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Distinct patterns of cow's milk allergy in infancy defined by
prolonged, two-stage double-blind, placebo-controlled
food challenges
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Summary

Background The clinical manitcstalions of cow's milk allergy (CMA) are highly
variable, and challenges usually ideniily only immediate. IgE mediated reaclions.
Ohji'ciive To clearly identify CMA of immediate and delayed typos using a two-stage.
double-blind, placebo-controlled food challenge (DBPCFC). and to prospectively
cotiipare the clinical history and analyses o\' specific IgE antibodies to milk in
predicting outcome o\' DBPCFC.
Mcihods A total of 69 patients (33 girls. 36 boys) were recruited for sludy based on a
hislory highly suggestive of CMA and re.soiution of symptoms on a bovine protein-free
diet. After skin-priek lesls (SPTs}and search for allergen-specific serum IgE antibodies
by enzyme allergosorbenl test (EAST), a Iwo-slage DBPCFC was performed over
several days.
Rcsidls Of 16 palienis (mean age 36.9 months) classihed as probable immediate
reactors based on the history. 10 (62.5%) had a positive DBPCFC with similar patterns
to historical adverse reactions ( < 2 h after milk exposure). The other 53 (77"o) patients
(17.3 months) had a history of probable delayed type CMA presenting wilh predomi-
nantly gastrointestimal symptoms from 2 h and up to 6 days after milk exposure. Of
these. 15 (2S.S%) had a positive DBPCFC. again wit ha symptom pattern similar to the
history. Sensitivity/specilicity of SPT was similar to that of EAST for both immediate
(7O/H3% and 62/83% respeetivcly. NS) or delayed (0/97% and 0;97%) CMA con-
firmed by DBPCFC.
Conclusions Using our two-stage, prolonged DBPCFC, we clearly identified two
groups of children with CMA. reflecting different pathogenesis of either immediate-
type IgE-dependent. or delayed-type IgF-independent allergy. Although useful in
immediate reactors. IgE antibody determination cannot predict the outcome of
DBPC FC in delayed reactors. A thorottgh clinical history was the mo.st helpful tool
to predict the type of response in ehallenge positive patients.
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or more milk proteins [I]. Estimates of prevalence vary.
depending upon patient selection and diagnostie criteria.
Prospective studies using oral challenges suggest that
CMA ulTects approximately 2.5% of infants below age
3 years [2]. Establishing an accurate diagnosis of CMA
remains a dillicult lask for paediatricians, due to the
presence of often non-specihc symptoms, and the lack of
a specific diagnostic laboratory test [2-6]. The double-
blind placebo-conlrolled food challenge (DBPCKC) is
considered the gold standard to conlirm a food allergy
[2.5]. However, a number of practical problems of oral
challenge exist in clinical practice. They are laborious,
time-consuming, potentially dangerous, and may even be
erroneous [5]. Their use has been generally restricted to
the diagnosis of early. igE-mediated reactions. Further-
more, no consensus exists concerning the choice and
technical guidelines for challenge procedures in infants
[5.7]. These considerations have been translated into the
common clinical practice to opt for altering the infant's
formula, assoeiated wiih clinical improvement, as being
diagnostic of CMA. However, studies using DBPCKC
have f̂ Tund that the history will not be confirmed in 40
60% ofcases [2J.

The clinical manifestations of CMA are highly varied
and usually non-specific [4.8|. Clinical investigators have
identified three clusters of infants wilh CMA. on the basis
of ehallenge outcomes [3]. The first group manifest
immediate and potentially severe reactions, within
minutes to 2h. The second present symptoms in a more
insidious nature, occurring within hours, while the third
group's manifestations run a rather chronic nature.
occurring over a period of one to several days. Among
various proposed diagnostic methods, skin-prick tests
(SPTs) and assays of circuhiting food iillergen-specifie
IgE antibodies are commonly employed in patients sus-
pected of CMA [2]. However, whereas these tests readily
demonstrate an IgE-mediated immunologiciil reaction,
those caused by cellular, delayed type responses, are not
generally positive. Therefore, the diagnostic value of both
tests is reported to be similar, but their utility is confined
to paiients with immediate onset (Type I) reactions
[2,3.9.10], Moreover, the specificity of these tests is not
always clear, as studies investigating IgE tests (SPT or
serological assays) often did not confirm CMA aecording
10 the outcome of double-blind, plaeebo-eontrolled food
ehallenges (DBPCFC). l-'urthermore. false negative tests
are often unreliable in children with atopic dermatitis.
False negative results have been reported in infants less
than 1 year of age [2]. while false positive SPT are
eommon in older children with atopic dermatitis [6).
The purpose of the present study was therefore lirst. to
clearly identify infants and children wilh CMA using a
DBPCFC carried out in two staties over several davs. in

