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Allergen-Specific IgE Antibodies against Antigenic
Components in Cow Milk and Milk Substitutes
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C'ros.srtI rat[ioinirnun(K-ic( lroi)hort'.si.s (CR11'') wa.s ii.sed to surdy (he ptcst-ncc ol ncrum
igK against antigenic (:<)ni|)oncnl.s of cow milk in 21 selected milk-allcrgic paticnis. The
amoiuil ol each IgF. .s[)c-c iflcity wa.s cstimated by a .scoring sy.stcm. The milk-allergic
(hildren hati niainh' Igl', againsi a-I;H lalhumin. p-I.u tog[(il)ulin, albumin and immuno-
gloljulin, ihc iovii major piolcin.s ol hcnim- \vhc\\ as well as lgK against three casein
eoinponcnls. A seiuni pot)l lioiu lOOO luirnial adults had IgE against the same whey
priiti in. l)iit ill smaller atiuiimts. aiul tio IgE against the casein components. Eight cow
tnilk-biised ttninulae. iiirniiKmly u.-̂ eii toi- infant feeding, and goat milk were studied by
the .s.iiiie method. It vv.is tovmci that six ot the milk substitvites did not differ significantly
from tdw milk iti .nitilnuiy himling, but the two h\drolyse(i easetn produtt.s,
Nnit .iiiiigeti* and I*t"egestitiiil'"\ consisted of such small tnolecules that the rabbit antisera
t (luld not pretipilate (he In'dtolysed proteins in the gels on the CRIE plate.s. It was
(hetelore tiot pt)ssih!e to study theit lg!\ biTiditig, if any. by this method.
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Tlio simple thcinrlical sohition to food allergy is

avoidance ol the olfetiding; (oodsltiK. I'hi.s

presupposes exact idenlifu alion of the olTeiuler

and knowledge of the eoniposilion of alteinalive

feeds. For the itilant reacting to cow tiiilk thete

are ptohlenis iti seletting ap])ropi'ia(e leeds

withotit allcrgenic cotiiponents.

Thete is at present no laboratory method

available llial in a single test <an difieienliate

between the cow inilk-allergic patient and a

normal individtial. The allergic patient has

increased levels ol' antibodies to cow milk, both

IgCi and lgl'., Ijut the satne high levels ate

Ibtuid in many iiortn.tl.s ( I , .i).

Milk IS coniposeci ofa large nitmberof antigenic

components. Hatisson & Mansson (4) tbtind 16

antigens in cow milk and Lewenstein et al. (6)

found 32 in bovine whey. Most of these are serum

proteins atid only a few ate mi Ik-specific. Tlie

major milk proteins: a-laelall)timin, P-lac(oglobu-

lin, and (aseiii, have been ptirified and tested for

allergenicity in skin tests, pas.sive cutaneous ana-

phylaxi.s, and olhcr tests (2, 10). The tests could

not, however, (lilferentialebetweenagroupol cow

milk-allergic children and a group of children with

non-tnilk allergies. Positive reactions ni these tests

did not show whether the reaction was due to the

ptnified protein or to trace imptirities.

'J"he aim of this investigation was to sliidy with

the CRIE method the components of cow milk

againsi which clinically selected cow milk-allergic

infants and children have specific IgE antibodies.

We have also studied the occurrence of these

eomponetits in some common milk substittites

used in infant feeding and in goat milk.

MATERIAL AND METHODS

Palirnis

Based im ilinieal eiileria, the patients were

selected Iroin different pedialric units in Den-
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mark and West Germany, 12 children (7-80
months) from Denmark and eight children (1-60
tnonths) and one adult from West Germany. The
patients' milk allergy was eonfirmed by decrease
or disappearance of symptoms on elimination ol
cow milk lor 2-3 weeks, relapse during open
challenge, and effect of repeated diet in accor-
dance with recent review (11). In most cases one
challenge with cow milk was sufficient. The
patients were further characterised a.s specified in
Table 1. All patients had high RAST class to cow
7Tiilk, and most were genetically predisposed
(questionnaire) having one or more ciose relative
with clinically defined allergy.

Antigen.s

The antigens were preserved with 1.5 mM
sodium azide and kept at -20° G. Bovine whey

