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IMPORTANCE Cow’s milk formula (CMF) is used to supplement breastfeeding (BF) at birth
without clear clinical evidence to support the practice.

OBJECTIVE To determine whether avoiding supplementation with CMF at birth can decrease
risks of sensitization to cow’s milk protein and/or clinical food allergy, including cow’s milk
allergy (CMA), overall and in subgroups stratified by 25-hydroxyvitamin D (25[OH]D) levels.

DESIGN, SETTING, AND PARTICIPANTS The Atopy Induced by Breastfeeding or Cow’s Milk
Formula (ABC) trial, a randomized, nonblinded clinical trial, began enrollment October 1,
2013, and completed follow-up May 31, 2018, at a single university hospital in Japan.
Participants included 330 newborns at risk for atopy; of these, 312 were included in the
analysis. Data were analyzed from September 1 through October 31, 2018.

INTERVENTIONS Immediately after birth, newborns were randomized (1:1 ratio) to BF with or
without amino acid–based elemental formula (EF) for at least the first 3 days of life (BF/EF
group) or BF supplemented with CMF (�5 mL/d) from the first day of life to 5 months of age
(BF plus CMF group).

MAIN OUTCOMES AND MEASURES The primary outcome was sensitization to cow’s milk
(IgE level, �0.35 allergen units [UA]/mL) at the infant’s second birthday. Secondary outcomes
were immediate and anaphylactic types of food allergy, including CMA, diagnosed by oral
food challenge test or triggered by food ingestion, with food-specific IgE levels of at least
0.35 UA/mL. Subgroup analysis was prespecified by tertiles of serum 25(OH)D levels at
5 months of age.

RESULTS Of the 312 infants included in the analysis (160 female [51.3%] and 152 male
[48.7%]), 151 of 156 (96.8%) in the BF/EF and BF plus CMF groups were followed up until
their second birthday. The primary outcome occurred in 24 infants (16.8%) in the BF/EF
group, which was significantly fewer than the 46 infants (32.2%) in the BF plus CMF group
(relative risk [RR], 0.52; 95% CI, 0.34-0.81). The middle tertile of the 25(OH)D subgroup, but
not the low and high tertiles, had a significant interaction with the intervention (RR, 0.19;
95% CI, 0.07-0.50; P = .02). The prevalence of food allergy at the second birthday was
significantly lower in the BF/EF than in the BF plus CMF groups for immediate (4 [2.6%] vs
20 [13.2%]; RR, 0.20; 95% CI, 0.07-0.57) and anaphylactic (1 [0.7%] vs 13 [8.6%]; RR, 0.08;
95% CI, 0.01-0.58) types.

CONCLUSIONS AND RELEVANCE The evidence suggests that sensitization to cow’s milk and
food allergy, including CMA and anaphylaxis, are primarily preventable by avoiding CMF
supplementation for at least the first 3 days of life.
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F ood allergy mediated by IgE is becoming a global
concern because its prevalence and severity are
worsening.1-3 To overcome this issue, prolonged exclu-

sive breastfeeding (BF) with or without supplementation
with hypoallergenic formulas for infants at risk has been
recommended.4 However, these preventive strategies have
recently been called into question.5 For example, a cohort
study6 demonstrated that the frequency of IgE-mediated
cow’s milk allergy (CMA) was lower in infants who began
receiving regular cow’s milk formula (CMF) within the first
14 days of life and therefore recommended CMF supplemen-
tation at birth. However, the effects of supplementing BF
with CMF at birth or within the first 3 days of life on the risk
of CMA7,8 and atopy9-11 are still controversial.

Many Japanese maternity wards encourage BF but allow
mothers or nurses to supplement BF with CMF—for example,
approximately 6 to 10 hours after birth or even earlier—
based on maternal preferences but not clinical evidence.
However, more than 20 to 30 years ago, sugar water was
given instead of CMF supplement at birth. Thus, we hypoth-
esized that early exposure to CMF at birth is, at least in part,
associated with the recent increase in children with food
allergy. Therefore, a randomized clinical trial (RCT), Atopy
Induced by Breastfeeding or Cow’s Milk Formula (ABC) trial,
was conducted to assess whether the risk of CMF sensitiza-
tion and food allergy is decreased by avoiding or supple-
menting with CMF at birth.

Excessive and/or deficient levels of vitamin D during the
neonatal and infantile periods were suggested to raise the risk
of food allergy.12-15 Although vitamin D supplementation for
lactating mothers or infants is not common in Japan, a previ-
ous RCT16 demonstrated that food allergy was increased in the
offspring of mothers supplemented with vitamin D com-
pared to placebo. Moreover, no consensus exists about cutoff
points for low, middle, and high levels of 25-hydroxyvitamin
D (25[OH]D). Thus, subgroups stratified by tertiles of serum
25(OH)D levels, a biomarker of vitamin D status, were pre-
specified for exploratory analyses.

