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Reproducible clinically abnormal reactions to cow’s milk protein (CMP) 
may be due to the interaction between one or more milk proteins and one 
or more immune mechanisms, possibly any of the four basic types of 
hypersensitivity reactions. At present, evidence for type I, 111 and IV 
reactions against CMP has been demonstrated. Immunologically mediated 
reactions, mainly immediate IgE-mediated reactions are defined as cow’s 
milk protein allergy (CMPA). Non immunologically reactions against 
CMP are defined as cow’s milk protein intolerance (CMPI). Many studies 
on “cow’s milk allergy” have not investigated the immunological basis of 
the clinical reactions. It is not possible to differentiate between CMPA 
and CMPI solely on clinical symptoms. No single laboratory test is diag- 
nostic of CMPAKMPI. Therefore, the diagnosis still has to be based on 
strict well-defined elimination and milk challenge procedures. Before 
1950 CMPAKMPI was rarely diagnosed. Since 1970 widely varying 
estimates of the incidence from 1.8% to 7.5% have been reported, mainly 
reflecting differences in diagnostic criteria and study design. Based on 
strict diagnostic criteria the incidence of confirmed CMPAKMPI in in- 
fancy seems to be about 2-5% in developed countries Symptoms sug- 
gestive of CMPMCMPI may be encountered in about 5-15% of infants 
emphasizing the importance of controlled eliminatiodmilk challenge. In 
breastfed infants reproducible clinical reactions to CMP in human milk 
have been reported in about 0.5%. Most infants with CMPAKMPI devel- 
op symptoms before one month of age, often within one week after in- 
troduction of cow’s milk based formula. The majority have 2 2 symptoms 
and symptoms from 2 2 organ systems. About 50%-70% have cutaneous 
symptoms, 50-6092 gastrointestinal symptoms, and about 20-30% respira- 
tory symptoms. In exclusively breast-fed infants with CMPNCMPI severe 
atopic eczema is a predominant symptom. Debut of CMPAKMPI after 12 
months is extremely rare. The basic treatment is complete avoidance of 
CMP. In infancy a proven hypoallergenic CM substitute is needed. Due to 
clinically important residual allergenicity in some hypoallergenic formulae 
controlled clinical testing is necessary in each case before use. Goat’s 
milk proteins share identity with CMP. Raw untreated cow’s milk and 
unhomogenized cow’s milk is as allergenic as normal pasteurized and 
homogenized milk products. The prognosis of CMPAKMPI is good with 
a remission rate about 45-5076 at one year, 60-7596 at two years, and 
85-90% at three years. Associated adverse reactions to other foods devel- 
op in about 50%. and allergy against inhalants in 5040% before puberty. 
High levels of IgE to CMP are associated with an increased risk of per- 
sisting CMPA, persisting allergy to other foods and inhalant allergy. The 
degree of antibody response to CMP exposure is a better predictor of 
persisting CMPA than a single finding of an elevated antibody level 
which can occur in normal infants without CMPAKMPI. Cow’s milk 
proteins are absorbed from the gut and can be measured in the blood in 
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quantities of micrograms per liter serum both in children and adults. Mac- 
romolecular absorption is increased in preterm infants and in newborns, 
and has also been demonstrated in infants with CMPA. Whether an in- 
creased macromolecular absorption is a part of an allergic constitution/ 
heredity or is due to temporal mucosal damage is not clarified, and the 
relevance of an increased absorption for development of clinical disease is 
unclear. The cow’s milk protein, betalactoglobulin can be detected in the 
breast milk of 95% of lactating women (0.9-150 ,ug/1, median value 4.2 
pg/l) when consecutive continual testing of breast milk is done. Consid- 
ering the low frequency of CMPAKMPI these small amounts of CMP in 
breast milk may rather induce tolerance to CMP than allergic sensitiza- 
tion. The development of CMPNCMPI primarily seems to depend on the 
exquisite immune responsiveness in predisposed individuals. A significant 
association between early neonatal exposure to cow’s milk formula feed- 
ing and subsequent development of CMPAICMPI has been documented. 
Preliminary findings of specific IgE to individual cow’s milk proteins in 
cord blood of the majority of infants with later development of CMPN 
CMPI may indicate intrauterine sensitization playing a role in the patho- 
genesis of CMPKMPI, perhaps as a weak intrauterine priming inducing a 
low IgE response, which needs to be boostered postnatally in order to 
cause clinical disease, especially in infants with a marked atopic predispo- 

I sition. 

Definitions 
Adverse reaction 

Reproducible clinically abnormal response to a sub- 
stance which usually does not give any reactions. 

Allergenicity 

The ability of a protein (allergen) to induce allergic 
reactions. 

Allergic rhinitisfconjunctivitis 

Rhinitis or conjunctivitis appearing at least twice 
caused by exposure to a particular allergen, and 
eosinophilia in nasal smear at symptoms (above 
10% eosinophils). 

Allergic urticaria 

Urticaria appearing at least twice caused by expo- 
sure to a particular allergen. 

Allergy 
The term “allergy” was originally introduced by von 
Pirquet 1906 (1) to indicate a changed reaction to 
foreign substances implying evidence of clinical hy- 
persensitivity. Since the discovery of IgE in 1967 (2) 
many have equated allergy with IgE-mediated re- 
sponses, because the majority of allergic reactions 
seems to be IgE-mediated. As a variety of immun- 
ological mechanisms may be involved in allergic 
reactions a more comprehensive definition including 
any of the four basic types (I-IV) of hypersensitivity 
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reactions classified by Gel1 & Coombs (3) is prefer- 
able. 

Atopic dermatitis, atopic eczema 

Pruritic, chronic or chronically relapsing non-infec- 
tious dermatitis with typical morphology and distri- 
bution as suggested by Hanifin & Rajka, 1980 (4). 

Atopic manifestations 

Symptoms of atopic dermatitis, bronchial asthma, 
allergic rhinitis/conjunctivitis, allergic urticaria 
and/or gastrointestinal allergy. 

Cow‘s milk protein allergy 

Proven or likely immunologically mediated (any of 
types I-IV) reactions to cow’s milk protein associ- 
ated with reproducible adverse reactions, giving 
symptoms from the gastrointestinal tract, the skin, or 
the respiratory tract. 

Cow’s milk protein intolerance 

Reproducible adverse reactions to cow’s milk pro- 
tein giving symptoms from the gastrointestinal tract, 
the skin or the respiratory tract. Immunological 
etiology not confirmed, either due to lack of immun- 
ological investigations or negative results of the un- 
dertaken analyses. 
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CMP & infant reaction 

Diarrhoea 

Change of bowel movements (> 3/day) and loose 
stools. 

Food allergy 

Proven or likely immunologically mediated reac- 
tions to food(s) associated with reproducible adverse 
reactiomgiving symptoms from the gastrointestinal 
tract, the skin, or the respiratory tract. 

Food intolerance 

Reproducible adverse reactions to food( s) or food 
additives giving symptoms from the gastrointestinal 
tract, the skin or the respiratory tract; immunological 
etiology not demonstrated. 

lmmunogenicity 

The ability to induce an immune response. 

Infantile colic 

Intermittent excessive crying (> 2 h/day) for at least 
one week without any obvious cause. 

Recurrent wheezing 

Two or more episodes of expiratory wheezing with 
or without concomitant upper airway infection. 

Sensitization 

The first induction of an allergic immune response at 
exposure to a particular allergen. 

Abbreviations 
AB 
AG 
ALA 
BIG 
BLF 
BLG 
BSA 
CAS 
CB 

CM 
CMP 
CMPA 
CMPI 
CRIE 
DBPCFC 
ELISA 
HPLC 

IgG 
IgM 

IgE 

CB-IgE 

0.4 

Antibody 
Antigen 
Bovine alphalactalbumin 
Bovine immunoglobulin 
Bovine lactoferrin 
Bovine betalactoglobulin 
Bovine serum albumin 
Bovine casein 
Cord blood 
Cord blood IgE 
Cow’s milk 
Cow’s milk protein 
Cow’s milk protein allergy 
Cow’s milk protein intolerance 
Crossed radioimmunoelectrophoresis 
Double-blind placebo controlled food challenge 
Enzvme-linked imniunosorbent assay 
High performance liquid 
tography 
Immunoglobulin class G 
Immunoglobulin class M 
Inimunoglobulin class A 
Immunoglobulin class E 
Ovalbumin 

gel permeation chroma- 

RAST Radioallergosorbent test 
SPT Skin prick test 

Introduction and historical background 

Adverse reactions to CM were first described for 
more than 2,360 years by Hippocrates (prior to 370 
BC), who is said to have observed that CM could 
cause gastric upset and urticaria ( 5 ) .  Five hundred 
years later Galen described a case of milk allergy 
(6). In the first years of this century reports on 
adverse reactions to CM appeared in the German 
literature describing symptoms such as diarrhoea 
and failure to thrive (7, 8). Finkelstein (9) published 
the first case of anaphylactic shock and death caused 
by CM ingestion. In 1906 Moro (10) demonstrated 
precipitins to CM in blood from a marasmic infant 
fed CM. In Scandinavia Wernstedt (1910) was the 
first to describe a case of “idiosyn-crasy” to cow’s 
milk in Sweden ( I l ) ,  and he proposed the term 
allergy to CM supposing a changed reactivity to CM 
because of previous exposure to CM. In Denmark 
Hertz (1914) reported the first case of “CM idio- 
syncrasy” (12). Halberstadt (13) showed that the 
whey fraction of CM caused adverse intestinal 
symptoms. The American pediatrician Talbot (1916) 
clarified the relation between “idiosyncrasy to CM” 
and anaphylaxis to CM in two infants (14). Later, 
urticaria (15) was described as an adverse reaction to 
CM. In the following decades CMPNCMPI was 
considered an infrequent disease, and only a few 
cases were described as reviewed by Vendel (Stock- 
holm, Sweden), who reported the incidence of CM 
idiosyncrasy in the period 1919-1947 to be about 
0.1 o/oo - 0.3 o/oo (16). In the same period a few 
Danish casuistic reports were published ( 1  7-1 9). 
Since the 1950s several reports on CMPA/CMPI 
have shown an increasing frequency of this disease 
(20), possibly in part caused by a simultaneous de- 
crease in breast-feeding (21) due to more frequent 
use of cow’s milk based infant formula feeding. 

Most infants tolerate CM formula without un- 
toward effects. However, CMPNCMPI has become 
a common disease in early childhood, and among 
parents increased attention has been paid to this 
disease during the last decades. Many reviews (20, 
22-30) on CMPNCMPI have elucidated mainly epi- 
demiological, clinical and diagnostic aspects, bur 
still much controversy exists probably because of a 
lack of standard terminology and reliable diagnostic 
tests. 

Definition and diagnostic criteria of CMPAKMPI 
Definition 

The subject of cow’s milk allergy (and food allergy 
in general) has suffered from confusion due to lack 
of a standard terminology. Adverse reactions to milk 
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(and other foods), which are not immunologically 
mediated, may be caused by protein intolerance, 
pharmacological reactions, absorptive defects, en- 
zyme deficiences (disaccharidases), toxic or infec- 
tious reactions and psychological mechanisms. At 
suspected adverse reactions to CM these possibil- 
ities should be considered before diagnostic proce- 
dures are performed to prove immunological mecha- 
nisms of CMP hypersensitivity. Clinical and lab- 
oratory observations indicate that clinical 
hypersensitivity to CMP may be evoked by hetero- 
genous immunological mechanisms, in fact any of 
the four basic types of hypersensitivity reactions 
classified by Gel1 & Coombs (3) may be involved, 
and more than one type of reaction may be seen in a 
particular patient, even when there is a single clin- 
ical manifestation (31). So, in CMPA (and food 
allergy and intolerance in general) no reliable single 
diagnostic test is available. In most instances of 
CMP hypersensitivity only diagnostic studies (such 
as SPT and RAST) indicative of type I reactions 
(IgE-mediated) are carried out allowing only to dis- 
cern IgE-mediated CMPA. Strictly speaking, CMPA 
cannot be ruled out unless extensive diagnostic tests 
for type II-III-IV reactions have turned out negative. 
However, at present this cannot be done by any 
single or a practical combination of tests. Further- 
more, in many instances the immunological mecha- 
nism causing the disorder cannot be defined by cur- 
rent techniques. Therefore, the diagnosis of CMPN 
CMPI has to be based on the clinical response to 
CMP. 

Diagnostic criteria 

In 1963 Goldman et al. (32) proposed strict clinical 
criteria for the diagnosis of CMPNCMPI (“milk 
allergy” in common usage). Goldman’s criteria, the 
accepted mode of diagnosis for 10-15 years, were 
the following: 

1. Symptoms must subside after milk elimination. 
2. Symptoms must occur within 48 h following a 

trial feeding of milk. 
3. Three such challenges must be positive and have 

similar onset, duration and clinical features. 
4. Symptoms must subside after each challenge re- 

action. 

As challenge dose 100 ml of skim milk (containing 
3.5 g of milk protein) was used. The patients were 
observed 3-4 h after challenge. However, using 
these criteria lactose intolerance would be included, 
and patients with delayed reactions (33) would be 
excluded wrongly. Furthermore, challenge doses 
and schedules should be standardized as well as the 
duration of the milk elimination period should be 
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defined. In addition a challenge dose of 100 ml of 
skim milk given at one time may be hazardous, and 
in fact Goldman (32) reported anaphylaxis in 8/89 
patients (9%). It also appears unacceptable to chal- 
lenge three times at short intervals. Other investiga- 
tors (34) would accept one or two positive chal- 
lenges, and in most cases it is sufficient to observe 
subsidence of symptoms after elimination of CM, 
recurrence of symptons during one challenge test 
and subsidence of symptoms after renewed elim- 
ination of CM (20, 26, 35). Some authors (25, 26) 
claim that double-blind, placebo-controlled, food 
challenge (DBPCFC) is the only way (gold stan- 
dard) to confirm the diagnosis of food allergy in 
order to exclude bias of patient, mother, or physi- 
cian. However, as pointed out by Hill (37) DBPCFC 
is not practicable in patients with delayed reactions, 
because prolonged double-blind, controlled admin- 
istration of CPM or placebo in high doses (corre- 
sponding to normal daily intake of the food) for 
possibly several days will be difficult to accomplish. 
In patients with immediate reactions DBPCFC is 
feasible and recommendable. However, if DBPCFC 
is negative, an open controlled challenge including 
normal daily intake of the food protein in question 
should be carried out to rule out the occurrence of 
delayed reactions. 