(Bw) from one cow. Full cream mature milk
was eentrifugcd for f h, 27,000 ,̂ ' at 5°G. The
middle whey layer was siphoned off and cen-
trifuged overnighl under the same condition.s.
Casein (Be) was prepared from 2 I commercial
cow milk by centrifugation for 1 h, 27,000 g at
5°G. The whey plus casein was centrifuged
overnight under the same conditions. 7̂ he pre-
cipitate was washed 6 times with distilled water.
Each time the precipitate was resu.spendecl in 1 I
distilled water and centrifuged for I h, 27,000 (̂
at 5°G. The last Iwo stipernatants were im-
munochemieally free from whey proteins (< 50
ng/nl in rocket immunoelectrophorcsis). Some
of the casein was resuspended in 50 % glycerol
and preserved. Skimmed ntilk was obtained coni-
mereially and |)reserved. Boiled skiinine/l tnilk: A
satnple of (he skimmed inilk was boiled at
IOO°C for 10 min. Milk subslilute.s: Gommercial
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milk |)roducis (Acid Allomin*\ Alloniin®, Baby-
min®, Babymin B®, NAN®, Nidina®, Nu(ra-
migen® and Pregestemil®) were- suspended in
distilled water (0.1 g/ml) and (ciKrilugcd lor I
h, 30,000 g a( 5°G, preserving the superna-
tants. Con/ n,ilk frcjm one goat was treateci as
dc-sci'ibed lor Bw.

Antibodies

Rabbit anti-bovine- case-in (anti Be), Behring
Werke AG, lot No. 117810 A. Rabbit anti-cow
whey (ami Bw), DAKf), leX No. 018G, code Z
183. Radio-ioeliiu- labellc-el labbil an(i-human
IgK (7).

CUV, 2 V/cni oNcrnight. CUE, a.s GIE with
10-50 (il milk substitute in the intermediate gel.
CRIE, as GIE, the cold-air dried gels were
inciiba(e<J wilh palienl sera diluted 1:15 (o\~
leiwed by radioiodine-labelled anti-IgE. Auto-
radie)graphy for 10 days on Kodak XL 1 X-ray
film at -20°G, followe-d by scoring of the
amounts e)f radiostaining of the precipi(a(es
(14).

RAST

AI-RAST was performed Mcord'ui^ to (12, 13),
l)aper-RAST by Phaeleba.s® RAST and total
IgE by Phadebas® IgE PRIS'L.

Human sera

A |)oe)l o f se-ra fi-eim 1 0 0 0 he' , i l(hy bleioel d o n o r s .

C o r d s e r a lie)ni 10 ia iu ie ) in n e w b e i i n s .

QIE methods (5)

cm. 5 X 5 cin glass ])la(es with I % w/v
agarose (HSA, Li(ex), 10 ^1 e)r 0.3 jil Bw in fiis(
dimension, 10 V/cm for 40 min. 0.4 (il Be in
first dimensiem 10 V/cm fe)r !i5 min. Sece)nd
e:liinension 9 îl anti Bw/eni' or !i.75 nl anti-Bc/

RESULTS

Lhe- rc-fcrence prce-ipi(a(ie)n |)a((ern eif the
be)vine whey/anti-whey system is shown in Fig.
la. 1 he precipitates are arbitrarily numbered 1
to 36. Albumin (Alb) Ne). 1. P-lactoglobulin
(PLAG) Ne). 7, a-lac(albumin (aLAG) No. 20,
and immunoglobulin (Ig), No. 36, were given
the same numbers as in Lowenstein et al. (6).
Ihe other precipitates were not identified. Fig.
lb shows the reference precipitatiem pattern of
the case-iii/anti-casem sys(eni. The casein pre-
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Fig. 2. Allergogram of bovine whey. CRIE scores of serum
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Fig. 3. Allergogram ol bovine casein. CRIE scores of serum
from 20 cow milk-allergic patients.

cipitates were arbitrarily numbered 1 to 7. The
numbers were not related to the precipitates of
Bw. Precipitate No. 3 in some cases split into
two partially identical precipitates.

The sera of 21 defined milk-allergic patients
were investigated individually by GRIE in the
bovine whey system in two concentrations. All
patients had IgE antibodies against albumin,
a-lactalbumin, and P-lactoglobulin. The im-
munoglobulin precipitate also showed radio-
staining. A serum pool from 1000 normal blood
donors showed medium radiostaining with the
same proteins in B-w as did sera from the
allergic children. One unidentified protein X,
not stained by Goomassie Blue and therefore
not numbered in the reference precipitation
pattern, showed weak radiostaining with three
allergic sera. No other antigens bound IgE from
these 21 milk-allergic patients. An allergogram
(Fig. 2) illustrating the distribution of the IgE-
binding towards the various antigens was con-
structed from the GRIE scores, subtracting the
scores of the serum pool. The allergogram dif-
ferentiates between medium and weak radio-
staining according to the corrected scores.

The native precipitates of the casein system
were incubated with 20 of the sera (excluding
patient No. 13, insufficient serum). The 1000
donor serum pool did not react with any pre-
cipitate in the Be system. The allergogram in

Fig. 3 shows the summation of the IgE binding
to the casein antigens. All patients had IgE
antibodies to precipitate No. 3, more than half
had IgE antibodies against precipitates Nos. 5
and 7, and one patient had IgE antibodies
against precipitate No. 2.

The 10 cord serum samples were tested in
direct RAST and showed weak binding (RAST
class 0-2) in the milk system. A pool made from
equal amounts of the 10 cord sera showed medi-
um radiostaining with the allergens in the bovine
whey system, but not with those in the casein
system (very weak binding to precipitate No. 5).

