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Assessment of activation of immune mechanisms is valuable in the early 
diagnosis of cow’s milk allergy (CMA). The purpose of this study was to 
evaluate peripheral blood lymphocyte subclasses in children suspected of 
having CMA and healthy infants in order to detect an early marker for 
food allergy. Altogether 47 breast-fed infants, aged from 0.4 to 10 months 
were followed-up prospectively from birth because of atopic heredity. 
Twenty-three of the infants were healthy and 24 infants had a strong suspi- 
cion of and later challenge-proven cow’s milk allergy. Leucocyte subsets 
were determined from peripheral blood mononuclear cells by flow cytom- 
etry. In response to a clinical cow’s milk challenge, seven infants devel- 
oped urticaria, 11 infants had eczema, three patients had loose stools, diar- 
rhoea or vomiting and three infants had eczema and diarrhoea, loose stools 
or vomiting. The total percentage of B cells and also the proportion of 
B cells bearing a low-affinity IgE receptor as a marker for activation were 
significantly higher, whereas the percentage of CD8+ T cells was signifi- 
cantly lower in infants with challenge-proven CMA than in healthy con- 
troIs. These results imply that infants with active CMA have a defect in 
regulation of B-cell function. Further, they suggest that imbalance of the 
ratio of suppressor and helper T cells might be an important factor in the 
etiopathogenesis of CMA. Our results show that large numbers of activat- 
ed C D 1 9  B cells and low numbers of CD8+ Tcells could be considered as 
early markers for food allergy since they are already detectable in periph- 
eral blood during the earliest symptoms of CMA. 
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Cow’s milk allergy (CMA) is an adverse reaction to 
cow’s milk antigens that is mediated by immune 
mechanisms (1). Since there are no diagnostic in vit- 
1-0 tests, CMA is still diagnosed by the clinical re- 
sponse to withdrawal and subsequent oral challenge 
with cow’s milk. The activation of immune mecha- 
nisms should be demonstrated in order to meet the 
definition. 

Assessment of the activation of immune mecha- 
nisms is important in the early diagnosis of CMA. 
Little is known about the significance of activation 
markers in children with early symptoms of CMA. 
The diagnosis of food allergy is nowadays time con- 
suming, because of the long elimination period and 

the oral challenge procedure. Therefore, a marker 
reflecting CMA would be useful as a tool in acceler- 
ating the diagnosis process. 

Subjects and methods 
Subjects 
The study population comprised 47 breast-fed in- 
fants with atopic heredity (atopic sibling andor par- 
ent(s)). Twenty-three of the children were healthy 
and 24 had symptoms suggestive of CMA (10 cuta- 
neous, three gastrointestinal and 1 1 both cutaneous 
and gastrointestinal symptoms). At the time of the 
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study, 14 of the 24 infants with suspicion of CMA 
showed symptoms of CMA and 10 had shown 
symptoms earlier but were currently symptom-free, 
because of an adequate elimination diet. Of the 
healthy infants, eight (35%) were exclusively 
breast-fed and 15 had also cow’s milk-based formu- 
la and solid foods appropriate for age. Ten (42%) of 
the 24 infants with later challenge-proven cow’s 
milk allergy were exclusively breast-fed and 14 
(58%) also had cow’s milk-based formula and solid 
foods. 

Study protocol 

This was a follow-up study. All the infants were se- 
lected because of atopic heredity. They were en- 
rolled in the study at geometric mean (95% CI) 1.2 
(1 5 2 . 7 )  months after birth. They were examined 
clinically and blood samples were taken at the be- 
ginning of the study and after one, three and six 
months of follow-up. Infants with infections were 
excluded. Current allergic symptoms were recorded. 
The infants with suspicion of cow’s milk allergy and 
their breast-feeding mothers were put on a cow’s 
milk elimination diet. In addition, the classical aller- 
gens (fish, egg, peanuts, citrus fruits and tomato) 
were eliminated from the mother’s diet. The diagno- 
sis of food allergy was later confirmed by an open 
cow’s milk challenge. 

The study protocol was approved by the Ethical 
Committee of the Skin and Allergy Hospital of Hel- 
sinki University Central Hospital. 