Other disorders causing recurrent symptoms on 
CM challenge should be excluded, especially lactose 
intolerance and intestinal infection (or sequelae from 
infection). Lactose intolerance (due to lactase de- 
fiency) may be primary or secondary. The primary 
forms consist of the excessively rare congenital form 
(infant diarrhoea on breast milk due to a high lactose 
content), and the vastly more common late onset or 
racial form occurring between the age of 4 and 18 
years. The secondary lactose intolerance may occur 
as a transient lactase defiency due to a variety of 
diseases with damage of the mucosa of the small 
intestine (malabsorption, infections etc.) (28). Lac- 
tose intolerance can be excluded in babies tolerating 
human milk, and later by a normal lactose tolerance 
test (blood glucose rise of at least 1.1 mmol/l, and no 
symptoms following intake of lactose 2 gfkg body- 
weight (38, 39). 

In most recent investigations (40-46) the diag- 
nosis of CMPNCMPI was established according to 
the criteria proposed by Savilahti (20) and Bahna & 
Gandhi (26): 

1) definite disappearance of symptoms after each of 
two dietary eliminations of CM and CM prod- 
ucts, 

2) recurrence of identical symptoms after one chal- 
lenge, and 

3) exclusion of lactose intolerance and coincidental 
infection. 



CMP & infant reaction 

Table 1. Incidence of CMPAiCMPl 

Study Year Population Country Number with Incidence % 
CMPA/CMPI 

Retrospective 

Vendel 116) 
Stintzing & Zetterstrom (47) 

Prospective 

Collins-Williams (48) 
Bachman & Dees (49) 
Johnstone & Dutton (50) 
Halpern et al. (51) 

Gerrard et al. (52) 
Jakobsson & Lindberg (39) 
Hide & Guyer (571 
Bock (53) 

Herst et al. (40) 

Schrander et al. (58) 

1948 
1979 

1956 
1957 
1966 
1973 

1973 
1979 
1983 
1987 

1988 

1993 

- 

4311 infants 

3000 a 
304 b 
240 b 

1084 b c 
669 b d 
787 b 

1079 b 
609 b e 
480 b 

1749 b 
One year 
birth cohort 
1158 h 

Sweden 
Sweden 

USA 
USA 
USA 
USA 

Canada 
Sweden 
England 
USA 

Denmark 

Holland 

117500 
25 admitted 
to the hospital, 
severe cases? 

89? 
4 
2 

20 
6 

59 
20 
15 
25 f 
11 g 
39 

26 

0.01 
0.58 

0.3 
1.3 
0.8 
1.8 
0.9 
7.5 
1.9 
2.5 
5.2 f 

2.2 
2.2 g 

2.3 i 
~ 

a Patients followed in a paediatric practise for non allergic reasons. Prospective? 
b Healthy babies, unselected. 
c CM in the diet from birth 
d No CM before 6 months 
e 609 infants of a I-year cohort of 904 newborns followed up to 2 years of age. 
f Diagnosed by open challenge (14) and DBPCFC (11) 
g Diagnosed by DBPCFC 
h 1158 of 1386 unselected infants born between 1985 and 1988 and prospectively followed in 5 health care centres up to 1 yr. 
i Diagnosed by two positive open challenges. Using Kaplan-Meier estimate the figure was 2.8% (confidence interval 1.8%-3.8%). 

Provided that these criteria are fulfilled, and milk 
challenge is performed under controlled close pro- 
fessional observation in hospital or at a clinic, over- 
diagnosis of CMPA in infancy does not seem to be 
frequent, nor when open milk challenges are used 
(39, 44). Thus, in the latter study (44) the results of 
the first 10 positive open milk challenges in infants 
below 1 year of age were confirmed by DBPCFC as 
described in (4 I), and consequently the following 
milk challenges were carried out in an open con- 
trolled design. 

In solely breastfed infants, elimination and chal- 
lenge procedures should be performed via regulation 
of the mothers’ intake of cow’s milk. 

In any case a well defined standardized challenge 
schedule should be followed, including description 
of time intervals between increasing amounts of 
CMP and total amount of CMP before reaction (35, 
39, 44). In research the diagnosis of CMPAKMPI 
should be confirmed by DBPCFC. 

Incidence 
Total incidence 

Estimates of the incidence of CMPNCMPI vary 
from 0.1% to 7.5% (16, 39, 40, 46-53, 57, 58) 
(Table 1). This variation mainly reflects differences 
in criteria for diagnosis, differences in study design 
(retrospective versus prospective), different compo- 
sition of the materials, and maybe also geographical 
differences. 

Apparently CMPNCMPI was a rare disease be- 
fore 1950-1 960. If the reported increase of the in- 
cidence of the disease after 1960 is true, one might 
suppose a relation between this increase and the 
enormously increased exposure to cow’s milk-based 
infant formulas and the corresponding decrease in 
breast-feeding during that period in developed coun- 
tries (21). In Denmark the average duration of 
breast-feeding dropped from about 24 weeks in 1950 
to a minimum of 10 weeks in 1970 (54). Nowadays, 
breast-feeding is increasing in most developed coun- 
tries. In Finland an increase in average duration of 
breast-feeding from 1.7 months in 1971 to 5.7 
months in 1983 has been reported (55) .  Maybe, a 
decreasing incidence of CMPNCMPI is to be ex- 
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pected? Thus, a decreasing frequency of CMPI in 
Spain has been supposed to reflect a declining use of 
CM formulae with a high CMP content (56). 

In our Danish investigation a cohort of 1749 new- 
borns was followed prospectively for the develop- 
ment of CMPNCMPI during the first year of life 
(40,44). A total of 117 infants (6.7%) had symptoms 
suggestive of CMPN CMPI, and based on well- 
defined elimination/open milk challenge procedures 
(40, 44) a total of 39 (2.2%) (20 girls and 19 boys) 
were diagnosed as having CMPAKMPI. In 78 in- 
fants the suspicion could be disproven, and they all 
still tolerated cow’s milk at follow-up at 12 months. 
None developed CMPNCMPI after 12 months of 
age (44). Thus, the total incidence of CMPNCMPI 
during the first year of life was 2.2% in unselected 
Danish infants. This incidence is comparable with 
the corresponding figures of recent prospective stud- 
ies by Jakobsson & Lindberg from Sweden (391, and 
Bock from USA (53), reporting incidences of 1.9% 
and 2.2.%-5.2%, respectively. In the latter study the 
incidence of 2.2% was confirmed by blind milk 
challenge, and a further 3.0% by open milk chal- 
lenge. In the former study the design and open chal- 
lenge procedure was comparable with that of our 
study. Similar incidences of CMPAKMPI were re- 
ported from an English (2,5%) and a recent Dutch 
study (2.8%) applying partly comparable prospec- 
tive study designs (57, 58). A higher prevalence of 
7.5% reported by Gerrard et al. (52) may be ex- 
plained by different diagnostic criteria mainly based 
on patient history and challenges carried out at 
home. 

In prospective longitudinal studies of unselected 
newborns the primary materials of infants with 
symptoms suggestive of CMPNCMPI have varied 
between 4.8% (39), 6.7% (44) and about 15% (53), 
probably reflecting different study designs, espe- 
cially regarding inclusion criteria and the number of 
and intervals between clinical examinations. Inter- 
estingly, in infants suspected of CMPA/CMPI the 
diagnosis was only proven in between 1/3 (44, 53, 
59) and 40% (39) when controlled eliminatiotdchal- 
lenge was used. These studies confirm the impor- 
tance of avoidance of diagnosing CMPA/CMPI 
mainly on history of symptoms suggestive of 
CMPA/CMPI. Open milk challenges were used, and 
following the described approach (39, 40, 44) over- 
diagnosis does not seem to be a serious problem in 
infants, although it would have been optimal to have 
performed a DBPCFC in all patients (36). In con- 
trast, a milk elimination period of > 4 weeks (40,441 
may have led to a slight underestimation of the “true 
incidence” of CMPA/CMPI because of the possibil- 
ity of a resolution of the disease in some patients in 
the elimination period before challenge. 

Optimally, all infants of a cohort should be in- 
vestigated at short intervals by the same physician 
(or a few physicians) in order to register all possible 
symptoms related to intake of CM, and in case of 
reproducible or persisting symptoms after intake of 
CM products controlled eliminatiodchallenge pro- 
cedures should be carried out. In this way, the influ- 
ence of different thresholds of parents’ perception of 
possible symptoms of disease (CMPN CMPI) might 
be at least in part eliminated. However, such a close 
follow-up of large cohorts of newborns is very time 
and ressource consuming and hardly practicable. 
The influence of differences in study design in the 
same study population is shown in one study (39), in 
which a group of infants followed closely revealed 
an incidence of CMPNCMPI of 3.7% versus 1.1% 
among infants followed up within the ordinary 
health system. Such differences should be mini- 
mized by thorough information of and collaboration 
with relevant health personel and parents about 
study design, inclusion criteria etc. before and dur- 
ing the study as described in (39) and (40, 44). 

I n  concZu,sion, at present the “true incidence” of 
CMPNCMPI in infancy seems to be about 2%-5% 
in developed countries. Symptoms suggestive of 
CMPNCMPI are seen in about 5%-15% of infants, 
but in about 2/3 of these instances a cause effect 
relationship between CM and symptoms can be dis- 
proven by controlled elimination/milk challenge 
procedures. 

Incidence in exclusively breast-fed infants 

In a Danish study (40, 46) the 1-year incidence of 
CMPNCMPI in exclusively breast-fed was found to 
be 0.5% (9/1749) in a study population with a fre- 
quency of solely breast-feeding of 52% at 3 months 
of age (24). A comparable incidence of about 0.4% 
could be calculated from the data reported in a 
Swedish study (39). Both studies confirm the old 
findings by O’Keefe (1920) that breast-fed infants 
may react to cow’s milk ingested by the mother and 
transferred to the infant via the breast-milk (60). 
Whether these findings support the hypothesis that 
cow’s milk protein sensitization can occur in utero, 
or via breast-milk or none of these, will be discussed 
later. 

Clinical features 
Onset of symptoms 

Symptoms of CMPAICMPI may appear during the 
period of breast-feeding (39, 40, 52, 60, 61), but 
mostly start during bottle feeding. As reported in 
7-15% of cases (39,62,63) symptoms may occur at 
the first cow’s milk containing meal. In contrast, 
(40) none of 39 infants with CMPA/ CMPI had 
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Table 2. Presenting symptoms 1%) in CMPNCMPI 

Symptoms Selected patient samples Unselected prospectively followed patients from 
birth cohorts 

Goldman et al. Gerrard et al. Hill et al. Gerrard et al. Jakobsson & Host & 
(32) (64) (67) (52) Lindberg (39) Halken (44) 

1963 a 1967 b 1986 c 1973 d 1979 e 1990 f 
n 89 n 150 n 100 n 59 n 20 n 39 

Atopic eczema 
Colic 
Vomiting 
Diarrhoea 
Recurrent wheezing 
Rhinitis 
Urticaria 
Failure to thrive 
Other / e.g. CNS 
Diarrhoea with blood 
Bronchitis 
Exanthema 
Anaphylaxis 
Angio-oedema 
Circumoral lesions 
Irritability 
Syncope 
Convulsion 
Anemia 
Gastroesophageal reflux 
Monosymptomatology 

13 
14 
41 
48 
29 
21 
10 
22 

4 

6 
2 

13 
26 
40 
12 
2 
2 
6 

- 

- 

- 

56 
46 
38 
8 
28 
21 
15 
8 
0 
0 
- 
- 
0 
- 
- 
- 
0 
0 
- 
- 
8 

- Figures not given 
a Age at investigation: Group A median 6 months (2 wk - 6 yr) 

b Age at investigation: not given 
c Age at  investigation: mean 16 months (3 - 66 months) 
d Age at investigation: not given, but infants followed 0 - 2 yr 
e Age at investigation: median 4 months (3 wk - 1 yr) 
f Age at investigation: median 3.5 months (1-11 months), infants followed 0-3-vr 

Group B median 10 months (6 wk - 13 yr) 

symptoms at the first intake of CM formula. The age 
at which symptoms start depends on the time of 
introduction of CM based formula. Most infants 
with CMPNCMPI develop symptoms shortly after 
introduction of CM formula, within one week in 
41% (52),  49% (40), 56% (64) and 70% (39), and 
within 1 month in 69%, 69%, 75%, and 85% of the 
infants in the above mentioned studies. 

Regarding chronological age Goldman et al. (32) 
reported onset of symptoms before 1 month in 58%, 
and before 3 months in 90%. In recent studies (39, 
47) the corresponding figures were about 30% and 
6096, respectively, the latter values probably reflect- 
ing a longer duration of breast-feeding. Bock (53) 
reported debut of symptoms before 12 months in 
24/25 (96%) of infants with CMPNCMPI followed 
until 3 years. Likewise, Zeiger et al. (65) and Hgst & 
Halken (44) found that none of prospectively fol- 
lowed infants developed CMPAKMPI after I2  
months of age. 

Goldman et al. (32) reported different ages of 
onset for different symptoms. Thus, atopic eczema 
usually occurred after 1 month, vomiting after 1-2 

months, colic after 2-3 months and diarrhoea after 
3-6 months. Concerning other symptoms no typical 
age of debut was seen. Similar findings have not 
been reported by other investigators. 

In conclusiori - Many studies confirm that 
CMPNCMPI develops in early infancy, rarely after 
12 months of age. The onset of disease is in most 
cases closely related to the time of introduction of 
cow’s milk based formula. 

Symptomatology 

A broad spectrum of symptoms and signs in children 
may be attributed to ingestion of CM. Mostly reac- 
tions are localized to the gastrointestinal tract (“gas- 
trointestinal allergy”), but CMPNCMPI may also 
cause systemic symptoms such as anaphylaxis and 
local reactions in the skin and the respiratory tract. 
The symptoms may occur within a few minutes - 
1 h after milk exposure (i.e. “immediate reactions”), 
or after 1 h (“delayed reactions”), and in some cases 
after days. 
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The classical gastrointestinal symptoms are vom- 
iting, diarrhoea, and colic. Dermatologic symptoms 
are atopic dermatitis, urticaria, angiooedema and 
contact dermatitis. Respiratory features are recurrent 
wheezing, stridor, cough and rhino-conjunctivitis. 
Anaphylaxis has been reported in 9% and 5% (32, 
66). Table 2 shows the frequencies of the most 
common symptoms in various studies (32, 39, 44, 
52, 64, 67). Similar symptoms and frequencies were 
recently reported by Ventura et al. (66) from an 
Italian multicenter study on CMPAKMPI in the first 
year of life (125 cases). Irritability and colic (67) 
appear to be common symptoms, but nearly always 
in combination with other symptoms (32, 67). There 
is some evidence that colic may be caused by CMP 
in solely breast-fed infants (68,69) as well as by CM 
formula (70, 71). Sleeping disorders in infants have 
been related to CMPAKMPI (72-74), but further 
studies by other groups seem required to establish a 
cause-effect relationship between cow’s milk and 
sleeping disorder as the only sign of CMPAKMPI. 
However, secondary sleeping disorders due to e.g. 
itching atopic dermatitis or other atopic manifes- 
tations provoked by CMPNCMPI are clinically 
well-known. Recurrent otitis has also been reported 
(32) in a few cases, apparently secondary to allergic 
rhinitis. 

