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Objective To describe the natural course of IgE-mediated cow’s milk allergy (IgE-CMA) and to determine risk
factors for its persistence in a population-based cohort.
Study design In a prospective cohort study, 54 infants with IgE-CMA were identified from a population of 13 019
children followed from birth. Diagnosis of IgE-CMA was based on history, skin prick test (SPT), and an oral food
challenge (OFC) when indicated. Allergic infants were followed for 48-60 months. Families were contacted by tele-
phone every 6 months and asked about recent exposures to milk. OFC was repeated to evaluate for recovery.
Clinical characteristics, SPT, and OFC outcomes were compared between infants with persistent IgE-CMA and
infants who recovered.
Results Thirty-one infants (57.4%) recovered from IgE-CMA during the study period. Most infants (70.9%) recov-
ered within the first 2 years. Risk factors for persistence on multivariate analysis included a reaction to <10 mL of
milk on OFC (or on first exposure as estimated by the guardian, if OFC was not performed) (P = .01), a larger wheal
size on SPT (P = .014), and age of #30 days at time of first reaction (P = .05).
Conclusions Resolution occurs in most infants with IgE-CMA. Infants reacting to <10 mL of milk or in the first
month of life, and those with a larger wheal size on SPT, are at increased risk for persistence. (J Pediatr
2012;-:---).

C
ow’s milk allergy (CMA) is a common, significant, and potentially fatal food allergy with previously reported incidence
of 2%-5%.1-3 The study of CMA is hampered by the use of various definitions and diagnostic criteria leading to diverse
and often contradictory findings.

Although IgE-mediated reaction is a risk factor for CMA persistence,4-6 most infants with IgE-CMA recover. Two studies in
infants with IgE-CMA demonstrated that a larger wheal size on skin prick test (SPT) and higher IgE levels to cow’s milk protein
(CMP) pose risk for persistence. However, these studies might have been affected by only 40% catchment of the intention to
treat population7 and by the use of referred patients from a large clinic.8,9 Therefore, prospective population-based studies are
required to identify risk factors for persistence of IgE-CMA.10 The optimal criteria would be those that could be used at the time
of diagnosis and applied to clinical practice.

The present study is part of a large population-based study in 13 234 infants with 98.4% recruitment of the target popula-
tion.11 Infants with IgE-CMA were prospectively followed from birth until the age of 4-6 years. Persistence was defined as IgE-
CMA at the end of the study period. Our aim was to describe rates of resolution in this group of patients and to identify risk
factors for persistence.
CMA Cow’s milk allergy

CMP Cow’s milk protein

OFC Oral food challenge

SPT Skin prick test
Methods
The research protocol was approved by the Helsinki Review Board of Assaf HarofehMedical Center. As previously described, 13
234 newborns born over a 2-year period (June 10, 2004-June 30, 2006) at Assaf-Harofeh Hospital (Zerifin, Israel) were enrolled
and 13 019 completed the study. Parents were asked to contact the allergy clinic immediately after any adverse reaction
(cutaneous, respiratory, gastrointestinal, or systemic) suspected to be related to the initiation of CMP-based feeding or
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14-30 days after the initiation of CMP-based feeding. All parents were contacted
3 months after birth and the feeding pattern was recorded. Parents providing full
breastfeeding were subsequently contacted bimonthly until the newborn con-
sumed dairy products. Parents noting a possible adverse event related to CMP
(n = 381) were interviewed by one of the investigators, and their infants were
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examined. Of those, 66 infants were presumed to have IgE-
CMA based on history and positive SPT to CMP.11 The par-
ents of 12 infants refused oral food challenge (OFC) to secure
the diagnosis, and the remaining 54 infants (confirmed IgE-
CMA) were used for subsequent analysis.

