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Summary:  The diagnosis of milk-protein allergies is difficult. Therefore, the main 
cow's milk proteins (r [~-lactoglobulin A + B, (~-easein, [-~-casein, • 
casein), purified to the highest available standards, were used lbr differential 
diagnosis of allergic individuals by applying skin-prick test. In the case of adults 
with uncertain medical history, milk proteins rarely caused skin reactions, while 
distinct skin reactions were observed in 11 of 13 children with strongly suspected 
milk-protein allergy. In the presented study (Mactalbumin and [Mactoglobulin B 
were the main allergens, because skin reactions to these proteins were provoked 
with highest prevalence and intensity. Intensity and prevalence of reactions to (~- 
and z-casein were significantly less. In two cases skin reactions to a-lactalbumin 
were observed exclusively. 

Zusammenfassung:  Die Diagnose yon Milchproteinallergien ist schwierig. Aus 
diesem Grunde wurden hoehgereinigte Hauptproteine der Kuhmilch (~-Lactalbu- 
min, [~-Lactoglobulin A + B, as-Casein, 13-Casein, n-Casein) unter Anwendung des 
Hautpricktestes ftir die DifTerentialdiagnose bei Allergikern eingesetzt. Hierbei 
zeigte sieh, dab Milchproteine bei Erwachsenen mit unklarer Anamnese nur selten 
Hautreaktionen ausl6sten, wfihrend bei 11 yon 13 Kindern mit starkem Verdacht 
auf Milchproteinallergie deutliche Hautreaktionen beobachtet wurden. In der vor- 
l iegenden Untersuchung waren c~-Lactalbumin und [~-Lactoglobulin die Hauptaller- 
gene, weft sie mit hSchster Prfivalenz und Intensitfit Hautreaktionen auslSsten. 
Reaktionen auf ~- und z-Casein erfolgten mit deutlieh geringerer Hiiufigkeit und 
lntensitiit. In zwei F~illen wurde eine ausschlieBliehe Reaktion auf r 
beobaehtet. 

Key  words: cow's milk protein allergy; purified milk l~roteins; skin-prick test; 
main allergen 

Schlflsselwbrter: Kuhmilchproteinallergie, gereinigte Milchproteine, Hauttest, 
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Introduction 

D i f f e r e n t i a l  d i a g n o s i s  o f  food  a l l e rg i e s  is a s e r i ous  p r o b l e m .  I t  is a r g u e d  
tha t  e g g  a n d  m i l k  p r o t e i n s  are  t h e  m o s t  c o m m o n  d i e t a r y  a l l e r g e n s  (9). E g g s  
and  m i l k  a re  t h e  m o s t  v a l u a b l e  d i e t a r y  p r o t e i n  s o u r c e s  a n d  i t  is i m p o r t a n t  
to s e c u r e  d i a g n o s t i c  a s say  for  t h e m .  

As t h e r e  is a l a rge  v a r i e t y  o f  m i l k  p r o t e i n s  w h i c h  can  be  p o t e n t i a l  
a l l e r g e n s  (4), i t  m i g h t  b e  m o r e  s u c c e s s f u l  to t r e a t  p a t i e n t s  w i t h  a h y p o s e n -  
s ib i l i za t ion  t h e r a p y  i f  i t  is p o s s i b l e  to i d e n t i f y  a s i ng l e  p r o t e i n  as t h e  so le  
a l l e rgen .  F o r  b o t h  d i a g n o s i s  a n d  t h e r a p y ,  r e s p e c t i v e l y ,  h i g h l y  p u r i f i e d  
p r o t e i n s  m u s t  be  ava i l ab le .  T h e r e f o r e ,  w e  p u r i f i e d  c o w ' s  m i l k  p r o t e i n s  to 
t he  h i g h e s t  s t a n d a r d s  a v a i l a b l e  at t h e  p r e s e n t  t ime .  T h e  d e v e l o p m e n t  o f  
t he  p u r i f i c a t i o n  m e t h o d  of  t h e s e  p r o t e i n s  w a s  a c c o m p a n i e d  w i t h  c o n t r o l  
by i m m u n o l o g i c a l  t e c h n i q u e s  (5). T h e s e  m i l k  p r o t e i n s  w e r e  a p p l i e d  in  
c l in i ca l  u s e  for  t h e  d i f f e r e n t i a l  d i a g n o s i s  of  m i l k  p r o t e i n  a l le rg ies .  

