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Allergist/immunologists who treat children are often left to
apply clinical solutions that were developed in adult popu-
lations. Pediatric allergists intuitively know that differences
in disease between adults and children have widely divergent
contributory factors. The inception of allergic sensitization
followed by the development of diseases such as atopic der-
matitis and asthma suggests a different treatment paradigm
than adult diseases in which inflammation is typically long
standing and may possibly be irreversible. In fact, pediatric
clinicians are focused on (1) treatments specifically designed
for children, (2) treatments which may prevent allergic
sensitization, and (3) the prevention of disease progression.
Research that is focused upon these objectives is uniquely
positioned to advance the understanding and treatment of
pediatric allergic diseases.

There are other factors which have adversely affected
progress in this area. New investigators who are trained in
pediatrics are difficult to find. This is a significant problem in
the particularly small field of pediatric allergy/immunology.
The discipline is in the process of establishing a significant
presence in general pediatric training programs. This special
issue is designed to showcase pediatric allergy/immunology
investigators. The research articles are focused on identifying
elements surrounding the onset of atopy or therapies
designed for children. The review articles are aimed at
new and provocative thinking regarding the development
of atopy. This issue unites pediatric allergists worldwide in
establishing a forum of discussion around the issues of atopic
sensitization in children and the treatment of these diseases.

New clinically relevant research in pediatric allergy is
vital to our field. M. Ben-Shoshan et al. report on demo-
graphic factors as predictors of development of food allergy.

This work could identify which populations should be
targeted for prevention, education, and therapeutic strategies
in the future. A. Gangemi et al. present a provocative pre-
liminary study outlining a possible role of L-carnitine in
the treatment of pediatric asthma. Their findings could
lead to investigation of alternative treatments for asthma in
children. Other investigators have focused on the therapy of
Hymenoptera venom anaphylaxis with an ultrarush proto-
col. Venom allergy, like asthma, is clearly different in children
than adults. The establishment of the safety of this protocol
advances the care of children with this potentially life-
threatening disease. In addition, the effect of regional pollen
exposure upon the development of aeroallergen sensitization
is a practical reminder to pediatric allergists of the origins
of allergic rhinitis and asthma. This study illustrates the
importance of understanding the changing aeroallergen
environment in which children live and in which pediatric
allergists practice.

Immune responsiveness and allergy are integrally related
and multiple organ systems can be affected, even in child-
hood. A review article regarding the potential of a linkage
between allergy and immune deficiency takes us back to
fundamental elements in immunology. Another factor in the
development of atopy is discussed in an article reviewing the
role of skin barrier function in the atopic march. Failures
of barrier function can increase exposure of the immune
system to allergen, thereby potentiating the onset of allergic
sensitization. R. J. Hopp reviews pediatric eosinophilic
esophagitis and illustrates the complex and progressive
nature of this increasingly common allergic disease. As in the
case of venom allergy and asthma, eosinophilic esophagitis is
different in children versus adults. Clinical studies are lacking
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in pediatric eosinophilic esophagitis. This article is a siren
call to address the initiating factors for this disease and of the
need for pediatric-based therapies tailored for the chronicity
and complexity of eosinophilic esophagitis. A broad view
of the environmental factors that affect exhaled nitric oxide
levels in asthmatic children reveals that indoor and outdoor
pollutants can affect the inflammatory factors involved in the
pulmonary tree. In addition, these triggers may affect the in-
terpretation of obtained levels.

Psychosocial issues in pediatric anaphylaxis are fre-
quently debilitating and hinder effective management. This
review article outlines these common problems. Psychosocial
influences in pediatric allergic diseases are taken one step
further in a provocative review by C. L. Duncan et al. This
article suggests that not only do psychosocial factors influ-
ence the development and treatment of atopic diseases, but
those psychosocial factors might influence the development
of atopy via a novel epigenetic route.

This issue revolves around original research in pediatric
allergy/immunology and thoughtful review articles in this
field. This mixture was designed to discuss hot issues in
our understanding of the initiation of pediatric allergic
diseases and the treatment of those diseases once established.
We hope that clinicians who treat children with allergic
diseases will enjoy this blend of exciting new research and
reevaluation of the customary way of thinking of these
problems. Pediatric allergists interested in food allergy,
atopic dermatitis, asthma, and anaphylaxis should continue
to question and investigate the many avenues of “Why do
children develop allergies?” The fruit of their labors will
not only benefit children but also adults. What a wonderful
reversal of the usual trend would this be !

Mary Beth Hogan
Jacqueline A. Pongracic
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Atopic dermatitis can be due to a variety of causes from nonatopic triggers to food allergy. Control of egress of water and protection
from ingress of irritants and allergens are key components of cutaneous barrier function. Current research suggests that a degraded
barrier function of the skin allows the immune system inappropriate access to environmental allergens. Epidermal aeroallergen
exposure may allow sensitization to allergen possibly initiating the atopic march. Further research into connections between
epidermal barrier function and possible allergen sensitization will be important to undertake. Future clinical trials focused on
skin barrier protection may be of value as a possible intervention in prevention of the initiation of the atopic march.

1. Introduction

The atopic march refers to the natural progression of
atopic diseases from atopic dermatitis in infancy to atopic
asthma in school age children. Recent research has uncovered
exciting data concerning the initiation of the atopic march.
A previously little valued component of the epidermis,
the strateum corneum, has become an area of scientific
attention in the study of the allergic diathesis. This focus on
epidermal barrier function potentially provides a heightened
understanding of both atopic dermatitis and the initiation of
the atopic march. Improving barrier function with reduced
water loss and minimized ingress of allergens might become
an important tool to controlling the onset of the atopic
march.

2. Epidemiology and Definition of
Atopic Dermatitis

Atopic dermatitis is one of the most significant and common
skin diseases of childhood. Studies from Japan suggest that
the prevalence for atopic dermatitis in childhood may be as
high as 11–25% [1, 2]. There is a 15.8% prevalence of atopic

dermatitis in 3–5-year-old children in New Zealand [3]. A
US-population-based study revealed that the prevalence of
atopic dermatitis amongst 5–9-year olds was 17.2% [4, 5].

Atopic dermatitis is an inflammatory cutaneous disease
characterized by erythema, pruritus, altered barrier function,
and immune dysfunction resulting in IgE sensitization.
Dysfunction of antimicrobial peptides such as defensins,
psoriasins, and cathelicidins is associated with the devel-
opment of atopic dermatitis [6–8]. Functional alteration of
these peptides has been associated with eczema herpeticum.
A perturbation in the function of these peptides can result
in cutaneous infection with Staphylococcus aureus. Infectious
sequelae frequently result in atopic dermatitis exacerbations.
These and other developments in atopic dermatitis are
exciting. However, the emphasis of this paper will be
confined to defining the importance of altered strateum
corneum function and its possible link to the atopic march.

3. Components of the Strateum Corneum
Establishing Skin Barrier Function

Epidermal layers of the skin include, the stratum corneum,
stratum lucidum, stratum granulosum, stratum spinosum,

mailto:mbhogan@medicine.nevada.edu


2 Journal of Allergy

Stratum corneum

Stratum lucidum

Stratum granulosum

Stratum spinosum

Stratum basale

Figure 1: Layers forming the protective epidermal barrier.

and stratum basale. The structure of these layers is demon-
strated in Figure 1 [9]. Until recently, the outermost layer of
the dermis was relatively ignored as a factor in the develop-
ment of atopic dermatitis. In the epidermis there are multiple
components important to barrier function. These com-
ponents include claudin, desmoglein, filaggrin, ceramide,
and proper control of proteases (Table 1). When properly
functioning, this layer prevents water loss and provides a
barrier to epidermal invasion of allergens and bacteria.

Each corneocyte in the stratum corneum is held together
by tight junctions and scaffolding proteins. Claudins are a
family of proteins that are important components of the
tight junctions between corneocytes that help to maintain
the skin barrier. Claudin-deficient patients have aberrant
formation of tight junctions that cause disruption of the
bioelectric barrier [10]. Claudins are an essential component
controlling the paracellular barrier flow of molecules in the
intercellular space between the cells of an epithelium. These
tight junctions help prevent moisture loss through this layer
of the skin as well as block access through the skin of external
environmental allergens. Claudin expression in atopic der-
matitis patients has been inversely correlated to increased
TH2 biomarker expression [10]. This suggests that claudin
may help inhibit immune exposure to allergic stimuli.

Similar tight junction dysfunction has been found in
desmoglein transgenic mice. Desmogleins play a role in

the formation of desmosomes that promotes cell-to-cell tight
junction adhesion in the stratum corneum. Mice without
desmoglein were ultimately found to die from dehydration
presumably due to increased transepidermal water loss
mediated by lack of corneocyte adhesion [11].