Several well-defined rare diseases with a delayed 
onset pattern due to CMPAKMPI have been identi- 
fied: milk induced colitis (75, 76), cow’s milk ente- 
ropathy (77-80), eosinophilic gastroenteritis (8 1, 
82), milk induced pulmonary disease, pulmonary 
hemosiderosis or Heiner’s syndrome (83), iron-loos- 
ing enteropathy and anemia (84), neonatal thrombo- 
cytopenia - TAR (85). Other disorders which have 
been reported in the literature to have a delayed 
onset delayed onset relationship to milk ingestion 
are migraine (86), a lupus erythematosis-like syn- 
drome and nephrosis mentioned by Heiner & Wilson 

Table 2 (32, 39, 44, 52, 64, 67) shows some 
differences in the occurrences of common symptoms 
of CMPNCMPI. These differences may be ascribed 
to especially dissimilarities regarding study designs, 
diagnostic criteria, composition of the patient mate- 
rials, e.g. different age distributions of the patients. 
Thus, some authors report the symptomatology of 
selected groups of patients with CMPAKMPI (32, 
64, 67), while others describe unselected prospec- 
tively followed infants with CMPNCMPI from birth 
cohorts (39, 44, 52). 

It is noteworthy that the vast majority (75-92%) 
of infants with CMPNCMPI has more than one 
symptom (32, 39, 44). In the latter study (44) the 
three monosymptomatic patients had severe atopic 
eczema. In the same study, the distribution of cuta- 
neous (64%), gastrointestinal (59%) and respiratory 

(87). 

symptoms (33%) was similar to that of previous 
prospective population studies (39, 52), whereas 
diarrhoea occurred in only 8% compared to 
25%-41% in the other studies (39, 52). An infre- 
quent occurrence of diarrhoea (44) may be due to a 
nearly total exclusion of secondary deficiency of 
lactase on account of a long milk elimination period 
(> 4 weeks), exclusion of gastrointestinal infections, 
and perhaps a strict definition of diarrhoea may 
contribute to this difference. It should be borne in 
mind that confounding factors such as outdoor and 
indoor pollution, e.g. exposure to tobacco smoking, 
may act as an adjuvant factor and influence the 
symptomatology of patients with CMPAKMPI, es- 
pecially regarding respiratory symptoms. Thus, 56% 
of the newborns followed prospectively regarding 
development of CMPNCMPI (40, 44) were daily 
exposed to passive smoking at home (88), and 10/11 
infants with recurrent wheezing at cow’s milk expo- 
sure (44) were daily exposed to passive smoking. 

Symptomatology in exclusively breast-fed infants 

In exclusively breast-fed infants with CMPA/CMPI 
reactions against CMP in the mother’s milk have 
been registered > 4 h after the mother’s intake of 
cow’s milk (40). The symptomatology is similar to 
that encountered in other infants with CMPA/CMPI 
(40, 44, 61, S9), although severe atopic eczema 
seems to be a more predominant symptom in that 
subgroup (40, 61, 89). 

Clinical and immunological types of reaction 

Previous reports have in detail discerned two main 
groups according to the time of onset of reaction 
after milk challenge a )  immediate onset, within 1 h 
and b) delayed onset after 1 h after milk challenge 
(35, 90). More than 40 years ago the same observa- 
tions were mentioned by Vendel (16). According to 
Ford et al. (35) children with immediate onset reac- 
tions usually had cutaneous manifestations, positive 
SPT, raised IgE values, were atopic, and the reaction 
was provoked by only small amounts of milk. Chil- 
dren with delayed onset reactions usually had gas- 
trointestinal manifestations, negative SPT, normal 
IgE values, were non atopic, and had a history of 
vomiting, diarrhoea and colic in the first year of life, 
and larger amounts of milk were needed to provoke 
the reaction. 

Recently, Hill et al. (33, 67, 91, 92) have even 
described three main groups based on the findings in 
100 children with CMPAKMPI. Besides the above 
defined group of immediate reactors (27% of the 
patients) he classified the delayed omef  reactors 
into two different groups: intermediate reactors 
(53% of the patients) characterized by onset of pre- 
dominantly gastrointestinal symptoms within 1 h of 
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milk challenge, and late reactors (20%) of the pa- 
tients) with onset of symptoms more than 24 h after 
milk challenge. The symptoms in the latter group 
were mostly chronic cutaneous eruptions, diarrhoea 
or respiratory problems. 

Evidence of IgE-mediated reactions indicated by 
specific IgE antibodies (positive SPT and/or RAST 
to CMP) was found in a total of about 50% in the 
study by Hill et al. (67). Although IgE-mediated 
reactions are predominating among immediate reac- 
tors a great deal of overlap was demonstrated. In 
accordance with these studies other investigators 
found a similar correlation between immediate reac- 
tions to food challenge and positive SPT/ positive 

In a recent study (44) no significant association 
between symptomatology and clinical type of reac- 
tion (immediate or late) was found. However, a 
trend towards overrepresentation of non-IgE-medi- 
ated late reactors and a significant overweight of 
non-IgE-mediated gastrointestinal symptoms in part 
confirmed the results of previous studies (35, 67,90, 
92). 

The above-mentioned differences may be as- 
cribed to several factors such as varying age at the 
time of investigation (differences in composition of 
materials), different sample sizes, different defini- 
tions of immediate reactors and differing challenge 
schedules. Generally, in order to be able to compare 
the results of milk challenge studies in children it 
should be stressed that, besides symptoms and reac- 
tion time, total amount of milk protein, age and 
bodyweight of the patient should also be taken into 
account. 

Interestingly, it was noted in one study (44) that 5 
infants (8-26 weeks) with immediate onset reactions 
at initial milk challenge but without immunological 
evidence of IgE-sensitization to CMP (negative SPT 
and RAST) all at rechallenge at the age of 1 year 
were proven to be IgE-sensitized to CMP. This in- 
dicates that the sensitivity of these tests may be 
rather low in young, sensitized infants, probably due 
to several factors, e.g. a rather low amount of IgE- 
antibodies in serum and skin, a decreased reactivity 
of skin mast cells, an inappropriate quality of extract 
and/or methodological errors. In contrast, already at 
12 months a good correlation was found between 
“immediate reactions” and the demonstration of 
high levels of IgE-antibodies to CMP (12/12 SPT > 
3 mm and RAST class > 2 to CMP) (44) in agree- 
ment with previous reports (90, 92). 

Children with Izoii-IgE-iizedinterl reactions to 
CMP mostly show late or delayed reactions. Evi- 
dence of the involvement of other types of immune 
mechanisms due to complement activitation, circu- 
lating immune complexes or T-cell mediated reac- 
tions has been documented as reviewed by Bahna 

RAST (93-95). 

(96). The clinical significance of these findings will 
be discussed later. 

Clinical characteristics of infants with suspected but non- 
demon st r a b I e C M PA/C M P I 
In prospective longitudinal population studies about 
60%-67% of infants suspected of having CMPN 
CMPI have been disproved to suffer from this dis- 
ease based on well-defined eliminationkhallenge 
procedures (39,44, 53). In contrast to the symptom- 
atology of infants with confirmed CMPNCMPI, the 
symptomatology of infants with suspected but non 
provable CMPNCMPI has only been incompletely 
reported (39,44, 53). In one study (39) it was men- 
tioned that 7/30 infants with non confirmed CMPA/ 
CMPI did not improve on elimination diet, whereas 
23 seemed to improve on a milk free diet, but symp- 
toms did not recur at milk challenge. However, in 
one study (44, 97) clinical data on 78 infants with 
non-provable CMPA/CMPI have been compared to 
those of 39 infants with confirmed CMPAKMPI. Of 
these 78 infants one had lactase deficiency, three had 
egg allergy, 9 did not improve on milk-free diet, and 
65 who apparently became symptom-free on milk 
withdrawal remained symptom-free after challenge 
(97). In infants with non-provable CMPA/CMPI 
49% had cutaneous, 37% gastrointestinal, and 22% 
respiratory symptoms compared with the corre- 
sponding figures of 64%, 59% and 33%, respec- 
tively, in infants with confirmed CMPMCMPI (97). 
The most striking difference was the occurrence of > 
2 symptoms in 36/39 (92%) with CMPNCMPI ver- 
sus 32/78 (41%) (p<0.05) with non-confirmed 
CMPAlCMPI (97). Furthermore, earlier onset of 
symptoms (median age 1 month) and positive SPT 
to CMP were predominant findings in infants with 
proven CMPN CMPI (44, 97). 

Treatment 
Avoidance of cow’s milk 

The basic treatment of CMPA/CMPI is complete 
avoidance of CMP. Prophylactic pharmacologic 
agents are rarely needed. During infancy milk avoid- 
ance is easy, and a cow’s milk substitute can be the 
only diet for infants up to 6 months of age and would 
ensure a milk-free diet (26,29). In older children > 1 
yr milk substitutes are usually not strictly needed, 
but correct avoidance of milk products may be diffi- 
cult, because many commercially available foods 
may contain small quantities of milk proteins not 
listed on the labels (98). Therefore, a specialist diet- 
ician is often needed to ensure a correct milk-free 
diet and sufficient nutrition. In patients with CMPA/ 
CMPI it is usually recommended to avoid solid 
foods until 6 months of age and highly allergenic 
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foods (such as eggs, peanuts, citrusfruit, fish, choco- 
late and tomato) until 12 months of age (26, 29). 

Cow‘s milk substitute products 

Common commercial milk substitute formulae in- 
clude soybean formula, casein hydrolysates and 
whey hydrolysates. In some instances heat-treated 
cow’s milk (evaporated milk) and goat’s milk have 
been claimed to be useful. Moreover, it has often 
been been declared by parents that unhomogenized 
cow’s milk is tolerated by some milk-allergic chil- 
dren (41), and animal studies (99, 100) gave some 
support to the suggestion that unhomogenized milk 
might be less allergenic than homogenized milk. 

Soy formulae - Soy protein is reported to be at least 
as antigenic as cow’s milk protein (101-105), and in 
infants with CMPNCMPI soy protein allergyhntol- 
erance has been recorded with frequencies of 17% 
(52), 20% (80), 28% (66), 35% (39), 36% (64) .and 
47% (140). Thus, adverse reactions to soy occur in 
about 17% to 47% of children sensitive to CMP. In 
one study (44) the patients were not treated with soy 
formulae and consequently the infants did not devel- 
op soy allergy during early infancy. 

Caseill hydrolysates - Casein hydrolysates have 
been widely used in CMPNCMPI for over 40 years 
and are generally regarded as “hypoallergenic” 
(106). The casein hydrolysates are enzymatically 
extensively hydrolysed containing low molecular 
weight compounds with less than 1 % of their hydro- 
lysate over 1500 daltons. The effectiveness of these 
preparations in CMPNCMPI has been documented 
in (39, 65, 75, 106, 107). Recently, Sampson et al. 
(106) proved tolerance to a casein hydrolysate in all 
23 cow’s milk allergic children investigated by 
DBPCFC. However, some instances of intolerance 
to casein hydrolysates have been noted (80), and a 
few casuistic reports on allergic reactions to casein 
hydrolysates have been published (108-1 10). In the 
vast majority of children with CMPNCMPI casein 
hydrolysates seem safe and effective. Some disad- 
vantages of the casein hydrolysates are low palata- 
bility and bitterness, the latter due to bitter peptide 
formation during proteolysis (1  11). Among 39 in- 
fants with documented CMPMCMPI (44) a casein 
hydrolysate (Nutramigen) was offered to all until 12 
months of age without observation of any allergic 
reactions. Only 3 infants (8%) refused to take Nutra- 
migen (at the age of 10 months), possibly due to 
unpalatability? In contrast, the bitterness of exten- 
sively hydrolysed hypoallergenic formulae is rarely 
accepted by older infants and children. 

Whey hydrolysates - Partially hydrolysed whey hy- 
drolysates, which have been used for a few years, 

contain > 20% of molecules > 1500 daltons. Several 
cases of allergic reactions to these products have 
been reported (107, 112, I13), and generally the 
usage of these preparations in CMPNCMPI is not 
recommended as stated in a recently published posi- 
tion paper on hydrolysed cow’s milk formulae (1 14). 
However, in infants with non-IgE-mediated reac- 
tions (CMPI), e.g. enteropathy, partially hydrolysed 
whey hydrolysates may seem useful (1 15). 

Recently, a new extensively hydrolysed and ultra- 
filtrated whey hydrolysate has revealed “hypoaller- 
genic” properties in “high risk” infants and infants 
with CMPA/ CMPI comparable with those of a ca- 
sein hydrolysate ( I  16-1 18). Further clinical eval- 
uation of the value of whey hydrolysates is awaited. 

Heat-treated cow’s milk - The effect of heat treat- 
ment on milk protein has been investigated in animal 
studies (1 19-121). In general heat treatment may 
destroy heat-labile milk proteins (especially BSA 
and BIG), and change the antigenic structure of 
other whey proteins, such as BLG, ALA (122). The 
caseins are more heat stable, but strong heat treat- 
ment (121°C for 20 min.) reduces their sensitizing 
capacity (120). Low pasteurization (75°C for 15 s), 
spray drying, evaporation and other “normal” pro- 
cessing procedures in the production of commercial 
milk products and cow’s milk-based infant formulas 
do not eliminate, but only reduce the antigenicity 
and allergenecity of the milk proteins (122-124). 
Perhaps, boiling for 10 min may eliminate the al- 
lergenicity of the most heat-labile whey proteins 
( 1  24). However, most CMPAKMPI patients are al- 
lergic to several milk proteins (32). Therefore, 
boiled cow’s milk will not be effective in most 
patients considering that Goldman et al. (32) re- 
ported that 13% of their patients reacted only against 
BSA. In accordance with these early results it was 
found that low heat treatment (pasteurization at 
75°C for 15 s) did not reduce the ability of raw 
cow’s milk to evoke allergic reactions in children 
with CMPA in a DBPCFC study (41). 