order to recognize bolh immediate and delayed respond-
ers. Second, to prospectively compare the chnical history
of CMA and analyses of specific IgE antibodies to milk in
predicting outcome oi^ DBPCFC.

Patient!^ and methods

Palicni .seleetinn and inelusion eriteria

Between March IW3 and June 1994. 123 consecutive
infants and children, referred with the diagnosis of possi-
ble CMA to the Divisions of Allergy or Gastroenterology
ofthe Department of Pediatrics at Hopital Sainte-Justine.
a tertiary referral eentre. were evaluated for this study.
The following inclusion/exclusion criteria were used for
study entry: the clinical history, assessed by at least two
experienced paediatricians, was considered as highly sug-
gestive of CMA: other gastrointestinal disorders, such as
eeliac disease or disaccharidase intolerance, had been
previously excluded; no acute or chronic concomitant
disease was present at time of study entry, it was further-
more required that a strict bovine protein-free diet, main-
tained at least lor 6 weeks and supervised by an
experienced dietitian (L.B.). was associated with complete
resolution of the patient's original symptoms. Infants and
children with a history suggestive of CMA but in whom
co-existing chronic atopic dermatitis was present were
excluded, as they represent a subgroup of patients in
whom the time-relationship between food ingestion and
appearance of symptoms, either hy history or challenge
outcome, is very diflieult to define [3]. It is well recognized
that there is enormous variation in spontaneous relapses
of cutaneous symptoms in this group, possibly because of
multiple allergies. Rarely does atopic dermatitis remit
eompletely when a single food is eliminated from an
infant's diet [2]. Systemic trealment with antihistamines.
steroids or itnmunosuppressanls within the past 3 months
also excluded patients from the study.

These criteria were initially met by 102 ofthe 123 evalu-
ated patients. Ofthese. 33 were subsequently excluded for
the following reasons: a blinded challenge was refused by
the parents {/; = 13}; intercurrent concomitant disease
(acute infectious gastroenteritis {n = 5}, other infections
{/; - 2[) during the DBPCFX': the patient's diet was not
strietly bovine protein-free {n = b\. assured follow-up
was not feasible {;? = 4}. non-compliance during chal-
lenge procedure and follow-up {n — 3 [. Thus, a total of 69
infants and children (33 girls. 36 boys) were finally
ineluded for study. The mean age at the time of sludy
entry was 22.1 months (range 3-105 months). The study
protocol and challenge procedures were approved by the
Ethics Committee of Hopita! Sainte-Jusline. Written
informed consent was obtained from each patient's parent.
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ic work-up

Based on the detailed clinical history, particularly
emphasizing ihe temporal relationship between milk
ingcslion and the appearance of adverse symptoms,
palients were assigned to groups of either probable
immediate reactors, with onset of symptoms within
minutes up to 2 h, or probable delayed reactors, present-
ing a hisiory of symptoms after a delay of more than 2 h.
Subsequently, skin-prick tests (SPTs) were performed in
all patients by a single investigator (Z.C.) according to
standard technique [6]. The allergens tested were: cow's
milk, casein, and rv-lactalbumin (Hollister-Stier. Spo-
kane. WA, USA). The SPT was considered positive if:
at least one of tested antigen preparations elicited a weal
diameter of at least 3 mm greater than the negative saline
control, or the weal diameter was equal or greater than
the positive histamine control incases of a weal diameter
smaller than 3mm. SPT were carried out within
2.0H ± n.2S months of DBPCFC.

