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Abstract: Even though allergic disease is identified in the first year of life, it is often in a less forward
fashion, with elements of a wait and see approach. If the infant does not have an anaphylactic food
reaction, other less dramatic allergic phenomenon is often under-emphasized, waiting for additional
concerns. We approached this with a conception to first conduct birthday surveys, attempting to link
intrauterine and peri-birth circumstances to affect better allergy recognition in young infants.
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1. Introduction

The conceived fetus has many promising outcomes, but becoming allergically sensi-
tized, and to have an allergic disease develop within the first year of birth, is an unwelcome
outcome. A recent manuscript thoroughly discusses food allergic anaphylactic reactions in
infants, and the clinical management during and after [1]. We review here the information
on how that infant was set up to have a food allergic reaction, including intrauterine
immunology, intrauterine IgE sensitization, the presence of IgE sensitization at birth, breast
feeding sensitization, transcutaneous sensitization, and the allergic diseases that typically
result from food allergic sensitization, including anaphylaxis, within the first year.

2. Genetic and Epigenetic Potentials

In the broad sense, the immediate family presence of an allergic disease provides
familial, presumably genetic [2], pressure to have the same, or related, allergic disease
eventually develop in the infant’s antenatal life. In the case of asthma, recent studies are
showing strong perinatal influences [3–7].

Atopic dermatitis in a parent seems to being stronger atopic dermatitis potential to
their child [5,8]. Allergic rhinitis and food allergy in a parent provide allergic influence on
the fetus, but less direct influence for those specific diseases. The genetics of an allergic
disease has had remarkable breakthroughs, and many chromosome and gene areas have
been identified using population and sib-sib analyses but without a single specific gene
identified for a specific disease [9]. Very likely, multiple genes contribute to each disease,
along with intrauterine epigenetic influences [5,10–12], and intrauterine and infant post-
birth environmental pressures [5,11,13,14].

3. Fetal Immunity Development and the Production of IgE

Substantial information has accumulated on fetal immunity, largely building off mouse
studies [5,10,14–16]. A recent review of human immunology was published in Science
in 2020 [17]. We recapitulated it here briefly, focusing on the components of the immune
system essential for development of allergy. Macrophages and tissue mast cells appear very
early in the first trimester. Early mast cells do not have the gene for the alpha unit of IgE
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receptors, but IgE can be detected after 11 weeks as mature B cells will appear by 9 weeks.
Naïve T cells appear about 8 weeks, as does the thymic tissue. Neutrophils and eosinophils
are in the bone marrow by 20 weeks. Therefore, by 20 weeks the fetus is relatively armed,
and needs antigen to proceed, but in their sterile world only a few bacteria or infectious
by-products, and very certainly almost no allergens can invade. The multiple cells involved
in the post-uterine life allergic process are present; based on the subsequent discussion,
their ability to execute an allergic response scenario appears to be well dampened until
after birth.

The TH2 (T2) immune system is the critical component of the newborn through
adult life that drives the atopic response and contributes to the development of an aller-
gic disease [18]. TH2 lymphocytes are characterized by the prostaglandin D2 receptor
CRTH2 [11]. In the fetus, there is a skewing of the lymphocyte (CD4+) population to the
TH2 phenotype [11,12]. The neonate, then, in the right (wrong) exposure environment has
the functional elements to produce an intrauterine IgE response. Maternal IgG crosses
the placenta, while IgE is (theoretically) an excluded [11,15,19]. The fetus receives food,
and potentially other foreign antigens, delivered via the placenta interface. The maternal
IgG may balance the fetal response to foreign antigen, but IgE can be produced by the
fetus [14]. The subsequent discussion on post-uterine allergic disease will focus on the
extreme uncommonness of allergic clinical responsivity in the first months of life. This
would indirectly suggest that fetal production of sufficient IgE to an allergen, food for
example, is primed and ready for post-uterine production and the production and release
requires the non-maternal environment and possibly the additional (first) exposure(s) to
induce the first post-uterine allergic reaction.

