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Abstract

Tolerance to allergens may partly depend on allergen-specific IgG and IgG subclass-
es and IgA antibodies. We investigated whether specific [gG and IgG subclasses and
IgA antibodies to B-lactoglobulin, o-casein, and ovalbumin differed between infants
who had verified cow’s milk allergy (CMA) and infants with cow’s milk (CM)-
associated eczema, but negative CM oral challenge. The study population comprised
95 infants with clinical eczema that was by history associated with the consumption
of CM. After an elimination period, a double-blind, placebo-controlled (DBPC)
CM oral challenge confirmed CMA in 45 infants. Skin prick tests (SPT) were per-
formed with CM and hen’s egg. Serum levels of IgE antibodies to CM and hen’s
egg were measured with UniCAP (Phadia, Uppsala, Sweden), and levels of IgA,
1gG, IgGl, and IgG4 antibodies to B-lactoglobulin, a-casein, and ovalbumin were
measured with enzyme-linked immunosorbent assay. We observed that infants with
CMA had lower I1gG4 levels to B-lactoglobulin than infants with negative DBPC
CM challenge (p = 0.004). Positive CM SPT was associated with lower 1gG4 levels
to a-casein (p = 0.04). The relation of CM IgE to B-lactoglobulin and o-casein
IgG4 was higher in CMA than in infants with negative challenge (p < 0.002 and
0.0001). Positive egg SPT was associated with elevated levels of specific IgG to oval-
bumin, B-lactoglobulin, and a-casein as well as IgA to a-casein (p < 0.04). Our
study thus shows that low B-lactoglobulin-specific serum 1gG4 levels may differenti-
ate eczematous infants with CMA from infants who have eczema with only sus-
pected association with CM.

Eczema in infants is often associated with sensitization to
food allergens, cow’s milk (CM) proteins in particular (1, 2).
It often indicates a predisposition to allergy also later in life
(3). Eczema, on the other hand, is a predominant symptom
of cow’s milk allergy (CMA) (1), which affects 2-3 % of
infants (3).

A reliable CMA diagnosis requires an elimination diet fol-
lowed by a controlled oral challenge, the gold standard being
double-blind placebo-controlled (DBPC) challenge (4, 5). A
history of CM-related symptoms combined with specific IgE
response to CM is sometimes considered sufficient, but may
lead to false diagnoses (1, 5-7). Diagnosing CMA when it is
not IgE mediated is even more challenging, especially as the
symptoms are often delayed (1, 2).

Whether measuring CM-specific I1gG and IgG subclass or
IgA antibodies helps in CMA diagnostics is controversial
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(8-10). Both basic and clinical studies support the notion that
especially specific [gG4 may be a useful marker for tolerance
and allergy. While the Th2-cytokine IL-4 induces class
switching in B cells to both IgE and IgG4, IL-10 up-regulates
the secretion of IgG4 and inhibits IgE production (11). One
plausible source of IL-10 is secretion by T regulatory 1 cells
(12). Specific IgG4 functions, at least partly, by blocking the
binding of specific IgE to allergen (11). Antibodies of the
IgG4 subclass seem, indeed, to be associated with specific
tolerance. Individuals tolerating CM were shown to have higher
CM-specific 1gG4 levels than those with allergic reactions to
CM (13). In a study on children with CM and/or egg allergy,
prolonged elimination diet was required in children with low
levels of IgG4 to B-lactoglobulin and/or ovalbumin (14). We
previously reported that in a prospective study from birth to
the age of 8-9 yr, children who spontaneously recovered
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from CMA early had higher B-lactoglobulin-specific IgA
levels at the time of diagnosis and higher PB-lactoglobulin-
specific IgG4 levels at later age compared with those who had
persistent CMA (15). Mucosal IgA has properties that pro-
mote tolerance, and the regulation of its expression involves
cytokines secreted by T regulatory cells, such as TGF-B (16).
We investigated whether infants with CMA could be dis-
tinguished by IgG and IgG subclasses and/or IgA antibodies
in a population of infants with eczema that parents associ-
ated with CM consumption. We hypothesized that based on
its immunological function as well as on data from previous
clinical studies, 1gG4 levels to CM proteins would be lower
in infants with CMA and could thus contribute to CMA
diagnostics. We also measured specific antibody responses to
hen’s egg to assess the overall propensity of the study sub-
jects to mount antibody responses to early food allergens.