Blood for determination of serum allergen-specific IgE
antibodies was drawn on day 1, immediately prior lo the
onset of the challenge proeedure (Fig. I). IgE antibody
titres to whole cow's milk proteins, J-lactogtobulin.
casein and a-lactalbumin were quantitated using Allcr-
coat Microplate EAST System""* (Sanofi-Pasteur. Paris,
France). Briefly, the test sera were incubated with an
allergenic protein bound to a solid support. After wash-
ing to remove excess test serum, equine alkaline phos-
phatase-labelled antiserum lo human IgE was added.
The bound enzyme was revealed by incubation in pres-
ence of paranitrophenylphosphate. The chromogen was
read at 405 nm using the LP-400 microplate reader. The
activity was directly proportional to the amount of
allergen-specific IgE antibodies bound to ihe solid sup-

Day 1

Days

Day 15

• Clinical examination,
blood test, i.v.-line

-DBPCFCA + B(2heach}

Short-term
->• challenge

stopped

Prolonged DBPCFC Week A {7 days)

Clinical re-evaluation

' Patient's diary

Prolonged DBPCFC Week B (7 days)

• Clinical re-evaluation

• Patient's diary
Prolonged challenge
stopped

{.-) 4-6 Weeks

Clinical
re-evaluation

Fig. 1. Prolocol for the two-sl;ige double-blind, phiccbo-con-
trolled food challenge (DBPCFC) to milk.

port. As quality controls, standard positive (score 2 and
4) and a negative sera were added to each run. The lest
was considered positive if at least one of the tested
allergens revealed a score ^ 2 out of 4 (score rantie: 0
4).

Challenge procedure am/ hlindinii

The challenge protocol is summarized in Fig. 1. Most o^
the challenges were carried out in an outpatient setting.
However, if potentially severe reactions were anticipated,
the child was admitted. On day 1. after a clinical
examination to exclude acute concomitant disease,
blood was drawn for milk allergen-specific IgE antibo-
dies, and an iv line was installed. The short-term
DBPCFC was first performed in order to detect immedi-
ate responders who react within the initial 2h. One
hundred milliHires of ihe patient's usual formula,
mixed with either lOg of glucose polymers (Caloreen",
Clintec Canada, or corn starch) as placebo, or with iOg
of skim milk powder (Carnation Canada), were prepared
by the Dietetics Department, and labelled as milk 'A' or
'B \ in a random and blinded fashion. Increasing quan-
tities were then administered orally every 15 min. accord-
ing to the following schedule: 1 drop. O.?mL, I mL.
2.5 mL, 5mL. 10mL. 20mL, 30mL, 60mL. Randomiza-
tion was performed by a dietitian (L.B.). and neither
patient, parent, nor investigators were aware of the
formula assignment order.

Challenge with either milk "A' or "B" was carried out
separately, one in the morning, and the second in ihe
afternoon. If no reaction ensued, the patienl returned
home 4h after the beginning of the second part of the
short-term DPBCFC. On day 2. the prolonged DBPCFC
was started, in order to detect delayed responders. A
special formula powder, based on the patient's usual
formula was prepared by the Dietetics Department, as
above, adding either skim milk powder or glucose poly-
mers as placebo, and randomly labelled as milk "A" or
'B", in order to blind the family and the medical leam.
The amount of ihis formula administered was based on
the child's usual daily intake, assuring that the consumed
amount was the equivalent of at least 2inmL of cow's
milk per day. If the patient's prechallenge diet contained
nil formula al all. the challenge was performed using
orange juice, with either skim milk powder or placebo
added, as above. The appearance of the active and
placebo material was similar, satisfactorily maintaining
ihe blinded nature of the ehallenge.

On days S and 15. clinical follow-up was arranged, and
a patient's diary of the pasi 7 days (Fig. 1) was
verified and discussed with ihe parent(s) for any adverse
or new symptoms. Ingestion of an adequate quantity of
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Table I. Clinical patienl data: Relationship hctwi;cn lypc of positive DBPCFC, volume of milk consumed. Liming, ynd antigen-
specific IgE antibody assays

Patienl
group

Immediate' reactors (n — 10)

Di'liived rcLiilor.'. Ui ~= 1 5 )

Patient

L.B.
.I.e.
S.L.
S.J.
JB.

G.C.
J.L.

J.F.V.

A.S.J,
J.D.

K.G.
M.L.
J.D.
P.L.B.
E.B.
A.D.
L.M.
A.B.
O.S.
J.C.R.
J.K.

A.P.
M.C.C.
J.E.
S.R.