T h e  da t a  p r e s e n t e d  in th is  p a p e r  are  r e s t r i c t e d  to r e su l t s  o f  a s k i n - p r i c k  
test .  

Materials and Methods 

Immunological  skin reactions to whole cow's milk proteins, the fractions of 
casein and whey protein, and the five individual main proteins, respectively, were 
investigated by applying a skin-prick test to two groups of patients. Members of the 
first group were ambulant  patients of the clinical department  of dermatology of the 
University of Kiel, consisting of 12 females and eight males (age: 2 to 65 years). 
While only a few of these patients apparently suffered fi'om milk-protein allergy, the 
remaining patients revealed an unclear medical history which did not exclude milk 
allergy. The other group were ambulant  patients of a pediatric allergist in a village 
30 km west of Kiel. This group consisted of seven girls and six boys (age 8 months to 
8 years). In these cases, manifest rnilk-protein allergy was strongly suspected. 

Whole cow's milk protein, the fractions of whey protein and casein, and the 
purified individual main proteins (a-lactalbumin, ~-lactoglobulin A and B, as-casein, 
B-casein, • respectively, were prepared from fresh raw milk as described 
elsewhere (5) for the skin-prick test. While only a~-casein and p-casein were 
immunologically pure substances, the other purified proteins contained traces of 
different major milk proteins which could be detected by immunoblot t ing (5). 
Whereas a-lactalbumin did not contain any ~-lactoglobulin, ~-lactoglobulin con- 
tained varying traces of a-lactalbumin. 

Solutions of the different milk proteins for the skin-prick tests were prepared 
freshly on the day of use. The concentrations corresponded to 5000 or 50 000 PNU 
per ml 0.9 % NaC1 (PNU = protein nitrogen unit, 1 PNU = 10 -5 mg protein nitrogen). 
5000 PNU per ml were applied in the testing of Group-1 patients in the clinical 
department  of dermatology of the University of Kiel, while 50 000 PNU per ml were 
used for the Group-2 patients of the pediatric allergist. 

Skin-prick tests were carried out on the palmar surface of  the forearm. For this 
Purpose, one drop of the respective test solution was applied to the test area. The 
skin below this drop then was superficially pricked with a prick lancet. The test 
area then was inspected after 20 min for recording the individual skin reactions to 
the different test proteins and the positive and negative control solutions. The 
negative control solution consisted of 0.9% NaC1 in H20; the positive control 
solution contained 0.1% histamin. 

The evaluation of skin reactions of the children's group was done according to the 
diameters of the wheals and erythemas. The results were classified as described by 
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Ring  (8) u s i n g  a sca le  f rom no  r eac t ion  , - ,  ove r  d o u b t f u l  pos i t i ve  r eac t i on  ~1,, w e a k  
r eac t i on  ~2,, d i s t i nc t  r eac t ion  ,3, to s t r o n g  r eac t i on  r One  p a t i e n t  s h o w e d  an  
e x t r e m e l y  s t r o n g  r eac t i on  w h i c h  was n o t e d  as ,5,. Fo r  f inal  e v a l u a t i o n  on ly  weak,  
d is t inc t ,  s t rong ,  a n d  e x t r e m e l y  s t r o n g  r eac t i ons  (2 to 5) we re  j u d g e d  posi t ive .  

S ta t i s t i c  e v a l u a t i o n  of  da ta  was  d o n e  w i t h  t he  a im to f ind  ou t  w h i c h  m i l k  p r o t e i n  
caused ,  w i th  h i g h e s t  p reva lence ,  pos i t ive  sk in  reac t ions .  Fo r  th i s  p u r p o s e ,  we 
ca r r i ed  ou t  r a n k i n g  of t he  pur i f i ed  m i l k  p r o t e i n s  by  r eac t i on  i n t ens i t i e s  a n d  r a n k i n g  
of  the  pur i f i ed  m i l k  p ro t e in s  on ly  a c c o r d i n g  to pos i t i ve  or n o n - p o s i t i v e  r e a c t i o n s  
a p p l y i n g  Kruskal -Wal l i s  one  way  ana lys i s  by  r a n k s  (10). T u k e y  m u l t i - r a n g e  ana lys i s  
(10) was  app l i ed  to t he  s a m e  da ta  se ts  to  d e t e c t  h o m o g e n e o u s  g roups .  