Methods
Trial Design
At the departments of obstetrics and pediatrics of Jikei Uni-
versity Hospital, Tokyo, Japan, newborns were randomly
assigned immediately after birth to avoiding supplementa-
tion with CMF for at least the first 3 days of life (ie, BF with
or without an amino acid–based elemental formula [EF;
BF/EF group]) or adhering to BF supplemented with CMF (≥5
mL/d) from the first day of life (BF plus CMF group) and then
followed up to their second birthdays. The trial protocol was
approved by the ethics committee of the Jikei University
School of Medicine, and parents of infants provided written
informed consent. This trial used an external data and safety
monitoring committee. The full protocol for this trial is avail-
able in Supplement 1. This study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline
for RCTs.

Participants
The inclusion criterion was an infant at risk for atopy, with at
least 1 of the father, mother, or siblings having current and/or
past atopic diseases (eg, asthma). The exclusion criteria con-
sisted of parents who intended exclusive BF or exclusive CMF
before birth or infants who were born at less than 36 weeks’
gestational age, had a birth weight less than 2000 g, or had se-
rious congenital anomalies (eg, cleft palate). Pregnant women
and their husbands were informed about the trial at child-
birth classes during the third trimester of pregnancy.

Randomization and Blinding
The computer-generated and centrally administered random-
ization used permuted blocks of 4. Participants were random-
ized in a 1:1 ratio without stratification. Owing to the nature
of the interventions, the participants were not blinded. How-
ever, levels of cow’s milk–specific IgE (CM-IgE) as the pri-
mary outcome and other food-specific IgEs were measured by
outsourcing to a clinical laboratory testing company (SRL, Inc;
Tokyo, Japan), and parts of food allergy as the secondary out-
comes were diagnosed by an oral food challenge (OFC) test ad-
ministered by pediatricians who were blinded to the alloca-
tion group. The secondary outcomes were finally determined
by the end point committee, who were blinded to the inter-
vention arms.

Intervention
At the maternity ward of Jikei University Hospital, participat-
ing mothers were informed of their allocation group. Moth-
ers allocated to the BF/EF group were asked to feed their off-
spring by BF and continue to the first blood test at 5 months
of age, but they were allowed to add amino acid–based EF when
they believed that amounts of BF were not enough. If the
mother added more than 150 mL/d of EF to BF for 3 consecu-
tive days, EF was switched to CMF after the fourth day. Thus,
offspring allocated to BF/EF could avoid CMF for at least the
first 3 days of life. On the other hand, mothers allocated to the
BF plus CMF group were asked to supplement BF with at least
5 mL of CMF from the first day or within the first 24 hours af-
ter delivery and with at least 40 mL/d after 1 month and to con-
tinue to the first blood test at 5 months of age or before start-

Key Points
Question At birth, are the risks of sensitization to cow’s milk
formula and food allergy decreased by avoiding or by
supplementing with cow’s milk formula?

Findings In this randomized clinical trial involving 312 newborns,
risks of sensitization to cow’s milk and immediate-type food
allergy, including cow’s milk allergy and anaphylaxis, were
decreased by avoiding supplementation with cow’s milk formula
for at least the first 3 days of life.

Meaning Results suggest that sensitization to cow’s milk and
clinical food allergies may be preventable by avoiding cow’s milk
formula supplementation at birth, which is easily and immediately
applicable to clinical practice worldwide without the cost and time
of therapy.
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ing solid food. Both CMF (Hohoemi) and EF (Meiji Elemental
formula) were purchased from Meiji Holdings Company, Ltd.

Outcomes
The primary outcome was atopic sensitization to cow’s milk
protein (ie, serum levels of CM-IgE of ≥0.35 allergen units
[UA]/mL at 24 months of age). Serum levels of CM-IgE at 5 and
24 months of age as a continuous variable were used as refer-
ence values for the primary outcome. Other atopic sensitiza-
tions to egg white, wheat, and mites at levels of at least 0.35
UA/mL at 24 months of age were also evaluated to be com-
pared with cow’s milk sensitization, but not for the primary
outcome.

In this trial, the secondary outcomes were clinical food al-
lergies, defined as immediate and anaphylactic types. Imme-
diate types of food allergy presented with at least 1 organ symp-
tom of the skin (eg, urticaria), respiratory tract (eg, wheezing),
gastrointestinal tract (eg, vomiting), or circulatory system
(eg, loss of consciousness) triggered by an OFC test con-
ducted by pediatricians trained to administer it (eTable in
Supplement 2) or by food ingestion in daily life that appeared
within minutes to a few hours, in combination with serum lev-
els of the suspected food-specific IgE level (≥0.35 UA/mL). The
anaphylactic type of food allergy presented when symptoms
were derived from at least 2 organ systems (eg, urticaria and
wheezing). These secondary outcomes were evaluated by cu-
mulative incidence if an infant even once experienced an im-
mediate allergic reaction with or without outgrowing it by the
second birthday and by prevalence at the second birthday with-
out outgrowing it. Atopic conditions other than food allergy
were planned to report separately. Safety outcomes were ad-
mission or emergency department visit for any reason and
growth retardation (height and weight) at the second birth-
day. Serum levels of 25(OH)D were measured at 5 months using
radioimmunoassay (SRL, Inc), as described.17

