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Abstract

Background: Cow milk allergy (CMA) is the most common
food allergy in breastfed infants. The aim of this study is to
verify whether certain perinatal factors may influence the
development of CMA immunoglobulin E (IgE)+. Methods: A
retrospective, observational study of case and control groups
was carried out. Information was collected of patients with
CMA IgE+from our department during the years 1990-2013.
Patients of the same age and sex were recruited for the con-
trol group. Information on the following variables was col-
lected: sex, age, pregnancy tolerance, duration of pregnan-
cy, type of delivery, isolated doses of formula feeding in hos-
pital (FFH), duration of breastfeeding, and family history of
allergy (defined as >1 first-degree family member with aller-
gic disease). Statistical analysis was performed using multi-
variate logistic regression techniques. Results: A total of 211
cases were included in this study. Multivariate analysis
showed an influence of duration of breastfeeding, FFH to be
arisk factor (OR 4.94; 95% Cl 2.68-9.08), especially in caesar-
ean delivery (OR 11.82; 95% Cl 2.64-47.50), and prematurity

(OR0.29; 95% C1 0.09-0.92) to be a protective factor. Conclu-
sions: Perinatal factors play a key role in the development of
CMA IgE+, with an influence of breastfeeding duration, FFH
and caesarean delivery as risk factors and prematurity as a
protective factor. While family history had no importantrole,
environmental factors were more decisive.

© 2017 S. Karger AG, Basel

Introduction

Cow milk allergy (CMA) is the most common food al-
lergy in breastfeeding (BF) infants and young children
and it can affect 2% of children under 5 years of age and
0.9% of the general population [1-3]. CMA presents a
wide variety of clinical symptoms as immune responses
to cow’s milk proteins (CMP) can be mediated by immu-
noglobulin E (IgE) and not mediated by IgE, fundamen-
tally type III (immune complex) and type IV reactions
(mediated by T cells or a delayed type) [4, 5]. The diagno-
sis is based on clinical and allergy studies, with provoca-
tion testing being the gold standard for diagnosis [6]. The
treatment of choice is initially a diet free from CMP [4, 6].

CMA is a disease that generates high health care costs
[7-10]. In primary prevention strategies recommended
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by clinical guidelines, children at risk are defined as those
whose parents or siblings have a history of allergic disease
[6]. These strategies have been based mainly on dietary
restrictions for mothers during pregnancy and lactation,
suggesting that they avoid or delay introducing certain
foods that are considered allergenic [6]. However, such
recommendations have been found to not be effective
[11-14]. BF has been postulated as a protective factor
against the development of CMA, although evidence lev-
els are somewhat inconsistent [14]. There is also not
much evidence regarding the use of special formulas [15,
16], probiotics [17], or prebiotics [18] by patients at risk.
Other factors that have been studied are caesarean deliv-
ery [19-23] and perinatal exposure to small amounts of
CMP [24-27], though the results are conflicting. Other
factors such as duration of BF [14, 28, 29], prematurity,
threatened premature delivery, preeclampsia [30], hyper-
tension, gestational diabetes [31], and antibiotics [21]
during labor have been much less studied. The purpose
of this study is to analyze the impact different perinatal
factors may have on the development of IgE-mediated
CMA.

Materials and Methods

A retrospective, observational case-control study was conduct-
ed in Navarra, Spain, after receiving approval from the Clinical
Research Ethics Committee. The cases were recruited in the Pedi-
atric Gastroenterology and Nutrition Unit of the Hospital of Na-
varra, the tertiary referral hospital of the Navarra Health Service,
which offers universal assistance to the people of Navarra (Au-
tonomous Community of Spain, estimated population: 640,154)
[32]. All patients were recruited in the outpatient pediatric gastro-
enterology consult at the time of diagnosis in the first year of life,
and any refusal to be included in this observational study was reg-
istered. Clinical data of all of the patients diagnosed with CMA
were collected from June 1990 to June 2013 via consultation of
medical records and a recruitment questionnaire. The inclusion
criteria for the cases were: previously healthy patients with a clini-
cal profile suggestive of CMA (anaphylactic shock, urticaria, an-
gioedema, perioral syndrome, atopic dermatitis, vomiting, diar-
rhea, rejection of feeding, spasmodic cough, allergic rhinitis, otitis,
and other compatible symptoms) who also presented specific IgE
antibodies to CMP (IgE specific to casein, B-lactoglobulin and
a-lactalbumin, IgE cutoff >0.35 kU/L) in the initial evaluation with
confirmation via a positive provocation test (except for those cases
in which a provocation test was considered contraindicated).
Provocation tests were performed on all of the patients, except
those with a history of anaphylaxis or severe allergic reaction after
exposure to CMP or who presented very high levels of specific IgE
in the initial determination (>2.5 kU/L). We excluded all patients
with a history of chronic digestive diseases and patients who had
already been diagnosed with CMA IgE+ who had undergone pre-
vious treatments.
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Table 1. Descriptive analysis of age and gender in the CMA and
control groups

CMA IgE+ Control p
Age, years 14.41+5.42 14.59+4.09 0.713*
Male gender 128/211 (60.7)  128/211 (60.7)  1.000°

Values are presented as means + SD or numbers/total (%) un-
less otherwise stated. CMA, cow milk allergy; IgE, immunoglobu-
lin E. * Student ¢ test for independent samples. ® Pearson ¥? test.