Goat’s milk - Goat’s milk (evaporated goat’s milk) 
has earlier been recommended to CMPNCMPI pa- 
tients. However, most of the proteins of goat’s milk 
(and also sheep’s milk) share identity with those of 
cow’s milk resulting in cross-reactivity (124-126). 
Thus, persons with CMPNCMPI may react at their 
first exposure to goat’s milk. Previous experiences 
about successful treatment with goat’s milk in 
CMPNCMPI may be due to the fact that these 
goat’s milk products were often extensively heat- 
treated (evaporatedhoiled) leading to a reduction 
and perhaps elimination of the antigenicity of some 
of the heat-labile proteins (BSA, BIG), thus explain- 
ing their benefit in at least some patients. However, 
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goat’s milk is deficient in certain vitamins, espe- 
cially folic acid, D, C, B6 and B12, and is rich in 
mineral salts. Therefore, unmodified goat’s milk, on 
several reasons, is unsuitable for feeding human 
infants, and should not be recommended as a milk 
substitute to patients with CMPAKMPI (127). 

Raw untreated and unhomogenized cow’s milk 
Results of studies in mice might indicate that homo- 
genization renders the milk more allergenic “more 
sensitizing” (128), and more capable of inducing 
allergic reactions (99, 100). However, in a clinical 
study of children with CMPA/CMPI open chal- 
lenges with unhomogenized pasteurized and raw un- 
treated CM resulted in definite allergic reactions in 
24/26 (92%) and 21/25 (84%), respectively (129). In 
a double-blind placebo-controlled study in milk al- 
lergic children with IgE-mediated reactions (CMPA) 
(41), neither raw untreated CM, pasteurized CM, nor 
homogenized/pasteurized CM were tolerated, dis- 
proving the opinion of many parents that raw un- 
treated CM and unhomogenized CM are tolerated by 
milk-allergic children. If the latter view is claimed, 
one might wonder if the diagnosis of CMPA/CMPI 
is correct. Uncontrolled and self-appointed provoca- 
tions with either unhomogenized CM or raw un- 
treated CM in proven milk-allergic patient$ may be 
harmful and even fatal and should be warned 
against. 

In  coizclusioiz - Only documented hypoallergenic 
formulae can be used in infants with CMPNCMPI. 
In children with non IgE-mediated reactions 
(CMPI), predominantly gastrointestinal reactions, 
partially hydrolysed whey formulae may be useful 
( 1 15). whereas extensively hydrolysed formulae 
should be preferred in infants with immediate reac- 
tions to CMP, mainly IgE-mediated (CMPA). The 
extensively hydrolysed formulae have been found 
substantially less antigenic and allergenic than par- 
tially hydrolysed formulae in CMPA individuals 
( 130-1 35) although individuals highly sensitized to 
CMP may react against residual quantities of CMP 
even in extensively hydrolysed formulae illustrating 
the fact that none of the “hypoallergenic” formulae 
are “lion-allergenic”. It has been recommended that 
a hypoallergenic formula should fulfill the criteria of 
90% clinical tolerance (with 95% confidence limits) 
in infants with proven IgE-mediated CMPA (1 14, 
136). Before individual use a SPT with a fresh sam- 
ple of the recommended ready-to-feed formula 
should be done in order to evaluate the allergenicity. 
If SPT is positive, then an open challenge with the 
chosen formula should be performed under super- 
vision of a qualified physician, before daily usage is 
started (1 14). In case of intolerance against an enten- 
sivel y hydrolysed formula an amino acid-derived 

elemental formula may be tolerated even in children 
highly allergic to CMP (137) 

Prognosis 
Prognosis of CMPA/CMPI 

Only a few previous reports have focused on the 
duration of CMPA/CMPI in prospective obsewa- 
tional studies of primarily uruelected infants report- 
ing a recovery in 45% at 1 year, 60% at 2 years (39) 
and a recovery in > 84% at 3 years (53). A recent 
Danish study (44) showed remission from CMPA/ 
CMPI in 56% at 1 year, 77% at 2 years and 87% at 3 
years confirming a good prognosis of CMPNCMPI 
in infancy. 

Other authors have reported on the prognosis of 
CMPA/CMPI in selected groups of infants. Kuitu- 
nen et al. (80) found an almost total recovery in 
infants with cow’s milk-induced gastroenteropathy 
before 2 years of age, and in most cases recovery 
was obtained within 1 year. Clein in 1958 (138) 
reported on long-term follow-up of 206 infants with 
CMPA/CMPI from a general pediatric practice; he 
found that about 80% at 1 year, 8.5% at 2 years, and 
approximately 95% at 6 years had lost their sensitiv- 
ity to CMP, and about 2% of infants with CMPA/ 
CMPI continued to react to CMP. Hill et al. 1979 
(59) found a remission rate of 12/17 (71%) at 3 years 
in Australian infants with CMPNCMPI. In a Swed- 
ish study (1979) Dannaeus & Johansson (90) fol- 
lowed 47 infants (ages between 2 weeks to 20 
months at entry into the study) for a period varying 
between 6 months to 4 years (mean 28 months). 
They reported the development of a decreased sensi- 
tivity to CMP in 87% and a complete tolerance to 
CMP in 47%. Hill et al. 1989 (139) followed-up 47 
infants with CMPA/CMPI aged 3 to 66 months. 
After a period of 6 to 39 months, median 16 months, 
18/47 (38%) had developed tolerance to CMP. In 
1990 the same Australian group (140) described the 
follow-up of 97 of initially 100 children with 
CMPNCMPI, aged 1 to 98 months (mean 16 
months at entry into the study), rechallenged with 
milk after 11-135 months (mean 60 months), and 
finally reviewed after > 5 years (mean age 99 
months). Remission from CMPA/CMPI had oc- 
curred in 28% at 2 years of age, in 56% at 4 years, 
and in 78% at 6 years. Recently, Hill et al. (141) 
reported the results of 98 children (median age 24 
months) followed for 2 years. Development of toler- 
ance occurred in 15/69 (22%) of immediate reactors 
compared to 17/29 (59%) late reactors. Likewise, in 
an American study 11/29 (38%) of selected infants 
with CMPA (median age 3 years) became tolerant of 
milk over 3 years (142). The results from these 
studies of selected iifants showing a lower remis- 
sion rate are not comparable with those of the 3 
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Table 3. Percentage of children with CMPNCMPI with reproducible adverse reactions to other individual foods 

Study Gerrard Gerrard Hill Dannaeus & Jakobsson & Bishop Host & 
et al. et al. et al. Johansson Lindberg et al. Halken 

1967 b 1973 b 1979 b 1979 a 1979 a 1990 b 1990 a 
(64) (52) (59) (90) (39) ( 140) (44) 

No. of 150 59 17 47 20 97 39 
children 28 19 21 18 

CMPA CMPl CMPA CMPI 

- Duration of 12-36 36 mo 6-48 mo 24 mo 5 Yr 36 mo 
follow-up mo mean 28 mo 

Reactions to 
other foods 

- - - Cum. prev. I%) 41 11 60 75 62 44 

Egg 
SOY 
Peanut 
Orange 
Fish 
Tomato 
Banana 
Cereals 
Fruit 
Beef 
Strawberry 
Apple 
Nuts 
Lamb 
Rosehip 
Chicken 
Rice 
Pear 
Carrot 
Cocoa 

41 
12 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12 
0 
0 
0 
0 
0 
0 

50 
14 
0 
0 

23 
0 
0 

11 
14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20 
35 

0 
30 
15 
0 
0 

10 
10 
0 
0 
0 
0 
0 

10 
0 
0 
0 
0 
0 

58 
47 
34 
35 
13 
12 
18 
16 
0 

15 
11 
5 
5 
1 
0 
9 
0 
8 
0 
0 

38 
10 
5 

29 
5 

19 
5 

10 
10 
5 
0 

10 
10 
0 
0 
0 
0 
0 
5 
5 

17 
0 
0 

17 
6 
6 
0 
6 
0 
0 
0 
6 
6 
0 
0 
0 
0 
0 
6 
0 

a Prospective observational studies of primarily unselected infants 
b Selected groups of infants with CMPNCMPI 
- Figures not given 

studies of unselected infants from 0-3 years 
(39,44,53) showing a high remission rate, probably 
due to different composition of the materials. In 
particular the children were older at entry into the 
studies reporting lower remission rates from CMPA/ 
CMPI, probably reflecting a (higher) more frequent 
occurrence of “low grade” transient CMPNCMPI in 
young children (39,44, 53). This observation agrees 
with other findings from follow-up of smaller num- 
bers of children with CMPNCMPI (143, 144). Only 
one prospective study of unselected infants followed 
from birth for development of CMPA/CMPI has 
reported a very low remission rate of 16/59 (27%) at 
2 years of age (52). However, in that study 4/59 
babies were lost to follow-up, and the remainder 
were followed for between 12 and 36 months. Fur- 
thermore, in that study repeated controlled milk 
challenges at planned intervals were apparently not 
performed. Thus, some factors may indicate that the 
real remission rate was underestimated in that study. 

Interestingly, the Danish study (44) revealed a 
lower remission rate of 16/21 (76%) before 3 years 
in infants with IgE-mediated cow’s milk allergy 
(CMPA) versus 18/18 (100%) in infants with non- 
IgE-mediated reactions (CMPT). Similar findings 
have been reported by some authors (90, 140, 141), 
but not by others (139). However, the latter study is 
not comparable to the three before mentioned due to 
a shorter period of follow-up. 

In conclusion - Based on the results of systematic 
follow-up studies the prognosis of CMPNCMPI is 
good, particularly in infancy and early childhood 
with a remission rate about 45-55% at 1 year, 
60-75% at 2 years, and 85-90% at 3 years. With 
increasing age a lower proportion of still intolerant 
children will develop tolerance to CMP. Moreover, it 
seems clear that infants with IgE-mediated CMPA 
have a lower rate of recovery than infants with non 
IgE-mediated reactions to CMP. 
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Associated adverse reactions to other foods 

The development of adverse reactions to other foods 
in children with CMPA/CMPI has been described by 
previous investigators (39, 52, 59, 64, 90, 140). 

Table 3 shows a comparison between the fre- 
quencies of associated food intolerances from vari- 
ous studies (39, 44, 52, 59, 64, 90, 140). Highly 
allergenic foods seem to be egg (7%-58%), soy 
(10%-47%), peanut (5%-34%), orange (7%-30%)), 
fish (6%-23%), tomato (6%-I 9%), banana (5%- 
18%), cereals (5%-16%), peas (10%-14%), beef 
(5%-15%), strawberry (1 1%), apple (5%-10%), 
nuts (5%-10%). The differences between the studies 
probably mainly reflect differences in diagnostic cri- 
teria, definitions, selection of patients, and in feed- 
ing habits, particularly as regards the age at in- 
troduction of certain foods, e.g. we only found a few 
patients with adverse reactions to soy, whereas a 
large proportion was identified in studies in which 
soy formula was used routinely in early infancy (39, 
52,64, 140). These observations support the opinion 
that food allergy is primarily a problem in infancy 
and early childhood, and most often the disease will 
develop in the same order as that in which the foods 
are introduced into the diet. 

We (44) found the highest point prevalences of 
reproducible adverse reactions to other foods to be 
9/21 (43%) in infants with CMPA and 6/18 (33%) in 
infants with CMPI at 18 months. The highest cumu- 
lated prevalences in the two groups were 13/21 
(62%) and 8/18 (44%), respectively (44). A total 
remission occurred before three years in 12/21 
(57%). However, as to persistence of CMPA/CMPI, 
IgE-sensitized children (CMPA) more often tended 
to remain allergic to other foods after 3 years 8/13 
(62%) versus 1/8 (13%) of infants with CMPI, P < 
0.05. These results support the findings of Dannaeus 
& Inganas (144) reporting a higher frequency of 
associated food intolerances in infants with IgE- 
mediated reactions to CMP (CMPA), and in part 
another study (140) which showed similar results as 
regards persistent adverse reactions to egg, orange 
and peanut. Neither these two studies, nor previous 
studies have reported in detail on the clinical course 
of associated adverse reactions to other foods. In the 
Danish study (44) we also noted that persistence of 
adverse reactions to egg and demonstrable IgE-me- 
diated reactions to egg (SPT 2 3 mm and RAST 2 
class 2 to egg white) in 5/8 children was associated 
with persistence of IgE-mediated reactions to CMP, 
and in 5/8 with development of inhalant allergy. 

Development of allergy against inhalant allergens 

Many years ago Clein ( 138) reported that up to 80% 
of infants with CMPA developed other major al- 

lergic diseases (inhalant allergies) before they reac- 
hed the age of puberty. Recently, Bishop et al. (140) 
reported from a long-term follow-up of 97 children 
with CMPNCMPI (followed for a period of > 5 
years (mean age at follow-up 8.25 years)) that 40% 
had asthma, 43% allergic rhinitis and 21% atopic 
eczema. They stated that exclusion of cow’s milk 
from the diet of infants and young children with 
CMPA/CMPI did not prevent the subsequent devel- 
opment of atopic disorders, and they suggested that 
independent mechanisms control the development of 
CMPAKMPI and other atopic diseases. 

In a recent study (44) inhalant allergy developed 
before 3 years in 11/39 (28%) particularly against 
dog, cat and house dust mite, to which allergens the 
children had been exposed from early infancy. In 10 
of 11 instances the infants belonged to the group 
with IgE-mediated reactions to CMPAKMPI, and in 
five children persistence of IgE-mediated CMPA 
was associated with persistence of sensitization and 
allergy to egg white. These data support the findings 
of previous studies (145) that development of high 
levels of IgE antibodies to cow’s milk and egg white 
in early infancy is often predictive of subsequent 
allergy to inhalants. 

112 conclusion - The overall prognosis, following 
dietary elimination of CMP, was excellent with a 
remission rate of 87%. However, the infants with 
IgE sensitization to CMP had an increased risk of 
persisting CMPA (24%), development of persisting 
allergy to other foods (particularly egg white 
(29%)), and, finally, inhalant allergy (48%) before 3 
years of age. Long-term follow-up of our patients is 
needed to elucidate the late prognosis of infants with 
CMPA/CMPI. The increased risk for development 
of other persisting allergies before 3 years seems to 
be confined to the group of infants with evidence of 
an early increased IgE-response, maybe rather due to 
a genetic predisposition than to early CMP exposure. 