Volume
ingested*

(niL)

19
1.5
U.5

19
9

5

0.5
10

99
99

99

99
99

280
99
69

99

99

2700

280
810
99

280

Onsel ol adverse
reacliont

(h)

1.7
0.6
0.3
1.0
1.5

1.2
1.1

1.2

0.2
1.2

4.5
3.5
2.5
5.0
3.0

23.0
5.2
2.1

12.5
4.5

71.7

48.0
45.0

3.0
10.0

Primary symptoms SPT EAST

urticaria -|- —
tirticiiria. crythcmatoiis rash + ND
urticaria, angioedema — -
wheezing, cough -(- +
tirticiiriii. angioedema. erhythematoas

las l i — —

urllearia. erylhematous rash + -1-
urlieariii, sneezing, rhinorrhoea. cough.

oro-pharyngeal oedema, erythematous
rash + +

vomiting, rhinorrhoea. wheezing,
urticaria, angioedema + +

oro-pharyngeal oedema -f 4-
urtiearia. erylhemalous rash - ND

vomiting, diarrhoea — —
vomiting, diarrhoea - —
vomiting, diarrhoea — -
vomilmg, diarrhoea — -
vomiting, diarrhoea — -
diarrhoea - ND
vomiting, diarrhoea - -
vomiting ND -
colic - -
diarrhoea — —
vomiting, diarrhoea, eczema.

rhinorrhoea — -
colic, ec/enia — —

colic - -
vomiting, diarrhoea - -
vomitiny, diarrhoea — —

*Test formula, containing skin milk powder (as described in "Material and methods").
t Time lapse between onset of feeding of the lest formula and appearance of tirsi symptoms.

challenge Ibrmuki was also verilied. If the challenge
remained negative at day 15, the child was then put on
an open trial of a milk containing diet, and a final lolluw-
up evaluation 4-6 weeks later was done in order to
confirm normal weight gain and definitive milk toler-
ance. In cases of unequivocal adverse reactions, the
challenge was slopped, the patient re-examined and the
code was broken. In equivocal responses, the code was
not opened, and the challenge procedure was repeated
after a suitable delay. In all. eight equivocal challenges
were encountered, with diarrhoea, anorexia and mild
fever. In four such cases, a Rotavirus gastroenteritis was
confirmed.

Stilt i SI ies

Student's /-test was used to analyse differences between
patient groups, and chi-square test was used to compare
frequencies between groups.

Results

outcomes and charaeteristies

According to the detailed clinical history of the most
recent adverse reaction(s) prior to study entry, 16 of the
69 patients were classified as probable immediate reac-
tors, wilh predominantly cutaneous symptoms, within
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2h following ingestion of milk. This group was com-
prised of cighl females and eight males, with a mean age
of 36.9 monlhs at study entry (range: 8 105 months).
The remaining 53 patients were classified as probable
delayed responders. wilh predominantly gastrointestinal
.symptoms, occurring usually later than 2h, and up to 6
days after milk exposure, as defined above (see prechal-
lenge work-up). This group was comprised of 25 females
and 28 males, wilh a mean age of 17.3 months {range: 3-
72 months). These patients generally had a hisiory of
chronic recurrent gastrointestinal symptoms, including
diarrhoea, colic, vomiting, irritabilily and failure to
thrive. Although some reported adverse reactions
within 2h after initiation of feeding (e.g. colic), they
were classified as probable delayed reactors due to the
chronic nature of their milk ingestion and related symp-
toms.

The clinical dclails regarding individual patients wilh a
positive DBPCFC' are summarized in Table 1. In the
probable immediate reactor group, 10 out o\' 16 (62.5%)
children had their hisiory confirmed by a positive
DBPCKC. In all 10 cases, their reactions were also of
the immediate type. Amongst the group of probable
delayed reactors, in only 15 out of 53 (28.3%) was the
hisiory confirmed by a positive DBPCFC. Otice again,
the reactions were uniformly concordant to the history,
all of delayed type onset. Thus, on ihe basis of their
classification by history, no palieni turned oul to be
assigned to the wrong group. As anticipated, the average
time al onset of symptoms was much less in the immedi-
ale. compared with delayed reaclt)r group (1.0 vs 16.2 h.
respectively), as was the average amount of lest fornuila
ingested (11 vs 354mL. i-espectively).

