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Summary

Background IgE-mediated cow’s milk protein allergy (CMPA) is usually outgrown in
children by the age of 3 years. The immunological responses to cow’s milk proteins in
children who achieve tolerance, in comparison with those who remain allergic, however, are
not well described.

Objective To compare the level of cow’s milk protein-specific IgE among children with
documented CMPA under the age of 3years, another group over the age of 9 years
(persistent allergy), and in another group of children in whom clinical tolerance developed.
Methods Stored sera from children with CMPA were analysed for IgE antibodies specific
for whole cow’s milk, casein, wheyy-lactalbumin (ALA), 8-lactoglobulin (BLG), and
bovine serum albumin (BSA) using the Pharmacia CAP System FEIA.

Results Within each group of CMPA children, the concentration of specific IgE antibody to
casein proteins was not significantly different from that to whey proteins. However, children
in the group with CMPA over 9years of age had significantly greater concentrations of
whole milk (P=0.02) and casein-specifi®® & 0.04) IgE antibodies compared with the
group of children with CMPA under age 3years. Children under the age of 3years had a
higher median concentration of casein-specific IgE (20.2 vs.’550.04) than another
group of 11 children (mean age 3.5years), who later lost their milk allergy. Out of 16
children who lost sensitivity to milk, 75% had milk-specific IgE levels below 14.3/kU
(median, 1.3KkW/L).

Conclusions Although a dominant allergenic milk protein fraction was not identified
within either of the two age groups, those with persistent CMPA over age 9years had
significantly elevated levels of milk and casein-specific IgE compared with younger
children with CMPA.
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tracts. About one-half of these reactions are mediated by
specific IgE antibodies toward proteins in cow’s milk (CM)
Cow’s milk protein allergy (CMPA) affects=2.5% of [1]. The IgE antibodies mediating these reactions may
children less than 3years of age [1-4]. Symptoms ofrecognize any of over 20 proteins identified in CM [5]. No
CMPA involve the skin, respiratory and gastrointestinalparticular protein in CM has been identified as a ‘major
Correspondence: S. H. Sicherer, Division of Pediatric Allergy/lmmunol allergen‘, neither the casein or Whey fractions of CM has
ogy, D%partment of Pediatrics, YEIIiot and Roslyn Jaffe F%){)d Allergy been Cle_arly |der_1t|f|ed as belng amajor gllergenlc fraction [6]
Institute, Mount Sinai School of Medicine, Box 1198, 1 Gustave L. Levy Most children with CMPA have IgE antibodies to several of
Place, New York, NY 10029-6574, USA. the proteins found in both of the fractions of CM [7].

Introduction

© 1999 Blackwell Science Ltd 507



508 S.H. Sicherer and H.A. Sampson

However, some studies have indicated that children wittof anaphylaxis. Children also met at least one of the
CMPA have higher concentrations of specific IgE antibodyfollowing additional criteria:
to proteins comprising the whey fractions of milk [8] while 1. Group I: under age 3 at time of positive oral challenge or
IgE directed to the proteins in the casein fraction appearednaphylactic reaction (30 subjects).
to be dominant in older children and adults with CMPA 2. Group Il: over age 9 at the time of positive oral challenge
[9,10]. or anaphylactic reaction (20 subjects).

About 75% of children with CMPA ‘outgrow’ their 3. Group lll: lost reactivity to milk (11 patients with samples
sensitivity by their third birthday [1], but the immunological from before tolerance was achieved).
mechanisms determining the development of tolerance aré. Group IV: 16 samples from patients after they lost
unknown. Previous studies have shown that children whaensitivity, with nine patients having paired samples.
are destined to become tolerant have lower levels of CMAIthough some children had samples included in more than
specificlgE antibody than those who were destined to remaione group over their lifetime as noted above, this was not
clinically allergic [11,12]. Whether there is a relationship designed as a longitudinal study. The study was approved by
between differences in sensitivity to particular proteins inthe Joint Committee for Clinical Investigation of the Johns
CM and the development of tolerance remains unknown. Hopkins Hospital and informed consent was obtained from