Flow cytometty 

Diluted, heparinized blood was layered over densi- 
ty-gradient medium (Ficoll-Hypaque, Pharmacia, 
Sweden) and centrifuged at 400 g at room tempera- 
ture for 20-30 min. Mononuclear cells were collect- 
ed and washed in RPMI 1640 medium (Sigma- 
Aldrich CO Ltd., UK) containing penicillin (100 IU/ 
ml), streptomycin (100 pl/ml), glutamine (600 pl/ 
ml), and 5 %  fetal calf serum. 

Thereafter, 1 x 106 lymphocytedm1 were incubat- 
ed with monoclonal antibodies against CD3, CD4, 
CD5, CD8, CD 19, CD23 (low-affinity IgE-recep- 
tor), and CD45 (Beckton Dickinson Immunocytom- 
etry Systems, Mountain View, CA, USA). The num- 
bers of cells positive for the surface markers used 
were expressed as percentages of the cells within 
the gate. 

Light microscopy 

Venous blood-EDTA samples were drawn onto 
slides and stained with May-Grunwald-Giemsa. The 
numbers of different leucocytes were counted under 
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the light microscope. The results were expressed as 
percentage of the cell type per 100 leucocytes. 

Cow‘s milk challenge protocol 

After elimination of cow’s milk for two to four 
weeks, patients were admitted for oral cow’s milk 
challenge. On day one, cow’s milk was given in in- 
creasing doses ( I ,  10,50 and 100 ml) at one hour in- 
tervals, and on day two, 200 ml and then the normal 
milk intake appropriate for age was commenced. If 
any adverse reaction appeared, the challenge was 
stopped and the patients were examined by a paedi- 
atrician or a dermatologist. 

Statistical analysis 

The Mann-Whitney U test was employed to deter- 
mine the statistical significance of differences be- 
tween continuous variables. Logarithmic transfor- 
mations were used because of the skewed distribu- 
tions. 

Results 
Clinical characteristics of study patients 

The geometric mean (95% CI) age of the healthy in- 
fants was 4.0 (3.8-6.0) months and of the infants 
with CMA 3.3 (3.0-4.5) months. The difference be- 
tween the groups was not statistically significant. 

During the open cow’s milk challenge, seven in- 
fants developed urticaria, eleven infants eczema, 
three patients diarrhoea, loose stools or vomiting 
and three infants eczema and diarrhoea, loose stools 
or vomiting. The patients reacted to a median total 
dose of 112 (range, 7 to 2000) ml of cow’s milk at a 
mean of 37 (range, 0.5 to 168) hours after com- 
mencement of the challenge. The median dose elic- 
iting symptoms was 75 (range, 5 to 200) ml of cow’s 
milk and the mean time from the last dose until 
symptoms appeared was 2 (range, 0.5 to 7) hours. 

Results of f low cytometric analysis 

The percentages of lymphocytes expressing the sur- 
face markers CD19 (pan B), CD23 and both CD19 
and CD23 (double-positive) were significantly 
higher in the infants with CMA than in healthy con- 
trols (Fig. 1). The percentage of CD19/CD23 dou- 
ble-positive B cells was higher in the children with 
cutaneous symptoms only (18.5, SD 6.0) than in 
those showing both cutaneous and gastrointestinal 
symptoms (12.9, SD 4.4), P = 0,027. 

The mean percentage of CD19+ B cells co-ex- 
pressing CD5 antigen was significantly higher in the 
infants currently showing-symptoms of CMA (1 1, 
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Fig. 1.  The amounts of surface antigens CD19+, CD23+ and 
CD19+/23+ expressed as percentages of lymphocytes differed 
significantly between healthy infants and those allergic to cow's 
milk. *) P < 0.01, ***) P < 0.005,  mean. 

SD 2.6) than in those with a suspicion of CMA but 
already symptom free at the time of the study, be- 
cause of an adequate elimination diet (8, SD 1.9), P 
= 0.03. The proportion of CDS-positive B cells in 
these asymptomatic infants later confirmed to have 
CMA was comparable to that in healthy infants (da- 
ta not shown). 