A different genetic knock-out mouse model of atopic
dermatitis examined the relationship between scaffolding
proteins and skin barrier function. Scaffolding proteins are
required to overlaying tight junction linked corneocytes
with cross-linked proteins and lipids to form an effective
epidermal barrier. Loss of epidermal scaffolding proteins
such as involucrin, envoplakin, and periplakin is associated
with alterations in epidermal barrier function such as
filaggrin and desmoglein-1 processing with formation of an
abnormal cornified epidermal envelope [12]. Immune reg-
ulatory dysfunction after disruption of scaffolding proteins
was associated with increased CD4+ T cell infiltration and
lack of gamma delta+ T cells. This association suggests that
an abnormal epidermal layer may contribute to the allergic
inflammatory process associated with atopic dermatitis.

Another factor allowing proper function of the epidermis
is the control of the on or off activity of skin proteases.
SPINK is a protein that inhibits serine protease action in the
skin. The SPINK gene is absent in Netherton’s syndrome.
This syndrome is characterized by severe atopic dermatitis,
scaling, and an elevated serum IgE [13]. In this potentially
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Table 1: Functions of epidermal barrier components and possible protective role in prevention of atopic march.

Barrier component Type Function
Possible role in preventing
atopic march

Claudin Tight junction protein Prevention of water loss
Prevention of TH2
activation

Desmoglein Desmosome formation Prevention of water loss
Blocking allergen
penetration

Involucrin/envoplakin/periplakin Scaffolding protein
Structural components to
create epidermal barrier

Allowing appropriate
immunoregulatory T-cell
environment

Urocanic acid Chromophore
Hygroscopic acid-base
regulator/photoprotection

Maintaining skin barrier
function

Filaggrin Protein

Decreased permeability of
water soluble
molecules/epidermal
differentiation

Blocking allergen
penetration

Ceramide Lipid
Contribution to skin
permeability barrier and
epidermal differentiation

Blocking mast cell
infiltration/expression of
TNF
Blocking Mast production
of allergic cytokines.
Blocking allergen
penetration

Skin protease inhibitors (SPINK) Protein
Prevention of protease
alteration in filaggrin and
ceramide production

Maintaining skin barrier
function

lethal disease, lack of SPINK results in uncontrolled serine
protease elastase-2 activity. Increased protease activity nega-
tively alters filaggrin and lipid (ceramide) processing thereby
decreasing skin barrier function. It has been suggested that
barrier function in populations with SNP alterations of
SPINK5 may lead to increased susceptibility to asthma [14].

Increased protease functioning also occurs in atopic
dermatitis patients. Allergens such as dust mite, cockroach
and mold can activate serine proteases, adversely affecting
the epidermal barrier [15]. In fact, dust mite and cockroach
allergens themselves can be proteolytically active and stim-
ulate the serine protease pathway thereby decreasing skin
barrier function [16, 17].

Filaggrin is an important protein found in lamellar
bodies of stratum granulosum corneocytes. When these
granules are released they become a vital component of
the extracellular matrix of the stratum corneum. Mutations
of the filaggrin gene have been associated with ichthyosis
vulgaris and persistent atopic dermatitis [18, 19]. Filaggrin
gene defects may exist in as many as 50% of atopic dermatitis
patients [20, 21]. Meta-analysis of filaggrin polymorphism
data has identified a genetic alteration in filaggrin as a
significant risk for development of atopic dermatitis [22].
The results of filaggrin gene mutations are striking as
several studies have demonstrated that the severity of atopic
dermatitis correlates with the number of filaggrin gene
defects [23–26].

4. Permeability Layer Disruption Is
Bidirectional Allowing Both Epidermal Water
Loss and Allergen Penetration.

The lipid lamellar matrix is an integral component in
controlling the barrier function of the skin. Decreased
protein-bound omega-hydroxyceramides are found in the
lesional skin of atopic dermatitis patients as compared to
control patients [27]. In this study, deficiency of barrier lipid
free ceramides was determined to be a major contributing
factor in damaging the permeability barrier of the skin.

A murine model of atopic dermatitis illustrates the im-
portance of ceramide in preventing allergen-induced atopic
dermatitis. In this model, a synthetic ceramide was applied
to the skin of mice noted for the ability to develop atopic
dermatitis [28]. In this model of dust-mite-induced atopic
dermatitis, ceramide application reduced skin thickness
and actually blocked components of allergic inflammation.
Inflammatory factors prevented were the cutaneous infiltra-
tion by mast cells and expression of tumor necrosis factor. An
in vitro study has demonstrated that ceramide inhibits mast
cell production of IL-5, IL-10, and IL-13 [29]. These models
suggest that an intact lipid matrix in the strateum corneum
may actually prevent epidermal penetration of allergen and
allergic atopic dermatitis.

Filaggrin is another key protein in protecting against
water loss through the strateum corneum and is present in
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the epidermis as early as 3 months of age [30]. Filaggrin-
deficient atopic dermatitis patients have decreased filaggrin-
derived natural moisturization factors [31, 32]. The function
of filaggrin in the development of the epidermal barrier
has been confirmed in murine models of atopic dermatitis.
Scharschmidt et al. describe altered lamellar body secretion
in an atopic dermatitis flaky tailed mouse model. In this
model, a decrease in stratum corneum extracellular matrix
component correlated with increased permeability of water
soluble molecules [33].

Degradation products of filaggrin have been found to
contribute to the formation of the epidermal barrier by
providing acidity. This critical function of acidification and
hydration of the skin has been linked to filaggrin gene
defects in atopic dermatitis [34]. In vitro models of skin
demonstrate that urocanic acid is a key filaggrin-derived
amino acid linked to skin acidity [35]. In this study, skin
pH became more basic with decreased filaggrin, which was
associated with an increase in dye penetration. The skin
performs a vital function in providing barrier function, and if
this is interrupted by filaggrin deficiency, then inflammatory
irritants, haptens, and infections have greater access to the
deeper layers of the skin.

5. Barrier Proteins May Be One Line of
Defense against Allergic Diseases

In studies of filaggrin-deficient children, increased transepi-
dermal water loss along with development of specific IgE
antibody to dust mite and cat was found with asthma
[36, 37]. A recent meta-analysis confirmed that the risk
of developing asthma was increased in those with eczema
but not in those without atopic dermatitis. Filaggrin gene
mutations were linked directly to atopic dermatitis, allergic
rhinitis, and the development of asthma in children [38,
39]. These studies together suggest that the lack of barrier
function itself may contribute to the development of allergy
and asthma.

This reduction in barrier function may allow for the
development of inflammation due to increased penetration
of allergen through the skin allowing IgE sensitization. In
a filaggrin-deficient murine model, allergen exposure over
lesional skin was linked to the development of allergen-
specific IgE and Th17 expression [40]. Facilitation of aller-
gen sensitization in individuals with filaggrin deficiency
is believed to be due to reduced barrier function. This
hypothesis of increased skin penetrability correlating with
diminished barrier function has been tested with both water
and lipid soluble dyes in vivo. Dye penetration was deepest
with severity of atopic dermatitis and correlated to increasing
serum IgE as compared to control patients [34, 35].

6. The Atopic March

Children with atopic dermatitis have a significant risk of
going on to develop other atopic diseases such as allergic
sensitization and asthma. Whether eczema precedes or post-
dates the development of allergic sensitization is not clear for

all children [41]. Thirty to fifty percent of the children who
develop atopic dermatitis go on to develop asthma and two-
thirds go on to have allergic rhinitis [36, 42]. In one study
of 169 infants with eczema, 35% developed subspecialist-
diagnosed asthma and these children had inhalant-induced
allergy [36].

The allergic march has a pattern of allergic sensitization
that changes as children age. In a study with 262 children
with atopic dermatitis, IgE sensitization to food was common
under 2 years of age. Between 2 and 5 years of age the children
had food allergy but also started to develop inhalant allergy.
After 5 years of age the children had mostly inhalant allergy
as a significant allergic factor associated with their atopic
dermatitis [43].

Dust mite and cockroach are allergens associated with
atopic dermatitis [44]. Alternaria allergy eventually develops
in 56% of atopic dermatitis children by 12 years of age [45].
When 30 children with atopic dermatitis were compared
with 30 patients with respiratory symptoms without atopic
dermatitis, aeroallergen allergy was significant in a selected
population of atopic dermatitis patients. Of these children
with atopic dermatitis, 70% were skin test positive for mite,
70% were positive for cockroach, 63% were skin test positive
to house dust, 50% had evidence of IgE sensitization to
mold, and 43% had IgE reactivity to grass. However, only
10 percent of the kids with respiratory symptoms (and no
atopic dermatitis) were allergic to any aeroallergen in this
study [46]. This suggests an important link between atopic
dermatitis and development of inhalant allergy rather than
inhalation of allergen resulting in allergic sensitization and
asthma.