The Pharmacia CAP System FEIA (Pharmacia & Upjohnall participants.
Diagnostics AB, Uppsala, Sweden) is a method of measur-
ing allergen-specific IgE and is reported to have improvedE
sensitivity and a broader dynamic range compared with
standard RAST; it has been shown to be useful in correlatind\ll subjects underwent a complete allergy evaluation at the
symptomatic milk allergy with particular levels of CM- time of entry including prick skin tests with glycerinated
specific IgE [13]. Using the quantitative capability of the milk extracts (Greer Laboratories; Lenoir, NC, USA) and
Pharmacia CAP System FEIA, we sought to measure thappropriate positive (histamine) and negative (saline) con-
concentration of CM and milk-fraction (casein, whey, andtrols using a bifurcated needle as previously described [14].
the particular proteins in the whey fraction, namely =~ A mean wheal diameter of greater than 3 mm was consid-
lactalbumin[ALA], g-lactoglobulin[BLG] and bovine ered positive. DBPCFCs were performed as previously
serum albumin[BSA]) specific-lgE among children with  described [15,16] in the Paediatric Clinical Research Unit
IgE-mediated CMPA. We selected stored sera from childrefRR30 or RR0052) under physician supervision. Briefly, up
with clearly defined IgE-mediated CMPA who were underto 10g of dehydrated milk or 200 ml of liquid milk were
age 3years (in whom tolerance would be expected to occuzamouflaged in infant formula or a variety of foods and
in the majority), over age 9 years (a group in whomadministered over 90 min. Two challenges were performed
tolerance had not developed), and a group in whom tolerseparated by 4 h; one challenge contained milk while the
ance to milk was known to eventually occur. other was a placebo. Randomization and preparation of the
challenges was performed by a dietitian. All reactions were
scored as to type, severity, and duration and emergency
medications were administered, as needed. To confirm non-
reactivity, an open feeding of a larger, meal-sized portion of
milk followed negative challenges.
Subjects were selected from a referral population of over
360 children with atopic dermatitis who were evaluated forS ecific 10E
food allergy over a 16-year period. Subjects were eligible P 9
for inclusion in this study if they had IgE-mediated CMPA Sera were collected at the time of oral food challenge or
documented with a positive skin prick test to CM and bywithin 3months of CM protein-induced anaphylaxis and
either: (1) a ‘convincing history’ of anaphylaxis (a severestored frozen at — 20 until analysed. Specific IgE anti-
sudden reaction involving 2/3 major organ systems of thébody concentrations to milk, casein, whey, BLG, ALA and
skin, gastrointestinal tract and respiratory tree) followingBSA were determined with the Pharmacia CAP System
isolated exposure to CM protein; or (2) a positive responsé&EIA according to the manufacturer's instructions. The
to double-blind, placebo-controlled food challengelimit of the assay for undiluted sera<d0.35 to> 100 kU/L.
(DBPCFC) with CM protein. Patients were selected (ran-
domly for those under age 3 using a computer generategDS_PAGE
randomization program) among those who had stored serum
samples available. Serum samples were obtained at the tingamples of the same milk fractions used in manufacturing
of the oral food challenge or within 3 months of the episodeof the ImmunoCAPs were provided by Pharmacia & Upjohn