R e s u l t s  

O n e  g r o u p  o f  s e l e c t e d  p a t i e n t s ,  m a i n l y  a d u l t s ,  w a s  t e s t e d  a t  t h e  d e r -  
m a t o l o g i c a l  d e p a r t m e n t  o f  t h e  U n i v e r s i t y  o f  K i e l .  I n  t h i s  c a s e ,  t h e  p r o t e i n  
c o n c e n t r a t i o n  fo r  s k i n  p r i c k  t e s t  c o r r e s p o n d e d  t o  5000 P N U  p e r  m l .  T h e  
r e s u l t s  a r e  s u m m a r i z e d  i n  T a b l e  1. I n  c o m p a r i s o n ,  10 v o l u n t e e r s  o f  t h e  
s t a f f  o f  t h e  c l i n i c a l  d e p a r t m e n t  w h o  d i d  n o t  s u f f e r  f r o m  a n y  a l l e r g i c  
d i s o r d e r  w e r e  t e s t e d  b y  a p p l y i n g  t h e  s a m e  s o l u t i o n s  a s  i n  t h e  p a t i e n t  
g r o u p .  I n  t h i s  h e a l t h y  c o n t r o l  g r o u p  n o  s k i n  r e a c t i o n  t o  t h e  p r i c k  t e s t  
( e x c e p t  f o r  p o s i t i v e  c o n t r o l  s o l u t i o n )  w a s  o b s e r v e d  i n  a n y  c a s e .  

A s  c a n  b e  s e e n  i n  T a b l e  1, s k i n  r e a c t i o n s  w h i c h  w e r e  j u d g e d  p o s i t i v e  
r a r e l y  o c c u r r e d  i n  a d u l t s .  T h e  m o s t  p r o m i n e n t  r e a c t i o n  w a s  o b s e r v e d  i n  
t h e  c a s e  o f  a 2 - y e a r - o l d  c h i l d  ( p a t i e n t  n o .  7), w h o  r e v e a l e d  p o s i t i v e  r e a c -  
t i o n s  t o  w h o l e  m i l k  ( h o m o g e n i z e d ,  p a s t e u r i z e d ) ,  w h e y  p r o t e i n s  a n d  ~- 
l a c t a l b u m i n  ( d i s t i n c t  r e a c t i o n ) ,  b u t  n o t  t o  J ~ - l a c t o g l o b u l i n s  a n d  c a s e i n s .  I n  
t h i s  p a t i e n t  a - l a c t a l b u m i n  w a s  i d e n t i f i e d  a s  t h e  i n d i v i d u a l  a l l e r g e n .  

O n l y  i n  f o u r  o f  t h e  18 a d u l t s  w e r e  s k i n  r e a c t i o n s  o b s e r v e d  i n  t h e  s k i n -  
p r i c k  t e s t .  W h i l e  o n e  p a t i e n t  (no .  4) r e a c t e d  w e a k l y  t o  r a w  m i l k ,  a n o t h e r  
(no .  13) r e a c t e d  w i t h  m e d i u m  i n t e n s i t y  b u t  o n l y  t o  h o m o g e n i z e d  p a s -  
t e u r i z e d  m i l k .  I n  c a s e  o f  P a t i e n t  9 t h e  r e a c t i o n  t o  w h o l e  c a s e i n  w a s  

Tab le  1. Resu l t s  of sk in -p r i ck  tes t s  in  p a t i e n t s  of  t he  c l inical  d e p a r t m e n t  of der-  
mato logy .  Only  t hose  resu l t s  of  t he  21 se lec ted  p a t i e n t s  are  s h o w n  t h a t  were  a t  leas t  
d o u b t f u l l y  posi t ive .  P r o t e i n  c o n c e n t r a t i o n  of  t e s t  so lu t ions  c o r r e s p o n d e d  to 5000 
PNU.  T h e  sk in  r eac t i ons  were  e v a l u a t e d  a c c o r d i n g  to a scale  (see m e t h o d s )  r a n g i n g  
frorn < - >  (no reac t ion)  to < 4 >  ( s t rong  react ion) .  S a m p l e s  tes ted :  RM = raw mi lk ;  
HM = w h o l e  milk ,  h o m o g e n i z e d  a n d  pas t eu r i zed ;  WP = who le  w h e y  p ro t e in ;  t~-L = 
c t - lacta lbumin;  [t-LG = {~-lactoglobulin A/B; CN =case in ;  G M P  = g l y k o m a c r o p e p -  
t ide.  