The percentage of CD8+ cells was significantly 
lower in the infants with CMA than in the healthy 
infants (Table 1). The percentage of CD4 positive 
cells in the two study groups was comparable (Table 
1). 

Light microscopy 

The geometric mean (95% CI) number of eosi- 
nophils was comparable in the healthy infants and in 
those with cow's milk allergy, 3.7 (3.1-6.3)% and 
1.7 (2.7-6.3)%, respectively (p = 0.85). 

Discussion 

In the present study, we have shown that the per- 
centage of B cells and their surface expression of 
low-affinity IgE receptors were higher in the infants 
with early symptoms CMA than in the healthy con- 
trols. In addition, the percentage of CD8+ cells was 
significantly lower in the infants with CMA than in 
the healthy controls. 

Our results show that the number of B cells is in- 
creased in active CMA. Furthermore, they demon- 
strate these cells to be activated. These findings are 

in agreement with previous studies indicating that 
the total number of antibody-secreting B cells, 
measured by the solid-phase enzyme-linked immu- 
noassay (ELISPOT), has been shown to be in- 
creased during oral cow's milk challenge in children 
with CMA (2). At this point, the antigen-specific re- 
sponse was shown to be defective. 

The leucocyte antigen CD23 (Fc,RII), a low-af- 
finity receptor for IgE, is a 45 kilodalton molecule 
expressed on B lymphocytes following activation 
by a number of stimuli (3). Increased levels of 
CD23 or soluble CD23 (sCD23) have been ob- 
served in various immune-mediated disorders, such 
as atopic dermatitis (4) and asthma (5) .  sCD23 is in- 
volved in the regulation of IgE synthesis (6) and 
CD23 may also be involved in presentation of anti- 
gens to T cells and in cell adhesion (3). sCD23 may 
be useful for the early diagnosis of atopic disorders 
(7). The incidence of atopic disorders has been 
found to increase together with the increase in cord 
blood sCD23, which suggests that the rise in sCD23 
may precede the increase in IgE synthesis (7). The 
only agent capable of inducing the expression of 
CD23 is IL-4 (6). Hence, expression of CD23 may 
be inhibited by IFN-y (6), the generation of which 
has been previously shown to be almost undetecta- 
ble in infants with CMA (8). It therefore appears 
likely that over-expression of CD23 in CMA may 
also reflect decreased production of IFN-y or an im- 
balance between the production of 1L-4 and IFN-)I. 
In the present study we have shown evidence that 
lymphocytes are already activated and expression of 
CD23 increased during very early symptoms of 
CMA. 

The CD5 leucocyte antigen is expressed on both 
T and B cells. In early life, B cells bearing the sur- 
face CD5 marker predominate, but in adults they 
represent only 27% of the peripheral blood B lym- 
phocytes, reflecting the immaturity of the immune 
system in childhood (9). These cells can generate 
polyreactive, low-affinity antibodies, mainly of IgM 
class (10). In the present study, the significantly 
higher proportion of these cells in babies with 

Table 1. Mean percentages (SD) of surface marker expression by flow cytom- 
etry on peripheral blood lymphocytes in healthy and cow's milk-allergic chil- 
dren. 

Surface marker Healthy child Allergic child Statistics 

CD4. (%) 42.6 (7.2) 44.7 (8.8) p=0.65 

CD5+ (%) 79.0 (10.1) 77.6 (7.5) p=0.30 
CD5+/19+ (%) 7.6 (3.0) 9.3 (2.8) p=0.15 
CD5+19+/CDI9+ (%) 57.7 (1 1.6) 58.3 (8.6) p=0.85 

CD8. (Yo) 23.1 (4.5) 18.3 (5.0) p<0.001 
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symptoms of CMA than in healthy infants mirrors 
disease activity and continuous antigenic load, re- 
sulting in the non-antigen-specific response of an 
infant with an immature immune system (1 1). 