SPTs
SPTs in infants were done to CMP and soy and in parents
to Dermatophagoides farinae and Dermatophagoides ptero-
nyssinus (5000 Au/mL), sagebrush, mix grasses, pellitory
(1:20 wt/vol), dog, cat hair (5000 BAU/mL), cat pelt
(10 000 BAU/mL), olive tree (1:20 wt/vol), and Alternaria
(1:10 wt/vol) by using the volar arm and reading the re-
action after 20 minutes. A negative control, and histamine
(1 mg/mL; ALK-Abell�o, Port Washington, New York)
were used. A 3-mm or larger wheal response was consid-
ered positive.12

Oral Challenge
Challenge to cow’s milk formula was performed using
Materna (Maabarot Products Ltd, Maabarot, Israel) infant
formula unless a history of a life-threatening reaction mani-
fested by either anaphylaxis or severe respiratory distress
upon exposure to CMP was described. Increasing doses
were given, from a 1:10 diluted formula of 1.0 mL (2.7 mg
of CMP) up to 120 mL (3.24 g of CMP) every 30 minutes.
The challenge was terminated if a cutaneous, respiratory, gas-
trointestinal, or systemic response was observed. In case of
a negative challenge result, the infant was observed for 3
hours, and a subsequent contact was made 2 weeks later to
inquire about his feeding habits.

Follow-Up
All 54 children with confirmed CMA were followed for
48-60 months. Families were contacted by telephone ev-
ery 6 months and were asked about recent exposures to
milk. Children were invited annually for an OFC to ex-
amine for potential recovery unless an exposure within
the last 3 months, leading to an adverse reaction, was de-
scribed. In cases in which children were exposed to milk
with no adverse events and, subsequently, began consum-
ing milk products with no limitation, an OFC was not
performed.

Statistical Analysis
Statistical analyses were performed with SPSS software (v. 16;
SPSS Inc, Chicago, Illinois). Abnormally distributed contin-
uous variables were analyzed using the Mann–Whitney non-
parametric test. Fisher exact test was used to analyze
differences between groups in categorical variables. Log
rank test was used to analyze the effect of each of the risk fac-
tors on cumulative recovery from milk allergy. Cox regres-
sion analysis was performed to determine the effect of
multiple risk factors for persistence on the cumulative recov-
ery from CMP allergy and hazard ratios were determined. All
analyses were 2-tailed and a P value of <.05 was considered
significant.
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Results

Mode of Diagnosis and Rate of Recovery
Outof the 66 infants presumed to have IgE-CMAbased onhis-
tory of an immediate adverse reaction upon consumption of
milk and a positive SPT, the diagnosis was confirmed in 54 in-
fants. In 48 infants (72.8%), confirmation was achieved by
a positive OFC, and in 6 additional infants, by a history of
a life threatening reaction (Figure 1; available at www.jpeds.
com). Reaction to CMP occurred at an average of 1.67 �
1.67 days after initial exposure. Thus, age of initial exposure
and age at first reaction to CMP represent similar variables
with similar statistical significance. Only the term reaction
will be used for simplification. Thirty-one infants (57.4%)
recovered from CMA during the study period. Recovery was
established by OFC, followed by regular consumption of
milk in 17 patients. The other 14 patients were randomly
exposed to CMP, had no reaction, and began regular
consumption of milk (Figure 1). Most infants who
recovered (70.9%) did so during the first 2 years of life. Rates
of recovery then reached a plateau with an average annual rate
of 7.3%. No additional recoveries were noted during the last
year of follow-up, when subjects were 4 years or older.
Risk Factors for Persistence of CMP Allergy
Infants who recovered from IgE-CMA and those who did not
were comparable in sex, in whether or not they were exposed
to CMP at the maternity ward, and in their atopic back-
ground (parental and infant SPT positivity and doctor-
diagnosed atopic dermatitis) (Table). More infants with
persistent CMA reacted in the first month of life but
statistical significance was not met (P = .078). Age range at
initial reaction in the group of infants who reacted after the
first month of life was 45-360 days.
Although age at time of diagnostic work-up was compara-