T e s t e d  s am p l e s  
P a t i e n t  
(No.) Age /Sex  RM HM WP tt-L [t-LG CN G M P  

(4) 55y/f 2 . . . . . .  
(7) 2y/m 1 2 2-3 3 - - - 
(9) 48y/f - - 1 - - 2-3 - 

(13) 3y/m - 3 . . . . .  
(16) 47y/f 1 1 - - - 1 - 
(20) 46y/f - 1 2 2 1 1 2 
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Table  2. Resu l t s  of  sk in  p r i ck  t e s t s  in  p a t i e n t s  of  a ped i a t r i c  a l lergis t  w h o  were  
p r e se l ec t ed  for  s t r ong ly  s u s p e c t e d  m i l k  p r o t e i n  al lergy.  P r o t e i n  c o n c e n t r a t i o n  of  
t es t  so lu t i ons  c o r r e s p o n d e d  to 50000 P N U .  T he  sk in  r eac t i ons  were  e v a l u a t e d  
a c c o r d i n g  to a scale  (see m e t h o d s )  r a n g i n g  f rom < - >  (no reac t ion)  to < 5 >  
( ex t r eme ly  s t r o n g  react ion) .  S a m p l e s  t es ted :  R M  = r a w  mi lk ;  H M  = w h o l e  mi lk ,  
h o m o g e n i z e d  a n d  pas t eu r i zed ;  W P  - w h o l e  w h e y  p ro t e in ;  cx-L = r  [3- 
L G A  = O-lactoglobul in  A; [3-LGB = 13-1actoglobulin B; CN = case in ;  as -C = as- 
casein;  ~-C = 13-casein; n -C  = z -casein.  

T e s t e d  s a m p l e s  
P a t i e n t  
(No.)Age/Sex R M  H M  W P  a-L [3-LGB [3-LGA CN as-C [3-C • 

(22) 3y/f - - 1 1 1 1-2 1 - - - 
(23) 9 m o / m  3 2 3 3 4 3 4 1 3 1 
(24) 12mo/m 2 2 3--4 3--4 2 1 1 1-2 1 1 
(25) 4y/m 1 1 2 1 2 2 1 - 1 - 
(26) 8mo/ f  2 1 2 1 2 1-2 2 1 1 1 
(27) 5y/m . . . . . . . . . .  
(28) 4y/f . . . . . . . . . .  
(29) 2y/f 2 2 1 1-2 1-2 - 1-2 - 2 1-2 
(30) 2y/m - 2 3-4 4 4 4 2 2 2 2 
(31) 4y/f 2 1 2 3 3 1 1 - 2 1-2 
(32) 8y/f 2 2 3 5 - - - 1 - - 
(33) 2y/f 2 1 4 3-4  3 3 - 1-2 - - 
(34) 18mo/m - 2 2 3 3 1-2 1 - 1-2 1-2 

p o s i t i v e .  O n e  p a t i e n t  (no .  20) s h o w e d  p o l y v a l e n t  s e n s i b i l i t y  w i t h  w e a k  
r e a c t i o n s  t o  a l m o s t  a l l  s a m p l e s  t e s t e d ,  i n c l u d i n g  g l y e o m a c r o p e p t i d e ,  t h e  
p e p s i n o l y t i c  s o l u b l e  f r a g m e n t  o f  •  b u t  w i t h  t h e  e x c e p t i o n  o f  r a w  
m i l k .  

T h e  s e c o n d  g r o u p  o f  t e s t  s u b j e c t s ,  t h e  c h i l d r e n ,  w e r e  t e s t e d  b y  a p e d i a t r i c  
a l l e r g i s t .  T h e  p r o t e i n  c o n c e n t r a t i o n s  a p p l i e d  to  p a t i e n t s  o f  t h i s  g r o u p  
c o r r e s p o n d e d  t o  50 000  P N U  p e r  m l .  T h e  r e s u l t s  a r e  s u m m a r i z e d  i n  T a b l e  2. 