The control sample was found in the same healthy reference pop-
ulation according to a criterion of no difference in the distribution
of basic biological variables (age and gender) from the study cases.
The control sample was recruited using a direct questionnaire at
schools and health centers. Control recruitment was performed after
planning stratification by gender and age, with different numbers of
participants in every group according to the case distribution. They
were collected unselectively in order of arrival to complete every stra-
tum previously established and then the recruitment was stopped, so
a database of the excluded controls was not generated. The inclusion
criteria were: individuals from the same reference population who
regularly tolerated the consumption of dairy products, excluding pa-
tients with a previous or current history of CMA.

The following variables were collected for both the case and the
control groups: date of birth, pregnancy tolerance (poor pregnan-
cy tolerance was defined as presence of any of the following condi-
tions in the mother during pregnancy: hypertension, preeclamp-
sia/eclampsia, and threatened preterm birth or gestational diabe-
tes; the absence of these conditions was the reference category),
duration of pregnancy (pregnancy was defined as premature when
the baby was born at a gestational age of less than 37 weeks and as
term when they baby was born at a gestational age of more than 37
weeks, with term delivery being the reference category), type of
delivery (categorized as vaginal birth or caesarean delivery, with
vaginal birth being the reference category), formula feeding in hos-
pital (FFH) (categorized as patients who received some isolated
doses of formula during maternity and then continued with BF
exclusively; the reference category was comprised of patients who
received no formula supplement and were discharged with exclu-
sive BF or those who were discharged with formula feeding or
mixed BF), duration of BF (categorized as less than 1 month, from
1 to 4 months, from 4 to 6 months, and more than 4 months, with
BF duration longer than 6 months as the reference category), fam-
ily history of allergy (FH) (defined as one or more first-degree rel-
atives with a history of allergic disease; no first-degree relatives
with a history of allergic disease was the reference category). Ad-
ditionally, for the cases, age and clinical manifestations when di-
agnosed were collected.

For statistical analysis, the Pearson ¥ test was used for dichot-
omous variables for comparison of proportions. To calculate OR
and 95% CI, logistic regression was used. A multivariate logistic
regression model was employed for different predictor variables
(i.e., pregnancy tolerance, duration of pregnancy, type of delivery,
FFH, duration of BF, and FH, tested a priori for confusion and in-
teraction), performing calibration and adjustment with ROC
curves and the Hosmer-Lemeshow test.
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Table 2. Perinatal variables for the CMA and control groups

CMA Control OR? (CI 95%) P°

PPT 24 (11.5) 37 (18) 0.59 (0.34-1.03) 0.062

Prematurity 9 (4.3) 27 (13.2) 0.29 (0.13-0.64) 0.001

Caesarean 94 (45) 33(15.9) 4.33 (2.73-6.87) <0.001

FFH 134 (73.6) 35(17.9) 12.76 (7.79-20.88) <0.001

FH¢ 100 (42.1) 89 (47.3) 1.23(0.84-1.81) 0.282
BF duration

<1 month 41 (19.4) 25(11.8) 1.79 (1.04-3.07) 0.034

1-4 months 69 (32.7) 66 (31.3) 1.06 (0.70-1.60) 0.754

4-6 months 65 (30.8) 39 (18.5) 1.96 (1.24-3.09) 0.004

>6 months 30 (14.2) 57 (27.0) 0.44 (0.27-0.73) 0.001

Values are presented as numbers (%) unless otherwise stated. CMA, cow milk allergy; PPT, poor pregnancy
tolerance; FFH, formula feeding in hospital; FH, family history of allergy; BF, breastfeeding. * The control group
was used as reference. ® Pearson ¥ test.  One or more family members with an allergic disease.

Results

A total of 211 cases were included. The gender distri-
bution was 128 (60.7%) men and 83 (39.3%) women. The
age at diagnosis was 5.07 + 2.67 months and the current
mean age (June 2015) was 14.41 + 5.42 years. The 211
healthy controls showed no significant differences in gen-
der or age compared to the cases (Table 1).