ble in the 2 groups, wheal size on diagnostic SPT was larger in
infants who subsequently had persistent CMA (P = .05)
(Table). A wheal size cutoff of 6 mm was found to best
differentiate between transient and persistent allergy (P =
.09). Infants in the persistent group responded to a lower
amount of milk on OFC (or on first exposure, if OFC was
not performed) (P = .06), and significantly more patients
in this group responded to <10 mL of milk (P = .006).
Symptoms upon exposure to CMP during the OFC (or first
exposure in those not challenged) also differed between the
2 groups. Infants who recovered tended to experience
gastrointestinal symptoms (in addition to rash), and
infants with persistent CMA tended to experience lower
respiratory tract symptoms (in addition to rash), although
statistical significance was not met. Of the 3 differentiating
factors described above (the amount of milk inducing
a reaction, the age at first reaction, and the wheal size on
SPT to milk), early age at first reaction was most predictive
of persistence as only 30% of infants reacting at #30 days
compared with �40% of infants who reacted to <10 mL or
had a wheal size >6 mm on SPT recovered (Figure 2).
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Table. Comparison of milk-allergic groups based on recovery

Parameter

Patients diagnosed by OFC or life-threatening reaction

Recovery
n = 31

No recovery
n = 23 P value

Onset of allergy Male sex 15 (48.4%) 12 (52.2%) 1.0
Milk in nursery 12/27 (44.4%) 11/22 (50%) .78
Age (d) 117.1 � 64.9 96 � 77.9 .16
Age #30 d 3 (9.7%) 7 (30.4%) .08

Atopic tendency Atopic dermatitis 0 1/23 (4.3%) .44
Child SPT (+) 6/30 (20%) 10 (43.5%) .08
Maternal SPT (+) 10/28 (35.7%) 11/22 (50%) .39
Paternal SPT (+) 14/25 (56%) 10/21 (47.6%) .77
Age at SPT (m) 10.2 � 4.5 11.9 � 8.9 .8

Diagnostic work-up Milk wheal size 5.2 � 2 7.2 � 3.5 .05
Wheal >6 mm 8 (25.8%) 12 (52.2%) .09
Milk (mL)* 22.1 � 22.3 14.5 � 19.9 .06
Milk <10 mL* 8 (25.8%) 15 (65.2%) .006

Symptoms Rash 29 (93.5%) 22 (95.7%) 1.0
Gastrointestinal 18 (58.1%) 8 (34.8%) .1
Wheeze 3 (9.7%) 6 (26.1%) .15
Life-threatening 3 (9.7%) 4 (17.4%) .44

*On OFC or on first exposure in patients who did not perform OFC.
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Risk Factors for Delayed Recovery
Cumulative recovery from CMA was significantly delayed in
infants reacting in #30 days of life (P = .04), and in infants
reacting to <10 mL of milk (P = .005). A larger wheal size
on SPT was also a risk factor for delayed recovery
(P = .011), but significance was borderline for a wheal size
cutoff of >6 mm on SPT (P = .057). On multivariate analysis
using Cox regression analysis for these 3 parameters, reaction
to <10 mL of milk remained a significant risk factor for de-
layed recovery (HR = 2.93, P = .01) (Figure 3, A). Reaction
at #30 days of life also conferred risk for delayed recovery,
and although the significance was borderline (HR = 3.31,
P = .05), it was still considered to contribute to the model
(Figure 3, B). A larger wheal size on SPT to milk also
remained a significant predictive factor for delayed
recovery (P = .014) but the cutoff of 6 mm did not reach
statistical significance (P = 0.1) (Figure 3, C).
Figure 2. Proportion of infants recovering from IgE-CMA. Patient
milk evoking a reaction, the age at first reaction, and the wheal s
differences between groups.