Studies suggest that a significant number of these
children develop atopic dermatitis first and subsequently
become sensitized to aeroallergens. Allergic rhinitis and
asthma then follow. Suggested risk factors for this chain
of events include atopic parents, possibly cat ownership
[47], and presence of eczema prior to 4 years of age
[48]. The progression to asthma is as high as 29.5% in
children with eczema [49]. Cumulative smoke exposure may
be an additional risk factor influencing the development
of asthma in FLG-null patients [50]. A recent genome-
wide study found that FLG mutation was associated with
a chromosomal (11q13.5) variant. These individuals had
increased risk of developing atopic dermatitis associated with
asthma [51]. This risk of atopic dermatitis patients then
developing asthma is significant enough that the Asthma
Predictive Index utilizes the presence of atopic dermatitis in
a wheezing infant as one of two major criteria for predicting
eventual asthma [52].

7. Therapeutic Options Involving Barrier
Function and Atopic Dermatitis

Identification of ceramide as a critical element in barrier
function has led to the development of ceramide-based
emollients. In a study of mild-moderate atopic dermatitis
patients, application of ceramide emollient resulted in
69% of patients having no symptoms of eczema and skin
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hydrations scores improving significantly [53]. Ceramide-
dominant lipid-based emollient was used in 24 children
with stubborn atopic dermatitis. In this study, skin cohesion
and transepidermal water loss levels improved with atopic
dermatitis scores as a result of the reestablishment of
extracellular lamellar membranes in the stratum corneum
[54]. As in murine studies, ceramide-based emollients in
humans have been shown to decrease inflammatory cytokine
interleukin-4 expression and decrease transepidermal water
loss in atopic dermatitis patients [55].

Strategies for possible prevention of atopic dermatitis
include encouraging the natural acidification of the skin.
Treating mice with lactobionic acid was associated with
normal barrier function in addition to normalization of
atopic inflammatory markers such as serum IgE [56].
These atopic dermatitis mice achieved normal lamellar body
secretion and lipid bilayer formation after lactobionic acid
treatment only. In human patients, early studies suggest that
neutral pH soaps may be an effective therapeutic component
when treating atopic dermatitis [57]. Whether neutral “baby
washes” or water washing alone after birth protects the
epidermal barrier and prevents the onset of atopic dermatitis
remains to be studied.

Immediate barrier repair can even be implemented on a
delipidized stratum corneum with petrolatum without appli-
cation of ceramide [58]. A preliminary study investigated
whether petrolatum can be used immediately after birth
to prevent atopic dermatitis. High-risk neonates with first-
degree relatives having atopic dermatitis or asthma were
enrolled at birth in a feasibility of prevention study [59]. The
study utilized an emollient cream and rescue petrolatum at
birth as a prevention of atopic dermatitis. This population
historically has a 30–50% risk of developing atopic dermatitis
by 2 years of age. Only 15% of these treated infants developed
eczema and barrier function measurements reflective of
normal skin, which suggests a protective effect.

8. Questions for the Future

Murine models suggest that allergen penetration through
the skin barrier is important to the development of atopic
dermatitis. Human studies show a link between barrier
protein dysfunction and development of atopic dermatitis
and possibly asthma. Clinical trials have not yet directly
looked at allergen penetration through a disordered skin
barrier and subsequent development of asthma. Controlled
trials with a significant number of patients would be
important in determining whether prevention strategies
for decreasing allergic sensitization and atopic dermatitis
are effective. Longer-term follow-up studies determining
whether the onset of allergic rhinitis and asthma is decreased
by decreasing the incidence of eczema would also be exciting.

It is apparent that not all patients with filaggrin deficiency
go on to develop atopic dermatitis [60]. In fact, if they do
develop eczema, remission is possible. It has not been studied
whether these patients also are the same atopic dermatitis
patients who do not have disease progression to asthma.
Factors determining nonexpression of allergic rhinitis and

asthma have not been elucidated. Which populations are
destined to have a milder disease course? Patients may
“naturally” modify disease expression such as self-treatment
with hydration and if they do can it be applied as prevention
in high-risk infants? Which genetic modifiers associated with
filaggrin deficiency lead to or prevent the atopic march?

Research in the alteration and prevention of loss of
stratum corneum barrier function may provide answers to
questions raised regarding the development of atopic der-
matitis and asthma. Early identification of at-risk individuals
and developing treatment strategies allowing retention of
good skin barrier function may assist in the prevention of
allergic sensitization in some individuals. The atopic march
may not be inevitable for certain genetically predisposed
individuals. Research into maintenance of barrier function in
patients at risk for atopy may elucidate the ability to control
skin barrier function and prevent onset of atopic dermatitis,
and, hopefully, asthma.
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Introduction. Aeroallergen sensitization occurs at an earlier age than previously noted. The purpose of this paper was to
identify which pollens cause early sensitization in young children presenting with rhinitis symptoms. Methods. This paper was
a retrospective analysis of skin test results from 2- to 8-year-old patients presenting with a history consistent with allergic rhinitis.
Patients were tested to aeroallergens common to the Great Basin along with a histamine and saline control. Pollen counts were
obtained from a Reno, NV-certified counting station. Results. 123 children less than 8 years of age were identified. Over 50% of
these children were sensitized to at least one aeroallergen. Chemopodaciae, timothy, alfalfa, black walnut, olive, mountain cedar
and willow were predominating sensitizing aeroallergens of the Great Basin Region. Pollen counts were notable for a early spring
peak for the tree season, grass season in May and weed season in August. Pollen levels continued to November at low levels.
Discussion. Aeroallergens causing early sensitization differed from those which had predominately been reported in other regions
of the United States. Pediatric allergists should consider performing a local review of sensitizing aeroallergens in their region to
assist with identification and management of allergic rhinitis in their youngest patients. Please make style changes as appropriate.

1. Introduction

The prevalence of allergic diseases in childhood has increased
considerably in developed countries over the last several
decades [1]. Research has been published recently suggesting
that children do in fact become sensitized to outdoor
allergens at an early age and, thus, should be referred for skin
testing earlier. One study found that outdoor allergens are
as common sensitizing agents as indoor allergens by three
years of age [2]. Another study found that the prevalence
and incidence of seasonal allergic rhinitis increases after age
two [3]. Furthermore, it has been found that sensitization
to inhalant allergens occurring in the first few years of
life is a major risk factor for developing persistent wheeze
in childhood [4]. This study found children with allergic
rhinitis before the age of five were significantly more likely
to have developed wheezing between age 5 and 13. They
were nearly four times more likely to have childhood-onset
wheezing. Children with early allergic rhinitis accounted for
41% of all cases of childhood wheezing.

The current research regarding outdoor allergen sensi-
tization is limited to research conducted in eastern North
America and other countries. There is little data concerning
sensitization to allergens common to the western part of
North America specifically the Great Basin of Nevada. This
geographically unique region extends south along the entire
Sierra Nevada Mountain Range from the Snake River Plain
in southern Oregon to southern California and eastward to
the Wasatch Mountain Range encompassing most of Nevada
and a large portion of Utah with major cities of Las Vegas
and Reno, Nevada, and Salt Lake City, Utah. Elevation ranges
from near sea level to 13,000 feet. This is a closed drainage
basin with rain and snow eventually leaving the basin by
either evaporation, flowing into lakes (mostly saline), or
sinking underground. This region is amongst the most arid
regions in Continental North America.

The aim of this study was to identify in children the most
frequent sensitizing pollen aeroallergens found in the Great
Basin desert region. The identification of common sensitizers
is relevant for both the identification and management of
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allergic disease, specifically allergic rhinitis and asthma in
young children.

2. Methods

Pollen counts were recorded by the NAB as pollen
grains/cumbic meter with trees at 1–14 low, 15–89 moderate,
90–1499 high and >1500 as very high. Grass pollen levels
were recorded as 1–4 low, 5–19 moderate, 20–199 high.
Weeds were noted to be 1–9 low, 10–49 moderate and 50–
499 as high. This study were a retrospective analysis of
skin testing completed on 2- to 18-year-old patients who
presented with a history consistent with allergic rhinitis
conducted over 18 months from January 2009 ending June
2010. Patients were tested using commercially available
extracts to common Great Basin outdoor allergens including
weeds, grasses, and trees. The panel of common allergens was
determined by consultation with the University of Nevada
Agricultural Extension regarding frequency of allergenic
plants native to the region and those upwind allergenic
plants within 200 miles of the Great Basin to determine
common pollens transferred to this region. In addition, local
nurseries were called to determine which nonnative species
were commonly sold.

Skin testing was performed using the prick-puncture
method with a Greer DermaPik (Greer Laboratories, Lenoir,
NC, USA) [5]. Saline and histamine controls were used in all
patients. Test allergens producing a wheal of 3 mm or greater
and at least half the size of the histamine wheal control were
regarded as a positive reaction. False positive dermatographic
saline controls were subtracted from all skin test results
including the histamine before determining if the positive
histamine size and positive skin test size were reached. The
skin test results of 268 patients who met inclusion criteria
were entered into an Excel spreadsheet for analysis. No
unique identifiers were associated with the data collection,
and the study met requirements for an IRB waiver.