Methods

The original study (17) investigated whether probiotic treat-
ment would alleviate eczema. The study protocol has been
described previously in detail (17) and is depicted in Fig. 1.
Samples for this study were, however, collected prior to the
treatment. The DBPC CM oral challenges were performed
4 wks after the 4-wk-long treatment. One parent of each par-
ticipating infant gave a written informed consent. The local
ethics committee approved of the study protocol.

Originally, 230 infants with eczema that was suspected to
be associated with CM consumption were recruited between
November 1999 and March 2002 at the Skin and Allergy
Hospital, University of Helsinki. All infants were under the
age of 12 months at the first visit to the clinic. For the
current study, we had serum samples available from 95
infants. Clinical characteristics of the current study popula-
tion are depicted in Table 1.

At every visit to the clinic, a physician (MV) met the
infant with one or both parents. She evaluated the clinical
status of eczema with the Severity Scoring of Atopic Derma-
titis (SCORAD) at the first, and second visit 4 wks later, and
at the third visit 8 wks after the first visit. Parents were
advised to treat the infant’s eczematous lesions with emol-
lients continuously and with topical 1% hydrocortisone when
needed but not for more than 2 wks continuously. The use of
hydrocortisone was recorded at every visit.
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Cow’s milk elimination was started for infants and their
breast-feeding mothers at the first visit. CM-based formula
was replaced by extensively hydrolyzed whey formula (EHF),
(Peptidi-Tutteli; Valio Ltd, Helsinki, Finland).

At the first visit to the clinic, we performed skin prick tests
(SPTs) with commercial allergen extracts of egg white (Alyo-
stal prick test; Stallergenes SA, Antony, France), cat, dog,
and birch (Soluprick; ALK-Abello’, Horsholm, Denmark),
according to the standard technique. We also performed
duplicate tests with fat-free CM, with commercially available
adapted CM and hypoallergenic infant formulas, as well as
with cereal grains and purified gliadin. We considered a SPT
to be positive if the mean wheal diameter was at least 3 mm
larger than the one elicited by the negative control. We
defined atopy as a positive SPT response and/or an antigen-
specific IgE concentration of 0.7 kU/l or greater to any anti-
gen tested. AD was thus defined as eczema that coincided
with atopy. Infants with positive DBPC CM challenge and
with a positive CM SPT or specific IgE to CM 20.7 kU/1
were considered to have IgE-mediated CMA.

Infants were randomly allocated to receive one of the three
products in a double-blind manner for 4 wks: (i) Lactobacillus
rhamnosus GG [ATCC 53103; 53109 colony-forming units
(cfu)], (ii) a mixture of probiotics (LGG, 53109 cfu; Lactobacil-
lus rhamnosus LC705, 53109 cfu; Bifidobacterium breve Bbi99,
23108 cfu; and Propionibacterium freudenreichii ssp. shermanii
JS, 23109 cfu), or (iii) placebo.

The elimination diet lasted 8 wks, that is, the 4-wk treat-
ment period followed by 4 wks without treatment. All infants
showed clinical improvement of eczema. We performed a
double-blind placebo-controlled CM challenge. The placebo
product was EHF (Peptidi-Tutteli; Valio Ltd). CM formula
(Tutteli; Valio Ltd) was mixed with EHF 1:2 to make it
indistinguishable from the placebo.

We started the challenge with drops on the skin. Next, we
gave the formula orally in quantities of 2, 10, 50, and 100 ml
at 30-min intervals. If no symptoms appeared during the
challenge or 2-h follow-up, the infant received the same
formula 400-600 ml daily at home for the next 4 days, unless
an adverse reaction appeared. A washout period of 2-9 days
followed. The challenge protocol was then repeated with the
second formula. We compared the symptom diaries of the
two challenge periods and decided on the symptomatic chal-
lenge period. We then opened the milk code. CMA diagnosis

Ist 2nd 3rd 4th 5th visit
| 4wks 4 wks 1-2wks 1-2wks interval
SCORAD SCORAD SCORAD
Skin prick test Blood sample

