Pediatr Allergy Immunol 2002: 13: 255-261
Printed in UK. All rights reserved

Copyright © 2002 Blackwell Munksgaard
PEDIATRIC ALLERGY AND
IMMUNOLOGY

ISSN 0905-6157

Serum immunoglobulin E, IgA, and I1gG
antibodies to different cow’s milk proteins in
children with cow’s milk allergy: Association
with prognosis and clinical manifestations

Hidvegi E, Cserhati E, Kereki E, Savilahti E, Arato A. Serum
immunoglobulin E, IgA, and IgG antibodies to different cow’s milk
proteins in children with cow’s milk allergy: Association with prognosis
and clinical manifestations.

Pediatr Allergy Immunol2002: 13:255-261.© 2002 Blackwell Munksgaard

Diverse pathogenic mechanisms elicit different clinical manifestations in
cow’s milk allergy (CMA). Our aim was to determine the concentration
of serum immunoglobulin levels to different cow’s milk proteins in
patients with CMA and to determine how these values were related to
clinical symptoms and prognosis. Fifty children (mean age 10.9 months,
range: 1-34 months) with previously confirmed CMA were enrolled in
this study. All had various clinical manifestations of CMA, including
gastrointestinal, skin, and respiratory symptoms. At the diagnosis of
CMA the serum total and the milk-specific immunoglobulin (Ig)E values
were measured by enzyme immunoassay and fluoroimmunoassay,
respectively, while the relative levels of serum IgA and IgG antibodies
against different cow’s milk proteins were determined by a sensitive
enzyme-linked immunosorbent assay (ELISA). The results were
compared to those of 30 non-atopic age-matched control children. On
average, after 9.2 months (range 2-31 months) on a milk-free diet, a
repeated challenge was performed in 38 children. At the re-challenge, 12
patients had clinical symptoms while the remaining 26 children were
symptom-free. The IgG antibody level to bovine serum albumin (BSA)
was significantly lower in the patients than in the controls (median: 0.36
vs. 2.94, p <0.01). There was a close correlation among all individual
IgA and IgG antibodies to different cow’s milk proteins. The anti-a-
casein IgG level (2.10) in children with a positive reaction at the re-
challenge was significantly higher than in those with a negative reaction
(0.89) (p <0.05). The total IgE serum concentration was also
significantly higher in those who had symptoms at the re-challenge
compared to those who did not have any reaction at this time (22.9 vs.
6.8 kU/1, geometric mean, p <0.02). There was no association between
the clinical manifestations and the IgG and IgA antibody levels to the
cow’s milk proteins studied, except for the anti-BSA IgA level, which
was higher in patients with gastrointestinal symptoms. The serum total
IgE and anti-a-casein IgG levels could have prognostic values; their
increase at the beginning of the disease may indicate the development of
tolerance to cow’s milk only at a later age and after a longer duration of
CMA. However, as there is considerable overlap among the values
observed in different groups of patients, there is a limitation of these
tests for predicting the prognosis.
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Cow’s milk allergy (CMA) has become a
common disease in early childhood. It is
caused by the interaction between one or
more milk proteins and different types of
immune mechanisms, which can be classified
into immunoglobulin (Ig)E-mediated and non-
IgE-mediated forms (1,2). The symptoms com-
monly arise from the skin, and from the
respiratory and gastrointestinal tracts, but the
factors that determine the site of clinical
disturbance remain unexplained, with some
evidence suggesting that different immuno-
pathogenic mechanisms may be involved in
the wvariable clinical presentations (2). The
symptoms may be elicited by several other
diseases and are seldom pathognomic.
Therefore, the primary test for establishing
the diagnosis of food allergy is clinical: the
symptoms cease on dietary elimination of cow’s
milk and re-appear upon challenge. The
immune reactivity to cow’s milk proteins
(CMP) diminishes with age and clinical toler-
ance commonly occurs. About 85-90% of
children with CMA will have remission by
3 years of age (3). It has been reported that in
infants younger than 3 years of age the
remission rate is lower in those with IgE-
mediated CMA than in those with non-IgE-
mediated reaction (4). Some laboratory tests
may be useful in the prediction of prognosis.
We recently showed that normalization of the
previously elevated level of serum eosinophil
cationic protein may indicate the cessation of
CMA (5). Previously, a relationship between
the development of tolerance to CMP and the
ability to mount a local immune response was
found, especially of IgA against CMP (6). The
serum total IgE, milk-specific IgE, and IgA and
IgG levels show great variability in children
with CMA and therefore their diagnostic value
is limited (7,8). However, it is possible that the
level of these circulating antibodies at the onset
of symptoms of CMA may help to predict the
time at which the patients become clinically
tolerant to cow’s milk. Therefore, our aim was
to find out whether these parameters really have
a prognostic value and how they are related to
the presenting symptoms.