T h e  d a t a  p r e s e n t e d  i n  T a b l e  2 c l e a r l y  d e m o n s t r a t e  t h a t  c h i ] d r e n  w h o  
a p p a r e n t l y  s u f f e r  f r o m  m i l k  p r o t e i n  a l ] e r g y ,  i n  m o s t  c a s e s  e x h i b i t e d  m o r e  
d i s t i n c t  r e a c t i o n s  c o m p a r e d  w i t h  t h e  o t h e r  g r o u p  o f  m a i n l y  a d u l t  p a t i e n t s .  
A t  p r e s e n t ,  w e  c a n n o t  e x c l u d e  t h a t  t h i s  i s  a l s o  d u e  to  t h e  h i g h e r  P N U  
v a l u e s  o f  t h e  t e s t  s o l u t i o n s  a p p l i e d .  

O n l y  t w o  o f  t h e  13 t e s t e d  c h i l d r e n  d i d  n o t  s h o w  a n y  p o s i t i v e  s k i n  
r e a c t i o n s  to  t h e  p r i c k  t e s t  w i t h  m i l k  p r o t e i n s .  I n  m o s t  c a s e s  o f  p o s i t i v e  
s k i n  r e a c t i o n s  t h e  r e a c t i o n  t o  a - l a c t a l b u m i n  w a s  p o s i t i v e .  I n  o n e  c a s e  
( p a t i e n t  32) a g a i n  a - l a c t a l b u m i n  w a s  i d e n t i f i e d  a s  t h e  i n d i v i d u a l  a l l e r g e n ,  
b e c a u s e  t h e  r e a c t i o n  t o  a - l a c t a l b u m i n  w a s  e x t r e m e l y  s t r o n g  a n d  q u i t e  
d i s t i n c t  c o m p a r e d  to  w h o l e  w h e y  p r o t e i n ,  w h i l e  n o  p o s i t i v e  r e a c t i o n  w a s  
o b s e r v e d  b y  u s i n g  13 -1ac tog lobu l in s  A a n d  B a n d  t h e  c a s e i n s .  I n  m o s t  c a s e s  
s k i n  r e a c t i o n  o n  s k i n - p r i c k  t e s t  w a s  m o r e  d i s t i n c t  f o r  w h e y  p r o t e i n s  t h a n  
f o r  c a s e i n s  a n d ,  i n  t e n d e n c y ,  m o s t  d i s t i n c t  w a s  ~ - l a c t a l b u m i n .  P o s i t i v e  
s k i n  r e a c t i o n s  t o  a - l a c t a l b u m i n  w e r e  m o s t  f r e q u e n t ,  s i n c e  i n  t w o  c a s e s  
( p a t i e n t s  7 a n d  32) s k i n  r e a c t i o n s  to  p u r i f i e d  m i l k  p r o t e i n s  w e r e  p o s i t i v e  
o n l y  i n  c a s e  o f  a - l a c t a l b u m i n .  
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D i s c u s s i o n  

T h e  p r e s e n t e d  d a t a  w e r e  o b t a i n e d  f r o m  t w o  s e l e c t e d  g r o u p s  o f  p a t i e n t s  
w h o  d i d  n o t  b e l o n g  to t h e  s a m e  s t a t i s t i c a l  p o p u l a t i o n ,  s i n c e  o n e  g r o u p  w a s  
c h i l d r e n  w i t h  s t r o n g l y  s u s p e c t e d  m i l k  p r o t e i n  a l l e rgy ,  w h i l e  in  t h e  o t h e r  
g r o u p ,  w h i c h  m a i n l y  c o n s i s t e d  o f  a d u l t s ,  m i l k - p r o t e i n  a l l e r g y  c o u l d  n o t  b e  
e x c l u d e d  b y  m e d i c a l  h i s to ry .  D u e  to th i s  b a c k g r o u n d ,  s t a t i s t i c a l  e v a l u a -  
t i on  is l i m i t e d  a n d  r e s u l t s  m a y  b e  g e n e r a l i z e d  o n l y  f r o m  t h e  g r o u p  o f  m i l k -  
a l l e rg i c  c h i l d r e n  to o t h e r  g r o u p s  o f  m i l k - a l l e r g i c  c h i l d r e n  s e l e c t e d  a c c o r d -  
ing  to t h e  s a m e  cr i te r ia .  