Blood sample

—————— Lactobacillus GG, mixture of probiotics, or placebo treatment

e Cow’s milk elimination

=== Double-blind placebo controlled cow’s milk challenge, 5-day period

Figure 1 Protocol of the clinical trial.
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Table 1 Clinical characteristics of the study population

19G4 in cow’s milk-associated eczema

DBPC CM challenge CM SPT

Positive Negative Positive Negative
N 46 49 24 71
Age, months 5.6 (2.4-11) 6.6 (2.4-11) 6.1 (3.6-11) 5.6 (2.4-11)
median (range)
Male N (%) 25 (54) 31 (63)
Length of exclusive breastfeeding, months 1.6 (0-5.0) 0.75 (0-4.5) 2.3 (0.1-5.0)* 0.75 (0-4.5)
median (range)
SCORAD at 1st visit 34 (14) 33 (15) 31 (14) 35 (15)
mean (s.d.)
SCORAD at CM challenge, mean (s.d.) 14 (10) 12 (8) 12 (11) 13 (8)
CM IgE 0.1 (0-21)* 0.1 (0-2.1) 0.1 (0-21)* 0.1 (0-2.1)
kU/L median (range)
Positive egg SPT 22 (48) 17 (35) 14 (58) T 25 (35)

N (%)

CM, cow's milk; DBPC, double blind placebo controlled; SPT, skin prick test; SCORAD, Scoring of Atopic Dermatitis. *Denotes p < 0.05,

Mann Whitney non-parametric test. tDenotes p < 0.05, 2 test.

was based on symptoms (urticaria, worsening of eczema,
vomiting, diarrhea, physician-diagnosed wheezing, allergic
rhinitis, and/or conjunctivitis) during the challenge with
CM-containing formula.

Measurement of antigen-specific antibodies in serum samples

We had serum samples available from 95 infants, retrieved at
the first visit to the clinic. Samples were stored at —80°C until
analyzed.Cow’s milk-specific IgE antibodies in sera were mea-
sured with enzymatic fluoroimmunoassay Pharmacia CAP
system (Pharmacia Ltd, Uppsala, Sweden). Scarcity of
samples prevented us from measuring B-lactoglobulin- and
a-casein-specific IgE levels.

Serum antibodies of IgA, 1gG, 1gGl, and IgG4 isotypes to
bovine-B-lactoglobulin and o-casein were measured with
enzyme-linked immunosorbent assays (ELISA). Antigen-
specific IgA and IgG were measured as previously described
(18). Levels of antigen-specific IgG4 and IgG1 were measured
with an ELISA protocol described in Savilahti et al., 2010
(15). The anti-human IgG4 antibody (clone MH164-4,
HP6196) was purchased from Sanquin (Amsterdam, the Neth-
erlands) and anti-human IgG1 antibody (clone HP6069) from
Zymed (San Fransisco, CA, USA). Values were expressed as
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 concentra-
tion was assigned to 100 AU. Detection limit was 0.1 AU for
the following antibody measurements (number of samples
below detection limit, total n = 95): B-lactoglobulin-specific
IgA (7), 1gG (2), 1gG1 (18), 1gG4 (32), a-casein-specific 1gG
(1), IgG1 (16), 1gG4 (42), and ovalbumin-specific 1gG4 (20).
Detection limit was 0.2 AU for a-casein-specific IgA (1) and
ovalbumin-specific IgA (41) and IgG (22). For ovalbumin-
specific IgG1, the limit was 0.3 AU (40).

© 2012 John Wiley & Sons A/S

Statistical analysis

As data on antibody levels (IgE to CM and IgA, IgG, 1gG4,
IgGl to P-lactoglobulin, o-casein, and ovalbumin) were
skewed, we performed logarithmic transformations. Values
under detection level were computed as lowest detection level
divided by two. We calculated two measures of CM-specific
IgE/1gG4 balance: the ratio of CM-specific IgE level to either
B-lactoglobulin or a-casein-specific IgG4 levels. On the basis
of our previous studies, both p-lactoglobulin or a-casein-
specific antibody levels closely correlate with specific antibody
levels to whole CM. We compared antibody levels, measures
of CM-specific IgE/IgG4 balance as well as continuous
clinical variables between groups with Mann—Whitney non-
parametric test. We applied chi-squared test for comparing
dichotomic clinical variables. We considered a p-value of 0.05
or less statistically significant. Statistical analysis was per-
formed with SPSS 15.0.1 for MicroSoft Windows.