Patients and methods

Fifty children with CMA were enrolled to our
study. Children who were considered to have
CMA had clinical symptoms which ceased upon
dietary elimination of cow’s milk and re-appeared
on open challenge. The detailed clinical data of
patients are shown in Table 1. Urticaria, atopic
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dermatitis, repeated wheezing episodes, failure to
thrive, vomiting, diarrhea, and bloody stools
were the presenting symptoms after the introduc-
tion of CMP.

During the process of diagnosis of CMA, 4 ml
of blood was drawn from every child in this
study. From the serum samples, the total IgE
level was measured using enzyme immunoassay
(Phadezym IgE PRIST; Kabi Pharmacia
Diagnostic AB, Uppsala, Sweden) and the
milk-specific IgE was determined by fluoroim-
munoassay (Pharmacia CAP System FEIA; Kabi
Pharmacia Diagnostic AB). The relative levels of
IgA and IgG antibodies to different CMP, such
as o-casein, bovine serum albumin (BSA), -
lactoglobulin and CMP, were measured using
enzyme-linked immunosorbent assay (ELISA)
methodology (9). These values were expressed
as a ratio to a positive reference serum. Skin-
prick tests were performed using an Epipharm
food allergen kit (Epipharm, ALK/AS,
Horsholm, Denmark).

After diagnosing the CMA, the patients a
received cow’s milk-free diet: either extensively
hydrolyzed formula or soya-based formula. One
patient received an amino acid solution. After an
average of 9.2 months (range 2-31 months) on a
cow’s milk-free diet, the cow’s milk re-challenge
test was made in 38 children using cow’s milk-
based formula containing a low concentration of
lactose (Nutrilon low lactose; Nutricia). At the
time of re-challenge, all patients were symptom
free. After the CM re-challenge test, positive
reactions were observed in 12/38 individuals
(positive group, mean age 17.5 months). They
had early (skin rash, vomiting) and delayed
(atopic dermatitis, wheezing, slow weight gain)
reactions. In the remaining 26 children (mean age
15.3 months) there was no reaction (negative
group). (In 12 patients no re-challenge was made
because of their bad compliance.)

Thirty non-atopic children represented the
control group. The mean introduction time of
CMP into their diet was similar to that of CMA
patients: 3.3 months (range: 0.1-10 months) vs.
3.8 months (range: 0.1-12 months), controls and
CMA patients, respectively (Table 1). The first
introduction of CMP in the children with a
positive (at 3.5 months of age) and negative (at
3.9 months of age) reaction at re-challenge was
not significantly different.

Ethical permission for this study was given by
the Ethical Committee of Semmelweis University,
Budapest. Parents received detailed information
about the examination before they signed consent
forms.



Table 1. Clinical data of the cow's milk allergic patients and controls

Number of children with cow’s milk allergy at diagnosis 50
Mean age* 10.9 (1-34)
Girls/boysT 20/30
Mean introduction time of CMP* 3.8(0.1-12)
Presenting symptoms
Skint 37
Gastrointestinal 23
Respiratoryt 20
Combination of presenting symptoms
One organ involved? 26
Two organs involvedt 18
Three organs involvedt 6
Number of children at the repeated challenget 38
Mean age at diagnosis* 6.6 (1-34)
Mean age at re-challenge® 16.0 (6-41)
Positive reactiont 12
Negative reactiont 26
Controlst 30
Mean age* 8.7 (1-24)
Girls/boys 9/21
Introduction time of CMP* 3.3(0.1-10)

*Months. Results are expressed as mean value (range).

fn.