Pollens relevant to the region included a possible panel
of 10 weeds, 6 grasses, and 20 trees (Table 1). Pollen counts
for the Great Basin Region correlating to the first continuous
year of collected patient data were obtained from a Reno,
NV-certified pollen counting station on the National Allergy
Bureau (NAB) website. Pollen counts were recorded by the
NAB as pollen grains/cubic meter with trees at 1–14 low, 15–
89 moderate, 90–1499 high, >1500 very high, with grasses at
1–4 low, 5–19 and moderate, 20–199 high and weeds 1–9 low,
10–49, moderate and 50–499 at high. The 2009 description
of air-borne pollen levels in Reno, NV, USA are reported if
changes in pollen counts are recorded at least two weeks in a
row without change in level. Most common sensitizing plants
were also noted if reported at least in two consecutive weeks.
This is to avoid possible discrepancies induced by changing
wind patterns.

3. Results

A total of 268 patients, ages 2–18 were included in this study.
While all pediatric patients were initially included, it was

Table 1: Great Basin aeroallergens available in skin test panel.

Weeds Grasses Trees

Dock Timothy Privet Birch

Pigweed Brome
Mountain

Cedar
Olive

Russian thistle Bermuda Sycamore Ash

Saltbush Saltgrass Pine Aspen

Sagebrush Johnson Elm Willow

Western ragweed Alfalfa Ailanthus Cottonwood

Tall and short ragweed Locust Pecan

Rabbitbush Maple Walnut

Marsh elder Sweet gum Alder

Plantain Mulberry Oak

noted that the sensitization rate for all trees, grasses, and
weeds plateaued at age eight; 91% of children had a positive
test to at least one weed, 82% were positive to at least one
grass, and 83% were positive to at least one tree (Figure 1).
In addition, the most common sensitizing tree, grasses, and
weeds after age 7 were unchanged from the 6-7-year-old age
group.

A total of 46% of the patients were under the age of eight
years old, and this group was further defined due to observed
differences in sensitization rates from children 8 years of age
and older. Specifically, sixteen children in the age group 2-3
years, fifty-one children in the age group 4-5 years, and fifty-
six children in the age group 6-7 years were evaluated.

In the age group 2-3 years, 63% of children tested positive
to at least one weed, 57% of children tested positive to at least
one grass, and 53% tested positive to at least one tree. As
age increased, the percentage testing positive to at least one
weed, one grass, or one tree also increased. The percentage of
positive skin tests to outdoor allergens is seen in Figure 1 for
each age group.

Pollen counting began in the Great Basin region at the
start of the 2009 tree season in mid-January. Counts started
at the low range mid-January and were observed in the high
range by mid-February. Very high counts for trees became
noted briefly in April and returning to the high range from
May to end of June. Moderate levels of trees are noted in
the Great Basin mid-July and fell to low counts noted mid-
August. The tree season ended completely mid-November.

Grass season started with low counts in mid-April,
moderate counts at the start of May and achieved briefly high
counts at the end of May. Moderate counts in the 2009 season
persisted to mid-July, when counts entered the low range
consistently. Grass season ended at the end of September
2009.

Weed season started in the low range mid-May of 2009.
Moderate counts were noted at the end of July. Weed pollen
measurements dropped to the low range mid-Octorber and
persisted in this range until the end of counting season in
mid-November.

This 2009 season is notable in that all pollens were not
generally noted to be in the very high range. However, the
pollen season in the Great Basin is continuous from the
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Figure 1: IgE reactivity to weed, grass, and trees of young children
presenting with allergic rhinitis symptoms.

beginning of consistent notation of low levels of tree pollen
counted in January to the end of weed season. Tree season
is extensive in length from mid-January to mid-November.
Grass season is prolonged from mid-May to the middle of
September. Weed season also is prolonged from mid-May to
mid-November.

Not all pollens appear to sensitize young children. How-
ever, in the Great Basin Region, the Chenopodiaceae family,
Timothy, and Alfalfa were frequently found. In addition,
several trees such as walnut, olive, sweet gum, willow, and
mulberry were frequently found. Thses sensitization patterns
are outlined in (Table 2) by age groups of 2-3 years, 4-5 years,
and 6-7 years of age. The most common sensitizing allergenic
plants were unchanged after 6 years of age. Sensitization
to birch, cedar, mulberry, and maple was present in young
children. Pine is not frequently thought to be a sensitizing
tree but is found for prolonged lengths of time in the Great
Basin region and is found to be early sensitizing tree pollen
in our young children.

Sagebrush and pigweed were the most commonly noted
weeds (Table 2). These weeds and their family members were
reported consistently through the 2009 weed season. The
ragweed family was not amongst the 3 most common weeds
in this region even though this weed is the most commonly
reported weed in the eastern half of the United States (east
of the Rocky Mountain Range). Correlation of skin test
sensitization frequency with the most prolific weeds in the
Great Basin was seen in our young children and was notable
for sagebrush and pigweed as the most frequently found
sensitizing weeds. Skin test frequency for ragweed family was
lower in these children than sagebrush and pigweed possibly
a reflection of the lower ragweed pollen levels in the Great
Basin.

Table 2: Most common aeroallergens by age group.

2-3-year-old children Pollen
Positive percent of

16 children

Most common weeds
Russian thistle 60%

Pigweed 58%

Most common grasses

Timothy 45%

Alfalfa 56%

Brome 40%

Johnson 40%

Most common trees

Walnut 75%

Olive 55%

Mountain cedar 50%

Willow 50%

Sweet gum 33%

Mulberry 43%

Pine 25%

4-5-year-old children Pollen
Positive percent of

51 children

Most common weeds
Russian thistle 54%

Pigweed 46%

Sagebrush 43%

Most common grasses
Timothy 42%

Johnson 44%

Alfalfa 37%

Most common trees

Olive 42%

Maple 39%

Willow 31%

Sweet gum 23%

Mulberry 29%

Pine 19%

6-7-year-old children Pollen
Positive percent of

56 children

Most common weeds
Russian thistle 68%

Pigweed 61%

Sagebrush 49%

Most common grasses

Saltgrass 58%

Timothy 48%

Bermuda 45%

Johnson 45%

Most common trees
Willow 39%

Sweet gum 32%

Mulberry 36%

4. Discussion

There is much debate as to whether children under the
age of five are sensitized to outdoor allergens, and if so,
which allergens are the culprits. In our study, we found
that a large percentage of children were sensitized to at least
one outdoor aeroallergen by the age of three. Reasons for
this early sensitization in Westernized countries are unclear.
Novel data in this study demonstrate that unlike other studies



4 Journal of Allergy

conducted in eastern North America, young children in the
desert region of the Great Basin are sensitized to a different
set of allergens. In fact, we found that young children living
in the Reno area of the Great Basin are capable of being
sensitized to allergens that were not previously appreciated
to cause significant sensitization in this region at all.

In Washington DC, tree pollen accounted for 91.2%
of the local total annual pollen production, while weeds
and grasses accounted for only 3.8% and 3.2% of the
pollen production respectively [6]. As such, in the eastern
continental region of North America trees tend to be the
common sensitizers of children with up to 56% of 10–
12-year-old children becoming sensitized [7]. In a Boston
area study, 17% of children fewer than 4 years of age were
sensitized to trees. While lower than the sensitization rates
achieved in the Great Basin, sensitization rates in Boston
are still considerable. The Boston region likely has less
aeroallergen sensitization than the Great Basin as it has the
advantage of a much higer rate of rainfall. Available rain fall
will likely shorten the allergy season by washing pollen away.

As our pollen data demonstrates, in the Great Basin
Region of North America, unique geographic features are
associated with prolonged detection of pollen in a more
classic perennial fashion, rather than pollens solely acting as
transient seasonal exposures. Features distinctive of the Great
Basin include a lack of rainfall to remove pollen from the area
and extremely windy conditions within a geographic bowl
which cause pollens to become reairborne after settling on
the desert floor. Due to these geographic factors, detection of
some tree and grass pollen during the fall pollination season
has been reported on a yearly basis albeit at low pollen levels.
However, these low pollen levels were still potent causes
of asthma exacerbations with increased asthma symptoms
and rescue inhaler use [8]. Therefore, it is not surprising
that in our area, trees and grasses were the pollens causing
significant sensitization in very young children (53% and
57%, respectively).

Unlike the east coast in which ragweed tends to be the
most common sensitizing weed, Russian thistle, pigweed,
and sagebrush were the significant pollens causing early
sensitization in the Great Basin. This is likely reflective of the
fact that these weeds comprise a large portion of the plant
population in our area This is compared to ragweed being a
more significant pollinating plant in the eastern and central
plains of North America [9, 10].