Follow-up
Participating infants were examined at 1, 2, 3, 4, 5, 7 to 8, 9 to
10, 12, 14 to 15, 18, and 24 months of age at the outpatient clinic
of Jikei University Hospital. All participants underwent evalu-
ation of blood samples obtained at 5 and 24 months of age, by
which total IgE and antigen-specific IgE levels, cow’s milk, egg
white, wheat, mites, Japanese cedar pollen, dog dandruff, and
cat dandruff were measured with specific IgE additive aller-
gens (ImmunoCAP; Thermo Fisher Diagnostics KK) at SRL, Inc.
Unscheduled visits were made to Jikei University Hospital, and
blood tests were performed when a participating infant showed
the immediate type of food allergy (eg, with immediate reac-
tion to walnuts, walnut-specific IgE was measured by blood
sampling at the unscheduled visit).

For infants who had food antigen–specific IgE-positive find-
ings (≥0.35 UA/mL) at 5 months of age, the OFC test was per-
formed at approximately 1 year of age at Jikei University Hos-
pital. After blood examination at 5 months of age, if the infants
had already taken the allergenic food without clinical allergic
signs or, conversely, the infants had already showed a strong
allergic or anaphylactic reaction to the allergenic food, the OFC
test was not performed.

Sample Size
The primary outcome, CM-IgE level of at least 0.35 UA/mL at
24 months of age, would be found in 10% in one group and 25%
in the other group with a 2-sided type I error of 5%, a power
of 90%, and an assumption of 3% loss to follow-up. We esti-
mated that 300 participants with a ratio of 1:1 would be suffi-
cient to detect this difference. Assuming 10 participants per
month could participate in this trial, the accrual period was es-
timated to be 2.5 years to enroll 300 participants. With final
participant follow-up 2 years after enrollment, the total dura-
tion of the planned trial was 4.5 years.

Statistical Analysis
Data were analyzed from September 1 through October 31, 2018.
All participants who underwent randomization were in-
cluded in this analysis. Outcomes were assessed according to
the randomization group even in cases that did not adhere to
the intervention. Effects of the intervention, such as avoid-
ing supplementation with CMF at birth, on the risk of out-
comes were estimated using risk ratios (RRs) and 95% CIs. Lev-
els of CM-IgE as a continuous variable were compared using
the Mann-Whitney test. Subgroups were prespecified accord-
ing to 25(OH)D levels sampled at 5 months of age into low,
middle, and high tertiles. To clarify whether the intervention
significantly affected these subgroups, P values for interac-
tion were analyzed using the Mantel-Haenszel test. These
analyses were not corrected for multiple comparisons. How-
ever, because of the potential for type I error due to multiple
comparisons, findings for subgroup analyses should be inter-
preted as explanatory.

All data were analyzed using Stata, version 14.0 (Stata-
Corp). Interim analyses were planned twice at reaching 100 and
200 participating infants who had their second birthday. Sta-
tistical significance at the interim analysis was set at 2-sided
P < .001 according to Peto group stopping boundaries.18

Post Hoc Analysis
Infants in the BF/EF group were further divided into the fol-
lowing 3 subgroups: (1) continued regimen at 5 months of
age; (2) switched from EF to CMF on day 15 and after; and
(3) switched from EF to CMF on day 14 or before. Levels of
CM-IgE were then compared among these 3 groups and in-
fants in the BF plus CMF group (ie, total of 4 groups).

Results
Study Population
Enrollment began October 1, 2013, and follow-up was com-
pleted May 31, 2018. After excluding 18 families according to
the inclusion and exclusion criteria, 312 of 330 infants (94.5%)
(160 female [51.3%] and 152 male [48.7%]) were randomized
to the BF/EF (n = 156) or the BF plus CMF (n = 156) groups at
birth (Figure 1). At the second birthday, 151 infants (96.8%) in
the BF/EF group and 151 (96.8%) in the BF plus CMF group
could be followed up and were included in the analysis.

The participants’ characteristics were similar between the
2 groups (Table 1). Because most participating mothers who
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attended the childbirth class were first-time parents, most of
the participating infants did not have older sibling(s).

Effects of Avoiding CMF at Birth on Sensitization
To examine atopic sensitization, blood samples were avail-
able in 309 of 312 infants (99.0%) at 5 months and in 286 of
302 infants (94.7%) at 24 months of age. Participating infants
were divided into the following prespecified subgroups ac-
cording to tertiles of serum levels of 25(OH)D at 5 months of
age: low (6-20 ng/mL [n = 102]), middle (21-36 ng/mL [n = 101]),
and high (37-83 ng/mL [n = 100]) (to convert 25[OH]D to nano-
moles per liter, multiply by 2.496).