F u r t h e r m o r e ,  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  t e s t  s o l u t i o n s  a p p l i e d  in 
t h e  c h i l d r e n ' s  g r o u p  w a s  10 t i m e s  as  h i g h  as  t h e  c o n c e n t r a t i o n  a p p l i e d  in 
t h e  o t h e r  g r o u p .  Th i s  d i f f e r e n c e  o r i g i n a t e d  f r o m  t h e  fac t  t h a t  t h e r e  w a s  no  
e x p e r i e n c e  w i t h  p u r i f i e d  m i l k  p r o t e i n s .  T h e  d i f f e r e n t  c o n c e n t r a t i o n s  
a p p l i e d  w e r e  s u g g e s t e d  b y  e x p e r i e n c e d  d o c t o r s  a n d  w e r e  f o u n d  to b e  u s e d  
a l so  in  a p p l i c a t i o n s  w i t h  c o m m e r c i a l  t e s t  k i t s .  I t  s h o u l d  b e  n o t e d  t h a t  
s t a n d a r d i s a t i o n  is a m u s t  for  g e t t i n g  c o m p a r a b l e  r e su l t s .  S t a n d a r d i z e d  t e s t  
s u b s t a n c e s  for  t h e  i n v e s t i g a t i o n  o f  e f f ec t s  o f  d i f f e r e n t  c o n c e n t r a t i o n s  a n d  
p r o t e i n  q u a l i t i e s  on  t h e  r e s u l t s  o f  s k i n  t e s t s  a re  s t i l l  m i s s i n g  (6, 10). N o  
p u b l i s h e d  i n f o r m a t i o n  is a v a i l a b l e  a b o u t  u s e f u l  c o n c e n t r a t i o n s  o f  m i l k  
p r o t e i n s  to be  a p p l i e d  in t h e  s k i n - p r i c k  tes t .  

B a s e d  on  t h e  p r e s e n t e d  r e su l t s ,  w e  a s s u m e  t h a t  t h e  h i g h e r  c o n c e n t r a t i o n  
o f  50 000 P N U  p e r  m l  is m o r e  l i k e l y  to b e  u s e f u l  t h a n  t h e  l o w e r  one .  

A n o t h e r  l i m i t a t i o n  is t h e  fac t  t h a t  s k i n - t e s t  r e a c t i v i t y  is d i f f e r e n t  in  
i n f an t s  a n d  a d u l t s  (6). F u r t h e r m o r e ,  p o s i t i v e  s k i n  r e a c t i o n s  a re  o f t e n  
o b s e r v e d ,  a l so  in  t h e  a b s e n c e  o f  c l i n i c a l  s y m p t o m s  on ora l  c h a l l e n g e  w i t h  
m i l k  (3). T h e r e f o r e ,  t h e  f o l l o w i n g  c o n c l u s i o n s  a r e  m a i n l y  e x t r a c t e d  f r o m  
t h e  r e su l t s  of  t he  m o r e  h o m o g e n e o u s  g r o u p  o f  c h i l d r e n ,  w h o  w e r e  s t r o n g l y  
p r e s e l e c t e d  for  m i l k  p r o t e i n  a l l e rgy .  

Wi th  no  c o n s i d e r a t i o n  o f  t h e  s t a t i s t i c a l  l i m i t a t i o n s ,  w e  a n a l y z e d  t h e  d a t a  
r e l a t e d  to  t h e  p u r i f i e d  m i l k  p r o t e i n s  in  o r d e r  to  d i s c o v e r  w h i c h  m i l k  
p r o t e i n  h a d  t h e  h i g h e s t  p r e v a l e n c e  in c a u s i n g  p o s i t i v e  s k i n - p r i c k  r e su l t s .  
T h e  r e s u l t  o f  t h e  K r u s k a l - W a l l i s  o n e - w a y  a n a l y s i s  b y  r a n k s  (10) o f  t h e  d a t a  
is  s h o w n  in T a b l e  3. 

Table 3. Rank and mult iple range analyses of skin-prick test results presented in 
Table 2. 