valuation of subjects

Materials and methods

Subjects
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Diagnostic AB. Tenug of protein of each fraction was reactivity. All subjects had atopic dermatitis and a positive
loaded onto a precast 10—20% gradient gel (Catalogue N&kin test to milk. Positive DBPCFCs resulted in symptoms
0G-1020B, Owl separation systems, Woburn, MA, USA)affecting the skin (hives, angioedema, morbilifirm erup-
and run at 40 mA for 1 h as described by the manufacturetions), gastrointestinal tract (vomiting and diarrhea) and
and stained with Coomasie blue (0.25%). respiratory tract (dyspnea, cough, wheezing). The skin
was the most common organ affected, and a majority of
- subjects had more than one organ system affected.
Statistics
All statistical tests were tWO-Slde_d, and a Iey_el of Slgmfl_SDS-PAGE
cance less than 5% was considered significant. Values
below the lower limit of the assay were arbitrarily assignedThe result of the SDS-PAGE separation of the milk fractions
a value of 0.34 kW/L and those above the upper limit for is shown in Fig.1. The casein fraction had trace visible
undiluted samples as 101 kL. The Mann—WhitneyU-  bands corresponding to the whey fractions (at 14 and 22 kd)
test was used to compare median IgE concentrations @nd the whey fraction, although free from casein, had a
different ages, with loss of sensitivity and among the varioussmall band corresponding to BSA (66 kd). The whey
groups. The Wilcoxon Rank Sign test was used to comparé&actions, ALA and BLG, had no visible bands to indicate
paired values among subjects who lost their milk sensitivity.contamination with casein or BSA.
Spearman’s correlation coefficient was used to compare IgE
levels with time that sera was in storage. Analyses wer o . .
performed with GraphPad Prizm (GraphPad Software, Inc.e,SpeCIfIC IgE to CM and CM protein fractions
San Diego, CA, USA). Sera were analysed after storage for 1-16 years (median,
5years). Although IgE remains stable for decades when
stored frozen [17], the theoretical risk of degradation of IgE
was reduced by assuring that no aliquots were exposed to
more than two cycles of thawing. In addition, there was no
correlation between length of storage and CM-specific IgE
The characteristics of the subjects are summarized iiSpearman’s correlation coefficient, 0.0”:=0.95).
Table 1. A total of 64 patients were included in the study. The median concentration of CM and CM protein-spe-
All of the children were diagnosed with CMPA in the first cific IgE in the groups are shown in Fig. 2 and in Table 2. In
2years of life and, after referral to the investigators, weretwo children (one each from Groups | and Il who had
offered yearly oral challenges to CM. Data is presented fopositive DBPCFCs to CM) CM-specific IgE was undetect-
the most recent challenges in patients in Group Il. All butable while there was a very low concentration of casein and
four patients in Group Il were referred after age 3; these fouwhey-specific IgE (0.5—0.8 klJL). All of the children with
children are included in both Group | and Group Il. Nine CMPA had detectable casein and whey-specific IgE; how-
patients were evaluated both before and after losing clinicagver, not all allergic children had detectable concentrations

Results

Subjects

Table 1. Characteristics of patients

Group  Subjects n Mean age  Asthma Method of Symptoms
(years) (%) diagnosis during DBPCFC (%)
Challenge History Skin Respiratory Gl

I < 3years 30 1.8 33 23 7 87 48 26
Il > 9years 20 11.7 85 17 3 82 71 35
1 Destined to lose

reactivity 11 3.5 55 8 3 100 63 25
\Y After losing

reactivity* 16 6.8 38 13 3 92 23 8

*All were confirmed to have lost sensitivity by DBPCFC. The data for method of diagnosis and symptoms during DBPCFC refers to initial
evaluations indicating milk allergy.
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Fig. 1. SDS-PAGE using 10—20% gradient gel. See text for abbreviations.

of specific IgE to the whey components, BLG, ALA and (P=0.11) but the levels of IgE to the specific whey
BSA. BLG-specific IgE was undetectable in 7/30 (23%) infractions between these age groups were not different
Group 1, 7/20 (35%) in Group Il and in 5/11 (45%) of the (P=0.54-0.77)(Fig. 2). In comparing the specific IgE con-
children in Group Ill. ALA-specific IgE was undetectable in centrations in children in Group | to those who were to
5/30 (17%) in Group |, 6/20 (30%) in Group Il, and in 5/11 eventually become tolerant of CM (Group Ill), the median
(45%) of Group lll. BSA-specific IgE was undetectable in casein-specific IgE concentrations were the only ones sig-
=~ 50% of each group. nificantly greater in Group IR =0.04); however, the levels

of IgE to all fractions except BSAR=0.78) approached
significance P =0.09 to 0.26). The children in Group | had
significantly higher median levels of specific IgE
Children in Group | (a majority of whom would be expected (P =0.016—0.0002) to all fractions except BSR£0.17)

to outgrow their allergy) had significantly lower median in comparison to those who had outgrown their sensitivity.
concentrations of CM and casein-specific IgE compared to Group Il had significantly higher median concentrations
those in Group II. Children in Group | had levels of whey- of specific IgE to whole CM, total casein and total whey
specific IgE which tended to be lower than those in Group llproteins, but not to the individual whey proteins (ALA, BLG

Comparison between groups

Table 2. Comparison of median concentrations (kU/L) of milk and milk fraction specific IgE among the

groups.