Immunological aspects 
Predictive capacity of immunological diagnostic tests 

Adverse reactions to CMP may be due to the interac- 
tion between one or more milk proteins and one or 
more immune mechanisms. The symptoms may be 
shared with several other diseases, and the symp- 
toms are seldom pathognomonic. Therefore, a de- 
mand for an optimal laboratory test for CMPA/ 
CMPI has often been expressed. However, consid- 
ering that any of the four basic types (I-IV) of 
hypersensitivity reactions may be involved, it is not 
surprising that no single laboratory test can dis- 
tinguish individuals allergic to CMP from those who 
are not (96). 
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Immunological diagnostic tests in CMPNCMPI 
have been reviewed by Savilahti (20), Hill (27), 
Businco et al. (146) and recently by Bahna (96,147). 

Evaluating patients for CMPNCMPI the results 
of an immunologic diagnostic test should be com- 
pared with the results of controlled eliminatiodchal- 
lenge procedures, e.g. DBPCFC as the “gold stan- 
dard” (36). Four issues must be considered when 
evaluating a diagnostic test: 

1) Sensitivity: percentage of positive tests in pa- 
tients with the disease; 

2) Specificity: percentage of negative tests in pa- 
tients without the disease; 

3) Predictive value of a positive test: percentage of 
diseased patients among those with a positive 
test; 

4) Predictive value of a negative test: percentage of 
healthy patients among those with a negative test. 

Furthermore, it is important to be aware that the 
prevalence of a disease influences the value of a 
positive test, e.g. in a population with a low disease 
prevalence the predictive value of a positive test will 
be low in spite of high sensitivity and specificity. 
Thus, it is important exactly to define the study 
population in which the diagnostic test is to be used, 
i.e. only patients with well-defined, well character- 
ized and reproducible symptoms should be included. 

Tests for demonstration of IgE-mediated reactions, type I 
reactions 
Skin tests 

Previously, scratch test with CMP was used, but 
about 5% of healthy children (148) and about 12% 
of atopic children without CMPA/CMPI (149) 
showed positive to CMP. Also intracutaneous test 
with CMP should be avoided due to many “false 
positive” reactions (68%) in atopic children without 
CMPN CMPI (20, 150). In later studies the value of 
SPT has been confirmed in identifying CMPA pa- 
tients with immediate reactions mainly from the 
skin, the respiratory tract, and anaphylactic re- 
sponses (44, 59, 92-95, 151, 152). In these studies 
sensitivities between 41 %-loo% were reported. The 
lowest sensitivity of 41% was found in a prospective 
study (44), in which the specificity was 97%, the 
predictive value of positive SPT 89%, and the pre- 
dictive value of negative SPT 77%. These values 
reflect the composition of the study group with a 
large proportion (23/39) of infants with non-IgE- 
mediated reactions to CMP at the time of initial 
diagnosis (median 6 months). In the same study 
group (44) at rechallenge at 12 months a higher 
sensitivity and a high predictive capacity of SPT 
were found confirming the results of previous re- 

ports of the value of SPT to CMP in older age 
groups (59, 92-95, 151, 152) with a higher propor- 
tion of children with IgE-mediated reactions. It 
should be borne in mind that differences concerning 
quality and purity of the applied extracts may ac- 
count for widely varying results of SPT analyses. To 
be able to compare the results of future studies 
standardized extracts (1 53) and a well-defined 
proper technique should be applied as recommended 
by Dreborg (1 54). 

RAST 

Specific IgE demonstrated by positive RAST to 
CMP was seen in about 13% of children with atopic 
dermatitis without evidence of CMPNCMPI (155), 
and in about 5% of healthy infants (156). A positive 
RAST to CMP was found in the majority of children 
with atopic dermatitis and CMPA (20). As for the 
SPT several studies have confirmed the value of 
RAST in identifying CMPA infants with mainly 
immediate reactions to CMP (59, 92-95, 151, 152). 
In 40 children with atopic dermatitis Sampson et al. 
(95) found the following values of RAST to CMP 
compared with DBPCFC: sensitivity 60%, specifici- 
ty 77%, negative predictive value 93% (very useful), 
and a positive predictive value at 27%. Overall SPT 
seems to be superior to RAST as a diagnostic tool in 
infants with symptoms suggestive of CMPA (44,92, 
152). However, RAST can be valuable in patients 
with atopic dermatitis who cannot be skin tested 
because of their disease. Furthermore, RAST has a 
high negative predictive value in atopic dermatitis. 
As for SPT, one must be cautious about comparing 
results from different studies using different meth- 
ods and different extracts for RAST. 

Development of tolerance in children with CMPA 
has been associated with a decrease in specific IgE 
antibodies to CMP in three studies (45, 90, 142). 
This finding differs from the frequently reported 
opinion that tolerance to cow’s milk and other foods 
develop despite the persistence of elevated levels of 
antigen-specific IgE antibodies (139, 144, 157, 158). 
In one prospective study (45) strictly withholding 
milk resulted in a fall in specific IgE antibodies to 
CMP followed by a significantly higher increase in 
infants with persistent CMPA after milk challenge. 
Therefore, the degree of IgE response seems to be a 
better predictor of persisting IgE-mediated cow’s 
milk allergy than a single finding of elevated specif- 
ic IgE, which can occur in normal infants without 
clinical disease (159). 

CRIE 

By the CRIE method 36 precipitates have been iden- 
tified in bovine milk protein (123, 124, 161). Among 
the milk proteins with the strongest IgE-binding 
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capacity are ALA, BLG, BSA and BIG (124). Using 
the CRIE method (161) specific IgE antibodies to 
ALA, BLG, BSA, BIG and BLF were measured in 
39 infants with later development of CMPNCMPI 
(45). In this prospective study measurements were 
taken at regular intervals during the first year (at 
birth (CB), at 6 months and at 12 months of age). In 
cord blood 25/33 (76%) of the infants with later 
CMPNCMPI had specific IgE-AB to one or more of 
the individual bovine milk proteins, an exceptionally 
high frequency of specific IgE in CB. No difference 
was found between infants with later development 
of CMPA (14/18) and those with later CMPI (11/ 
15). At 6 months the frequency of specific IgE-AB 
was significantly higher in infants with CMPA 13/16 
(81%) compared to infants with CMPI 4/15 (27%). 
At 12 months higher CRIE-scores (specific IgE in 
32/37 (86%)) were found in infants with persisting 
CMPA. Thus, at birth (in CB) the very sensitive 
CRIE method was not able to distinguish between 
later CMPA and CMPI. However, due to lack of 
proper controls it is uncertain whether the high fre- 
quency of pos CRIE to CMP’s in CB is ‘‘true’’ and 
reflecting the selection of infants with later CMPA/ 
CMPI. At 6 and 12 months positive CRIE to specific 
milk proteins were associated with persistence of 
CMPA indicating a possible predictive capacity. The 
latter finding is supported by a recent study monitor- 
ing specific IgE to CAS and BLG by ELISA (142). 
Future studies may confirm the proposed predictive 
value of monitoring specific IgE to CMPs in individ- 
uals with CMPA. 

Leucocyte histamine release 

Sensitized blood basophils release histamine in vitro 
in the presence of the offending food antigen (re- 
viewed 96). The food antigen reacts with specific 
IgE-antibodies fixed on the surface of basophils, and 
induces release of histamine reflecting a type 1 reac- 
tion. The diagnostic value of the leucocyte histamine 
release test in children with CMPA/CMPI seems 
comparable with that of RAST to CMP (162). In- 
terestingly, investigation of histamine release from 
intestinal mast cells may be valuable in CMPA/ 
CMPI patients without other signs of immunolog- 
ically mediated reactions. No correlation was found 
between histamine release from intestinal mast cells 
and blood basophils (163). Further studies are 
needed to evaluate the significance of these tests. 

Tests for demonstration of non-lgE-mediated reactions 
Type II (cytotoxic) and Type 111 (immune complex) reactions 

Type I1 reaction involves interaction between cell 
membrane-bound antigen and circulating IgG or 
IgM antibodies. Activation of the complement chain 
results in cytolysis. Activation of the complement 

system probably causes the cleavage of C3a and 
C5a, which have anaphylatoxic activities possibly 
degranulating mast cells. The influence of the type I1 
reaction in CMPNCMPI has not been clarified. 

Type 111-like reactions involve fixation of comple- 
ment to immune complexes between antigen and 
specific antibody in moderate excess of antigen. IgG 
(except IgG4), IgM, IgA and occasionally IgE anti- 
bodies are involved. This type of reaction is sup- 
posed to play a role in some delayed reactions to 
CMP, e.g. colitis, gastroenteropathy and pulmonary 
hemosiderosis (Heiner’s syndrome). Determination 
of circulating immune complexes seems to be of 
poor diagnostic value in differentiating food sensi- 
tive patients from normal subjects (96). The forma- 
tion of food antigen containing circulating immune 
complexes is probably a normal phenomenon re- 
flecting the degree of antigen absorption (gut perme- 
ability) and clearance (164). 

As to the pathogenesis of CMPA/CMPI, activa- 
tion of the complement system was indicated in a 
previous study (165). However, a study with food- 
allergic children, who underwent double-blind chal- 
lenges did not demonstrate significant changes in the 
levels of complement factors (166). Deposition of 
C3 was observed in the duodenal mucosa (167), but 
this observation was not confirmed (168). In view of 
this lack of precise information the level of comple- 
ment activation by the measurement of serum com- 
plement factor split product C3d was investigated in 
17 children with challenge verified CMPNCMPI in 
relation to renewed milk challenge (43). Measure- 
ment of complement factor split product C3d did not 
reveal any indication of complement activation nei- 
ther in clinically reactive children with IgE-medi- 
ated reactions (CMPA) nor in children with non- 
IgE-mediated reactions (CMPI). In the latter group 
C3d was determined up to 24 h after start of milk 
challenge. The degradation product C3d more pre- 
cisely indicates complement activation (43, 169), 
whereas levels of total C3 as measured in previous 
studies (165, 166, 170) may fluctuate due to in- 
creased production rate or degradation. Presently, 
there is no convincing evidence for systemic activa- 
tion of the complement system in CMPNCMPI. 
However, local complement activation in the gut 
may take place (166) as shown in inflammatory 
bowel disease (170). 

Further search for responsible mediators other 
than those of the complement system seems rele- 
vant, particularly in patients without signs of IgE- 
mediated milk allergy. 

Type IV cellular immune reaction 

Sensitized T-lymphocytes exposed to a specific anti- 
gen respond by proliferation, release of lympho- 
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kines, and attraction of mononuclear cells and neu- 
trophils resulting in tissue damage. Several reports 
suggest that T-cell mediated reactions play a role in 
deeluyed reactions to CMP, mainly gastrointestinal 
and skin reacttions (33). Cellular tests for type IV 
reactions include in vitro lymphoblast transforma- 
tion test (172, 173), lymphoblastic stimulation test 
(174, 175), and leucocyte migration inhibition test 
(33, 176-179). Hill et al. (1988) demonstrated an 
increased production of leucocyte migration inhib- 
itor factor (LIF) in response to ALA, BLG and 
alpha-CAS in clinically well-defined late reactors, 
but not in immediate reactors and controls (33). The 
same study group (1 80) also reported an increased in 
vitra gamma-interferon production in response to 
BLG-stimulation of blood mononuclear cells from 
patients with late reactions to CMP. Tainio & Savi- 
lathi ( 1990) used a BLG lymphocyte stimulation test 
and found among young infants (< 8 months) with 
immediate reactions to CMP that the majority was 
without specific IgE AB to CMP, but had a pos BLG 
lymphocyte stimulation test (175). These authors 
stated that no single laboratory test was sufficient to 
discriminate between the children who reacted to 
CMP and those who did not. The best combination 
of tests was measurement of CMP-specific IgE and 
the index of lymphocyte stimulation with BLG. This 
combination had a sensitivity of 88% (14/16), and a 
specificity of 67% (8/12). Comparable results were 
found by other Finnish investigators (186) applying 
a panel of five skin (including patch test) and lab- 
oratory tests in the diagnosis of CMPAICMPI. Con- 
firmatory studies are awaited before any conclusion 
concerning the value of combination of tests can be 
drawn. Unfortunately, these tests are relatively 
blood consuming, and difficult to standardize. Mod- 
ern technology may improve the conditions for these 
tests. 

The relevance of T-cell mediated reactions in 
CMPI with mainly gastrointestinal symptoms is also 
indicated by morphologic studies (1 8 1,182) showing 
increased activity and numbers of intraepithelial 
lymphocytes with T-cell characteristics in the small 
intestine. 

Quite recently, Kondo et al. (183-185) reported 
food antigen - (OA and BSA)induced T-lymphocyte 
proliferation in children with atopic dermatitis and 
food allergy, and in addition an increased production 
of interleukin-2 and gamma-interferon was found 
(185). However, many technical factors affect the 
results of proliferation assays, and the significance 
of these interesting findings must await further in- 
vestigations. 

Specific lgG, IgM and IgA antibodies to cow‘s milk protein 
Healthy infants 

Antibodies of these isotypes can be determined by 
different methods such as precipitation, hemagglut- 
ination, complement fixation, ELISA, and fluores- 
cent immunosorbent test (reviewed 96). The diag- 
nostic value of these methods in CMPAKMPI is not 
clarified because formation of these AB to CMP is a 
normal physiological response following exposure 
to CMP (187-189), and high titers may rather reflect 
increased exposure (increased absorption) than ab- 
normal immune reactions to cow’s milk proteins. 
Only IgG AB to CMP were found in cord blood. 
Recent studies have confirmed these early reports. 
Thus, Tainio et a]. 1988 reported (198 healthy in- 
fants) that the levels of IgG AB to CMP were high- 
est and increased most rapidly in infants exposed to 
cow’s milk formula before the age of 1 month. A 
second rise of these AB was seen after introduction 
of dairy milk (190). Further, partially breastfed and 
fully weaned babies had similar levels of these AB. 
In contrast, the levels of IgA and IgM AB, which 
were absent at birth, increased similarly in exclu- 
sively breastfed and in cow’s milk formula-fed in- 
fants (190). Thus, either the amount of CMP re- 
quired to elicit an IgG response may be much greater 
than the amount to elicit an IgA or an IgM response, 
or antiidiotypic AB to CMP in breast milk may play 
a role since maternal diet without CM did not influ- 
ence the levels of IgA and IgM AB to BLG (190, 
191). 