GLIE with the eight milk substitutes in the
intermediate gel showed that six of the prepara-
tions contained the identified allergens in a
form recognizable by the rabbit precipitating
antibodies. Bovine immunoglobulin was identi-
fied in only two of the preparatioins. Pre-
gestemil® and Nutramigen® did not contain any
compound precipitated by the antibodies
against Bw and Be. GRIE was also performed
on the milk substitutes using a serum pool from
patients Nos. 5 and 12 and the radiostaining
was scored. Fig. 4 shows that all the milk sub-
stitutes excep' Nutramigen® and Pregestimil®
bound IgE to the whey components with about
the same intensity. With respect to the casein
components the IgE binding was more variable.

A similar study was made of skimmed milk
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BOVINE WHEY

Fig. 4. The relative IgE-bineding to antigenic components in
various milk substitutes prepared from cow milk.

and boiled skimmed milk. Boiling changed the
native antigenicity of the albumin and the
immunoglobulins, and no precipitates were
formed with the rabbit IgG; the antigenicities of
a-lactalbumin and P-laetoglobulin were also
changed. Boiling also greatly decreased the
binding of IgE (Fig. 4).

GLIE with goat milk in the intermediate gel
showed that goat milk proteins are sufficiently
similar to cow milk proteins as to be recognized
by rabbit precipitating antibodies in the Bw and
the Be systems. GRIE with goat milk as the
antigen showed specific radiostaining of some
precipitates in the two systems. This shows that
the anti-milk IgE produced by the milk-allergic
patients can also react with goat milk proteins
even though the children have not had goat milk.

DISGUSSION

The bovine casein used in this study was immuno-

chemically free from whey proteins, but no
attempts were made to ensure that all the easein
was present. The bovine whey contained all the
proteins not precipitable in a gravitational field of
27,000^, and was thus not free from casein. This
did not interfere with our study, as only the four
whey proteins, albumin, a-lactalbumin, P-lacto-
globulin and immunoglobulin were the important
allergens. (The anti-bovine whey antibody could
precipitate 32 antigens (6).) When proteins are
transformed by proteolytic digestion and denatur-
ing, they lose some of their antigenic determi-
nants. Only proteins precipitated by the rabbit
IgG on the GRIE plate were available for reaction
with the patient's IgE. Transformed proteins
might therefore not be available on the GRIE
plates. Six of the milk substitutes were very much
alike in allergenic content of whey proteins, and
resembled fresh skimmed milk. Spray drying and
other processing steps did not change the whey
protein structures. The differences between the
milk substitutes found in the reactions with anti-
bovine casein were, at least partly, due to the way
the milk substitute antigens were prepared, as the
amount of casein in solution would depend on the
micellar structure of each milk substitute. Boiling
changed the antigenic structure of both whey and
casein proteins. Thus the GRIE scores were also
decreased. Two of the milk substitutes, Nutra-
migen® and Pregestimil®, based on hydrolysed
casein, produced no precipitates with the two anti-
bodies used in this study. The lack of GRIE scores
does not necessarily reflect a complete lack of
allergenicity, but the probability of having IgE-
binding epitopes is reduced. Specific antibodies
against each antigen (Nutramigen®, Pregesti-
mil®, boiled skimmed milk, and goat milk) would
be needed to perform GRIE studies of these in
order to differentiate between a real lack and an
apparent lack of allergens.

Earlier studies (1,9) have shown that precipita-
ting antibodies against milk components are more
or less equally frequent in healthy and in milk-
allergic children, their level decreases with age-
We have shown the presence of GRIE radio-
staining, due to IgE, in the serum pool collected
fi-om 1000 adults. There are indications that the
amounts of antibody against milk proteins, rather
than their presence or non-presence, might consti-
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tute a difference between milk-allergies and non-
allergies (8).

All tested milk substitutes except the two hydro-
lysed products reacted both with rabbit antibodies
against cow milk and with human IgE antibodies.
The same was true for goat milk. These fmdings
emphasize the importance of not advocating the
use of these products in milk-allergic children
without testing the reactivity of the individual
patient while under medical supervision.

GRIE scoring is a semi-quantitative way of
describing the levels of specific IgE in serum. We
have corrected the score for the binding produced
by a 1000-donor pool. The nature of this binding
needs further investigation, which is now in pro-
gress.

We also found GRIE radiostaining in the
serum pool comprising 10 random cord blood
samples. IgG can pass the placental barrier selec-
tively while the newborn only has trace levels of
IgE. The apparent content of milk-specific IgE in
our cord sera was therefore surprising. We are in
the process of studying this in greater detail.

Further study will be necessary to develop a
good laboratory method for diagnosing cow milk
allergy. In the meantime, this allergy must still be
confirmed by withdrawal of and challenge with
cow milk.
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