Results

Statistics of clinical variables are depicted in Table 1. Infants
with positive CM SPT were exclusively breast-fed longer than
those with negative CM SPT, whereas CMA was not associ-
ated with the length of exclusive breast-feeding (Table 1).
CM-specific IgE response was associated with CMA and
positive SPT to hen’s egg (Table 1). However, 59 % of CMA
cases had negative CM SPT, and on the other hand, 10%
CM SPT positive cases were not diagnosed with CMA
(Table 1). CMA diagnosis was not significantly associated
with probiotics or placebo treatment (p > 0.07, ;> test): the
frequency of positive DBPC CM challenges in LGG group
was 14/31 (45%) and MIX 21/33 (64%) and in the placebo
group was 11/31 (35%).

Infants with CMA had significantly lower B-lactoglobulin-
specific 1gG4 levels, and they showed a tendency to lower
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a-casein-specific 1gG4 levels, compared with infants with neg-
ative CM challenge (Table 2). Positive CM SPT was associ-
ated with low o-casein-specific IgG4 levels (Table 2). Also in
the placebo group alone similar, statistically significant
(p < 0.02, Mann—Whitney test) differences were observed:
among infants with CMA (n = 11) B-lactoglobulin-specific
1gG4 levels were 0.13 (geometric mean), 0.05-0.31(95 % con-
fidence interval) and among infants with negative CM chal-
lenge (n = 20) 0.65, 0.25-1.65. Neither B-lactoglobulin and
a-casein-specific 1gG, 1gGl, IgA levels nor ovalbumin-specific
1gG, IgGl, IgG4, IgA levels differed significantly between
these groups (data not shown). None of the measured anti-
body levels differed between IgE-mediated and non-IgE-med-
iated CMA (data not shown).

We calculated two measures of CM-specific IgE/IgG4
balance: the ratio of CM-specific IgE level to either B-lacto-
globulin or a-casein-specific 1gG4 levels. Both measures of
CM-specific IgE/IgG4 balance differed significantly between
infants with CMA and those with negative CM challenge:
Infants with CMA had higher ratio of specific IgE to 1gG4
(Fig. 2). Similar, statistically significant (p < 0.03, Mann—
Whitney test) difference was also seen in the placebo group
alone for the ratio of CM IgE to B-lactoglobulin 1gG4.

Infants who were exclusively breast-fed for <1 month had
higher (p = 0.001, Mann-Whitney test) B-lactoglobulin-
specific 1gG4 levels (geometric mean, 0.5; 95 % confidence
interval, 0.3-0.8; n = 46) than those who were exclusively
breast-fed for 1 month or longer (0.1; 0.09-0.2; n = 49).
Similar difference was observed in o-casein-specific 1gG4
levels (0.3; 0.2-0.4 vs. 0.1; 0.07-0.1, p = 0.001).

Infants with positive SPT to hen’s egg had higher levels of
specific 1gG to ovalbumin, B-lactoglobulin, and o-casein as
well as IgA to a-casein (Table 3). In IgG4 and IgG1 subclass-
es separately, no significant difference was observed (data not
shown).

Infants who were atopic had higher levels of ovalbumin-
specific IgG compared with non-atopy (geometric mean, 9.0;
95 % confidence interval, 4.3-19; n = 58, vs. 1.1; 0.5-2.5;
37, Mann—Whitney test p-value of 0.0002). Hen’s egg SPT
was positive in 39 (67%) of infants with any sensitization,
that is, atopy.