CMP, cow's milk protein.

Statistical analysis

Statistical analysis was performed by the SAS
statistical ~ software  package (SAS/STAT
Software Release 6.12; SAS Institute Inc., Cary,
NC, USA). The total IgE and milk-specific IgE
values showed a normal distribution only after
logarithmic transformation, therefore they are
expressed as geometric mean and 95% confidence
intervals (CI). The level of different IgA and IgG
antibodies did not show a normal distribution,
even after logarithmic transformation, and there-
fore are expressed as median and 95% CI.
Between all patients and controls the Mann-—
Whitney U-test was used, while the analysis
between the values of children who had positive
or negative reactions to cow’s milk after the re-
challenge (positive and negative groups) and the
controls was performed by using Kruskal-Wallis
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test. When a significant difference was found
between the groups, the statistical analysis was
continued by pairwise comparisons using the
Mann—Whitney U-test. For the determination of
correlations among immunoglobulins, the
Spearman rank test was used. A p-value of
<0.05 was considered statistically significant.

Results

The serum total IgE concentration was signifi-
cantly elevated in children with CMA at diag-
nosis (geometric mean: 11.0 kU/I; 95% CI: 0.8—
21.2 kU/), compared to controls (mean 4.3 kU/I;
95% CI: 0.7-26.1 kU/1, p<0.02). In children who
showed a positive reaction to cow’s milk at the
second challenge, the total IgE values at diagnosis
were significantly higher (mean 22.9 kU/L; 95%
CI: 8.7-60.7 kU/l) than in the negative group
(mean: 6.8 kU/I; 95% CI: 0-13.9 kU/I; p<0.02).
Figure 1 shows all individual measurements in
the different groups.

The milk-specific IgE level in the children with
CMA (mean 0.51 kU/I; 95% CI: 0.13-1.99 kU/)
correlated with the total IgE concentrations
(r=0.58, p<<0.001). In the positive group the
milk-specific IgE levels were significantly
increased (mean 0.87 kU/L; 95% CI: 0-1.5 kU/)
compared to those of control group (mean:
0.35 kU/; 95% CI: 0.2-0.6 kU/l; p<0.01).
There was a slight, but not significant, difference
in the serum milk-specific IgE levels of controls
and the negative group (mean: 0.49 kU/1; 95% CI:
0-2.7 kU/l). The individual values of milk-
specific IgE are shown in Fig. 2. Five of 12
positive cases, and 16 of 26 negative, as well as 28
of 30 controls, did not have detectable levels of
milk-specific IgE. The serum concentrations of
neither the total IgE nor the milk-specific IgE
showed any correlation with the clinical symp-
toms of CMA. The skin-prick test with milk
protein was positive in 12 patients with CMA and

Table 2. The relative levels of immunoglobulin (Ig)A and IgG antibodies to different cow’s milk proteins (CMP) in cow’s milk allergic children and in controls

Patients with CMA Positive group Negative group Controls
Antibodies to: (n=50) (n=12) (n=26) (n=30)
Alpha-casein IgA 061 (0-37) 0.70 (0-7.8) 0.37 (0-1.5) 0.54 (0-4.8)
Alpha-casein IgG 1.43 (0-5.0) 2.10 (0-16.7)* 0.89 (0-4.5) 0.72 (0-3.6)
BSA IgA 0.50 (0-5.0) 1.36 (0-3.8) 0.04 (0-1.9) 0.17 (0-5.3)
BSA IgG 0.36 (0-0.8)** 0.88 (0.2-1.9) 0.24 (0-0.7)** 2.94 (0-11.3)
Beta-LG IgA 0.70 (0-3.3) 0.70 (0.5-0.9) 0.70 (0.5-0.9) 0.70 (0-4.2)
Beta-LG IgG 0.55 (0.3-0.8) 0.70 (0.4-1.0) 0.40 (0-0.8) 0.60 (0-0.3)
All CMP IgA 0.65 (0-1.9) 0.67 (0-4.1) 0.35 (0-1.0) 0.71 (0-2.9)
All CMP 1gG 5.16 (0-14.5) 5.67 (0-30.6) 3.03 (0-13.2) 3.20 (0-5.9)

Results are presented as median values (95% confidence intervals).
Statistical analysis was performed by using the Kruskal-Wallis test.
Beta-LG, B-lactoglobulin; BSA, bavine serum albumin.
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Fig. 1. Individual total immunoglobulin E (IgE) values in
controls, and in children with cow’s milk allergy who had a
positive or a negative reaction to cow’s milk at re-challenge.
(The values are shown on a logarithmic scale.) Horizontal
lines represent the geometric means of the different groups,
vertical lines the 95% confidence intervals.

in all but one the milk-specific IgE level was
elevated.