Fetal tissue can produce IgE in the late first–early second trimester [14]. It is largely
bound, or is under-represented, as a B-cell class switching potential [14,15,17,20], and
not overtly released into the direct fetal circulation for mast cell/basophil/eosinophil
binding. It’s likely there are brakes to control intrauterine IgE levels to not endanger the
developing fetus. The mere fact that fetuses of atopic/allergic mothers or fathers don’t
have increased intrauterine demise is likely in-direct proof that the level of specific IgE in
infants is low enough, and the volume of allergen food is low enough, to not induce an
allergic intrauterine response, and likely other protective factors, such as diminished mast
cell IgE binding, are in play [17].

Cord blood total IgE is low, as is specific IgE; studies have supported some specific
IgE production, although this area has remained controversial [16]. The use of umbilical
cord IgE was attempted as a predictor for future atopic disease or in epidemiological
studies [16,21] but has not received any recent research direction. A recent search at
Clinicaltrial.gov (accessed on 3 January 2021) showed two studies of cord blood IgE in
Taiwan [22]. Older studies of cord blood IgE yielded data that was associative for future
allergic disease [23] or presented maternal or environmental factors that influenced cord
blood IgE [24].

A pertinent discussion to the topic of intrauterine IgE sensitization, and subsequent
early life allergic reaction, was data from the PASTURE study published in 2008 [11]. The
most frequent IgE in cord blood for foods was milk, eggs, hazelnut, wheat, and soy [11].
A study of ex-vivo transplacental transfer from 2000 reports studies document allergen
specific T-cell proliferation (implying exposure and, at least, T-cell sensitization) for alpha-
casein, beta-casein, kappa-casein, bovine serum albumin, and ovalbumin [25]. A recent
study in mice suggested maternal IgE may cross the placenta [26]. If true in humans, the
amount and degree of specific binding to mast cells is negligible. In most fetuses and
early infants, the non-bound half-life of IgE allows for quick reduction (unless the infant
themselves maintain extrauterine production) and no clinical consequences.

If a fetus can develop their own food specific IgE, then the food of interest must reach
the developing fetus. A review of protein sources to the infants from 1990 largely references
work from the 1970s–1980s [27]. The emphasis, at that point, was amino acids. T-cells,
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as mentioned, recognize larger amino-acid constructs [25], but the translation to B-cell
message, class-switching, and IgE production in the fetus is largely unknown.

The exact format of maternally ingested protein, that is eaten, digested, absorbed, and
passed to the fetus, is largely speculative [28]. A recent interesting case report of abdominal
hives after wheat ingestion specifically suggests more rapid absorption of ingested protein
can be locally absorbed, and due to enhanced maternal circulation, it could be more easily
passed to the fetus [29]. The exact nature of fetal specific IgE promotion lineage, whether
to linear or conformational epitopes, then becomes more relevant, based on the size of the
protein transferred, intact conformational or shorter amino acid linear sequences. (linear).
The available literature strongly supports amino acid transfer, but virtually no processes is
suggested for larger components of food or allergen transfer, although it obviously could
be based, at least, on cord blood specific IgE recovery.

4. Birth and Immediate Post-Birth Allergenic Experiences

The method of birth has influence on the future development of allergies and allergic
disease in children [30]. Otherwise, any swallowed maternal blood containing maternal
IgE only adds to the intrauterine IgE levels the infant is born with. The infant is now either
specifically IgE sensitized (in theory) or not, and life happens (Figure 1).
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Figure 1. A schematic representation of the intrauterine chances to produce specific IgE and the subsequent events until the
first birthday for clinical expression of an IgE mediated disease.

Several reports have provided immediate allergy epidemiological data in infants.
In a United States population study of food-induced anaphylaxis in an urban hospital,
birth-age 18 years, 13% of the total (n = 357) were less than the age 12 months [31]. Eggs
and cow’s milk were the two most common foods. In a European study, comparing infants
(<12 months) to older 1–6 years, 59 of 375 children were <12 months, with a mean age of
6 months [32]. Cow’s milk and hen’s eggs were the two most common.