While the weeds play a significant role in allergies in
children living in the Great Basin, the grasses play almost
an equal role. The prevalence of sensitization to at least
one grass was lower than that of the weeds, but still was
significantly high at 57% in children age 2-3 years old.
The early grass sensitizers, Timothy and Alfalfa, are both
grasses that are common to the Great Basin. Timothy grass
is native to the region, and Alfalfa is planted for hay by
cattle ranchers. Thus, it is not surprising that both were
significant sensitizers in children. In our study, Brome was
also a significant sensitizer which may reflect some cross-
reactivity with Timothy. Similarly, the Great Basin native
grass, Johnson grass, was a common sensitizer in the 2-3
years old. In our study, the Bermuda/Saltgrass family was

a more common sensitizer in older children in the 4–7 age
range.

Due to the inclusion of plants occupying western Cal-
ifornia which have the capability of spreading downwind,
there were multiple nonnative plants included in our skin
test panel. The best example of this is the pollen of the
black walnut. Walnut was the most significant sensitizing tree
allergen for children ages 2-3 years old which is surprising
since walnut is not native to the Great Basin. Walnut is found
in abundance in California, but this aeroallergen is capable
of traveling great distances suggesting that it would be likely
for California walnut pollen to be wind-borne to the Great
Basin [11].

While walnut is a key sensitizer; olive also plays a large
role in sensitization of children. Olive is a non-native plant
included on our panel just as walnut is. However, members
of this family, ash and privet are frequently transplanted and
then irrigated by homeowners. In fact, privet has previously
been implicated in olive-free regions [12]. It is not surprising
that olive is a significant sensitizer in young children. In
studies that have been done in the Mediterranean where olive
is very common, they have found that olive is the most potent
allergen eliciting a Type I reaction [13]. Olive was the second
most common allergen causing a reaction in young children
in this study. This further substantiates the thought that olive
is a powerful sensitizer even in young children.

Previous research has suggested that pines are rarely
allergen sensitizers due to their pollen size [14]. Recent
studies, however, found that pine pollen is a potential
allergen, especially in areas where pine is found abundantly
[15, 16]. Pine is commonly found in the Great Basin and
in our study was found to cause sensitization in children
16–25% of the time. While sensitization to pine is not as
high as some of the other tree allergens, pine should not be
overlooked as a potential allergen in young children living in
regions with high prevalence of this tree.

Finally, willow, sweet gum, and mulberry are not native
species to the area, yet they still cause sensitization in
young children. A reason for this sensitization to nonnative
species may be due to the transplantation of these trees to
this area. In addition, one study suggests that willows are
not important aeroallergens since they are pollinated via
insects as opposed to the wind [14]. However, willow is also
pollinated by wind-borne means and frequently found as a
transplanted tree in Reno area. Another study found strong
cross-reactivity among members of the family, Salicales with
which willow, poplar, and cottonwood belong to [11]. In our
study willow was a significant early sensitizer with a large
prevalence in children ages 2-3 years, and this occurred in
the absence of poplar and cottonwood suggesting that cross-
reactivity was not the reason for IgE responses to willow. This
suggests that willow’s large presence in the Great Basin may
account for its ability to provoke IgE sensitization response.

Our data suggests that many children with allergic
rhinitis living in the Great Basin were sensitized to an
outdoor allergen by as early as 2 years of age. This further
supports previous publications demonstrating that children
less than 5 years of age develop allergic rhinitis and deserve
evaluation. Specifically, there are several weeds, grasses, and
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trees that are native to the Great Basin region including
native, wind-borne, and transplanted species that cause
significant sensitization leading to allergic rhinitis in these
young children. Allergic rhinitis first appears in the preschool
years and was found to be a predictor of the onset of
wheezing later in childhood [17]. For preschool children
with allergic rhinitis, assessment of allergic sensitization
might help in identifying a group at high risk of wheezing
and therefore may be candidate for allergy immunotherapy
as a disease modifier. For these reasons, we believe that even
young children patients with allergic rhinitis who live in the
Great Basin should have allergy testing to the most likely
pollens to each of the weeds, grasses, and trees that cause
sensitization at an early age. More importantly, we encourage
other pediatric allergists to determine which aeroallergens
are early sensitizers in their region to help specifically
plan targeted aeroallergen skin testing in these small but
symptomatic allergic rhinitis and asthmatic children.
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Pediatric atopy is increasing in prevalence and creates a significant financial and quality of life burden for children and families
(e.g., frequent clinic visits, academic, and social challenges). Thus, it is important to understand modifiable risk factors related to
disease onset or exacerbation in young children. The existing research base suggests that while a genetic link has been identified,
specific family psychological factors (e.g., parent stress) also appear to play a significant role in the development of pediatric atopy.
The function of psychological stress in the clinical expression and exacerbation of allergic diseases in young children is hypo-
thesized to be due to neuroendocrine and immunologic systems. Specifically, stress-related activation of the sympathetic and
adrenomedullary (SAM) system as well as the hypothalamic-pituitary-adrenocortical (HPA) axis from both the intrauterine
environment and early childhood experiences may increase risk of childhood atopy above and beyond genetic risk. Consequently,
prevention and intervention strategies aimed at reducing children’s early exposure to stress and psychological difficulties in parents
may prove beneficial in preventing or reducing the likelihood that their children will develop atopy.

1. Introduction

Pediatric atopy is increasingly prevalent and represents a
significant financial and quality of life burden for children
and families [1]. In addition to significant morbidity, effects
of disease and its treatment, such as fatigue and discomfort
as well as frequent clinic visits, may result in academic
and social challenges for youth with atopy. Thus, it is
extremely important to try to understand modifiable risk
factors related to disease onset or exacerbation in young
children. While a genetic link has been identified, the
contributing role of family psychological factors, particularly
parent stress, is beginning to be explored in the litera-
ture. This relationship is predominantly correlational in
nature, and the mechanisms involved are largely unknown
but have been hypothesized. The role of parent stress
in relation to pediatric allergic sensitization or develop-
ment of allergic disease in early childhood and a hypoth-
esized underlying psychoneuroimmunological theory are
discussed.

2. Parent-Report of Family Stress
in Early Childhood

Early psychosocial factors can play a role in disease develop-
ment later in childhood. In a cohort of youth, family stress
early in life (ages 9–24 months) was associated with asthma
status at 4 years of age [2]. However, parent stress was highly
correlated with asthma symptom severity. Indeed, when both
variables were considered, severity of asthma symptoms was
a better predictor of asthma status than parent stress. Of note,
at baseline participants in this study were already evidencing
active wheezing, making it unclear whether parent stress pre-
ceded or resulted from asthma symptomatology.

Most research has focused on mothers to the exclusion of
paternal factors. As an exception to this methodological ap-
proach, both mothers and fathers in a cohort of Puerto Rican
twins were interviewed about their psychological functioning
during year one of their children’s lives using the Mood and
Feelings Questionnaire and the World Health Organization
Composite International Diagnostic Interview, Version 3.0 [3].
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Both maternal and paternal psychological symptoms were
associated with negative health outcomes in early childhood.
Specifically, paternal symptoms of PTSD, depression, and
antisocial behavior were associated with recent asthma sym-
ptoms in youth at age one, including daytime and nighttime
symptoms, and use of albuterol. For each additional parent
endorsing depressive symptoms, there was a one-and-a-half
time’s increase in odds of a child having recent asthma sym-
ptoms. Of note, respiratory symptoms were elicited from
parent self-report rather than confirmed diagnoses, and this
study did not differentiate between symptoms that may have
been present due to other reasons (e.g., respiratory tract in-
fections). Additionally, the use of twins may limit the gen-
eralizability of the sample. Again, since parents were inter-
viewed retrospectively, it is unable to be determined whether
parental psychological symptoms led to asthma symptoms,
or if the presence of these symptoms increased parent stress.

3. Maternal Report of Prenatal Stress

Examining parental stress during pregnancy and its relation
to atopy development in early childhood can eliminate some
of the confounding factors present when examining stress
postnatally. The extant literature provides evidence that
maternal stress during pregnancy can impact fetal develop-
ment, with a variety of maladaptive responses including pre-
term birth, low birthweight, and increased susceptibility to
chronic illness [4]. Utilizing a birth-cohort design, a large
sample of infant-mother pairs recruited from hospitals in
Taiwan was followed at 3rd trimester gestation as well as at 6
and 24 months of age [5]. Based on maternal self-report on
the modified Chinese version of the Short Form 36 Health
Survey, authors found that greater emotional stress endorsed
during pregnancy, including symptoms of depression and
anxiety, was associated with atopic dermatitis (AD) in early
childhood [5]. A limiting factor of this study is use of paren-
tal report of atopic symptoms and purported physician diag-
noses, which may have resulted in some youth’s AD status
being incorrectly classified.