Infants with CMPNCMPI 

The role of IgG and IgG subclass AB in CMPN 
CMPI is controversial. Some authors have reported 
low titers of IgG AB to CMP (139, 194) in patients 
with CMPA and IgE AB to CMP, and others have 
found high levels of IgG AB (103, 104, 195) often in 
combination with high specific IgE levels (93, 175, 
195). In patients with delayed reactions to CMP high 
titers of IgG AB to BLG (197) have been demon- 
strated. Also much controversy exists on the pos- 
sible pathogenetic role of IgG subclass (198), and 
especially IgG4 in patients with CMPNCMPI. It has 
been argued whether IgG4 functions as a blocking 
AB or as an anaphylactic AB. One study showed 
some evidence for a pathogenetic role of IgG4 anti- 
bodies in the provocation of both immediate and 
delayed reactions (199), whereas two other reports 
did not confirm any evidence for specific IgG4 AB 
playing a role in CMPAKMPI (200, 201). 

Recently, for the first time, immunologic changes 
including IgG AB to OA and BLG (202), IgG sub- 
class AB to BLG (203) and IgG4 RAST to bovine 
whey (204) were investigated longitudinally already 
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from birth (cord-blood) through 6 months to 12 
months in 39 infants with CMPAKMPI and controls 
(45). The immunologic changes were related to ini- 
tial antibody levels (including total IgE and specific 
IgE AB to milk proteins (as measured by CRIE)) 
and to development of and later remission of CMPA/ 
CMPI (45). At any time, no single determination of 
specific IgG AB or IgG subclass AB to BLG or 
bovine whey was diagnostic of CMPA or CMPI. 
These results are in contrast with some earlier stud- 
ies (103, 195), but agree with most recent studies 
(194, 200, 201). In the former study (45) decreasing 
levels of specific IgG from birth to 6 months prob- 
ably reflect passive maternal transfer of IgG through 
the placenta (205-208), and withholding milk re- 
sulted in a significant fall in specific IgG AB (and 
IgE AB) to milk proteins followed by an increase 
after milk challenge, reflecting a normal physiolog- 
ical humoral response to antigen elimination and 
exposure. 

Significantly higher levels of specific IgG to milk 
proteins in infants with persistent CMPA (45) may 
indicate a close relationship between the synthesis of 
IgE and IgG (208) and between IgE and IgG sub- 
classes (IgG I and IgG4) in symptomatic cow’s milk 
allergic individuals, possibly reflecting a common 
genetically governed synthesis of both isotypes 
and/or an increased intestinal uptake and subsequent 
exposure to CMP. Interestingly, Finnish investiga- 
tors have recently reported a relation between devel- 
opment of tolerance to CMP and the ability to mount 
a local immune response against CMP antigens, par- 
ticularly in the IgA class (209). 

I n  conclusion - Determination of specific IgG or 
IgG subclass AB to milk proteins is of limited diag- 
nostic value. 

Etiological and pathogenetic aspects 
Introduction 

As a variety of symptoms is associated with CMPA/ 
CMPI it is not surprising that several different ini- 
munological mechanisms may be involved in the 
pathogenesis of the disease (3 I ) .  Development of 
CMPA/CMPI seems to depend on several factors, 
especially genetic predisposition, allergen (CMP) 
exposure, and allergen uptake and handling. The 
relatively high frequency of CMPAlCMPI during 
infancy is suggested to be due to an incomplete 
mucosal barrier, increased gut permeability to large 
molecules, and immaturity of local and systemic 
immunological responses (2 10, 2 1 1). Furthermore 
human colostrum/milk facilitates maturation of the 
gut and provides passive protection (specific secre- 
tory IgA and additional .protective factors) against 
bacteria and antigens (210, 212) 

Distribution of individual cow’s milk proteins 

In developed countries cow’s milk proteins are the 
first foreign proteins given to infants. All cow’s milk 
proteins, more than 25, can act as allergens. Cow’s 
milk contains 30-35 g/l of total protein, 24-28 g/l 
caseins (CAS) (80%), and 5-7 g/l whey proteins 
(20%) (213). Individual whey proteins are: BLG 2-4 
g/l (9%c), ALA 1-1.5 g/l (4%), proteose-peptones 
0.6-1.8 g/l (4%), blood proteins: BSA 0.1-1.4 g/l 
(1 %), BIG 0.6-1 .O g/l(2%). Because of a micellular 
structure casein can easily be separated from whey. 
The curd produced during cheese-making is primar- 
ily casein. The molecular weights of the caseins 
range from 25,228 for alpha-2-CAS to 11,557 for 
gamma-3-CAS. BLG has a molecular weight of 
18,263, although it exists as a dimer at pH of milk. 
ALA has a molecular weight of 14,174 (213). BLG 
was once thought to occur only in milk from rumi- 
nants, but it has now been found in the milk of seven 
non-ruminant species: pig, horse, donkey, dog, dol- 
phin, manatee and kangaroo. However, no trace of 
BLG was ever found in milk from mouse, rat, rabbit, 
guinea pig, and human. Furthermore, human milk is 
devoid of alpha-S 1 and alpha-S2-CAS ( 126). 

Antigenicity and immunogenicity of cow‘s milk proteins 

Formation of specific IgE, IgA and IgM AB to CMP 
is a normal physiological response (188-190) and 
antibodies to isolated milk proteins (BSA, CAS, 
ALA, BLG and BIG) and ovalbumin have been 
demonstrated in normal children with the highest 
levels in infancy (214). Also in adults formation of 
specific AB to dietary antigens including milk pro- 
teins is a normal phenomenon (198). Individuals 
with diffuse small bowel disease and possible en- 
hanced intestinal permeability may have higher 
titres of serum antibodies to milk protein (and other 
foods) probably only indicating increased exposure 
to antigen and not clinical hyperreactivity to the 
antigen in question (215). 

Some authors have suggested the hypothesis that 
high specific IgG levels to CMP in cord blood (216, 
217) or increased IgG/IgE ratio (144) might protect 
against development of CMPNCMPI or, indicate an 
earlier recovery from CMPA/CMPI ( 144), whereas 
the results of Iikura et al. (218) indicated the oppo- 
site hypothesis. Recently ( 4 3 ,  determination of spe- 
cific IgG and IgG subclass AB as well as specific 
IgE AB in cord blood was unable to discern infants 
at risk for development of CMPNCMPI. Nor, did 
these tests offer any predictive value concerning 
development of tolerance to CMP in CMPNCMPI. 

Recent reports indicate that IgE response to milk 
and egg protein (peaking about the age of 8-12 
months) is a normal physiological event in infants 
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without signs of clinical disease due to these foods 
(159,219). In these long-term follow-up studies by 
Hattevig et al. only high levels of IgE AB to milk 
and egg protein in early infancy were predictive of 
later development of allergic disease. 

It can be concluded that cow’s milk proteins are 
antigenic/immunogenic in humans. The humoral im- 
mune response due to systemic immunity to foods 
involving formation of IgG, IgA and IgM antibodies 
is usually harmless. Low levels of IgE antibodies to 
foods may not be harmful, whereas high levels are 
predictive of present or later development of allergic 
disease. 

T-cell mediated reactions in the gut have been 
documented in several reports (reviewed 220). Ac- 
tive immune responses can be detected and mea- 
sured in humans, as well as in animals, whereas the 
phenomenon of immunological tolerance to ingested 
protein is best demonstrated in experimental animal 
studies. There is evidence, mainly based on animal 
studies, that T-cell mediated reactions in the small 
bowel mucosa cause immune mediated damage in 
the intestinal mucosa and malabsorption. 

Allergenicity of cow’s milk proteins 

In cow’s milk allergy the allergens are the naturally 
occurring proteins found in cow’s milk (160, 213), 
although new allergenic epitopes may be revealed 
by technologic processing of food and/or by diges- 
tion. When allergy to cow’s milk proteins has devel- 
oped, the allergenicity can be demonstrated by dif- 
ferent methods. 

Oral challenge 

Goldman et al. (32) orally challenged a group of 
infants with CMPNCMPI: 66% reacted with BLG, 
57% with CAS, 54% with ALA and 54% with BSA. 
Few children (13%) had reactions solely to the heat 
labile BSA. Lebenthal (24) reviewed the results of 
five studies and found that sensitivity to BLG oc- 
curred in 82%, to CAS in 43%, to ALA in 41%, to 
BIG in 27%, and to BSA in 18%. In children with 
gastroenteropathy due to CMPI Kuitunen et al. 
found that 516 responded to CAS, 114 to ALA, 617 to 
BLG, 1/7 to BSA and 1/5 to BIG (80). 

Evidence of specific IgE to individual cow’s milk proteins in 
patients with CMPA 

Based on skin test Bleumink et al. (221) reported 
BLG the most reactive, whereas Kuitunen (80) 
found positive reactions to BLG, ALA and BIG. 

By RAST to CMP’s a decreasing reactivity pattern 
of BLG, ALA, CAS and BSA was found (222). By 
RAST or leucocyte histamine release assay CAS 
gave the greatest response (223). 

Specific IgE identified by CRIE showed 36 pre- 
cipitates in bovine milk protein (123, 124, 160). In 
sera from children with CMPA ALA, BLG, BSA 
and BIG showed the strongest IgE-binding capacity 
as well as IgE AB against 7 casein components were 
identified (124). In our prospective study (45) of 
infants with CMPNCMPI specific IgE AB to whey 
proteins in cord blood were demonstrated to BSA 
(70%), BLG (42%) and BIG (21%). At 6 months, at 
the time of diagnosis, positive reactions were found 
in 45% to BSA, 35% to BLG, 10% to BIG, 6% to 
ALA and 3% to BLF. At 12 months positive CRIE 
was found in 81% to BSA, 60% to BLG, 49% to 
BIG, 16% to ALA, 14% to BLF. Thus, in CMPN 
CMPI during the first year of life the most common 
whey allergen was BSA followed by BLG and BIG. 
The discrepancy between the latter findings and 
those from previous reports may be due to primarily 
a younger age group in our study, and methodolog- 
ical differences. 

Iiz conclusion - The major allergens in infants 
seem to be BSA, BLG and BIG, whereas in older 
children BLG, CAS and ALA may be more reactive. 
Most patients react to two or more proteins. 

Lymphokine studies 

Lymphokine detecting assays and lymphoblast stim- 
ulation tests have indicated a pathogenetic role of 
T-cell mediated reactions to individual cow milk 
proteins, mostly reactions to BLG, ALA and alpha- 
CAS (33, 96, 175, 180, 183-185). 

Exposure to cow‘s milk proteins 
Modification of cow‘s milk proteins 

Adapted CM-based formulas - A few decades ago 
home-made and unadapted cow milk formulas were 
used for infant feeding when breast-feeding was not 
possible or insufficient. Nowadays, unadapted for- 
mulae are seldom used, and adapted CM-based for- 
mulae with a reduced protein concentration of about 
15 gll and a changed wheylcasein ratio of 60140 
comparable with that of human milk are commonly 
used. In comparison cow’s milk contains about 35 
gll with a wheylcasein ratio of 20180. These adapted 
CM-based formulas contain the same proteins as 
raw cow’s milk (124). They are mostly processed by 
low pasteurization (75°C for 15 s), homogenization 
at 60°C and a pressure of 175 kg/cm2, and spray 
drying/evaporation. The same procedures of low 
pasteurization and homogenization are used in the 
production of most commercial consumption milk 
products. 

Food technology processing - Low heat treatment 
(low pasteurization at 75°C for 15 s) only ensures 
bacteriological quality of milk and does not cause 
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any significant reduction of the antigenicity ( I  23, 
124, 160) or the allergenicity (41). Strong heat treat- 
ment (121°C for 20 min) destroys the allergenicity 
of the whey proteins but only reduces that of caseins. 
In general, heat treatment only reduces, but does not 
eliminate the allergenicity of milk proteins. 

No significant reduction of the allergenicity was 
provided by unhomogenized milk compared to nei- 
ther pasteurized nor pasteurized/homogenized milk 
in challenge studies of infants and children with 
CMPAlCMPI (41, 129). 

An early report suggested clinical reactivity to 
partially digested bovine milk proteins (224), but 
this suggestion could not be confirmed by other 
authors (225). Later, Haddad et al. (226) reported 6 
patients only IgE-reactive to proteolytic digests of 
BLG. Schwartz et al. (227) demonstrated a higher 
frequency of specific IgE-antibodies to native undi- 
gested BLG than to BLG-digests in patients with 
suspected CMPAKMPI. Recent studies give support 
to the latter findings (197). Furthermore, Jakobsson 
et al. have demonstrated that the duodenal juice from 
infants with CMPA/CMPI hydrolysed ALA, BLG 
and CAS as efficiently as the duodenal juice from 
normal infants (228). Thus, convincing evidence for 
an in increased allergenicity of partially digested 
bovine milk proteins is lacking. 

Absorption of cow‘s milk proteins 

Excessive uptake of cow’s milk antigens has been 
suggested as a causative factor in CMPAKMPI 
(229), but only a few recent studies have directly 
addressed the question in human beings (220, 229). 

Macromolecular absorption in normal infants - The 
intestinal permeability in preterm and term new- 
borns to milk proteins (BSA/BLG) and to inert sugar 
molecules (lactulose, rhamnose) has been investi- 
gated (231, 232), and premature infants had an in- 
creased permeability. Other investigators (233) 
found different patterns of absorption for BLG and 
CAS in both preterm and term neonates possibly 
indicating differential antigen handling. Swedish in- 
vestigators (234,235) have developed a new method 
of analysing gut absorption of macro-molecules us- 
ing human ALA, the dominant whey protein of hu- 
man milk with a molecular weight of 14,000 daltons. 
They found an increased permeability in preterms 
and a decreasing absorption of human ALA with 
increasing age. In addition a delayed postnatal de- 
crease in macromolecular absorption was demon- 
strated in small-for-gestational age infants (236). 

Mmromolecular absorption in disease states in in- 
fancy - Increased absorption of macromolecules 
(human ALA) has been demonstrated in children 
with cow’s milk allergy (237), and likewise an in- 

creased macromolecular absorption in infants with 
colic (238). Previously, Falth-Magnusson et al. 
(239) using different sized PEG (PEG 400 and 
1,000) reported significant changes (increase or de- 
crease) in intestinal permeability in children with 
CMPA/CMPI after milk challenge. 

In our study (43) of 17 children (aged 3-78 
months, median 12 months) with CMPA/CMPI we 
investigated the uptake of BLG with ELISA (43, 
240) in relation to positive milk challenge. BLG was 
only detectable in 5/17 children at low serum levels 
(below 2 ug/l). Analysis of the size distribution of 
the BLG by size exclusion chromatography (HPLC, 
240) indicated immunoreactive material as small 
aggregates. 