Table 2 shows the univariate analysis of the different
perinatal variables that were studied in the case and con-
trol groups. Generally, a higher proportion of poor preg-
nancy tolerance, increased prematurity, and a higher pro-
portion of BF duration >6 months were observed in the
control group compared to the CMA group. Conversely,
a higher proportion of caesarean deliveries, FFH, BF du-
ration <1 month, and BF for 4-6 months in the CMA
group was evident.

When performing the multivariate analysis on pa-
tients with CMA and the control group of independent
predictors of CMA, the model shown in Table 3 was ob-
tained. A strong association of CMA with FFH as a risk
factor was observed, and it also interacted with caesarean
delivery, in the presence of which the OR value was sig-
nificantly multiplied. Other factors such as prematurity
were negatively associated. With respect to BF duration
(used BF longer than 6 months as the reference category
[33]), we observed that BF duration <1 month as well as
BF for 4-6 months were associated with a higher risk of
CMA, while there were no differences in BF from 1 to 4
months. The model showed goodness of fit, with an area
under the curve of 0.852 and a nonsignificant Hosmer-
Lemeshow test result (p = 0.816).

Perinatal Risk Factors and CMA

Table 3. Multivariate analysis model for the variable outcome
CMA

OR (95% CI) p

FFH? 4.94 (2.68-9.08) <0.001
Caesarean 0.91 (0.36-2.31) 0.857
FFH x caesarean 11.62 (2.84-47.50) 0.001
Prematurity 0.29 (0.09-0.92) 0.037
BF duration 0.005
<1 month 3.87 (1.58-9.50) 0.003
1-4 months 1.81 (0.84-3.90) 0.127
4-6 months 3.54 (1.58-7.89) 0.002

>6 months Ref.
FH 0.86 (0.49-1.48) 0.594
Constant 0.17 <0.001

FFH, formula feeding in hospital; BF, breastfeeding; FH, fam-
ily history of allergy; CMA, cow milk allergy. ? Isolated formula
feeding during maternity with subsequent exclusive BF.

Discussion

Comparison of the different perinatal variables ana-
lyzed between the CMA IgE+ and control groups suggests
a number of interesting considerations. The most signifi-
cant is the strong association of this disease with isolated
administration of FFH in women who subsequently con-
tinued to exclusively breastfeed their children. Among
the patients with CMA IgE+, 73.6% reported having con-
sumed isolated doses of formula during maternity, com-
pared to only 17.9% of the healthy control group. Similar
data have been reported in case and control studies [34],
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a series of case studies [25], and cohort studies [24, 35—
36]. However, De Jong et al. [26] refuted this association
in a double-blind randomized trial of 1,533 infants who
were given either CMP or a placebo for 3 days and were
monitored for the occurrence of atopic diseases for 2 [26]
and 5 years [27]. The authors concluded that early expo-
sure to CMP was not associated with atopic diseases. De-
spite this, the infants randomized into the CMP group
from that study were BF exclusively for a very short pe-
riod (33.4% were exclusively BF for less than 2 weeks, 48%
were exclusively BF for less than 6 weeks, and more than
70% were exclusively BF for less than 3 months), in con-
trast to our study in which the mean period of exclusive
BF in the CMA group was more than 4 months. The fact
that the rate of exclusive BF was so low in such a high per-
centage of cases may have contributed to inducing toler-
ance in these patients, as occurred in patients who con-
sumed breastmilk mixed with formula or those who only
consumed formula. Not considering the duration of the
BF period may have led to underestimation of the asso-
ciation between FFH and CMA, which in our study was
very strong, with an OR in the multivariate analysis of
4.94 for vaginal delivery and 11.62 for caesarean delivery,
as has been noted by various authors. Katz et al. [37] pub-
lished a study of a cohort of more than 13,000 children
and found that children who consumed formula from an
earlier age were less likely to develop IgE-mediated CMA.
Possibly the key problem is isolated consumption of for-
mula and a subsequent extended period of exclusive BF.