Effects of avoiding CMF at birth on sensitization, re-
ported as food antigen–specific IgE level of at least 0.35 UA/mL
at 24 months of age, are given in Table 2. Significantly fewer
infants had the primary outcome, cow’s milk sensitization, in
the BF/EF group (24 of 143 [16.8%]) than in the BF plus CMF
group (46 of 143 [32.2%]; RR, 0.52; 95% CI, 0.34-0.81). In the
subgroup of middle 25(OH)D levels, cow’s milk sensitization
was significantly less frequent in the BF/EF group than in the
BF plus CMF group (4 of 44 [9.1%] vs 22 of 45[48.9%]; RR, 0.19;
95% CI, 0.07-0.50), but it was not significant in the low- or the
high-level subgroup. The interaction between the interven-
tion and middle tertile of 25(OH)D levels was significant (P = .02
for interaction).

In contrast, the number of infants with sensitization to egg
white or other food antigens was not significantly different be-
tween the 2 comparative groups. However, in the subgroup of
middle 25(OH)D levels, egg white sensitization was signifi-
cantly lower in the BF/EF group than in the BF plus CMF group
(RR, 0.51; 95% CI, 0.28-0.92), but it was not significant in the

Table 1. Participant Characteristics

Characteristic

Study Group

BF/EF
(n = 156)

BF Plus CMF
(n = 156)

Familial Background

Age, mean (SD), y

Paternal 37.0 (6.1) 37.7 (6.8)

Maternal 35.0 (4.5) 35.3 (4.3)

Current/previous atopic disease
of mother, No. (%)

Bronchial asthma 9 (5.8)/24
(15.4)

6 (3.8)/20 (12.8)

Atopic dermatitis 18 (11.5)/32
(20.5)

13 (8.3)/32 (20.5)

Food allergy 28 (17.9)/18
(11.5)

15 (9.6)/15 (9.6)

Allergic rhinitis 36 (23.1)/17
(10.9)

40 (25.6)/13 (8.3)

Pollen allergy 85 (54.5)/12
(7.7)

89 (57.1)/11 (7.1)

Current/previous atopic disease
of father, No. (%)

Bronchial asthma 4 (2.6)/22
(14.1)

11 (7.1)/24 (15.4)

Atopic dermatitis 7 (4.5)/14
(9.0)

13 (8.3)/25 (16.0)

Food allergy 20 (12.8)/4
(2.6)

17 (10.9)/9 (5.8)

Allergic rhinitis 37 (23.7)/11
(7.1)

41 (26.3)/17 (10.9)

Pollen allergy 80 (51.3)/11
(7.1)

79 (50.6)/3 (1.9)

Current/previous atopic disease
of siblings, No. (%)a

Bronchial asthma 2 (66.7)/1
(33.6)

2 (22.2)/1 (11.1)

Atopic dermatitis 0/0 3 (33.3)/0

Food allergy 1 (33.3)/2
(66.7)

5 (55.6)/1 (11.1)

Allergic rhinitis 2 (66.7)/0 3 (33.3)/0

Pollen allergy 1 (33.3)/0 1 (11.1)/0

Gestational age, median (IQR), wk 39 (38-39) 39 (38-39)

Nonvaginal delivery, No. (%)

Planned cesarean delivery 16 (10.3) 17 (10.9)

Emergency cesarean delivery 21 (13.5) 20 (12.8)

Female, No. (%) 82 (52.6) 78 (50.0)

Apgar score at 5 min, No. (%)b

8 points 4 (2.7) 10 (6.5)

9 points 131 (84.0) 128 (83.7)

10 points 15 (9.6) 15 (9.8)

Placental weight, mean (SD), g 585 (103) 563 (97)

pH of cord blood, mean (SD) 7.28 (0.06) 7.29 (0.08)

Anthropometry at birth, mean (SD)

Body weight, g 2994 (313) 2994 (314)

Body height, cm 48.7 (1.7) 48.8 (1.8)

Chest circumference, cm 31.5(1.3) 31.6 (1.4)

Head circumference, cm 34.0 (1.3) 34.1 (1.2)

Abbreviations: BF, breastfeeding; CMF, cow’s milk formula; EF, elemental
formula; IQR, interquartile range.
a Number of siblings was 3 in the BF/EF group and 9 in the BF plus CMF group.
b Includes 150 infants in the BF/EF group and 153 in the BF plus CMF group.

Figure 1. Patient Flow Through the Atopy Induced by Breastfeeding
or Cow’s Milk Formula (ABC) Trial

