.9).
Levels of salivary IgA antibodies to CM did not differ
between the groups at any time-point.

Discussion

Our study on children with IgE-mediated CMA had a
prospective setting of the natural course of CMA, a
relatively large number of patients (n = 83) belonging to a
population-based cohort of 6209 infants, and a long
follow-up to the median age of 8.5 years. The main
objective was to compare, at three time-points, patients
who recovered by age 3 years with patients who had
persistent CMA at age 8 years. In addition, we had samples
of control subjects from the same original cohort at
follow-up (median age 8.6 years), but not at earlier time-
points. For technical reasons, the specific I[gA and IgG4
levels were measured in arbitrary units, and values for
different antibodies are thus not directly comparable.

Our study corroborates the relation of higher CM-
specific IgE levels with prolonged clinical reactivity to
CM [6, 7]. In agreement with observations by Skripak et al.
[7], patients with persisting CMA had higher CM IgE levels
than patients with earlier recovery, at all time-points from
diagnosis until follow-up.

The association of increased allergen-specific serum
IgG4 levels with the development of tolerance confirms
similar observations in patients with egg allergy [10] as
well as during oral desensitization in CMA [12, 13] and in
peanut allergy [14]. Because B-lactoglobulin and o-case-
in-specific IgG4 levels were still increased years after the
patients had recovered from CMA, and the CM-specific
IgE levels remained elevated compared with controls, our
data endorse the role of specific IgG4 antibodies in the
maintenance of oral tolerance [9]. A further explanation
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Table 4. B-lactoglobulin (BLG) and a-casein (CAS) specific IgG4 at follow-up, and B-lactoglobulin-specific IgA levels at diagnosis in three groups
(patients who became tolerant to cow’s milk by age 3 years, or at 3-8 years, and patients who had persistent cow’s milk allergy at 8 years) and control

subjects

BLG IgG4, CAS IgG4, BLG IgA geometric mean (95% confidence interval) AU; N

Tolerant by 3 years

Tolerant at 3-8 years

Persistent at 8 years Control subjects P one-way ANOVA

BLG IgG4 at follow-up
CAS IgG4 at follow-up
BLG IgA at diagnosis

0.9 (0.5-1.7); 40
1.2 (0.6-2.5); 40
0.4 (0.3-0.5); 54

0.6 (0.2-2.0); 10
5.4 (1.5-19); 10
0.1 (0.04-0.2); 10

0.2 (0.1-0.4); 16 0.8 (0.5-1.2); 76 0.04
0.5 (0.2-1.5); 16 0.7 (0.4-1.2); 76 0.05
0.1(0.1-0.3); 18 NA 0.01

for the higher specific IgG4 levels in patients with early
recovery may be that after clinical reactivity has dimin-
ished, children most often include CM in their diet.

Specific IgA levels to B-lactoglobulin in serum were
higher at diagnosis among patients who recovered from
CMA by the age of 3 years than among patients whose
CMA persisted beyond the age of 8 years, which is
consistent with findings that specific IgA or IgA2 levels
increase in allergic patients successfully undergoing spe-
cific immunotherapy [16, 17]. Moreover, B-lactoglobulin-
specific IgA levels in serum correlated positively with
salivary levels of CM-specific IgA at diagnosis in patients
who became tolerant to CM by age 3 years. These results
challenge previous studies that have suggested differen-
tial production of serum and secretory-specific IgA anti-
bodies in allergy. In a mouse model of food allergy,
tolerance to B-lactoglobulin was associated with higher
levels of antigen-specific secretory IgA in feces, but lower
serum levels of specific IgA [22]. In human subjects either
with pollen allergy or no atopy, the antigen moieties
recognized by serum IgA differed from those recognized
by secretory IgA in tears [23]. Our results, thus, entice
further research on the functional relation between secre-
tory IgA and circulating IgA antibodies in allergy.

An interesting difference in the kinetics of specific IgA
and IgG4 antibodies to B-lactoglobulin is revealed in our
study comparing patients with a different pace of recovery
from CMA. The specific IgA levels differed between the
patients with persisting CMA and those with transient
CMA as early as at the time of diagnosis. A difference in
specific IgG4 levels, in contrast, was markedly delayed.
This observation may reflect the distinctive mechanisms
that regulate IgA and IgG4 expression, as well as their
differing mechanisms of anti-inflammatory function in
allergy.

Specific IgG4 promotes tolerance by blocking the bind-
ing of specific IgE to allergen [24-26], and the anti-
inflammatory function of IgG4 relies on the Fab arm
exchange [27]. IL-4 induces class switching in B cells to
both IgE and IgG4, whereas IL-10 up-regulates the secre-
tion of IgG4 and inhibits IgE production [28-30]. Anti-
gen-specific Thl and Th2 cells may shift to type 1
regulatory T cells secreting IL-10 when triggered by high
antigen exposure, leading to tolerance [31]. Interestingly,

© 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-6

Francis et al. [16] observed that IL-10 production in-
creased during grass pollen immunotherapy earlier than
specific IgG4 levels. Our results indeed indicate that
specific IgG4 levels rise slowly and remain at an increased
level long after clinical tolerance is achieved.

Specific IgA, in contrast to IgG4, does not inhibit IgE
binding [17, 24]. The regulation of specific IgA production
appears to be independent of T helper cells [30], to be
associated with local TGF-B expression and to induce IL-
10 production from monocytes [17]. We observed that an
increase in specific 1gG4, which is stimulated by IL-10
production [31], was preceded by an increase in specific
IgA levels in patients who achieved early tolerance to CM.

Our results suggest that in clinical practise, measure-
ment of CM-specific IgE and also B-lactoglobulin-specific
IgA may give insight in the prognosis of CMA. Specific
IgG4 levels are less informative because the difference
between patients with transient or persistent CMA arises
only later. Our study supports, nevertheless, the role of
both IgA and IgG4 subclasses in the development of
tolerance in CMA. Our findings, thus, invite to investigate
the mechanisms of different antibody classes further in
the achievement of tolerance, and the possibilities for
immunotherapeutic applications.
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