Our present finding of lower numbers of CD8+ 
T cells in patients with CMA is analogous to the re- 
sults presented for patients with atopic eczema (12). 
According to the study of Chandra and Baker, the 
numerical and functional deficiency of suppressor 
T cells precedes the development of atopic eczema 
(12). Suppressor cell activity has also been demon- 
strated to be lower in children with CMA (13). Ac- 
cording to our present results, low suppressor activi- 
ty could result partly from a low number of suppres- 
sor cells. Evidence from animal and human experi- 
ments has given rise to the notion that an appropri- 
ate balance between suppressor and helper T cells is 
important for the induction of oral tolerance (13, 
14). Thus impaired generation in combination with 
low activity of suppressor cells may lead to a break- 
down of oral tolerance. This may also be important 
in the etiopathogenesis of CMA. 

In conclusion, the large number of activated 
CD19+ B cells, as the well as small number of CD8+ 
T cells, are early, although non-specific, markers of 
food allergy. These characteristics are detected in 
peripheral blood even during the earliest symptoms 
indicative of cow’s milk allergy. We suggest that the 
measurement of these markers may be useful in the 
differentiation of CMA from other non-immunolog- 
ical diseases, e.g. functional disorders of the gas- 
trointestinal tract. 

References 
1. SAVILAHTI E, HEYMAN M, MACDONALD T, et al. Diagnos- 

tic criteria for food allergy with predominantly intestinal 
symptoms. J Pediatr Gastroenterol Nutr 1992: 14: 108-12. 

2. SUOMALAINEN H, ISOLAURI E, KAILA M, VIKTANEN E, AR- 
VILOMMI H. Cow’s milk provocation induces an immune 
response to unrelated dietary antigens. Gut 1992: 33: 1179- 
83. 

3. GORDON J, FLORES-ROMO L, CAIRNS JA. CD23: a multi- 
functional receptor/lymphokine? Immunol Today 1989: 10: 

4. COLVER GB, SYMONS JA, DUFF GW. Soluble interleukin 2 
receptor in atopic eczema. BMJ 1989: 298: 1426-8. 

5. HOEGER PH, NIGGEMANN B, GANSCHOW R, DAMMANN C, 
HAEUSER G. Serum levels of sCD23 and sC112.5 in children 
with asthma and healthy controls. Allergy 1994: 49: 217- 
21. 

6. PENE J, ROUSSET F, BRIERE F, et al. IgE production by nor- 
mal human lymphocytes is induced by interleukin-4 and 
suppressed by interferons alfa, gamma and prostaglandin 
E2. Proc Natl Acad Sci U S A 1988: 8.5: 68804.  

7. KIM K-M, INOUE Y, UENOYAMA Y, et al. Prediction of the 
development of atopic symptoms in early childhood by 
cord IgE-binding factors (soluble Fc,R2). Immunol Lett 

8. SUOMALAINEN H, LAINE S, SOPPI E, ISOLAURI E. Immuno- 
logic disturbances in cow’s milk allergy 11: Evidence for 
defective interferon-gamma generation. Pediatr Allergy 
Immunoll993: 4: 203-7. 

9. ERKELLER-YUKSEL FM, DENAYS V, YUKSEL B, et al. Age- 
related changes in human blood lymphocyte subpopula- 
tions. J Pediatr 1992: 120: 216-22. 

10. BURASTERO S, CASALI P, WILDER R, et al. Monoreactive 
high-affinity and polyreactive low-affinity rheumatoid fac- 
tors are produced by CD5+ B-cells from patients with rheu- 
matoid arthritis. J Exp Med 1988: 168: 1979-92. 

11. KANTELE A. Immune response to prolonged intestinal ex- 
posure to antigen. Scand J Immunol 1991: 33: 225-29. 

12. CHANDRA RK, BAKER M. Numerical and functional defi- 
ciency of suppressor T cells precedes the development of 
atopic eczema. Lancet 1982: ii: 13934.  

13. SUOMALAINEN H, ISOLAURI E, SOPPI E. Immunologic dis- 
turbances in cow’s milk allergy I: Delayed maturation of 
suppressor activity. Pediatr Allergy Immunol 1993: 4: 196- 
202. 

14. MOWAT A. The regulation of immune responses to dietary 
protein antigens. Immunol Today 1987: 8: 93-8. 

1.53-7. 

1990: 24: 63-8. 

142 