Cow’s milk IgE specific anaphylaxis, generated by infant milk-based formula, is an
exceptionally rare occurrence in the first several months of life. It is conceivable that a rapid
shift to a non-milk formula may (disguise) lessen the chance of a severe allergic reaction,
although the first replacement is often a lactose-free cow’s milk product. In breast-fed
infants, with maternal ingestion of milk protein, anaphylaxis is an equally non-existent
occurrence [33]. Case reports of a fish allergic reaction to maternally transferred protein
have been reported, but not until 4 months or later [34,35], suggesting an immunological
brake to similar reactions to other breast-transferred food proteins early in life. The presence of
food protein in breast milk has been recently reviewed, with much person-to-person variability,
but evidence for, at least, milk, wheat, and egg protein components are detectable [33]. The
ability to actually measure the allergenic protein may not be sensitive enough.
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5. Advancing Post-Uterine IgE Sensitization

If the fetus initiated the development of IgE antibodies, or was already sensitized
in-utero (in theory, based on recoverable specific IgE in cord blood), then advancement of
further sensitization, especially to food, will presumably depend on continued exposure,
awaiting the proper moment for clinical expression (Figure 1). The other possibility is that
in-utero sensitization occurred, but post-uterine internal immunological control, or a major
change in post-uterine exposure un-enhances further IgE production. The third possibility,
currently undertaken as a major national and international approach, is to reduce or
prevent post-uterine food IgE sensitization and subsequent allergic reactions, using early
introduction to all foods [36]. A comprehensive report of further recommendations of this
model of primary prevention is available [36].

IgE food sensitization is enhanced or initiated by exposure post-birth predominately
via two methods. One, skin contact with food allergens still not eaten; two, exposure of
food antigens/allergens via breast milk. Infant skin exposure to foods is nearly universal
if the food is eaten by others in the home [33,37]. Genetic predispositions to being an
atopic infant was of course, pre-programmed, and exposure becomes step 2. If the allergen
already had intrauterine IgE priming, the re-exposure post-birth via skin contact is likely.

Intact skin is more resistant to food absorption, and the recommendation to apply a
moisturizer from birth has received some success [38]. The presence of other skin abnormal-
ities, especially common ones, could enhance absorption. In this regard, infantile seborrheic
dermatitis [39] and/or genetic decreases in (pro)filaggrin production are culprits [40].

Either with food transcutaneous absorption [41], or air-borne exposure to food sub-
stance in the airstream of the house or care facility [42] or transfer of food protein via the
breast milk [33], the infant either starts the class switch process that was under-developed
in-utero or rapidly begins their de-novo extra-uterine IgE production.

The relative lack of anaphylaxis in the first 2–3 months suggests a more delayed
production of IgE to the point of sufficiency of inducing anaphylaxis or contributing to
atopic dermatitis [43,44].

6. Food-Associated IgE Mediated Allergic Diseases in Young Infants

As previously mentioned, IgE-mediated food anaphylaxis does occur prior to 12 months
[31,32], and eggs and milk are the most common foods, followed by peanuts [31]. The
concept of age-specific IgE-mediated disease in the first year of life has been recently
discussed, including anaphylaxis [1,18] (Figure 1) .

A second presentation of food allergies is within the context of atopic dermatitis. A
perplexing clinical presentation in early childhood is an admixture of seborrhea and atopic
dermatitis. If the child also has xerosis cutis with lowered filaggrin levels [45], a trifecta
of skin permeability exists, which often get lumped into the term eczema and has been
discussed as over-lap [46], and although the author was admixing atopic dermatitis and
psoriasis [46], the concept works for other combinations. The clinician needs to separate
the different disease conditions and provide counseling and therapeutic intervention for
each [46].