Milk protein Average rank Homogeneous groups 
(Kruskal-Wallis) (95 % Tukey HSD intervals) 

a b a b 
a-lactalbumin 52 51 * * 
~-lactoglobulin B 50 51 ** * 
B-lactoglobulinA 41 39 ** ** 
~-casein 36 39 ** ** 
z-casein 30 30 * * 
as-casein 27 30 * * 

a = Analysis for the intensities of skin reactions; b = analysis for positive skin 
reactions (intensity ---2). Asterisks in the same columns denote homogeneous  
groups. 
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R a n k i n g  is ma in ly  i n d e p e n d e n t  on the  c r i te r ion  used.  While  s ign i f icance  
level of r ank ing  by  in t ens i ty  of  sk in  reac t ions  was 0.015, r a nk i ng  by  
pos i t ive  sk in  r eac t ion  (intensity>_2) r e su l t ed  in a s ign i f icance  level  of 
0.005. In add i t ion ,  the  mu l t i p l e - r ange  ana lys i s  i nd i ca t ed  tha t  reac t ions  to a- 
l a c t a l b u m i n  and  13-1actoglobulin do not  be long  to the  same  h o m o g e n e o u s  
group  wi th  reac t ions  to c~-casein and  x-casein,  whi le  d i f fe rences  b e t w e e n  
the reac t ions  to the  o the r  p ro t e in s  are not  s ignif icant .  

The resu l t s  of  these  ana lyses  sugges t  a s t rong  t e n d e n c y  t o w a r d  r 
l a c t a lbumin  and  JMactoglobul in  be ing  the  ma in  a l le rgens  a m o n g  the  
t e s ted  cow's  mi lk  pro te ins .  

This  i m p r e s s i o n  m a y  also be  de r ived  d i rec t ly  f rom the  data.  In  any case, 
whe re  the  sk in  r eac t ion  to case in  was  j u d g e d  pos i t ive  the  reac t ions  to 
whey  p ro te ins  were  posi t ive ,  too, and  s h o w e d  at leas t  the  same  in tens i ty .  
Add i t i ona l ly ,  in m o s t  cases  in w h i c h  a pos i t ive  sk in  r eac t ion  to w h e y  
pro te in  was o b s e r v e d  the re  was also a pos i t ive  reac t ion  to pur i f i ed  a- 
l a c t a l b u m i n  and  [Mactoglobul in .  Two ind iv idua l s ,  one of each group,  
exc lus ive ly  e x h i b i t e d  a pos i t ive  sk in  reac t ion  to a - l ac ta lbumin .  Thus,  
whey  p ro te ins  seem to be  the  ma in  a l l e rgens  of  cow's  m i lk  pro te ins ,  wi th  a 
s l ight  t e n d e n c y  to favor  a - l a c t a l b u m i n  in our  inves t iga t ion .  

In  m o s t  s tud ies  it is s u s p e c t e d  tha t  IMactoglobul in  and  also case in  are  
the mos t  po t en t  or  mos t  c o m m o n  a l l e rgens  p r e se n t  in cow's  mi lk  (1, 2, 3, 7, 
12, 14). Vanto  et  al. (13), who  a p p l i e d  var ious  me thods ,  i nc lud ing  the  skin-  
p r i ck  test,  found  ( t - lae ta lbumin to be the  main  a l le rgen  a m o n g  cow's  mi lk  
pro te ins ,  wh ich  c o r r e s p o n d s  to our  f indings .  The  fact  that ,  in our  invest i -  
gat ion,  the  casein  f rac t ions  e x h i b i t e d  the  lowes t  po ten t i a l  in caus ing  
pos i t ive  sk in  reac t ions ,  m a y  be in con t ras t  to resu l t s  of Wfl thr ieh  (15), who  
d e m o n s t r a t e d  in 15 cheese-  or mi lk-a l le rg ic  ind iv idua l s  by  radio-M/ergo- 
so rben t - t e s t  (Rast) a h ighes t  p r eva l ence  of  i m m u n o g l o b u l i n  E an t ibod ie s  
to casein,  fo l lowed by  those  to a - l ae ta lbumin .  Near ly  no an t ibod ie s  were  
found  to [3-1actoglobulin by  W//tthrich. But  sk in  tes t  resul ts  and  Ras t  
resu l t s  m a y  d iverge  d e p e n d i n g  on the  t i t res  of specif ic  IgG an t ibodies .  A 
p a p e r  conce rn ing  these  specif ic  i m m u n o g l o b u l i n  levels  of mi lk  al lergic  
ind iv idua l s  is in p repara t ion .  
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