4. Caregiver Stress Measured in Biomarkers

Eliminating a reliance on parental-report of youth atopic
symptoms, Wright and colleagues [6] measured physiolog-
ical markers of immune response in relation to caregiver
stress. Their sample included 500 youth with a family history
of asthma or allergy who were followed from birth. Caregiver
stress was assessed bimonthly for the first two years of life and
then yearly using the Perceived Stress Scale (PSS); biomarkers
of atopy were obtained from blood samples two years later.
Higher levels of caregiver stress in early childhood were asso-
ciated with a corresponding change in atopic-specific bio-
markers, including IgE and cytokine production at age 2-3
years.

5. Proposed Psychoneuroimmunological
Theory Connecting Family Stress and
Development of Pediatric Atopy

Taken together, the literature seems to support the notion
that caregiver stress and parental psychological symptoms
during pregnancy and early childhood are associated with in-
creased risk of atopy. The role of psychological stress on cli-
nical expression and exacerbation of allergic diseases in
young children is hypothesized to be due to neuroendocrine
and immunologic systems. Activation of the sympathetic and
adrenomedullary (SAM) system as well as the hypothalamic-
pituitary-adrenocortical (HPA) axis is documented to be
associated with psychological stressors [7].

6. HPA Axis Dysregulation

The HPA axis is influential in regulating homeostasis. These
systems may dysregulate in the presence of stressors, and this
disturbance in homeostasis and resultant alterations in cor-
tisol levels have been linked to development of disease pro-
cesses. Effects may be both short- and long-term: the HPA
axis is susceptible to early programming, thus prenatal stress
may cause physiological dysregulation resulting in develop-
ment of atopic symptoms, and these youth may be more sen-
sitive to parental stress throughout childhood [8].

Youth cortisol levels also have been shown to be influenc-
ed by family stress. Salivary cortisol levels were measured in
newborns with and without a genetic predisposition for
atopy (e.g., one or more parents with a history of atopy)
before and after a heel prick stress procedure [9]. Newborns
with a parental history of atopy and elevated IgE (immuno-
globulin-E) levels (a biomarker found to be related to atopy)
demonstrated a hypercortisol response following the stressor.
In contrast, other studies show a decreased cortisol response
to stress with school-age youth [10] and adolescents [11]
with atopic disorders. Thus, it may be that a genetic risk for
atopy (e.g., parental history of atopy), combined with a ten-
dency for HPA dysregulation, may increase risk of developing
atopy later in life.

6.1. Epigenetic Influences. Indeed, there has been a line of
animal and human research associating the development of
atopy with epigenetic changes (i.e., permanent changes in
gene function caused by environmental influences). Some re-
search findings support the notion that the influence of pren-
atal and early life experience of psychosocial and physical
stress is related to the development of atopic diseases in chil-
dren [12]. Specifically, there has been growing evidence to
support the theory that transitory family stress (e.g., mater-
nal depression, paternal psychological dysfunction) can have
permanent effects on gene regulation and expression in
children via epigenetic mechanisms [12, 13]. For example,
histone modifications have been linked to bronchial hyper-
responsiveness and corticosteroid resistance in asthma [12].
Thus, it has been argued that the HPA axis is changed
epigenetically by stress [14]. Taken together, it could be
expected that these gene-environment changes in the HPA
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axis and its function could potentially affect the course of
atopy as allergic rhinitis, asthma, and atopic dermatitis are
all cortisol-responsive diseases.

7. Directions for Future Research

A link between family stress and mood and expression of
atopic disease in youth is emerging in the literature, with the
mechanism for this effect thought to be related to dysregula-
tion of the HPA axis. Stress-related changes in SAM and HPA
activity from both the intrauterine environment and early
childhood may increase risk of childhood atopy above and
beyond genetic risk. Given the negative financial and quality
of life costs of childhood atopy, there is a vital need for ongo-
ing research to better understand these modifiable risk fac-
tors.

To advance our understanding of the relation between
psychosocial risk factors and the development of atopy in
youth, it will be important for future research to improve
upon the methodology of published studies. In particular, it
will be essential for forthcoming research to utilize longitu-
dinal designs, ideally beginning to gather psychosocial data
with both parents early in pregnancy and following them and
their children as the children age through preschool and into
school. Atopic diagnoses should be confirmed by physicians
or medical chart reviews, rather than obtained through par-
ent report. Moreover, reliable and well-validated measures of
psychological functioning should be used when measuring
psychosocial risk factors. Finally, these studies need to be
conducted in the United States, rather than specific to parti-
cular foreign countries, and should strive to include a sample
that is broad in ethnic and racial characteristics. By doing so,
the generalization of findings will be enhanced.

8. Clinical Applicability

Despite the need for increased research efforts, future re-
search will need to investigate the impact of prevention and
intervention strategies, as well as the potential benefits of
psychopharmacological therapy. Some clinical implications
can be derived from current findings. Specifically, the present
literature suggests that prevention and intervention strategies
aimed at reducing children’s early exposure to stress and psy-
chological difficulties in parents may prove beneficial in pre-
venting or reducing the likelihood that their children will
develop atopy. These strategies should be focused on parental
stress management and mood symptom reduction via em-
pirically validated approaches, such as cognitive behavioral
therapy. At the very least, however, this paper suggests that
pregnant women and new parents who report stress or psy-
chological dysfunction likely would benefit from a referral
for psychological services, and perhaps their young children
will benefit as well. Thus, obstetricians and pediatricians
should be aware of these potential clinical implications for
the care of their patients.
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Background. Studies suggest that the rising prevalence of food allergy during recent decades may have stabilized. Although genetics
undoubtedly contribute to the emergence of food allergy, it is likely that other factors play a crucial role in mediating such short-
term changes. Objective. To identify potential demographic predictors of food allergies. Methods. We performed a cross-Canada,
random telephone survey. Criteria for food allergy were self-report of convincing symptoms and/or physician diagnosis of allergy.
Multivariate logistic regressions were used to assess potential determinants. Results. Of 10,596 households surveyed in 2008/2009,
3666 responded, representing 9667 individuals. Peanut, tree nut, and sesame allergy were more common in children (odds ratio
(OR) 2.24 (95% CI, 1.40, 3.59), 1.73 (95% CI, 1.11, 2.68), and 5.63 (95% CI, 1.39, 22.87), resp.) while fish and shellfish allergy
were less common in children (OR 0.17 (95% CI, 0.04, 0.72) and 0.29 (95% CI, 0.14, 0.61)). Tree nut and shellfish allergy were
less common in males (OR 0.55 (95% CI, 0.36, 0.83) and 0.63 (95% CI, 0.43, 0.91)). Shellfish allergy was more common in urban
settings (OR 1.55 (95% CI, 1.04, 2.31)). There was a trend for most food allergies to be more prevalent in the more educated
(tree nut OR 1.90 (95% CI, 1.18, 3.04)) and less prevalent in immigrants (shellfish OR 0.49 (95% CI, 0.26, 0.95)), but wide CIs
preclude definitive conclusions for most foods. Conclusions. Our results reveal that in addition to age and sex, place of residence,
socioeconomic status, and birth place may influence the development of food allergy.

1. Introduction

Among adults worldwide, 7.7% (Iceland) to 24.6% (US) are
sensitized to food allergens [1]. Foods are the most common
triggers for anaphylaxis, accounting for 33.2% to 56% of
all cases [2, 3] with peanut, tree nut, fish, and shellfish
responsible for the majority of fatal reactions [4]. Studies
suggest an increasing prevalence of food allergies in the
past two decades [5, 6], with a recent stabilization in devel-
oped countries [7, 8]. Although genetic factors undoubt-
edly contribute to the development of food allergies [9],

it is evident that they are not fully responsible for these
relatively short-term temporal trends in prevalence. Further,
recent reports suggest that populations with similar genetic
backgrounds may have different rates of food allergy, pos-
sibly due to different dietary habits [10], and alternatively,
populations with different genetic backgrounds may have the
same relative prevalence of food allergies [1]. It is evident that
the development of food allergy results from an interplay of
genetic, environmental, and demographic factors. However,
little is known about which demographic factors are associ-
ated with food allergy. In the SCAAALAR study (Surveying
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Canadians to Assess the Prevalence of Common Food
Allergies and Attitudes towards Food LAbelling and Risk)
launched in 2008, we determined the nationwide prevalence
of peanut, tree nut, fish, shellfish, and sesame allergy [11]. In
this manuscript, we evaluate potential demographic factors
that may influence the prevalence of these potentially severe
food allergies in the SCAAALAR population.