Cliaractcrislics ofputieni.s uiiii CMA

.-l.tjc The relationship between age at study enlr\ and
ihe inteiva! between ihe last reported adverse reaction
according to the clinical history is shown for both patienl
groups in Fig. 2. The mean age (17.3 months) for ihe
probable delayed reactor group was significantly less
than that (36.9 months) of immediate reactors
{P < 0.001). Similarly, the interval between last reaction
and study entry followed the same pattern, with a
.significantly shorter interval iP < 0.001) for delayed (6.1
months) compared with that for immediate reaclors
(21.5 months).

Among the group of confirmed delayed reaclors., 87%
of subjects manifested iheir first symptoms very early in
infancy, within ihc first month of life, whereas in immedi-
ate reactors, the age o\' onset was far more spread out
over the first year of life. Indeed, 50% of confirmed
immediate CM.A infants, exposed lo cow milk proteins

Probabte immediate
reactors
(n=16)

Probable detaved
reactors
in = 53)

Pip,. 2. Rclationsfiip bolueen ;igc ;il study entry (D) ;ind the
iiilcrval beluucn last observed adverse re;.telioii according to
history and study entry {•), for the two patient groups. Results
are e.\presscd as mean ± SFM; *P < O.OOl vs probable immedi-
ate reiictors.

within the first month of life, nevertheless presented their
first symptoms after ihe age o\' 3 months. This may, in
part, be explained hy age al first exposure lo cow's milk.
In the group of probable delayed responders with his-
tories unconfirmed by food challenges. 92% were given
cow milk protein containing formulas in the first 2
months of life, compared with 75% of probable immedi-
ate reactors {nol significant by chi-square test). In both
groups, a small number of patients (<IO%) were
uniquely breastfed during the first 2 months. Their
symptoms rescilveti upon elimination of bminc proteins
from the material diet.

Correlation between historical and cludleni>e symptoms
Comparing hisU)rical symptoms (most reccnl adverse
clinical reaction.s) and those observed al the positive
DBPCFC in the group of probable immediate reactors,
predominantly cutaneous symptoms (acute urticaria,
angioedema) were most often reported, followed by
gastrointestinal (immediate projectile vomiting, diar-
rhoea), respiratory (coughing, wheezing) and syslemic
reactions (anaphylaxis). The overall correlation of
symptoms between history and DBPCFC was 62.5% in
this group. The probable delayed reactor group was
characterized by infants presenting primarily wilh
gaslroinleslinal-relaled symptoms. Typically, a mixture
of vomiting, rcgurgitation. diarrhoea, colic and failure to
thrive was most often seen. Several of the patients in
this group had previously had bowel biopsies consistent
with cow'.s milk enteropathy or with an allergic
(eosinophilic) colitis [4.8]. Unlike the group of immediate

I'J'Ki Hl.iL-kucIl SLii-'ncL- L id. C liiiiiul uml h'.xpcriiin-ntal Alicr-iw 26. 254 2b\



Milk allergy patterns defined hy

reactors, the history correlated to a much lesser extent
(2S.S",, overall) with outcome o\' DBPCFC in the
delayed reactors. In particular, among the sub-group of
infants with a hisiory of severe and prolonged colic
(> .Ih d) as ihe sole symptom. CMA was confirmctl b\
DPBCFC in only two out of 14 cases (14%). The
majority of challenge positive patients (67".)) reacted
within 2 12 h alter the onsel o'( the challenge. Others
were even more delayed, requiring up lo 6 days before
symptoms became clearly evident, as shown in Table 1.

Inununolo^ical data We compared Ihe sensitivity and
specificity of skin-prick tests and specific circulating IgP.
antibodies by HAST for the two patient groups, as
shown in Table 2. Among the probable immediate
reactor group, only one case out of six had positive results
for hoth SPT and FAST, despite a negative DBPCI-C\
Siniilarh. one patienl out of 34 in the DBPCFC negative
prohablc delayed reactor group hatl both a positive
V..\S\ for (i-lacialbumin (score 2-f), and a positive SPT
lo milk. Despite Ihc picsence of Igh antibodies to milk.
ihc latter infant's hisiory was typical for delayed lypc
symptoms, with colic and regurgitations starting
approximately 24 h after milk intake. Nevertheless,
both acute and prolonged DBP( FC to milk were
negative. Among palients who had both SPT and
FAST performed (/; = 62). the correlation between the
two tcsls was l()()''(. lor both palient groups. The three
immcdiale reaclors who were SPT negative were also
negative by EAST.