In a previous study (241) of children with coeliac 
disease we found BLG levels up to 100 ug/l after the 
intake of 10 ml of cow’s milk per kg body weight in 
relation to gluten challenge. The low or unmea- 
surable BLG levels in this study may be the result of 
a too low dose of BLG before clinical reaction or a 
primary local hypersensitivity reaction in the gut 
mucosa. In experimental animals increased passage 
across the mucosa of “bystander” proteins, but not of 
the allergen in question has been demonstrated (242, 
243) and a similar phenomenon might take place in 
CMPAKMPI. The low frequency of macromolec- 
ular absorption in this study might also be explained 
by a large proportion of older children. in which “gut 
closure” has occurred. Perhaps, the above mentioned 
new Swedish method (237) using human ALA as a 
marker of macromolecular absorption is preferable 
when analysing intestinal permeability and macro- 
molecular absorption in CMPAKMPI, as no antigen 
reactions are to be expected against this molecule, 
which is a normal constituent of human milk and is 
taken up unaffected by local and systemic immune 
responses. However, as different patterns of absorp- 
tion for individual cow’s milk proteins may exist 
(233) investigation of the uptake and handling of 
single relevant antigens will still be of utmost in- 
terest studying the pathogenesis of CMPAKMPI. 
Whether an increased macromolecular absorption is 
a part of an allergic constitution/heredity or is due to 
temporary mucosal damage is not yet clarified. 
Thus, this still needs further clarification including 
evaluation of the relevance of an increased absorp- 
tion for development of clinical disease. 

Macronrolecular absorption in adults - More than 
60 years ago Brunner & Walzer demonstrated that 
even the normal adult gastrointestinal tract can ab- 
sorb macromolecular dietary (fish) antigens (244). 
They used a modified Prausnitz-Kiistner test. Re- 
cently, Husby et al. (240) found, using ELISA and 
HPLC, that OA antigens in normal adults are taken 
up and can be measured in the blood in quantities of 
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ng/ml serum (as intact antigen or as high molecular 
weight immune complex). The concentration of the 
macromolecular proteins seems to be about 100,000 
times less in the circulation (serum values) than in 
the provided meal. 

Jackson et al. (245), using polyethylene glycols 
(PEG) with molecular weight 4,000 as a marker, 
found that the absorption was increased in all pa- 
tients with ezcema regardless of the presence of food 
allergy. Using different sized PEG (PEG 400 and 
PEG 1,000) these findings were not confirmed by 
other investigators neither in atopic mothers (246) 
nor in atopic children (247). Studies in adults of the 
uptake of macromolecules in disease states have 
mainly focused on dietary antigens contained in im- 
mune complexes. Thus, uptake of bovine kappa- 
casein in some IgA-deficient patients and some milk 
allergic subjects (248) has been demonstrated. Fur- 
thermore, BLG and OA within immune complexes 
were reported in patients with atopic eczema as well 
as in normals (249). 

It has been recognized for more than 70 years that 
breast-fed infants may repeatedly react to food pro- 
teins which have passed from mother to infant via 
the breast milk (60, 250) giving evidence of ma- 
ternal intestinal uptake of macromolecular food pro- 
teins. Thus, O’Keefe (60) and subsequently Ratner 
(250) were the first to demonstrate macromolecular 
absorption of cow’s milk protein, while other early 
studies on this subject reported on reactions to choc- 
olate (250), and egg (252,253). Later clinical studies 
have confirmed these early findings as regards 
cow’s milk (60, 68, 69, 254), and egg (254, 255). 
Recent studies have reported the presence of one of 
the major cow’s milk allergens (221) BLG in human 
milk as analysed by radioimmunological methods 
with frequencies between 18% (256), 44% (257), 
47% (258), 53% (259) and 68% (260) of nursing 
mothers. In one study (260) signs of CMPA/CMPI in 
the infants were correlated with high amounts of 
BLG in breast milk, but in another study (257) this 
was not the case. 

In our study of CMPA/CMPI in exclusively 
breast-fed infants (40) we examined the presence of 
BLG by ELISA (40, 240) in human milk in relation 
to maternal intake of cow’s milk and in relation to 
symptoms of the 9 infants with eliminatiordmilk 
challenge verified reproducible reactions to CMP in 
human milk. Analysis of the size distribution was 
performed by HPLC in combination with ELISA 
(40, 240). We were able to detect BLG in 3/9 sam- 
ples of human milk, (0.5-45 ng/ml), against which 
the infants reacted clinically, and in 1/10 control 
samples. There may be several reasons why we did 
not detect BLG in all the samples given to the 
infants with CMPAKMPI. The appearance of the 
protein in the human milk may be slower than 4 h 

after the mother’s intake of milk, at which time the 
milk samples were collected. BLG could be present 
in the milk in amounts smaller than the detection 
limit of the assay (0.3 ng/ml), or the BLG in the 
breast milk may not be immunogenic in the assay. 
Alternatively, the infants may react to other putative 
allergens in the cow’s milk. 

Interestingly, BLG was detected with a MW cor- 
responding to that of the monomeric protein, and no 
difference was observed between the milk samples 
given to the nine allergic infants, and the single 
positive control sample. In a previous study we mea- 
sured BLG in sera from coeliac children in high MW 
fractions corresponding to the native, dimeric pro- 
tein (MW 36,000) (241). The mechanisms respon- 
sible for the uptake of foreign protein from the gut to 
the blood and the subsequent passage to breast milk 
have not been clarified. Gross differences in the 
molecular form of the protein given with the moth- 
er’s milk as compared to normal uptake seem im- 
probable, but the quantities as such may be of impor- 
tance for the development of CMPNCMPI in these 
infants. Accordingly, we decided to investigate the 
levels and the kinetics of appearance of BLG in 
human milk in relation to the atopic state of the 
mothers. Furthermore, as the intestinal absorption of 
milk protein might differ not only between atopics 
and non atopics (245-249). but also between varying 
preparations of cow’s milk (99, 100, 128), we de- 
cided to investigate the possible influence of homo- 
genization. 

In this study (42) 10 healthy mothers and 10 
atopic mothers during 3 weeks in a cross-over de- 
sign alternated their intake of milk between homoge- 
nized and unhomogenized milk each week. On Day 
7 in each week consecutive milk samples were taken 
before and 4, 8, 12 and 24 h after a single ingestion 
of 500 ml of homogenized or unhomogenized milk. 
Detectable amounts of BLG (0.9-150 ug/l, median 
value 4.2 ugll) were measured in 19/20 of the moth- 
ers (95%), in 9 of 10 atopic mothers and in all 10 of 
10 non-atopic mothers. No correlation was found 
between the type of milk preparation (homogenized 
or unhomogenized) and the presence of BLG or the 
level of BLG in human milk. A great intra-individ- 
ual and interindividual variation of BLG levels was 
found, and no relationship was observed between 
BLG levels and atopic status of the mothers. The 
interval between ingestion of 500 ml of milk and the 
maximal concentration of BLG on milk-free diet 
varied between 4 and 24 h, median value 8 h. All 
the infants had only been breastfed, and none of 
them showed atopic symptoms neither during the 
study period, nor until the age of 1 year. As opposed 
to previous reports with an occurrence of BLG in 
human milk varying between 18% and 68% (256- 
2601, when single non-consecutive human milk 
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samples are analyzed, the present data (42) show 
that occurrence of bovine BLG in human milk is 
quite normal (19/20) when consecutive, continual 
testing of breast milk is made after the mother’s 
consumption of normal quantities of milk. These 
data clearly indicate that macromolecular absorption 
is a normal event in practically all lactating woman. 

The levels of BLG (0.9-150 ugh) were compara- 
ble to those previously found (40, 256-260), and a 
great intra- and inter-individual variation was also 
confirmed. Our findings do not support the previous 
reports suggesting an increased permeability and 
macromolecul ar absorption in atopic individuals 
(237,245,249). We admit some lack of matching of 
the two groups, the atopic mothers being studied 1-2 
weeks into their lactation, whereas the non-atopic 
mothers had been breast feeding for 8- 19 weeks. 
However, a previous study (260) showed that the 
concentration of BLG was of the same magnitude 
during the whole lactation period up to 31 weeks 
after delivery. One might suspect that penetration of 
macromolecules would be higher very early in lacta- 
tion. However, in the present study even in atopic 
mothers no correlation between early lactation and 
high levels of BLG in human milk was found. 

No previous reports have investigated the possible 
influence of the type of milk preparation on the 
presence of bovine BLG in human milk. According 
to murine studies (99, 100, 128) an enhanced ab- 
sorption of milk proteins from homogenized milk 
preparations might be expected to result in an in- 
creased transfer of milk proteins to the breast milk. 
Our study shows (42) that the level of bovine BLG 
in human milk does not differ after intake of homog- 
enized milk compared with unhomogenized milk, 
pointing against an increased absorption of bovine 
milk protein from homogenized preparations. The 
present study does not allow any conclusions con- 
cerning other milk proteins. However, BLG is one of 
the major allergens in cow milk (221) and cow milk 
allergic individuals usually react against two or 
more milk proteins (32, 124). Future comparative 
studies of the levels and the kinetics of appearance 
of bovine caseins in human milk might be warranted 
for further elucidation of this field. 

Time of exposure 

Sensitization to food protein, e.g. milkprotein, may 
occur prenatally or postnatally. 

Prenatal sensitization - Prenatal formation of non- 
specific IgE in the human foetus has been found in 
in vitro studies from the 11th week of gestation 
(261 j. Placental transfer of maternal IgE does not 
occur (262). In contrast, antigens may cross the 
placenta and elicit a specific f , E  response in the 

foetus indicated by the demonstration of specific IgE 
AB to various allergens, such as milk, egg, wheat, 
penicillin and microfilaria in cord blood (reviewed 
263). 

Specific CB IgE AB to milk protein has been 
found in 3/136 (2%) and 2/96 (2%) of unselected 
newborns (264,265) by means of RAST analysis. In 
infants with an atopic predisposition (at least one 
first degree relative with atopic disease) Chandra 
( 1  989) reported RAST to CM in 9/245 cases (3.7%) 
(266). However, other investigators did not demon- 
strate CB-IgE AB to milk proteins (RAST analysis) 
in several hundreds of newborns (102, 205, 267- 
271) at high risk for development of allergy, in- 
dicating that prenatal sensitization is infrequent. In 
contrast, in our study (45) specific CB-IGE to BSA, 
BLG or BIG by means of CRIE was demonstrated in 
25/33 (76%) of infants with later CMPAKMPI, in- 
dicating a possible intrauterine sensitization. No dif- 
ference was found between infants with later devel- 
opment of CMPA compared to those with CMPI. 
The discrepancy between the infrequent occurrence 
of specific CB-IgE of 0%-3.6% in infants with an 
atopic predisposition in previous studies (102, 205, 
266-271), and our high frequency of 25/33 (76%) 
may be due to severeal factors, e.g. a “true” in- 
trauterine synthesis of specific IgE to bovine protein 
in this selected material of newborns (39/1749) with 
later development of CMPNCMPI, possible “con- 
tamination” from maternal blood (materno-fetal ad- 
mixture however not indicated considering low CB- 
IgA values), or methodological differences. Our 
semiquantitative CRIE method for individual bovine 
milk proteins (124, 161) may be more sensitive than 
the RAST analysis for whole cow’s milk protein 
used in previous studies. According to (161) the 
specificity of our CRIE method should be compara- 
ble to that of the RAST analysis. Unfortunately, due 
to exhaustion of the control sera because of other 
assays we did not investigate cord-blood from con- 
trols without later development of CMPAKMPI. 
However, all 8 control sera at 6 months showed 
negative specific IGE to the same individual bovine 
proteins by the same CRIE method measured in the 
same run. Future research evaluating specific IgE 
AB in cord blood to individual bovine proteins and 
whole CMP analysed by sensitive CRIE and RAST 
methods is needed to elucidate the degree of in- 
trauterine sensitization in infants with and without 
high risk for development of CMPAlCMPI (272). 

If prenatal sensitization to CMP is really as fre- 
quent as indicated by our results in cases with later 
CMPAKMPI, clinical reactions at first exposure to 
cow’s milk in the sensitized infants might have been 
expected, and that did not occur (40, 46). In fact, 
none of the 39 infants with CMPAKMPI in our 
study developed symptoms before one week, in con- 
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trast to the observations by some authors (39,59,64, 
273) describing a few cases of clinical reactions to 
CMP at the first cow’s milk-containing meal during 
one of the first days of life. Moreover, an immediate 
skin test reactivity to CM (and wheat) has been 
documented at 5 h of age in a newborn, whose 
mother did not react to these allergens (274). 

Recent prospective studies have investigated the 
possible effect of maternal abstention from high 
potential allergens (such as milk and egg) during late 
pregnancy on the development of atopic diseases in 
“high risk” infants in infancy (275-277). No bene- 
ficial effect was demonstrated either in these studies 
or in studies where the maternal diet without milk 
and egg was extended to the lactating period (65, 
277, 278). In one of these studies (278) the authors 
reported a significant effect. However, the main in- 
fluence on development of atopic eczema in that 
study appeared to be associated with postnatal expo- 
sure to cow’s milk. 

In conclusion - No convincing protective effect 
on childhood allergy in high risk infants has been 
observed by maternal food allergen avoidance dur- 
ing pregnancy or during pregnancy and later lacta- 
tion. Furthermore, no specific IgE antibodies to egg 
white (ovomucoid) or BLG were detected in cord 
sera from high risk newborns of mothers with a high 
daily intake of these foodstuffs (271, 279). Thus, if 
intrauterine sensitization occurs, it seems to be in- 
frequent or weak and the clinical relevance remains 
to be clarified. 

Postnatal sensitization - Postnatal sensitization to 
foods and reproducible clinical reactions to foods 
are principally a problem of early infancy. Neonatal 
exposure to and uptake of food proteins may be 
increased due to several factors such as an incom- 
plete mucosal barrier, increased gut permeability to 
macromolecules, and immaturity of local and sys- 
temic immunologic responses (cellular and espe- 
cially humoral immune response) as reviewed by 
Walker (210) and Strobel (220). As intestinal perme- 
ability is more pronounced in preterm neonates and 
causes increased absorption of macromolecular bo- 
vine milk proteins in preterm neonates an increased 
frequency of CMPAICMPI among these infants 
might be expected. However, in our population 
based study group (40, 44, 46) of 1749 newborns 
only 1 premature infant developed CMPA, making 
up a frequency of about 1.1 % among preterms. Re- 
cently, Lucas et al. (280) reported the incidence of 
CMPAKMPI among 777 preterm infants in a rando- 
mized prospective study to be 34/777 (4.4%) based 
on a carefully obtained clinical history. Apparently, 
CMPAKMPI does not occur more frequently in 
preterm infants. 