2. Methods

As described in detail elsewhere [11], households in the
ten Canadian provinces were chosen by purchasing, from
Info-Direct, a random selection of telephone numbers and
their accompanying addresses from the electronic white
pages. Interviews were conducted from May 2008 to March
2009 by trained interviewers from either McGill (Montreal,
Quebec) or McMaster (Hamilton, Ontario) Universities,
using computer-assisted telephone interview (CATI) soft-
ware (WinCati 4.2, Copyright 1986–2004 Sawtooth Tech-
nologies Inc, Northbrook Illinois). Eligible respondents were
18 years or older and living in the household, with no
language-mental-hearing barriers. They were queried on
whether any of the household members had any of the
above 5 food allergies as well as on potential demographic
predictors of food allergy.

To optimize response rates and minimize bias, a maxi-
mum of 10 attempts were made to contact households during
different days and times between the hours of 9:30 AM to
9:00 PM (local time) Monday through Friday and 10:30 AM
to 5:00 PM on Saturdays and Sundays. Households were also
advised of our survey a few weeks in advance of the phone
call by a mailed information letter.

The study was approved by the Institutional Review
Boards of the McGill University Health Centre and McMaster
University.

3. Questionnaire

We used a standardized questionnaire developed by Sicherer
et al. [5, 12] as in the US, and incorporated questions regard-
ing sesame allergy. The questionnaire was translated into
French and back-translated to English. If the eligible house-
hold respondent reported that he or she or any family
member potentially had a food allergy, the respondent was
queried on the history of the most severe allergic reaction,
interval between exposure and symptom onset, if medical
care was sought and if diagnosed by a physician. The
eligible household respondent reported on the household
sibship size, annual household income and the respondents’
education level, marital status, and country of origin. The
eligible household respondent also reported on the ages and
gender of all household members.

4. Statistical Analysis

The prevalence of probable food allergy was estimated by
including all with a convincing history and/or self-report of
a physician diagnosis of allergy. A convincing history was

defined as at least 2 mild signs/symptoms or 1 moderate or 1
severe sign/symptom that occurred within 120 minutes after
ingestion or contact (or inhalation in those with fish/shellfish
allergy). Mild reactions included pruritus, urticaria, flushing,
or rhinoconjunctivitis; moderate: angioedema, throat tight-
ness, gastrointestinal complaints, or breathing difficulties
(other than wheeze); severe: wheeze, cyanosis, or circulatory
collapse [7, 11, 13, 14].

Univariate and multivariate logistic regression analyses
were used to estimate the associations between the presence
of probable food allergy and potential predictive factors
including sibship size, annual household income (low in-
come level defined as an income at which families or un-
attached individuals spend at least 70% of before tax income
on food, shelter, and clothing and is determined according
to family size and location), location of household (urban
defined as residing in Canadian metropolitan areas or in
Canadian areas with a population ≥100,000), province of
household (Atlantic provinces, Quebec, Ontario, Prairies,
or British Columbia), education level of household respon-
dent (completed college or university), marital status of
household respondent (living with partner/married), immi-
gration status of household respondent (Canadian born),
ages of each household member (<18 years), and gender
of each household member. Possible confounding factors
were investigated by comparing univariate to multivariate
results. Since the data were collected for randomly selected
households rather than randomly selected individuals, all
confidence intervals (CI) were corrected in order to account
for clustering effects. In addition, a significant proportion
of households (38%) did not provide any income data and
hence multiple imputation techniques were applied, using all
available data, in order to estimate the effect of low income
over the largest possible sample. In the case of income-related
questions, nonresponse may be due to nonignorable factors.
Therefore, two sensitivity analyses were also performed in
which the predicted incomes used for imputations were
either doubled or halved.

5. Results

Three thousand six hundred sixty-six out of 10,596 house-
holds contacted responded (34.6% participation rate), of
which 3613 completed the entire interview, providing data
on 9667 participants.

Low income and immigrant populations were relatively
underrepresented in SCAAALAR (8.9% of households in
SCAAALAR were considered low income versus 14.5% in
the Canadian population and 14.4% of household respon-
dents in SCAAALAR were immigrants versus 19.4% in the
Canadian population) while the SCAAALAR population
had a higher proportion of household respondents with
postsecondary education when compared to the general
Canadian population (60.5% in SCAAALAR versus 32.9% in
the Canadian population), the populations were similar with
respect to urban versus rural location, province of residence,
and marital status (Table 1).

Peanut, tree nut, and sesame allergy were more com-
mon in children (peanut: odds ratio (OR) 2.24 (95% CI,
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Table 1: Multivariate logistic regression examining association between specific food allergies and respondent characteristics (n = 8682∗).

Peanut odds ratio (OR)
(95% CI)

Tree nut Fish Shellfish Sesame

Age < 18 yo 2.24 (1.4, 3.59) 1.73 (1.11, 2.68) 0.17 (0.04, 0.72) 0.29 (0.14, 0.61) 5.63 (1.39, 22.87)

Male 1 (0.63, 1.58) 0.55 (0.36, 0.83) 0.96 (0.52, 1.78) 0.63 (0.43, 0.91) 1.04 (0.25, 4.23)

Urban 0.82 (0.5, 1.35) 0.99 (0.65, 1.5) 0.97 (0.51, 1.84) 1.55 (1.04, 2.31) 0.91 (0.18, 4.63)

Immigrant 0.62 (0.28, 1.38) 0.52 (0.25, 1.07) 0.45 (0.14, 1.46) 0.49 (0.26, 0.95) 0.73 (0.08, 6.65)

Postsecondary graduate 1.63 (0.94, 2.85) 1.9 (1.18, 3.04) 1.06 (0.56, 2) 0.69 (0.47, 1.01) 2.43 (0.56, 10.59)∗∗
∗

This refers to participants providing complete data for the variables in this model; income level was provided by only 5,961 participants.
∗∗Given the small number of sesame allergic individuals, the education variable is university graduate for this allergy.

1.40, 3.59), tree nut: OR 1.73 (95% CI, 1.11, 2.68), and
sesame: OR 5.63 (95% CI, 1.39, 22.87)), while fish and
shellfish allergy were more common in adults (OR 0.17 (95%
CI, 0.04, 0.72) and OR 0.29 (95% CI, 0.14, 0.61), resp.). Tree
nut and shellfish allergy were less common in males (OR
0.55 (95% CI, 0.36, 0.83) and OR 0.63 (95% CI, 0.43, 0.91),
resp.). Shellfish allergy was more common in urban settings
(OR 1.55 (95% CI, 1.04, 2.31)). Higher household education
was associated with increased likelihood of allergy to peanut,
tree, fish, and sesame although it reached significance only
for tree nut (OR 1.9 (95% CI, 1.18, 3.04)). All food allergies
were less common in immigrants although large CIs preclude
definitive conclusions except for shellfish (OR 0.49 (95% CI,
0.26, 0.95)). Use of multiple imputation for income and the
sensitivity analyses did not alter these associations.

6. Discussion

Consistent with other research, our study has demonstrated
that peanut, tree nut, and sesame allergy were more common
in children, fish and shellfish more common in adults, and
tree nut and shellfish allergy less common in males [12, 15–
18]. However, ours is the first North American study to
examine the influence of education level, immigrant status,
and geographic location on food allergy, and we found that
most food allergies are more prevalent in the more educated
and those born in Canada and shellfish allergy in those
residing in urban settings.

Our results suggest that a higher educational level may be
associated with an increased risk of food allergy. These results
are consistent with other studies suggesting an increased risk
for allergic diseases, including food allergies, in families with
higher parental education [19]. However, the mechanisms
underlying these relationships are not yet well understood.
Given that a higher education level may be associated
with changes in family lifestyle [20], the hygiene hypoth-
esis may partially account for these findings. Consistent
with the hygiene hypothesis, smaller family size, decreased
exposure to pets and livestock, fewer infections during
infancy, increased use of antibiotics and vaccinations, and
improved sanitation might decrease microbial burden and
lead predominantly to a type 2 T-helper cell response which
is responsible for triggering allergic disorders [21]. Other
factors may also explain this association between education
and food allergy. It is possible that more educated parents

may be more likely to have followed American Academy of
Pediatrics’ recommendations [22] regarding the restriction
of potentially allergenic foods in early life. This guideline
has recently been retracted as research suggests that delayed
introduction may promote, rather than reduce, the develop-
ment of food allergy [23]. Further, educated parents have
higher health literacy and may be more likely to consult a
physician for suspected food allergies [24]. Hence, the actual
prevalence may not be higher in the more educated, but
may merely appear increased because of greater likelihood
of seeking a diagnosis.