330 Patients assessed for eligibility

312 Randomized

18 Excluded
5 Did not meet inclusion criteria
7 Exclusion criteria
4 Declined to participate
2 Other reasons

156 Randomized to BF/EF
153 Received BF/EF for at least

the first 3 d
3 Received BF plus CMF at day 2

151 Underwent analysis
5 Excluded from analysis due to

loss to follow-up

151 Underwent analysis
5 Excluded from analysis due to

loss to follow-up

5 Lost to follow-up
0 At 0-6 mo
0 At 6-12 mo
1 At 12-18 mo
4 At 18-24 mo

5 Lost to follow-up
0 At 0-6 mo
2 At 6-12 mo
1 At 12-18 mo
2 At 18-24 mo

156 Randomized to BF plus CMF
156 Received BF plus CMF

within 24 h after birth

BF indicates breastfeeding; CMF, cow’s milk formula; and EF, elemental formula.
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low- or the high-level subgroup (P = .02 for interaction). Se-
rum levels of CM-IgE as a continuous variable were lower in
the BF/EF group (median, 0.05 UA/mL [interquartile range
{IQR}, 0.05-0.05 UA/mL]) than in the BF plus CMF group
(median, 0.05 UA/mL [IQR, 0.05-0.10 UA/mL]) at 5 months of
age (Figure 2A). Similar results were found at 24 months of age
in the BF/EF group (median, 0.05 UA/mL [IQR, 0.05-0.16 UA/
mL]) compared with the BF plus CMF group (median, 0.05
UA/mL [IQR, 0.05-0.48 UA/mL]) (Figure 2B).

Effects of Avoiding CMF at Birth
The risks of secondary outcomes of each clinical food allergy
are shown in Table 3. The immediate type of food allergy oc-
curred in 22 of 151 infants (14.6%) in the BF/EF group, which was
significantly less than 45 of 151 infants (29.8%) in the BF plus
CMF group. Of a total of 67, 43 infants (64.2%) outgrew the al-
lergy. At their second birthday, 4 infants (2.6%) in the BF/EF
group had not yet outgrown the allergy, which was signifi-
cantly less than the 20 infants (13.2%) in the BF plus CMF group
(RR, 0.20; 95% CI, 0.07-0.57). Anaphylaxis developed in 1 in-
fant (0.7%) in the BF/EF group, which was significantly fewer
than the infants 13 (8.6%) in the BF plus CMF group (RR, 0.08;
95% CI, 0.01-0.58), all of whom did not outgrow the allergy by
the second birthday. The OFC tests were performed in 20 in-
fants in the BF/EF group and 24 in the BF plus CMF group, of
whom 1 (5.0% of those tested and 0.7% of total) and 11 (45.8%
of those tested and 7.3% of total), respectively, had positive re-
sults and were diagnosed as having a food allergy. At the sec-
ond birthday, all infants with positive OFC findings in the BF/EF
group could eat the allergenic food, whereas 9 (6.0%) with OFC-
positive findings in the BF plus CMF group could not.

Incidence of CMA was significantly less in the BF/EF group
(1 [0.7%]) than the BF plus CMF group (10 [6.6%]). Of the total

11 infants with CMA, 7 (63.6%) outgrew CMA by the second
birthday, leaving no infants in the BF/EF group and 4 (2.6%)
in the BF plus CMF group with CMA. Similarly, egg allergy oc-
curred significantly less in the BF/EF (17 [11.3%]) than in the
BF plus CMF (30 [19.9%]) group. Of the 47 infants with inci-
dence of egg allergy, 38 (80.9%) had outgrown it by the sec-
ond birthday, leaving 1 (0.7%) in the BF/EF group and 8 (5.3%)
in the BF plus CMF group. Incidence of wheat allergy was lower
in the BF/EF (1 [0.7%]) than in the BF plus CMF (7 [4.6%]) group,
as was prevalence (0 and 5 [3.2%], respectively). The cumu-
lative incidence of other food allergies (eg, walnuts) was
3 (2.0%) in the BF/EF group and 9 (6.0%) in the BF plus CMF
group. In the subgroup of middle 25(OH)D levels, fewer im-
mediate food allergies developed in the BF/EF vs BF plus CMF
groups (0 vs 8 [17.0%]). Similar results were found for ana-
phylactic food allergies (0 vs 6 [12.8%]). In both instances, their
interactions were not significant.

Post Hoc Analysis
In the BF/EF group, by maternal preferences, 73 infants were
switched from BF/EF to BF plus CMF within 14 days and 42,
after 14 days of life (total of 115 infants). A residual 39 infants
continued to receive BF/EF until 5 months of age. In a post hoc
analysis, levels of CM-IgE at 5 months of age did not show a
clear trend (Figure 2B, upper panel), whereas those at 24
months of age showed a trend for earlier start of supplemen-
tation with CMF to be associated with higher levels of CM-IgE
(BF/EF until 5 months of age, median of 0.05 UA/mL [IQR, 0.05-
0.05 UA/mL]; switched to BF plus CMF after 14 days of life, 0.05
UA/mL [IQR, 0.05-0.16 UA/mL]; switched to BF plus CMF within
14 days of life, 0.05 UA/mL [IQR, 0.05-0.34 UA/mL]; BF plus
CMF group, 0.05 UA/mL [0.05-0.48 UA/mL]) (Figure 2B, lower
panel). Among these 115 infants, CMF sensitization was en-

Table 2. Effects of Avoiding CMF at Birth on Antigen-Specific IgE Levelsa

Subgroups

Study Group, No. (%) of Infants

RR (95% CI)b
P Value for
InteractioncTotal BF/EF BF Plus CMF

Cow’s Milk–Specific IgE Level ≥0.35 UA/mL

Overall (n = 286)d 70 (24.5) 24 (16.8) 46 (32.2) 0.52 (0.34-0.81) NA

Subgroups stratified by 25(OH)D levelse

Lower tertile (n = 94) 17 (18.1) 8 (17.0) 9 (19.1) 0.89 (0.38-2.11)