The severity of AD as measured with SCORAD was not
associated with any of the specific antibody levels we mea-
sured (data not shown).
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Discussion

Our study population consisted of infants who had eczema
associated with the consumption of CM. We showed that
infants who were diagnosed with CMA based on a DBPC
CM oral challenge had lower B-lactoglobulin IgG4 levels
compared to infants with a negative challenge. They, further-
more, had higher ratio of CM-specific IgE to B-lactoglobulin-
and o-casein-specific IgG4 antibodies. Positive CM SPT was
also associated with lower B-lactoglobulin and a-casein 1gG4
levels. Specific IgG to B-lactoglobulin, a-casein, and ovalbu-
min levels, on the other hand, was higher in infants with
positive SPT to hen’s egg.

All infants in our study underwent a DBPC oral CM chal-
lenge. Prior to the oral challenge, infants and their breast-
feeding mothers followed a rigorous elimination diet. Thus,
the CMA diagnoses are most reliable. Serum samples were
collected at the first visit at our clinic before any intervention,
that is prior to elimination diet, probiotic treatment, and
DBPC oral CM challenge. As spontaneous recovery is char-
acteristic of CMA (3), we cannot exclude the possibility that
infants who had negative oral CM challenge would not have
had a very transient form of CMA. We might speculate,
however, that most cases of CMA were diagnosed at an early
stage given the age at diagnosis, that is, 12 months or under.
Furthermore, a relatively large proportion of infants who
had a positive DBPC CM oral challenge had no detectable
IgE-mediated response to CM. This may reflect diagnosis at
an early stage of CMA when IgE response has not yet fully
developed (3). The availability of serum samples limited the
number of subjects to 95 of the original cohort of 230. Clini-
cally the study population corresponded well to the original
cohort (17). Both in the original clinical trial (17) and in the
current subpopulation, the probiotics treatments showed no
effect on the outcome of DBPC CM oral challenge.

The result that low specific [gG4 levels to CM proteins are
associated with CM sensitization and CMA is in line with
the concept that specific [gG4 antibodies are associated with
tolerance to food allergens (13, 14). We furthermore showed
that in infants with eczema and CMA, the ratio of specific
IgE to I1gG4 was higher than in eczematous infants without
CMA. The result conforms with the studies on natural course
of food allergy as well on specific immunotherapy. A shift in
the balance between specific IgE and IgG4 antibodies occurs

Table 2 B-lactoglobulin (BLG) IgG4 levels in infants with or without cow's milk allergy (CMA) and a-casein (CAS) 1gG4 levels in infants with

positive or negative skin prick test (SPT) to cow’s milk (CM)

BLG IgG4 geometric

CAS IgG4 geometric

mean (95% confidence p Mann mean (95% confidence p Mann
interval) AU Whitney interval) AU Whitney
CMA (n = 46) 0.14(0.09-0.22) 0.004 0.12(0.08-0.16) 0.06
No CMA (n = 49) 0.42(0.25-0.70) 0.23(0.14-0.35)
CM SPT positive (n = 24) 0.13(0.07-0.26) 0.06 0.11(0.06-0.18) 0.04
CM SPT negative (n = 71) 0.30(0.07-0.26) 0.19(0.05-0.27)

The specific IgG4 levels are expressed as arbitrary units (AU). p-values are based on non-parametric Mann Whitney test.

© 2012 John Wiley & Sons A/S
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Figure 2 Ratio of cow's milk (CM) specific IgE to B-lactoglobulin
(BLG) 1gG4 and to a-casein (CAS) levels in infants with (m) or with-
out (A) cow'’s milk allergy. These measures of IgE/IgG4 lev-
els are expressed as arbitrary units (AU) on a logarithmic
scale. p-values are based on non-parametric Mann Whitney
test. Bars denote the mean.