Before losing sensitivity After losing sensitivity

(Group ll) n=11 (Group IV)n=16

Median (range) Median (range) P-value
Milk 4.0 (0.34-101) 1.3 (0.34-51.9) 0.22
Whey 4.5 (0.84-101) 0.8 (0.34-72.5) 0.06
Casein 5.5 (1.2-101) 1.9 (0.34-83.3) 0.19
ALA 1.5 (0.34-11.4) 0.34 (0.34-10.5) 0.17
BLG 1.0 (0.34-88.2) 0.34 (0.34-36.4) 0.39
BSA 1.4 (0.34-40.6) 0.34 (0.34-3.97) 0.15
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and BSA) in comparison Group IIP(=0.02—-0.009). Only allergy would have been missed if only the ALA, BLG and/
the median concentration of BSA-specific IgE was notor BSA fractions were tested alone. To qualify as a ‘major’
significantly greater #=0.29) in Group Il compared to allergen, over 50% of allergic subjects must have IgE
Group Il (other fractionsP = 0.02-0.0002). antibody toward the protein in question [18]. Our findings
There was a trend for decreasing concentrations of millare in general agreement with a number of previous reports
and milk-fraction-specific IgE concentrations betweenwhich did not identify a single major milk allergen in
Groups Il and IV (Table?2). This was true also when children [7,19]. The older children, those with persistent
paired samples from nine patients who lost their reactivitymilk allergy, had a higher level of IgE antibody to the casein
were compared (data not shown). Seventy-five per cent draction than the younger children (median 101 vs. 20.2 kU/
the children in Group Il had milk-specific levels of IgE L, P=0.04). This finding adds support to the hypothesis
below 14.3kUW/L (median, 1.3kU/L). that IgE binding to the casein proteins is more dominant in
older patients who have not lost their reactivity to milk [9].
The majority of children with milk allergy, whether IgE-
mediated or non-lgE-mediated, will outgrow their sensi-
The median concentrations of specific IgE to each proteinivity [20]; but there has not been a definitive test, other than
fraction within Groups | and Il were compared. There wasoral challenge with milk, to determine when this tolerance
no significant difference in the median relative concentra-has developed. For infants and young children with IgE-
tion of specific IgE for CM, casein or whey within each mediated milk allergy, several workers have noted that
group P=0.4-0.98), thereby showing that there was not achildren destined to lose reactivity had lower concentrations
dominant milk fraction to which IgE was binding. However, of serum milk-specific IgE than those who did not go on to
the median concentrations of milk, casein and whey-specifibecome tolerant [11,12]. Hi#it al.[12] noted a significantly
IgE were significantly greater than those to the wheylower concentration of serum IgE to CM, ALA, BLG and
fractions ALA, BLG and BSA. casein in children (median age 20months) destined to
become tolerant compared to those who did not achieve
tolerance over a median follow-up period of 26 months.
Those who achieved tolerance did not have a significant
In general, we found that for any particular group of milk- change in their milk or milk fraction-specific IgE levels over
allergic children, the relative concentration of specific IgEthat time period. James and Sampson [11] measured casein
antibody levels measured with the Pharmacia CAP Systerand BLG-specific IgE levels in 29 children (median age at
FEIA were as follows: milk = casein = whey initial evaluation, 3 years) with immediate reactions to CM
>ALA =BLG>BSA. Thus, measuring the specific IgE over a median follow-up period of 3.1 years. During that
concentrations did not identify a single predominant milktime, 11 children achieved clinical tolerance. They found
allergenic fraction (casein or whey) within any age group,that initial milk-specific IgE antibody concentrations were
and a significant number of children with IgE-mediated milk not significantly lower in patients ultimately becoming milk
tolerant, but final casein and BLG-specific IgE concentra-
tions were significantly lowerR<0.01) in patients achiev-

Comparisons within age groups

Discussion

P=0.02 P=0.04 ; L . - -

100 T b = _ ing c_IlnlcaI t_olerance than in those remaining clinically
ool T - reactive. Using the CAP System FEIA in the current
55 80F | [ - <A;:r3 study', patients with CMPA in the group over age 9 years
s2 70F - 7 >Age 9 (persistent allergy) had higher concentrations of milk, whey

Y gg i and casein but not ALA, BLG or BSA-specific IgE antibody
|5 2 a0l compared to other children in the group who were destined
g'g 30 to lose their reactivity. In addition, concentrations of spe-
O & 20} cific IgE were higher to each component of CM tested,
10 T T T Q I:I except for BSA, in comparing the group over age 9 to those

O Whole Whey Casein ALA BLG BSA who already became tolerant.