.02Middle tertile (n = 89) 26 (29.2) 4 (9.1) 22 (49.0) 0.19 (0.07-0.50)

Higher tertile (n = 96) 26 (27.1) 12 (25.0) 14 (29.2) 0.86 (0.44-1.66)

Egg White–Specific IgE ≥0.35 UA/mL

Overall (n = 286)d 107 (37.4) 53 (37.1) 54 (37.8) 0.98 (0.73-1.32) NA

Subgroups stratified by 25(OH)D levelse

Lower tertile (n = 94) 32 (34.0) 16 (34.0) 16 (34.0) 1.00 (0.57-1.78)

.02Middle tertile (n = 89) 33 (37.1) 11 (25.0) 22 (49.0) 0.51 (0.28-0.92)

Higher tertile (n = 96) 38 (39.6) 23 (47.9) 15 (31.3) 1.53 (0.92-2.56)

Abbreviations: BF, breastfeeding; CMF, cow’s milk formula; EF, elemental
formula; NA, not applicable; RR, risk ratio; 25(OH)D, 25-hydroxyvitamin D;
UA, allergen units.
a Other antigen-specific IgEs (wheat, mites, Japanese cedar pollen, dog

dandruff, and cat dandruff) were not significantly different overall and in the
subgroups.

b Estimated as the risk of the effects of intervention (ie, avoiding
supplementation with CMF at birth) on the risk of outcomes.

c To clarify whether the intervention significantly affected these subgroups,
P values for interaction were analyzed using the Mantel-Haenszel test.

d Blood samples were available in 286 of 302 (94.7%) infants at 24 months of
age (143 in each group).

e Blood samples for measuring 25(OH)D levels were available in 303 infants at
5 months of age, but the number of infants who had data at 5 months and
food antigen–specific IgE data at 24 months of age was reduced to 279.
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hanced, but risks of clinical food allergies (ie, secondary out-
comes) were not increased at all compared with 39 infants.

Adverse Events
We obtained the following information from an interview at
the outpatient clinic just after the 2-year-old birthday: admis-
sion for any reason, emergency department visit for any rea-
son, growth retardation, and height and weight at the second
birthday. There was no evidence of a difference between in-
fants in the BF/EF and BF plus CMF groups for safety out-
comes (eTable in Supplement 2).

Discussion
In this RCT, avoiding exposure to CMF for at least the first 3
days of life decreased risks of sensitization to cow’s milk and
CMA compared with supplementing with CMF from the first

day of life. Although the previous cohort study6 showed that
early exposure to CMF within 14 days after birth reduced the
risk of CMA, exposure to small quantities of CMF for the first
3 days of life was not monitored. Thus, the results of that
observational study are not necessarily in contrast to those of
the present trial. The RCT by Saarinen et al7 showed that
CMA was detected in 2.4% of infants supplemented with
CMF and 1.5% of those supplemented with extensively
hydrolyzed whey formula at maternity hospitals, where CMF
was started as a supplement at a median of 15 hours. On the
other hand, in the present trial, 2.6% in the BF plus CMF
group vs 0 in the BF/EF group developed CMA. Thus, the
results of both RCTs are considered similar, but amino acid–
based EF may be less allergenic than the whey hydrolysate
formula, even if extensively hydrolyzed. Moreover, a pro-
spective cohort study8 showed that all 39 CMAs developed in
1539 infants who received CMF supplementation during the
first 3 days of life, whereas no CMAs occurred in 210 infants

Figure 2. Cow’s Milk–Specific IgE (CM-IgE) Levels Among Study Groups
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A, CM-IgE levels are compared between infants in the groups receiving
breastfeeding with or without amino acid–based elemental formula for at least
the first 3 days of life (BF/EF group) and BF supplemented with cow’s milk
formula from the first day of life to 5 months of age (BF plus CMF group). Blood
sampling was available at 5 (309 of 312 [99.0%]) and 24 (286 of 302 [94.7%])
months of age. B, As a post hoc analysis, infants in the BF/EF group are further
divided into the following 3 subgroups: (1) continued BF/EF; (2) switched from

EF to CMF on day 15 of life and after; and (3) switched from EF to CMF on day 14
of life or before. Subgroups were compared with the BF plus CMF group as
adding CMF from the first day of life. Levels of CM-IgE are compared among
these 4 groups at 5 and 24 months of age. P values were computed by
regression analysis. Error bars indicate 95% CIs. BF indicates breastfeeding;
CMF, cow’s milk formula; EF, elemental formula; and UA, allergen units.
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Table 3. Effects of Avoiding CMF at Birth on Immediate and Anaphylactic Types of Food Allergy

Effects

Study Group, No. (%) of Infantsa

RR (95% CI)b
P Value for
Interactionc

Total
(n = 302)