The other risk factor in our study associated with CMA
was caesarean delivery. There is some controversy re-
garding this in the literature, and mixed results have been
published [19-23]. The univariate analysis of our study
showed that a caesarean delivery is a very significant risk
factor. However, when performing the multivariate anal-
ysis this association was only observed for interactions
with the variable FFH, such that the OR increased sig-
nificantly in the group of patients born by caesarean who
consumed FFH, while in the group of patients born by
caesarean who did not consume FFH it was not shown to
be a risk factor. In the studies mentioned above, FFH was
not considered as a variable, and perhaps this could ex-
plain the contradictory results found in previous studies.
It therefore seems that both early and isolated introduc-
tion of CMP with a subsequent period of prolonged BF
and the presumable changes in the intestinal microflora
produced by a caesarean delivery [38] (in addition to the
concomitant use of antibiotherapy [39]) act together,
with the latter being a predisposing factor while the first
would be the trigger.
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In our study the duration of BF was shown to have a
significant influence on the occurrence of CMA. The du-
ration of BF was longer in the control group. We found a
lower risk of CMA in infants who were BF for longer than
6 months, which we used as the reference category, but in
fact over 90% of patients with CMA are diagnosed before
the age of 6 months, so we stratified the BF duration vari-
able into 4 categories. We found a higher risk of CMA in
infants with a very brief BF duration (less than 1 month)
and in those with a BF duration of 4-6 months, but no
significant differences were identified in infants with a BF
of 1-4 months. Liao et al. [40] reported a lower risk of
CMP sensitization in infants with prolonged BF, although
their cutoff was 4 months. The results of a meta-analysis
[41] addressing BF as a protective factor against allergic
diseases also suggested that prolonged BF is a protective
factor for the development of CMA IgE+. Regardless of
the effects of BF, the special bimodal distribution of risk
in the duration of BF points to an important effect of time
of introduction of CMP in these patients. Clinical experi-
ence has shown us that most mothers who discontinue BF
do so during the first month (due to BF problems) or at
4-6 months (coinciding with the end of their maternity
leave). These medical and socioeconomic reasons could
condition the time of introduction of CMP and, at the
same time, the duration of BF. Different factors such as
the benefits of BF, the time of introduction of CMP, and
others like the maturity of the digestive and immune sys-
tems could explain the effects we found to be associated
with BF duration in our study.

Prematurity also appeared to be a protective factor
against CMA in the multivariate analysis. The relevant
fact is that only 4.3% of patients with CMA were prema-
ture, and this figure is much lower than the proportion in
the general population (13.2% in the control group). This
fact has already been pointed out by Zachariassen et al.
[29] who, when studying the incidence of allergic disease
in a cohort of extremely premature infants, did not find a
single case of food allergy. The explanation for this is pos-
sibly immunological: the premature patient’s immune
system is most likely not developed enough to generate
IgE-mediated reactions to allergens through the digestive
tract, a fact that was already observed in a study published
in 1975 by Rieger and Rothberg [42] in which it was found
that up until 35-36 weeks newborns exposed to CMP are
not able to generate specific IgE antibodies.

It is worth mentioning that FH was not a significant
risk factor for IgE-mediated CMA, even in the univariate
analysis. Although a family history of atopy is a univer-
sally accepted risk factor [6, 14, 41] in the development of
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allergic diseases, in view of the current results we could
hypothesize that the development of CMA in our context
has a greater association with environmental factors.
Consumption of FFH has been (and remains) a very com-
mon practice in our context, especially in caesarean de-
liveries, where the mother is separated from the child for
a few hours, and it is in these situations in which patients
usually receive the first doses of formula. This, combined
with subsequent more or less prolonged exclusive BF, is
largely responsible for many of these children developing
IgE-mediated CMA. It seems that the development of
CMA is more related to this “iatrogenic care” than to a
high genetic or familial risk. Thus, in our opinion isolated
doses of formula should be avoided in newborns whose
mothers wish to give exclusive BF, especially in children
born by caesarean. If isolated doses are necessary for
medical reasons, extensively hydrolyzed formulas could
be a good option to avoid sensitization in these children.

The limitations of this study come from its own meth-
odological design. This was a retrospective study of case
and control groups, and there may have been bias with
regard to memory, i.e., the parents of the cases may have
remembered certain details about the risk factors better
than those of the controls. In some cases, such as for the
variable type of delivery, this bias is irrelevant, but it may
have affected this study in terms of other variables. How-
ever, as the birth of a child is a vital event, parents tend to
remember all of the details surrounding the event well.
Furthermore, the responses given in the questionnaire
were verified via the available medical record register and

the correlation was correct. Selection bias in the controls
is possible, because parents with allergies could have been
more motivated to participate in this study, but the prev-
alence of FH among cases and controls was similar to the
allergy prevalence described in developed countries [43],
so despite this we think that ours results can be applied to
the general population. Another limitation of this study
was the frequency of disease in our context, which meant
that an extended recruitment period was needed to reach
a sufficient sample size. Finally, some important condi-
tions, like the socioeconomic or educational level of the
mothers, have not been studied and could be related to
other variables like BF duration. A lack of these variables
could make the current results subject to residual con-
founding.

Conclusions

Sporadic FFH consumption during the first days of life
is a key risk factor in the development of CMA, especial-
ly in those patients born by caesarean delivery, such that
its consumption should be avoided. Prolonged BF has
been shown to be a protective factor against the develop-
ment of CMA and should therefore be encouraged.
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