Discussion

In this prospective study, using a Iwo-stage, short-term
and prolonged DBPCFC, we were able lo clearly idcnlily
two groups of infants and children with cow milk allergy
with distinct clinical and immunological features. The
lirsl group corresponds to the classic immediate Igli
reactions, as described by other investigators [3,9 19].
The second group o\' patients presenting with primarily

gastrointestinal symptoms, manifested delayed icaclions
(2 or more hours up to fi days) after milk ingeslion. This
group is similar lo the "intermediate reactors", as pre-
viously defined by Hill et al. [3]. The same authors also
delined another subgroup of patients, not encountered in
this study, termed 'late reactors" with CMA. This latter
group manifested quite heterogenous symptoms and
immunological findings. However, several dilTcrences
between this study and Ihal of Hill's group musl be
ni^led. HilTs classification was based a K-means algo-
rithm lo identify iheir three clinical groups, rather than
the details obtained from the clinical history, as herein.
Furthermore. Hill's Iale reactor group were significantly
older, and included an increased incidence of ec/.ema. an
exclusion crileria in the present study. Furthermore, ihe
challenge in Hilfs stud> was nol carriei! out in a double-
blind, placebo-conlrolled fa.shion. The discrepancies may
be due to the differences in challenge tcchniqties. Hill's
challenge protocol prccltided the administration of the
larger amounts of milk proteins on day one as in our
DPBC FC, iind normal milk intake was only started on
days 3 and 4 of the challenge procedure. In this regard.
those patients that manilested acute angio-oedema and/
or urticaria on day 2 (considered intermediate reaclors)
or day 3 (considered delayed reaclors), might have been
classiHcd to the immediate reactor group if suhjectod to
our prolocol.

We believe that our two-slage DBPC FC. using a
short-term challenge on day I with the administration
of lOg of skim milk powder (corresponding lo approxi-
mateh 250niL of cow\ milk) more cicarh distinguishes
IgF-dependenl immediate responders from non-!gE-
mcdiated food reactions, which we have designated as
delayed responders. Moreover, our challenge technique,
disguising cow milk powder or a carbohydrate placebo in
the patients" usual formula or juice, proved lo be prac-
tical and reliable, especially in infants and young children
where capsules cannot be used. Other investigators have
also used ihe same method in infants [2]. Fixcept in two
cases, where the patients categorically refused to drink.

Table 2. Sensitivity and speeificiiy of skin-prick tcsisand eirculaiinjz ijzF. aniibodies lo
milk proteins (HAST) coiiiparcd with ihc outcome ot the DBPCf C

SPT
BAST

Probable

Sensitivity

70%
63%

immediate reactors

Specificity

83%
S3%

Probable

Sensitivity

0%
0%

delayed reactors

Specificity

9 7 %
9 7 %

Correlation SPT-EAST among fi2 palients who liaii belli icsts pcrfornied u j s l(H)"o.
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acceptance of the lest tbrniula preparalions was excel-
lent, and the double-blind nature of the 2 week challenge
procedure was easily maintained.

Overall. 36% of Ihe 69 infants who undcrwenl
OliPCI'C in our study were conlirmed to have CMA,
This is only slightly lower than Ihe 40-60"/(i observed in
other series [12.13], perhaps hecause of the substantial
delay in perlorminu challenges lor both groups (6.1 and
21.5 months, on average, for delayed and immediate
responders. respectively). Il is cnnceivable that a certain
number of our challenge negative patients' CMA
resolved by the time ol DBPCFC. This is certainly
likely for tho probable delayed reactor group, whose
CMA wa^ eonlirmed in a minority (2S.K"'(i) ot cases,
compared to the majority (62.5%) o\' the probable
immediate responders. The natural history of CMA
suggests Ihat delayed responders" hypersen.sitivity
almost always resolves by age 3. whereas about 25% of
the IgE positive, immediate group maintain iheir allergy
by ihat lime [2].