IgE-mediated food allergens can play a role in the atopic dermatitis process, as the
permeable skin (with xerosis and/or seborrhea) may have allowed for further transcuta-
neous sensitization. If a true IgE-mediated food allergy (anaphylaxis) has not occurred, the
presence of positive IgE testing results, either specific IGE levels on venous samples or per-
cutaneous allergy tests. the clinician must face the dilemma of avoidance or continuation of
feeding the specific food implicated in testing. The recent review by Rajanai et al. suggests
a clinical approach for suspected food allergen in breastfed or formula fed infants with
atopic dermatitis [33]. A reasonable time of avoidance may assist with improving the AD;
re-introduction of a specific avoided food can resume skin itching and AD exacerbation. If
a specific food is avoided, or previously eaten, an oral challenge needs to be performed if
avoided for 6–12 months due to the potential development of an anaphylactic reaction [47].
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It’s also common the positive food has not been eaten by the infant and the only solution is
to stop it in the mother’s diet and avoid stored breast milk.

The IgE-mediated food reaction in infants focused solely on the gastrointestinal tract
is less common and requires a large differential diagnosis. Cow’s milk-induced acute
proctocolitis can also include vomiting, but the IgE testing for milk is almost universally
negative [48–50]. Isolated vomiting without hypotension may occur with milk, and the dif-
ferential includes food protein enterocolitis (FPIES) [49] or isolated cow’s milk allergy [48,50].
The IgE test will be almost always be negative in FPIES [49], but positive if cow’s milk
is the allergen in the later scenario and is a subset of anaphylaxis. The first ingestion of
egg, wheat, or peanut may be the concern, and the presence of IgE antibodies helps direct
the diagnosis, although all three are less common for FPIES [51] and extremely rare for
proctocolitis [52,53]. FPIES has other foods of concern, including oats and rice [51]. A
negative skin test is expected.

When chronic upper gastrointestinal tract symptoms several considerations for food-
induced disease exists. Chronic FPIES, with milk or soy, but with negative allergy tests
may be responsible, while eosinophilic esophagitis, or EGID can occur, more often in
boys, and likely, but necessarily, accompanied by IgE-mediated positive tests [52]. An
esophagogastroduodenoscopy may be necessary with required biopsies.

Isolated chronic diarrhea is less likely IgE-mediated, and allergy testing is a potential
part of an evaluation, but diarrhea alone is unlikely a single or multiple IgE-mediated
food allergen concern. An EGD with or without a colonoscopy may direct an eosinophilia-
mediated concern.

Neither asthma or allergic rhinitis has specific IgE-mediated food concerns under
most circumstances but has been reported and evaluated long-term [53].

7. Illustrative Case

We illustrate with a case seen by RJH as the manuscript was being written.
VFB presented to clinic at 7 months. She was a Caucasian female and a product

of a full-term uneventful pregnancy. Mom drank cow’s milk and ate peanuts during
pregnancy and continued after pregnancy. She was exclusively breast feeding and had
xerosis and truncal eczema and had rashes on face and body when eating “new” foods.
She breast-fed while eating or bottle fed with breast milk. She had aggressively refused
cow’s milk formula. Both parents had xerosis and hyper-creased palms. Older brother
had “eczema”. The baby was well developed and developmentally appropriate. She had
patches of eczema, hyper-creased palms, and pictures on the mother’s phone confirmed
hives, facially, and on trunk. Skin testing revealed 4+ reactions to peanuts and milk, 3+ to
dog and HDM.

8. Summary

Infants can present with allergic diseases well before their first birthday, which must
argue for earlier IgE sensitization than presentation of the disease (Figure 1). We attempted
here to take a conception to early life approach to emphasize the pathways to IgE sensitiza-
tion and the eventual associated allergic disease onset. Since young infants can present with
allergic diseases, an understanding of the complicated course of events that must happen
is critical and were examined here, using a broad base of clinical experience, punctuated by
an exact illustrative case.
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