BF/EF
(n = 151)

BF Plus CMF
(n = 151)

Immediate Type of Food Allergy

Cumulative incidence by
the second birthday

67 (22.2) 22 (14.6) 45 (29.8) 0.49 (0.31-0.77) NA

Prevalence at the second
birthday

24 (7.9) 4 (2.6) 20 (13.2) 0.20 (0.07-0.57) NA

Subgroups stratified by
25(OH)D levelsd

Lower tertile (n = 99) 8 (8.1) 2 (4.2) 6 (11.8) 0.35 (0.08-1.67)

.64Middle tertile (n = 96) 8 (8.3) 0 8 (16.7) 0 (NA)

Higher tertile (n = 98) 8 (8.2) 2 (4.1) 6 (12.2) 0.33 (0.07-1.57)

Anaphylactic Type of Food Allergy

Cumulative incidence by
second birthday

14 (4.6) 1 (0.7) 13 (8.6) 0.08 (0.01-0.58) NA

Prevalence at second birthday 14 (4.6) 1 (0.7) 13 (8.6) 0.08 (0.01-0.58) NA

Subgroups stratified by
25(OH)D levelsd

Lower tertile (n = 99) 5 (5.1) 1 (2.1) 4 (7.8) 0.27 (0.03-2.29)

.55Middle tertile (n = 96) 6 (6.3) 0 6 (12.5) 0 (NA)

Higher tertile (n = 98) 3 (3.1) 0 3 (6.1) 0 (NA)

OFC-Positive Immediate Type of Food Allergy

Cumulative incidence by
second birthday

12 (4.0) 1 (0.7) 11 (7.3) 0.09 (0.01-0.70) NA

Prevalence at second birthday 9 (3.0) 0 9 (6.0) 0 (NA) NA

Subgroups stratified by
25(OH)D levelsd

Lower tertile (n = 99) 3 (3.0) 0 3 (5.9) 0 (NA)

>.99Middle tertile (n = 96) 1 (1.0) 0 1 (2.1) 0 (NA)

Higher tertile (n = 98) 5 (5.1) 0 5 (10.2) 0 (NA)

Cow’s Milk Allergy

Cumulative incidence by
second birthday

11 (3.6) 1 (0.7) 10 (6.6) 0.10 (0.01-0.77) NA

Prevalence at second birthday 4 (1.3) 0 4 (2.6) 0 (NA) NA

Subgroups stratified by
25(OH)D levelsd

Lower tertile (n = 99) 2 (2.0) 0 2 (3.9) 0 (NA)

>.99Middle tertile (n = 96) 2 (2.1) 0 2 (4.2) 0 (NA)

Higher tertile (n = 98) 0 0 0 0 (NA)

Egg Allergy

Cumulative incidence by
second birthday

47 (15.6) 17 (11.3) 30 (19.9) 0.57 (0.33-0.98) NA

Prevalence at second birthday 9 (3.0) 1 (0.7) 8 (5.3) 0.13 (0.02-0.99) NA

Subgroups stratified by
25(OH)D levelsd

Lower tertile (n = 99) 4 (4.0) 1 (2.1) 3 (5.9) 0.35 (0.04-3.29)

.68Middle tertile (n = 96) 2 (2.1) 0 2 (4.2) 0 (NA)

Higher tertile (n = 98) 3 (3.1) 0 3 (6.1) 0 (NA)

Wheat Allergy

Cumulative incidence by
second birthday

8 (2.6) 1 (0.7) 7 (4.6) 0.14 (0.02-1.15) NA

Prevalence at second birthday 5 (1.7) 0 5 (3.3) 0 (NA) NA

Subgroups stratified by
25(OH)D levelsd

Lower tertile (n = 99) 0 0 0 0 (NA)

>.99Middle tertile (n = 96) 3 (3.1) 0 3 (6.3) 0 (NA)

Higher tertile (n = 98) 2 (2.0) 0 2 (4.1) 0 (NA)

Abbreviations: BF, breastfeeding;
CMF, cow’s milk formula;
EF, elemental formula; NA, not
applicable; OFC, oral food challenge;
RR, risk ratio; 25(OH)D,
25-hydroxyvitamin D.
a Cumulative incidence and

prevalence are calculated using
column totals; 25(OH)D subgroups,
using row totals.

b Estimated as the effects of
intervention (ie, avoiding
supplementation with CMF at birth)
on risk of outcomes.

c To clarify whether the intervention
significantly affected these
subgroups, P values for interaction
were analyzed using the
Mantel-Haenszel test.

d Blood samples for measuring
25(OH)D levels were available in
303 infants at 5 months of age, but
the number of infants with data at
5 months and followed up until 24
months of age was reduced to 293.
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who did not receive CMF supplementation, findings consid-
ered to be consistent with this trial.