Natural Course and Risk Factors for Persistence of IgE-Mediated
CMP Allergy in Infants Diagnosed by History and
Positive SPT Only
Parents of 12 infants refused OFC and so were excluded from
the analysis. Only 5 of 12 infants (41.7%), compared with all
6 infants who did not perform OFC because of a history of
a life-threatening reaction, reacted to <10 mL of milk on ini-
tial exposure (P = .038). All 12 patients in this group, com-
pared with 57.4% (31/54) of those who were diagnosed
based on either OFC or a life-threatening reaction upon
initial exposure, had recovered (P = .005). In addition, reso-
lution in the first year occurred in 5 of 12 infants in this group
compared with 3 of 31 infants (9.7%) diagnosed by OFC or
a life-threatening reaction in whom CMA subsequently re-
solved (P = .028). The high rate and the relative short time
to resolution of CMA in infants diagnosed by history and
SPT alone suggest that these infants might have been errone-
ously diagnosed with IgE-CMA. However, all these infants
s’ recovery from CMA was compared based on the amount of
ize on diagnostic SPT. Fisher exact test was used to analyze
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Figure 3. Predicting factors for recovery from IgE-CMA. Cumulative recovery fromCMAwas compared based onA, the amount
of milk evoking a reaction, B, the age at first reaction, and C, the wheal size on diagnostic SPT. Cox regression analysis was
performed to analyze cumulative recovery.
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had immediate reactions to CMP and on more than one oc-
casion (which may be the reason for the parental refusal for
OFC), and are, thus, still likely to have had IgE-CMA. We,
therefore, repeated the analysis for all 66 infants with pre-
sumptive IgE-CMA. Cumulative recovery from CMP in in-
fants who reacted to <10 mL of milk (HR = 2.57, P = .003)
and in infants who reacted to milk at #30 days of life (HR
= 3.67, P = .031) remained significant risk factors for persis-
tence, andmilk wheal size >6mmdid not reach statistical sig-
nificance (P = .089).

Discussion

In this prospective population-based study focusing on in-
fants with IgE-CMA, we found that a reaction in the first
30 days of life, a greater wheal size on SPT, and a lower reac-
tion threshold to milk predicted the persistence of allergy.
These factors may reflect a more severe underlying immune
reactivity to CMP.

Cow’s milk-specific IgE levels were shown in the past to
correlate with the persistence of CMA.13 Specific IgE levels
were also found to predict pass rates of an OFC and to corre-
late with the eliciting dose of a positive challenge test.14-16

The concept, therefore, that the eliciting dose on OFC might
predict persistence is attractive. However, this has been pre-
viously shown by only 1 study.17 In addition, the time frame
of 6 hours that was used in this study to define a positive re-
action on food challenge might have led to the inclusion of
patients with food protein-induced enterocolitis syndrome.18

Indeed, the range of SPT-wheal size and of specific IgE levels
suggest that patients with non-IgE-CMA were included.
Moreover, the significance of the eliciting dose in predicting
persistence of CMA was lost on multivariate analysis. A re-
cent National Institute of Allergy and Infectious Diseases-
sponsored expert panel19 did not include the eliciting dose
on OFC in the prognostic factors for CMA persistence.
Therefore, our finding that a lower eliciting dose onOFC pre-
dicts persistence in patients with IgE-CMA on multivariate
4

analysis is important. A response to an eliciting dose $10
mL may be used to reassure parents that their infant’s
CMA is likely to resolve.
Another predictive factor for IgE-CMA persistence in our

study, in contrast to other studies, was a reaction to CMP in
#30 days of life.17,20 Inclusion of patients with non-IgE-
CMA16 and different definitions for persistence21 may ac-
count for these differences. Given the short interval between
exposure and reaction, an early exposuremight be a risk factor
for persistence of CMA. This is in contrast to the previously
described protective effect of early exposure to CMP.11 Pa-
tients who develop IgE-CMA relatively early in life may com-
prise a subgroup with higher IgE levels to CMP in which
tolerance might be more difficult to induce. This theory is
supported by studies demonstrating that infants with IgE-
CMA, whose disease persists for more than 2-3 years, have
higher serum IgE antibodies to specific CMP even from the
outset of their disease.21,22 Another potential confounder is
the effect of repeated accidental exposures, which may reduce
the probability of recovery from food allergy.23,24 Our study
was not designed to record prospectively such exposures
and can, therefore, not answer that question. Nevertheless,
it is possible that the protective benefit of early exposure to
CMP applies only to a subgroup of infants at risk for CMA.
A wheal size on SPT performed 12 months after, but not at