Since there was a broad range of overlap in CM-specific
Fig. 2. Serum-specific IgE concentrations to whole milk and milk g P b

. ) . . IgE concentration, it remains difficult to predict precisely
protein fractions among two age groups of children with CMPA =~ . .
(<age 3years andage 9years). Comparisons of median levels forWhICh (_:h'ld will beqome to!grant. Sampson and Ho [13]
each tested substance were not significantly different except adétermined that a milk-specific IgE level of less than 1 kU/L
indicated. The box extends from the 25th to the 75th percentil’dd & 90% negative predictive value, and a level below
with a horizontal line at the median (50th percentile); whiskers0.8 KU/L had a 95% negative predictive value for clinical
indicate the range of values. reactivity in children with eczema. In the present study,
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there was only a trend toward decreasing concentrations4 Schrander JJP, van den Bogart JPH, Forget PP et al. Cow’s
(Table 2) of specific-IgE antibody levels between the time  milk protein intolerance in infants under 1 year of age: a
before and after achieving clinical tolerance to CM inges-  Prospective epidemiological study. Eur J Pediatr 1993;
tion (which may have been due to limited sample size). The 152:640-4. o . )
group that became tolerant of CM (Group IV) had a median 5 Blel{mln_k E, Young E. Identification of the atoplc rlslllergen in
level of milk-specific IgE of 1.3 kU/L. This value is similar cow's milk. Int Arch Allergy Appl Immunol 1968; 34.521-43.

. . o 6 Savilahti E, Kuitunen M. Allergenicity of cow milk proteins. J
to that found in the previous study by Sampson indicating a Pediatr 1992: 121:S12—S20.

low likelihood of a clinica! reaction at a milk-specific CAP- 7 &q1dman AS, Sellers WA, Halpern SR, Anderson DW, Furlow
System FEIA concentration under 1kU_/|-- - TE, Johnson CH. Milk allergy II. Skin testing of allergic and

In summary, the concentration of milk-specific IgE was  normal children with purified milk proteins. Pediatrics 1963;
lower in the group of children destined to outgrow milk  32:572-9.
allergy compared to those in another group with lasting 8 Hoffman DR. Food allergy in children: RAST studies with
allergy (over age 9years). Utilizing the CAP System FEIA, milk and egg. In: Evans RI., ed. Advances in Diagnosis of
no single dominant allergenic milk fraction was identified  Allergy: RAST. New York: Stratton, 1975: 165-9.
within any particular age group. However, the group of © Docena GH, Femandez R, Chirdo FG, Fossati CA.
children with milk allergy over age 9years had a signifi- Identification of casein as the major allergenic and antigenic

. . . . protein of cow’s milk. Allergy 1996; 51:412—6.
cantly higher median concentration of CM and casein- e . .
S . . 0 Tabar Al, Alvarez MJ, Echechipia SAS, Garcia BE, Olaguibel

specific IgE than in those under age 3years. Children who

T JM. Anaphylaxis from cow’s milk casein. Allergy 1996;
outgrew their milk allergy (Group IV) had a lower level of 51:343—5.

milk-specific IgE than another group with persistent CMPA 11 james JM, Sampson HA. Immunologic changes associated
at age over 9years (Group Il) and testing for specific IgE  with the development of tolerance in children with cow milk
antibodies to the milk fractions ALA, BLG and BSA did not allergy. J Pediatr 1992; 121:371-7.
add any further clinical information. 12 Hill DJ, Firer MA, Ball G, Hosking CS. Natural history of
cows’ milk allergy in children: immunological outcome over 2
years. Clin Exp Allergy 1993; 23:124-31.
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