Table 2 summarizes the serum levels of specific
IgA and IgG antibodies to the different CMP. In
children with CMA, these values were similar to
those of controls, except for the anti-BSA IgG
concentration which was significantly lower in the
patients. When the children with CMA were
separated according to their positive or negative
reaction to the second cow’s milk challenge test,
higher antibody values were observed in the
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Fig. 2. Individual milk-specific immunoglobulin E (IgE)

values in controls, and in children with cow’s milk allergy

who had a positive or a negative reaction to cow’s milk at re-

challenge. Horizontal lines represent the geometric means of

the different groups, vertical lines the 95% confidence

intervals.
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positive group, but this reached significance only
for the anti-a-casein IgG. It should be empha-
sized that the values overlapped in the positive
and negative groups. In the negative group the
IgG antibody level to BSA was significantly lower
compared to controls, while in the positive group
the decrease of this antibody concentration was
not significant. The other antibody levels were
similar in children with early and delayed clinical
reactions.

When the serum IgA and IgG antibodies to the
different CMP were examined in patients with
different clinical manifestations (skin, respiratory
or gastrointestinal symptoms) the concentration
of anti-BSA IgA antibodies was significantly
elevated in children with gastrointestinal mani-
festation (relative ratio, median 1.76; 95% CI: 0—
9.2) compared to those of controls (median 0.17;
95% CI: 0-5.3) (p <0.05).

In children with CMA, close correlations were
found between the specific IgA and IgG anti-
bodies to different CMP in all comparisons
(range of r = 0.38-0.86, range of p <0.007 to
0.0001). When the serum total IgE levels were
compared with the levels of different IgG and IgA
antibodies, correlations were found with anti-o-
casein IgA (r=0.34, p <0.02) and IgG (r=0.36, p
<0.02), anti-BSA IgA (r=0.34, p <0.02), and
with IgA antibodies to all CMP (r=0.30, p <0.02)
and IgG (r=0.39, p <0.02). Conversely, no
correlation was found between the milk-specific
IgE concentration and any types of IgA or IgG
antibodies to the different CMP.

Discussion

The symptoms of CMA may be shared with
several other diseases and therefore there is a
requirement for a reliable laboratory test for this
disease. However, considering that any one of the
four types of hypersensitivity reactions can occur
in its pathogenesis, it is obvious that no single test
can diagnose patients with CMA (2). De-
granulation of intestinal mast cells with the
release of mediators acting on the gastrointestinal
epithelium is an important mechanism for type I
immunological reaction in  CMA (10).
Determination of the total serum IgE concentra-
tion may be useful for checking the global allergic
status of children with CMA and its level is
frequently elevated in CMA (11-13). This was
confirmed also by our study, but we have to
emphasize that many children had normal IgE
values. Therefore, a low total IgE level does not
rule out the diagnosis of CMA. It is unclear
whether in CMA the milk-specific IgE antibodies
contribute a considerable proportion of the total