the time of, diagnosis was found predictive of persistence in
patients with IgE-CMA.4 A wheal size >10 mm correlated
with CMA persistence in 2 other studies.4,8 However, these
were limited by a low catchment rate and the use of a selected
group of patients. In our study, a larger wheal size on SPT,
performed at the time of diagnosis, was associated with per-
sistence of CMA on multivariate analysis, although no spe-
cific cutoff was found. Regardless, this parameter is largely
technique-dependent and may, therefore, be too variable to
serve as a reliable predictive factor for persistence.
Gastrointestinal symptoms were found more often in in-

fants who eventually recovered from CMA.25 However, these
characteristics likely reflect different proportions of infants
Elizur et al
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with IgE- vs non-IgE-CMA in these sub-groups.11,14,26,27

Symptoms on OFC were not found to predict persistence
in selected groups (with no recoveries before the age of 2-3
years) of IgE-CMA infants.8,12,21 We found that respiratory
tract symptoms were associated with persistence of CMA,
and gastrointestinal symptoms were associated with recov-
ery. Although statistical significance was not met, these
trends raise the possibility that infants with transient and
persistent CMA differ in their specific organ responsiveness
to milk.

The rate of resolution of IgE-CMA is not completely clear.
Although some studies reported a relatively low rate of recov-
ery, ranging from 20%-40%,9,21,22 others reported a much
more favorable prognosis with 75% resolution until the age
of 3 years.5 These differences likely reflect the difference be-
tween children followed in specialized referral centers vs
population-based studies. The high rate of resolution (65%
until the age of 4 years) found in our study is in agreement
with other population-based studies.5

One limitation in our study is that 12 patients with pos-
sible IgE-CMA had to be excluded as they did not perform
OFC because of parental refusal. However, risk factors for
persistence remained similar whether or not these patients
were included in the analysis. Another limitation is that
our study population had a lower prevalence of IgE-
CMA than previous reports.1-3 However, when similar
diagnostic criteria to our study were used, similar preva-
lence rates were found in Spain (0.36%), Norway (0.2%),
and Turkey (0.3%).28-30

In summary, our study, following infants with IgE-CMA
prospectively, demonstrates that a reaction to <10 mL of
milk, a reaction in the first month of life, and a larger wheal
size on SPT to milk, are risk factors for persistence. Our find-
ings are in agreement with previous studies suggesting that
patients with more severe disease recover less frequently.
The advantage of the present study is that the parameters
identified are based on a relatively large population-based co-
hort and that they do not require laboratory workup. These
factors can be translated into clinical practice, assisting aller-
gists and pediatricians in guiding parents regarding the
natural course and prognosis of their infant’s allergy. n
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Figure 1. Patients’ mode of diagnosis and recovery. An
algorithm demonstrating patients’ method of diagnosis,
follow-up, and rate of recovery.

- 2012 ORIGINAL ARTICLES

Natural Course and Risk Factors for Persistence of IgE-Mediated Cow’s Milk Allergy 6.e1


	Natural Course and Risk Factors for Persistence of IgE-Mediated Cow's Milk Allergy
	Methods
	SPTs
	Oral Challenge
	Follow-Up
	Statistical Analysis

	Results
	Mode of Diagnosis and Rate of Recovery
	Risk Factors for Persistence of CMP Allergy
	Risk Factors for Delayed Recovery
	CMP Allergy in Infants Diagnosed by History and Positive SPT Only

	Discussion
	References