in the natural development of tolerance in CMA (15, 19) and
in hen’s egg allergy (20). Studies on specific oral immunother-
apy also show that specific IgG4 antibody levels increase
when desensitization to the allergen is achieved (21, 22).
Diagnosis of CMA currently requires a controlled, prefera-
bly DBPC, oral challenge (23). Finding laboratory methods
for distinguishing CMA cases from other CM intolerance
would reduce the burden on patients and the risk of anaphy-
laxis. Screening of IgE and IgG4 antibodies to CM epitopes
may assist in diagnostics and prognostics (19, 24). Measuring
immunoglobulin free light chains may also contribute to
allergy diagnostics (25). Currently, however, CM SPT and
specific CM IgE remain the main laboratory tests available in
the clinical practice (7, 26). Relying on specific CM IgE mea-
surement risks labeling mere sensitization as allergy (1, 6).
On the other hand, also non-atopic infants may transiently
produce allergen-specific IgE antibodies (27). CM IgE mea-
surement leaves non-IgE-mediated CMA undetected. More-
over, IgE response may develop slowly during clinical allergy
and be detected only at the later stages of CMA (3). In the
current study, 59% of DBPC oral challenge verified CMA
cases had negative CM SPT, whereas 10% of those with
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positive CM SPT had negative oral challenge. Atopy patch
test has been suggested to help in identifying CMA in
patients with eczema, but it is of limited clinical value (6, 28).

As a working group of European Academy of Allergy and
Clinical Immunology has stated, detectable specific 1gG4
antibodies do not indicate food allergy, but rather exposure
and possibly tolerance to the antigen (29). The position paper
concludes that specific 1gG4 should not be used in allergy
diagnostics (29). In our study, exposure to CM did not
explain differences in CM protein—specific 1gG4 levels,
whereas the data do support the role of specific IgG4 in the
maintenance of tolerance. Specific 1gG4 levels and IgE/IgG4
balance differed between infants with positive or negative
CM challenge. More research on study populations meeting
stringent CMA diagnostic criteria, preferably DBPC oral
challenge verified diagnosis, is required to assess whether
measuring specific 1gG4 levels in addition to specific IgE in
an individual patient has clinical value. In this study, the
scarcity of serum samples drawn from infants prevented us
from measuring IgE and IgG4 antibodies to the same
CM antigens. We therefore settled for a ratio of CM IgE to
B-lactoglobulin and a-casein 1gG4.

Previous studies have reported that early exposure to CM
is associated with pronounced IgG responses to CM proteins
(30, 31). We have observed in another cohort that even when
low B-lactoglobulin- and a-casein-specific 1gGl, 1gG4, and
IgG levels were associated with IgE-mediated CMA, within
the group of infants with IgE-mediated CMA, early exposure
to CM was associated with higher pB-lactoglobulin- and
a-casein-specific 1gG4 levels (32). Results of the current study
were in line with these previous reports. As early exposure to
CM is a possible etiological factor in CMA (33), we would
not treat it as a confounding factor in statistical analyses. In
the current study, the length of exclusive breast-feeding did
not significantly differ between infants with positive or nega-
tive DBPC CM challenge.

In addition to CM sensitization, we looked at hen’s egg
sensitization, which often reflects atopic disposition more
broadly (3, 34). The observation that positive SPT to hen’s
egg is associated with specific IgG to B-lactoglobulin,
o-casein, and ovalbumin levels is in line with a study we
published recently (35). It was based on another pediatric
population and showed that atopy was associated with
elevated levels of IgG and IgA antibodies to ovalbumin (35).
Earlier reports on similar findings also point to the associa-
tion of sensitization with high specific IgG antibody levels

Table 3 Ovalbulmin (OVA), B-lactoglobulin (BLG) and a-casein (CAS) specific total IgG levels, and o-casein specific IgA levels in infants with

positive or negative skin prick test (SPT) to hen’s egg

OVA IgG BLG IgG CAS IgG CAS IgA
Geometric mean (95% confidence interval) AU
Hen’s egg SPT positive (n = 39) 29 (15-58) 5.3 (3.5-8.2) 7.0 (4.6-10.4) 4.3 (2.8-6.6)
Hen's egg SPT negative (n = 56) 1.0 (0.5-2.0) 2.2 (1.3-3.2) 3.1 (1.9-5.1) 2.3 (1.6-3.5)
p <0.0001 0.01 0.04 0.03

The specific antibody levels are expressed as arbitrary units (AU). p-values are based on non-parametric Mann Whitney test.

© 2012 John Wiley & Sons A/S
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(36, 37). This association may be due to increased gut
permeability, which results in high presence of food antigens

ies are not detected.

in the gut immunological system and the generation of an

IgG and IgA response. A further explanation may be that
individuals prone to mount an IgE response to food antigens
also have a pronounced general humoral response to these

antigens (38).
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