IgE level; however, regardless of this, a close
correlation was observed between the total and
milk-specific IgE values. Our observation showed
that the highly increased total IgE level at the
diagnosis of CMA may indicate a prolonged
course of this disease. Local production and
systemic distribution of specific reaginic IgE
antibodies to CMP is characteristic for CMA
(11,14,15), but these antibodies can also be
detected in 5% of healthy children (16).
Radioallergosorbent testing (RAST) helps to
diagnose CMA caused mainly by immediate
reactions to CMP, but such antibodies are also
found in CMA caused by delayed-type reactions.
Our results also confirm this observation because
no significant difference was found in the total
and milk-specific IgE values in children with skin,
respiratory, and gastrointestinal symptoms.
CMA is often outgrown in children by the age
of 3 years (17), and the recovery is earlier in
children with cow’s milk-induced enteropathy
(18). According to previous studies, the develop-
ment of tolerance to CMP in children with CMA
is associated with a decrease in specific IgE
antibodies (14,19). Our findings show that
children developing tolerance to CMP earlier
have only slightly, but not significantly, lower
values of specific IgE antibodies, even at the time
of diagnosis. In the recently published study of
Sicherer & Sampson (20), the specific IgE anti-
body levels to CMP were lower in children with
CMA, in whom the disease was not prolonged.
The diagnostic value of specific IgA and IgG
antibodies to CMP is controversial because the
production of these antibodies is a normal
physiologic response following exposure to
CMP (21-23). Japanese authors determined the
milk-specific IgG levels in the sera of healthy
children. The highest levels of milk-specific 1gG
were found in children 5-12 months of age; levels
then decreased gradually to reach negligible
values by adulthood (24). Keller et al. found
that IgG antibody titers to casein, -lactoglobu-
lin, a-lactalbumin, and BSA, rose slowly in
children who were exclusively breast-fed, and
peaked rapidly in the cow’s milk-based formula-
fed group, especially during the first year of life.
Consuming extensively hydrolized formula, the
milk-specific IgG level is nearly the same as in the
breast-fed group and significantly lower than that
of the cow’s milk-based formula-fed group (25).
Jenmalm et al. found that exposure to CMP
during the first 3 months of life causes an
increased IgG antibody level to B-lactoglobulin,
which gradually diminishes up to 8 years of age
(26). Exposure to cow’s milk during the first
3 days of life causes a strong stimulation of IgG
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antibody production to CMP and this is still
apparent at 2 years of age (27,28).

Previously, it was claimed that the antibody
response was stronger among children with CMA
than in controls (22,29,30). Later studies failed to
show any difference in the level of IgA and IgG
antibodies to cow’s milk among children with
CMA and healthy controls (6,31). Some authors
have reported even low titers of IgG antibodies to
cow’s milk in patients with CMA (1,32). In our
study only the anti-BSA IgG level was decreased
compared to the control value, while the
concentrations of other IgA and IgG antibodies
were similar to those of controls. The close
correlation in all comparisons among the relative
level of IgA and IgG antibodies against different
CMP also proves that the changes in the
production of these immunoglobulins are pro-
portional.

On the basis of our results, we conclude that
the levels of these IgA and IgG antibodies do not
have diagnostic significance in an individual child
with CMA. The diagnostic value of IgG subclass
antibodies to different CMP is uncertain, as
shown by Host et al. (14) who did not find a
significant difference in the levels of these
antibodies between infants with CMA and
controls.

We found that a higher IgG antibody con-
centration to a-casein at diagnosis may predict a
longer duration of CMA. This is in contrast to
the results of James & Sampson who were not
able to detect such a change in any type of IgG
antibodies to different CMPs, which may help
predict the duration of CMA (19). Isolauri et al.
showed that the ability to mount a local IgA
response to CMP may determine when the
clinical hypersensitivity to cow’s milk is lost (6).
In our study, however, those patients who
developed tolerance to cow’s milk earlier had a
low level of IgA antibodies to different CMPs.
The observed elevated IgA antibody level to BSA
in CMA patients with gastrointestinal manifesta-
tions may be explained by its increased produc-
tion in the intestinal mucosa. The number of IgA-
producing plasma cells is increased in children
with cow’s milk-induced enteropathy (33). The
present observation that a close correlation exists
between the production of total IgE and the levels
of certain IgA and IgG antibodies to CMP may
be indicative of a close relationship between the
synthesis of IgE and other immunoglobulins
(IgA, IgG), as previously suggested by Lilja
et al. (34).

In conclusion, our study further confirms that
laboratory methods have only an auxiliary role in
the diagnosis of CMA, which must be based on
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the

clinical response to cow’s milk elimination

and provocation, as recommended by Goldman
almost 40 years ago (35). The higher total IgE
and the elevated level of IgG antibodies to a-
casein may indicate a later development of
tolerance to CMP, or even persistence of CMA.
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