Of interest, avoiding CMF for at least the first 3 days of life
reduced not only CMA risk but also other food allergy risks in
the present trial. Germ-free mice treated with antibiotics or de-
void of any bacterial colonization were demonstrated to be
highly susceptible to the anaphylactic type of food allergy.19,20

On the other hand, gut bacterial flora (eg, Anaerostipes cac-
cae) were suggested to protect against food allergy in a mu-
rine model by transferring microbiota from healthy and aller-
gic infants.20 Cesarean delivery is a well-known risk factor for
food allergy, which may be explained by the evidence that in-
fants born by cesarean delivery acquire nonmaternal vaginal
bacteria from the hospital environment.21 In addition, a lon-
ger duration of BF was associated with a lower prevalence of
Clostridium difficile,22 colonization of which at 1 month of age
was associated with wheeze, eczema, and asthma later in life.23

Necrotizing enterocolitis, an inflammatory bowel necrosis most
commonly affecting preterm infants, can be triggered by feed-
ing of CMF and prevented by BF, which may be further influ-
enced by an altered intestinal microbiome that activates an
uncontrolled proinflammatory response.24 Based on these find-
ings, we generated the hypothesis that exposure to a high vol-
ume of cow’s milk protein with scarce growth of the gut mi-
crobiome just after birth may trigger enterocolitis, enhance
permeability of gut membrane, facilitate absorption of food al-
lergens, and increase risks of food allergy later in infancy.

In the present trial, the immediate and anaphylactic types
of food allergy independent of food type (ie, not only cow’s milk
but also egg, wheat, and others) were shown to be primarily
preventable by avoiding exposure to CMF at birth, although
the mechanisms are unknown. Avoiding CMF is easily and im-
mediately applicable to clinical practice throughout the world
without incurring the cost and time of therapy. Recent RCTs
demonstrated that early introduction of peanuts and heated
egg powder among infants with eczema produced marked risk
reductions of peanut25 and egg allergy.26 However, avoiding
CMF at birth may be safer.

In subgroup analysis, avoiding CMF at birth was effective
only in the subgroup of middle 25(OH)D levels. A U-shaped or
inverted U-shaped association was reported between 25(OH)D
levels and aeroallergen sensitization27 or eczema,28 respectively.
These outcomes may suggest not linear but bimodal function of
25(OH)D in the serum on immune functions. However, vitamin
D hypotheses in food allergy are still far from conclusions.

Limitations
This trial has several limitations. First, this trial was not double-
blinded. For this reason, the primary outcome was set as
CM-IgE level, an objective variable, and the OFC tests were per-
formed by pediatricians who were blinded to allocation group.
The secondary outcomes were further determined by the end

point committee, which was blinded to the intervention arms.
Second, the OFC test was not administered to all partici-
pants. The OFC test is the criterion standard for the diagnosis
of food allergy, but it is a resource-intensive procedure with
some level of risk involved; thus, it was reserved for the equivo-
cal cases predefined in this trial.29 Third, the follow-up pe-
riod was to the second birthday, which may be too short to
evaluate the risks of food allergy because some infants with
food allergy can outgrow their allergy after the second birth-
day, or some infants may show the immediate and anaphylac-
tic types of allergy to certain foods (eg, nuts) after the second
birthday. Fourth, the prevalence of each food allergy is differ-
ent in different countries (eg, egg allergy is highest in Japan,
probably because Japanese prefer to eat raw eggs, whereas CMA
is highest in other countries).30 Fifth, we cannot differentiate
which intervention—avoiding CMF or exposing to EF for the
first 3 days—was effective in preventing development of food
allergy. However, CMF and EF are fundamentally the same ex-
cept whether cow’s milk protein or amino acids without cow’s
milk protein is included. Randomization into the BF plus CMF
group from the first day of life, BF alone for the first 3 days while
avoiding CMF and EF, and BF plus EF for the first 3 days while
avoiding CMF is ideal. However, if mothers do not have enough
breast milk, it is ethically hard to keep an intervention of BF
alone even for 72 hours at birth. Sixth, amounts of CMF or EF
added to BF were highly variable, ranging from anywhere to
near-exclusive BF or near-exclusive CMF with different dura-
tion based on subjective impression of adequate infant in-
take. Regardless of these variabilities in the intervention, the
difference was obvious between the BF/EF and BF plus CMF
groups, suggesting that the critical factor may not be the
amount of CMF exposure or its duration but timing of the start
of adding CMF to BF. Seventh, after 3 days of life, most in-
fants in the BF/EF group were switched from BF/EF to BF plus
CMF, whereas all infants in the BF plus CMF group remained
in the same group, which may cause differential misclassifi-
cation. Thus, adding CMF to BF after 3 days of life may have
protective effects on the development of food allergy, includ-
ing CMA. Eighth, cow’s milk sensitization as the primary out-
come does not always lead to CMA, although CMA develops
among infants with cow’s milk sensitization. If we focused on
OFC-proven CMA as one of the secondary outcomes, statisti-
cal power is too small.

Conclusions
This study found that not only sensitization to cow’s milk but
also clinical food allergies are primarily preventable by avoid-
ing CMF supplementation at birth. This prevention is easily and
immediately applicable to clinical practice throughout the
world without the cost and time of therapy.
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