Infants and children with a history ofCMA presenting
with atopic dermatitis represent a subgroup of poten-
tially food-allergic patients, in whom the time relation-
ship between food ingestion and appearance of
symptoms b\ challenge outcome is very dillieult to
detine [2.14]. Both immediate and late-phase elVects of
food antigen hypersensitivity huve been documented
during DBl'CKC in this group [I5,16|, lurthermore.
multiple food allergies may co-exist, and the eiiniination
of one food is unlikely to completely resolve the derma-
titis [2], Therefore, this subgrtiup of paiients was inten-
tionally e,\eluded in the present study. In the study by
Hill {'/ (//. patients with chronic atopic dermatitis were
represented in each ofthe Immediate, intermediate and
late reactors groups, although a greater incidence was
observed in late reactors [3].

We observed an interesting elTect of age on the tvpe of
milk hypersensitivity. as previously suggested by Hill and
Hosking [20]. Delayed reactors were significantly
younger than immediate reactors at the time of the lirst
adverse reaction reported by the parent(s). I urthermore,
in our series, a patient with a history compatible with a
delayed reaction within the first month of life had a
chanee of less than 15% to have a positive DBPCFC. if
challenged after the age of 1 year. Thus, infants with
delayed type CMA tended to outgrow their hyperseiisi-
tivity much earlier than those with immediate type
allergy, as previously suggested [2.20]. These Imdings
may in part e.xplain why in our patient population, the
mean age of immediate reactors was signilicantly higher
than in delayed reactors at study entry. However, the
mean interval between the last reported adverse reaction
and the challenge procedure was also signifieanth longer

in immediate vs delayed reactors. This may be due to a
possible patient selection bias to our tertiary referral
cenlre. Referring physicians may have hesitated longer
to refer patients with immediate type iif CMA. in whom
poientialK dangerous reactions are more likely, prefer-
ring to continue longer on exclusion diets.

Controversy exists on the interpretation, reliability
and signilicance of elevated antigen-specific IgE antibo-
dies in delayed milk responders. Some studies [3) have
reported thepresenceof reaginic antibodies in up to about
20"(i o\' intermediate reactors. Htiwever. this may be
explained by the fact that apart from studies on chronic
aiopic dermatitis and food allergy, none used DBPCF'C.
1 lulhermore. we used stringent criteria for SPT, defming
the test as positive if the weal diameter was at least 3 mm
greater than saline control, as suggested by others [6]. In
our study, none of the l!i delayed reactors had a positive
SPT or H.AST. whereas false positive IgE anti-milk
antibodies were present in onl\ IMIC of 35 DBPCFC-
negative patients in the probable dela>ed reaetor group.
Our data thus support the view that paiients with a
positive delayed response are not associated with milk-
spccitic IgE antibodies [2.4]. in agreement with other
authors [19.21]. As anticipated. SPT and EAST determi-
nations of IgE antibodies to cow's milk were often
positive in DBPCFC-positive immediate reactors. The
SPT had a sensitivity and specificity of 70/83% vs 63/
S.V'ii for the EAS1\ Both tests had a comparable pre-
dictive value for immediate reactors, and were o\' no
diagnostic value for the challenge outcome in delayed
reactors (Table 2), Of particuiar interest is that the type
of reaction observed in challenge proven CMA infants
was 100% concordant with the clinical history for bolh
immediate and delayed responders. Our data thus sup-
port the importance ofa thorough clinical history as the
most helpful too! to characterize the type of hypersensi-
ti\it\ response, and to predict the outcome of the milk
challenge procedure. Extreme caution is therefore man-
datory in interpreting negative SPT as a reliable tool in
predicting outcome of a milk challenge, especially in
young infants, as noted by others [2,20,21]. Host and
Halken have shown that SPT are useful as a prognostic
indicator of CMA [10].

Using a two-stage DBPCFC in short-term and pro-
longed phases, we have clearly identilied two groups of
infants and young children with CMA of either immedi-
ate or delayed type allergy. The prospective eomparison
between the clinical history of CMA and analyses of
specifie igE antibodies (SPT and EAST tests) to milk
showed a comparably high, but imperfect predictive
value for immediate reaetors, and were of no diagnostic
value tor probable delayed responders. Thus, in the laek
of better tests, the diagnosis of CMA still depends upon
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the demonstration of a reproducible adverse clinical
response to formal milk challenge after exclusion of
other, non-immune causes of milk intolerance.
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