Amount of exposure 

High dose antigen exposure - In infants fed CM- 
based formula the antigenic load of CMP may be 
appreciable during the first year amounting to about 
10-15 g per day or about 3.6-5.5 kg per year when 
considering that normal CM based formula contains 
about 15 g/l. Cow’s milk feeding per se has been 
reported to increase intestinal permeability in new- 
borns (281), this possibly enhancing the effect of the 
physiological IgA defiency, including the poorly de- 
veloped response of secretory IgA in the neonatal 
period (282, 283). The net effect may be an in- 
creased antigen absorption including an “overstim- 
ulation” of the immune system resulting in IgE sen- 
sitization (284). However, human colostrum/human 
milk facilitates maturation of the gut and may pro- 
vide a passive protection against absorption of anti- 
gens (282, 283) (specific secretory IgA AB). In a 
Finnish study (285) of seven infants low colostral 
IgA seemed to be associated with development of 
CMPA. Another paper reported that possible allergic 
symptoms in 1 I of 57 exclusively breast-fed infants 
were significantly correlated with low levels of total 
IgA and specific IgA AB to whole CM and casein 
(257). The clinical diagnosis of these infants was not 
verified by controlled challenge procedures. Recent 
studies have not been able to confirm these findings 
(286). In infants without atopic predisposition fed 
cow’s milk formula salivary IgA increased signif- 
icantly between 1 and 9 months, and significant 
increases in serum IgE occurred between 3 and 6 
months as opposed to breast-fed infants. None of the 
25 infants developed allergic disease (287). Investi- 
gation of salivary IgA in symptomatic infants with 
CMPA/CMPI compared with controls might eluci- 
date the significance of a possible protective role of 
salivary IgA. 

A possible protective effect of breast-feeding on 
the development of atopic diseases may be due to 
either 1) avoidance of “high dose” of CMP or 2) a 
positive protective effect of human milk. For over 50 
years it has been debated, whether breast-feeding 
can influence the risk of atopic diseases, and numer- 
ous studies have been conducted to test this hypothe- 
sis. Unfortunately, the results of these studies have 
been contradictory, probably because of varying de- 
sign, size and quality of these studies (reviews of 
earlier prospective studies (263)). Common factors 
apparent in studies reporting benefit of breast-feed- 
ing were 1) prolonged breast-feeding (> 4-6 mo), 
and 2) delayed solid food introduction. Common to 
all the studies nonsupportive of breast-feeding bene- 
fits was 1) rather brief period of breast-feeding < 
3-4 mo (frequently < 6 weeks), and 2) early solid 
food introduction. 
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In a review 12 standards were developed pertain- 
ing to exposure, outcome and statistical analysis for 
studies on the influence of early feeding on the 
development of atopic diseases (288). and it was 
concluded that no important differences were found 
between positive and negative studies. However, it 
does not seem correct to equalize the worth of stan- 
dards as non-reliance on prolonged maternal recall 
(retrospective studies), sufficient duration and ex- 
clusivity of breast-feeding, separate analysis of chil- 
dren at high risk for development of atopy, severity 
of outcome, age at onset of outcome, and assessment 
of dose response effect. In my opinion, it appears 
questionable to rely on retrospective studies in 
which data on early feeding are based on prolonged 
maternal recall. Thus, presumably, exclusively 
breast-fed infants have very often (20-85%) been 
given inadvertent supplements of, e.g., cow’s milk 
based formula (40, 254, 263). A protective effect of 
breast-feeding may only be seen and confirmed in a 
selected group of children at high-risk for devel- 
opment of atopy, unless the study population is very 
large. Ideally, randomization to breast- or bottle- 
feeding should be done, but it seems unreasonable 
(and impossible) to allocate infants to bottle-feed- 
ing, if nursing is possible. However, if nursing is not 
established randomization to different formulae 
should be done (cow’s milk based formula or hy- 
poallergenic formula), and careful attention should 
be paid to the following demands on study design: 
prospective study, selected high risk sample, suffi- 
cient duration of breast-feeding (> 4-6 mo), docu- 
mentation of exclusive breastfeeding, late introduc- 
tion of solid foods (4-6 mo), blind ascertainment of 
feeding history, blind evaluation of atopic disease, 
strictly well-defined diagnostic criteria, control for 
confoundings (environmental control), documenta- 
tion of compliance, and adequate statistical power 
(large samples). 

Recent prospective clinical trials in high risk in- 
fants on the possible protective effect of breast- 
feeding or hypoallergenic protein hydrolysates 
(when breastfeeding not possible) in combination 
with avoidance of intake of CMP and solid foods 
during > 4 months have shown a significant reduc- 
tion of the incidence and severity of atopic dermat- 
itis (266, 269, 289, 290), a reduction in recurrent 
wheezing ( I  16, 269) and a reduced incidence of 
CMPA/CMPI (1 16, 117, 280, 290, 291, 292) during 
the first 1-2 years of life. Due to some weaknesses 
concerning study design further proof and compara- 
tive studies between different hypoallergenic formu- 
lae (extensively versus partially hydrolysed) are 
needed ( I  14). 

Further evidence of an association between early 
CM formula feeding and CMPNCMPI is obtained 
from our prospective observational study of a 1 -year 

cohort of 1749 newborns from whom a careful die- 
tary history was taken from the first day of life (40, 
46). Infants with CMPNCMPI were fed cow’s milk 
formula during the first month of life significantly 
more often (46) than infants in the study population 
(46). These data support the results of previous stud- 
ies (47,293) indicating an association between early 
CM formula feeding and later development of 
CMPNCMPI in keeping with the opinion that in- 
creased allergenic exposure is supposed to enhance 
sensitization. Data on early neonatal supplements of 
cow’s milk formula during the first 3 days in the 
newborn nursery (40) revealed that 88% of 1539 
infants received supplement of cow’s milk formula. 
All 39 infants with CMPNCMPI belonged to that 
group (39A.539). None of 210 neonates without sup- 
plements of cow’s milk formula developed CMPA/ 
CMPI (0/210) (0.02<P<0.05). Furthermore, daily 
CM formula feeding during the first month of life 
seemed to be associated with an increased risk of 
primarily CMPI (46). The differences between early 
feeding patterns in infants with CMPA and infants 
with CMPI may indicate different pathogenetic 
mechanisms in CMPA (mainly breast-fed) and 
CMPI (mainly daily CM formula fed). However, it 
is important to consider that all infants with CMPA 
had also been given supplements (40-840 ml) of 
CM formula neonatally (40, 46). 

Previous authors (273, 294) have reported some 
infants with “minimal exposure” to CM had higher 
levels of IgE against milk and more manifestations 
of CMPAKMPI than infants who had been fed sub- 
stantial volumes of cow’s milk. The same authors 
stated that these observations supported the hypothe- 
sis proposed by Jarret (based on animal experiments 
in rats) that regular exposure to “large” allergen 
doses induces tolerance, whereas “small” allergen 
doses may rather sensitize (predisposed) individuals 
(295-297). However, it can be argued whether 
“small” amounts of 40 ml cow’s milk formula con- 
tain a small allergen dose. In fact, it can be calcu- 
lated that 40 ml of CM formula (15 g protein per 
liter, wheyhsein ratio: 6/4) contain 0.9 g protein, 
and as regards the major allergen BLG the content 
will be approximately 0.36 g corresponding to 
360,000,000 ng. This amount of BLG is enormous 
compared with the low amounts provided by human 
milk (0.9-150 ng/ml, (42). It can be calculated that 
the content of BLG in 40 ml CM formula (about 
360,000,000 ng) is equal to the amount provided by 
about 7-21 years nursing 1 1 of human milwday! 
Thus, it can be concluded that such “small amounts” 
of CM formula inadvertently given to newborns 
really contain enormous amounts of CM proteins 
compared with the “minute amounts” in breast milk. 

The fact that none of 210 exclusively breast-fed 
infants without any neonatal supplements of cow’s 
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milk formula developed adverse reactions to cow’s 
milk protein (40), may suggest that early neonatal 
intake of cow’s milk formula is a condition of sensi- 
tization to cow’s milk protein and later allergic reac- 
tions to CM proteins, also in otherwise exclusively 
breast-fed infants, in whom subsequent exposure to 
the minute amounts of CM proteins in human milk 
may act as a booster dose eliciting allergic manifes- 
tations. Possibly, it may be more deleterious to give 
such formulas occasionally rather than regularly to 
newborns with an atopic predisposition (“high risk”) 
considering the animal experiment by Jarret (297). 
The findings of one report (298, 299) seemed to 
indicate that continuous early feeding with CM for- 
mula during the first days of life might reduce the 
incidence of “atopic symptoms” until 18 months in 
infants with a family history of atopic disease. At 
later follow-up (292) at 4-6 yr no convincing effect 
of early CM feeding was found, and in fact CMPA/ 
CMPI had only occurred in children early fed CM 
formula. Due to some weaknesses of the design of 
that study (e.g. lack of strict diagnostic criteria, sev- 
eral observers, and small sample) the significance of 
the results should be interpreted with caution. How- 
ever, the hypothesis is interesting and calls for pro- 
spective randomized studies in “high risk” infants. 

Low-dose untigen exposure - It has often been sup- 
posed that sensitization to minute quantities of CM 
protein in human milk may occur (61, 69, 254, 
256-260, 273). In high-risk infants a potential bene- 
ficial effect of maternal hypoallergenic diet during 
lactation has also been studied with conflicting re- 
sults, some positive (289, 300, 301) showing a re- 
duced incidence of atopic dermatitis, but others neg- 
ative (27 1,  277). Thus, the clinical importance of a 
possible sensitization via protein in human milk may 
seem questionable. The development of allergy may 
depend more on the exquisite immune responsive- 
ness of certain predisposed individuals to specific 
antigens than on the amount of antigen. This sugges- 
tion is supported by findings by Cant et al. (254), 
who found that the frequency and the concentration 
of egg protein in human milk were similar in moth- 
ers of infants with and without atopic dermatitis. 
Furthermore, our demonstration (43) of BLG in hu- 
man milk in 19 of 20 mothers (irrespective of atopic 
status or not) has shown that almost all newborn 
children under normal living conditions, where the 
mother consumes about 0.5 1 milk daily, are exposed 
to bovine BLG. Considering the low incidence of 
cow’s milk allergy (about 2-3%) during the first 
year of life, one might suppose that these small 
amounts induce tolerance to CMP rather than sensi- 
tization and subsequent allergic manifestations. If 
our (45) previously discussed finding of a very high 
frequency (76%) of prenatal sensitization to CM 

protein as indicated by pos CRIE-AB in CB of in- 
fants with later development of CMPAICMPI is re- 
liable and later confirmed, one might speculate the 
prenatal sensitization to CMP to be a weak intraute- 
rine “priming” inducing a low IgE response, which 
may be “boosted” postnatally, in particular neona- 
tally, by high doses of CMP and subsequently fol- 
lowed by development of clinical reactions to CMP. 

Discussing potential ways of sensitization to CMP 
it is important to remember that sensitization to 
foods, also during exclusive breastfeeding, may be 
due to “unknown breaks” in the dietary regimen, 
inhalation of food proteins, or contact with contam- 
inated hands. Thus, one should consider that just 1 
ml of ordinary cow’s milk contains 35 mg of protein, 
equal to about 3 mg of BLG (or 3,000 ug) corre- 
sponding to the amount provided by about 2 months 
nursing 1 1 human milk/day suggesting an amount of 
45-50 ug BLG/l human milk! 

Atopic predisposition 

Among infants with CMPAICMPI a family history 
of atopy (mother, father and/or sibling) was found in 
19/39 (49%) versus 32% in the background pop- 
ulation, and double parental atopic heredity in 9/39 
(23%) versus 3% in the background population 
(P<O.OOl) (44, 88). Although a tendency towards a 
higher frequency in CMPA infants no significant 
differences concerning elevated CB IgE ( > O S  kU/1), 
atopic predisposition or double parental atopic pre- 
disposition were found among the 16 infants with 
CMPA and the 23 infants with CMPI at the time of 
diagnosis. Double parental heredity or single hered- 
ity combined with elevated cord blood IgE (“high 
risk”) was found in 15/39 (38%) versus 73/1749 
(4.2%) (P<O.OOl) (44,88,116). At the time of diag- 
nosis 9/16 (56%) CMPA infants and 6/23 (26%) 
CMPI infants belonged to the “high risk” group. At 
12 months according to the revised classification the 
corresponding figures were 10/21 (48%) and 5/18 
(28%), respectively. Fifteen of a total of 73 (21%) 
“high risk” babies developed CMPAICMPI. These 
data confirm the previously reported high frequen- 
cies of atopic predisposition among first degree rela- 
tives reported by other investigators varying be- 
tween 73%-80% (32), 70% (39). and 41% (66). 
Moreover, Gerrard et al. (64) calculated that the risk 
of an infant developing CMPAlCMPI is greatest if 
an older sibling had the same disease; in these cir- 
cumstances the risk that a subsequent baby will 
develop CMPA/ CMPI is 1:3. In our study a family 
history (at least one paredor sibling) of CMPA/ 
CMPI was only present in 4 cases (10.2%) in ac- 
cordance with Ventura et al. (66) (10.8%). 

Infants with a pronounced atopic predisposition 
seem to have a clearly increased risk for devel- 
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opment of CMPAKMPI, in particular in case of 
early exposure to CMP and lack of breastfeeding. 
Such infants may have a primary immunoregulatory 
defect (302), which can be identified by elevated 
CB-IgE, high levels of specific IgE, low numbers of 
T-cells (3031, disturbed (increased) ratio of T-helper/ 
T-suppressor cells (304, 305) or decreased function 
of T-suppressor cells (304-306). Thus, early cow’s 
milk feeding in infants with low numbers of T-cells 
was associated with increased IgE-levels and an 
increased risk of allergic symptoms in infancy (303, 
306). Breast-feeding may modulate the immune re- 
sponse to CMP in several ways, via humoral or 
cellular immune reactivity, and it has been suggested 
(307) that a high content of gamma-linolenic acid in 
breast-milk might have an allergy-protective effect 
via influence on T-lymphocytes and IgE synthesis. 
This hypothesis is supported by a recent study of 
Businco et al. (308) reporting low levels of long- 
chain polyunsaturated fatty acids in human milk 
from mothers of children with newly developed 
atopic dermatitis. Controlled prospective studies of 
atopic mothers and their babies with regard to devel- 
opment of atopy and CMPAKMPI are warranted to 
test this hypothesis. 
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