The observed reduced risk of food allergy in immigrants
might be due to genetic differences as well as environmental
influences. Recent studies suggest an increased prevalence
of allergic diseases commensurate with the length of stay
in Westernized countries regardless of age at arrival, sex, or
atopic status [25]. Further, it was reported that asthma symp-
toms in Chinese adolescents were lowest among residents
of mainland China, were greater for those in Hong Kong
and those who had immigrated to Canada, and were highest
among those born in Canada [26]. It was also shown that
individuals born in Western countries compared to those
born in Asia have a higher risk of peanut and tree nut
allergy although the risk for shellfish allergy was unrelated
to the place of birth [27]. These observations suggest a
crucial role for environmental factors in the pathogenesis
of allergic diseases in immigrants. Certain Western dietary
habits and lifestyles might contribute to the development of
food allergies [28] including omega-3 fatty acids deficiency
[29], decreased consumption of fresh fruits and vegetables
[30], excess or inadequate vitamin D [31, 32], different
food processing methods [33], delayed introduction of foods
[10], low-dose cutaneous sensitization to peanut [34], and
improved sanitation [35]. It is also possible that immigrants
are less likely to consult a physician for a suspected allergy
because of lower health literacy [36] and/or lack of a regular
family doctor [37], resulting in an apparent, rather than a
real decrease in allergy prevalence in this population.

Although a higher prevalence of asthma [38] and eczema
[39] in urban settings was previously reported, no popula-
tion-based studies have examined the association between
urban/rural dwelling and food allergy. The higher prevalence
of shellfish allergy in urban areas may be attributed to factors
related to the hygiene hypothesis including less exposure to
parasites and other infections [40], higher use of antibiotics,
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less exposure to animals [41], less overcrowding (in a house)
[42], higher use of processed food [43], and piped water
intake (versus spring drinking water) [44]. It is possible that
only shellfish allergy was associated with living in an urban
setting as it is reported that city dwellers consume more
shellfish [45], but not more of the other food allergens.
It is also possible that individuals living in urban areas
closer to the shellfish sources (i.e., coastal areas) are more
likely to have shellfish allergy. However, the association
between urban and seafood allergy remains robust even
after controlling for coastal proximity through the use of an
interaction term (coastal and urban, data not shown).

Gender differences were observed for tree nut and shell-
fish allergy. Higher rates of food allergy in postpubertal
females are consistent with other studies suggesting that
anaphylaxis is more common in adult females [2] potentially
due to the effect of estrogens that enhance mast cell activa-
tion and allergic sensitization, and progesterone that inhibits
histamine release, but potentiates IgE induction [46]. The
reduced risk for tree nut and shellfish allergies in males may
only be apparent and attributable to a lower rate of physician
diagnosis in males as adult males are known to be less likely
to have a regular doctor [37].

Our study has some potential limitations. As probable
food allergy estimates are based on self-report of a con-
vincing history or physician diagnosis, it is possible that the
predictors identified in the regression analysis are not valid
predictors of a confirmed food allergy (based on the corrobo-
ration of history and confirmatory tests). However, given that
our probable peanut allergy estimates in Canadian and Que-
bec children (Canada: 1.68%; Quebec: 1.69%) are consistent
with confirmed peanut allergy estimates in Montreal school
children (1.63%) [7, 11], we believe that the associations
identified for probable allergy are valid for confirmed allergy.
Although our participation rate was only 34.6% with an
underrepresentation of those of lower socioeconomic status
and immigrants, this is consistent with other recent studies
[16]. This low participation rate potentially resulted in
selection bias with an overrepresentation of those with
food allergy. However, given that our estimates for peanut
allergy prevalence are consistent with our previous estimates
in Montreal school children (as noted above) where the
participation rate was 64.2% [7], we anticipate that such a
bias is likely to be minimal. Yet, if such a bias does exist,
it is likely to make the strength of the association between
high socioeconomic status and allergy conservative. We
anticipate that among the vulnerable populations, the pres-
ence of allergy will increase participation more than it
would in the observed population. Hence, if the sample of
the vulnerable populations was more representative, the
prevalence of allergy in this sample would be even lower
and the association between high socioeconomic status and
allergy would be even stronger. Other limitations include the
availability of data on education and birthplace on only a
single household member (i.e., the eligible respondent), and
our failure to explore other potential determinants. However,
we have data on the education level and birthplace of the
principal caregiver of the allergic individual and it is likely
that the demographic characteristics of that caregiver play

a major role in shaping the household lifestyle and the factors
that may contribute to the emergence of food allergies in the
household [47].

In conclusion, our results reveal that demographic deter-
minants such as education level, birthplace, and urban dwell-
ing may influence the development of food allergy. Further
studies examining the prevalence and pathogenesis of food
allergy in vulnerable populations and exploring genetic and
other environmental determinants will help disentangle the
numerous factors mediating the development of food allergy.
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The objective. was to investigate L-Carnitine level and the effects of its supplementation in children with moderate persistent
Asthma. Methods. Free and total serum carnitine levels were measured in 50 children having moderate persistent asthma and 50
healthy control children. The patients group was randomly divided into two subgroups. Subgroup A was supplemented with L-
Carnitine for 6 months while subgroup B was used as a placebo controls. Both subgroups were assessed by pulmonary function tests
(PFT) and childhood-asthma control test (C-ACT) before and 6 months after carnitine supplementation. Results. Total and free
carnitine levels were significantly lower in patient group than in control group. PFT and C-ACT showed significant improvements
in asthmatic children supplemented with L-Carnitine than in those who were not supplemented. Conclusion. L-Carnitine levels
were initially lower in moderate persistent asthmatic children as compared to healthy control children. Asthmatic children who
received L-Carnitine supplementation showed statistically significant improvement of C-ACT and PFT.

1. Introduction

Asthma is a common complex chronic inflammatory disor-
der of the airways characterized by variable and recurring
symptoms, airflow obstruction, bronchial hyper responsive-
ness, and an underlying inflammation. It is one of the most
common chronic diseases of childhood, affecting more than
6 million children and more than 22 million persons in
the United States [1]. The persistence or increase of asthma
symptoms over time is accompanied by a progressive decline
in lung functions [2]. The patho physiology of persistent
asthma remains poorly understood. Even with the current
therapies, the symptoms may be incompletely controlled, or
they might have little effect on disease process [3, 4]. As
pharmacologic therapy may have variable results in these
asthmatic children, the search for metabolic or nutritional
deficiencies contributing to the disease has continued. In
instances where metabolic or nutritional deficiencies are a

contributing factor to ongoing inflammatory processes in the
bronchial tree, dietary supplementation of these deficiencies
may provide benefit [5].

L-Carnitine is a cofactor that plays an essential role in the
mitochondrial oxidation of long-chain fatty acids. It spares
muscle glycogen, improves tolerance to physical activity,
and reduces muscle fatigue [6]. It has been noted that L-
Carnitine decreases leukotriene synthesis through inhibition
of lipoxygenase enzyme [7]. L-Carnitine administration is
beneficial to exercise and respiratory strength training in
outpatients with stable, moderate-to-severe chronic obstruc-
tive pulmonary diseases [8]. L-Carnitine supplementation
can increase serum carnitine levels, improve exercise capacity
and correct the obstructive pattern in breath function tests in
certain diseases [7, 9].

The role of L-Carnitine in development or persistence
of pediatric asthma has not been investigated. This paper
investigated the differences in serum L-Carnitine levels
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in pediatric asthmatic patients as compared to healthy
control children. In addition, it studied the effectiveness
of L-Carnitine supplementation in improving symptom
scores and pulmonary function testing in children moderate
persistent pediatric asthma.

2. Study Patients

The study included 77 children between 6 and 12 years
of age and diagnosed to have moderate persistent asthma.
They were recruited from the Allergy and Pulmonology Unit,
Paediatric Departments, New Children Hospital, Faculty of
Medicine, Cairo University, Egypt. They were invited to
participate in the study from March 2008 till May 2009. Fifty
children out of 77 children completed the study, 10 refused
to complete the study (as they were not able to swallow L-
Carnitine capsules), and 17 failed to adhere to the study pro-
tocol (eight of them did not show up at the follow-up visits,
5 children did not take the asthma medications on a regular
basis, and 4 suffered from infections during the pre study
phase). Those 50 children were further randomly subdivided
into two equal subgroups (A or B). Fifty healthy children of
matched age and sex were included as a control group.

3. Definition of Moderate Persistent Asthma

The children were defined as having moderate persistent
asthma according to National Heart, Lung, and Blood
Institute Guidelines, if they have daily symptoms, night-
time awakenings more than 1 time/week but not nightly,
some limitation of the normal activities, Forced Expiratory
Volume in 1 second (FEV1) 60–80% of the predicted,
Forced Expiratory Volume in 1 second/Forced Vital Capacity
Ratio (FEV1/FVC) 75–80% of the predicted, daily use of a
quick-relief inhaler, and/or exacerbations requiring systemic
corticosteroids equal to or more than twice a year [1]. The
standard care was allowed to be altered up or down during
the supplementation phase according to the child condition.

4. Exclusion Criteria

(1) Any pulmonary or chronic systemic diseases other
than asthma and rhinitis, for example, cystic fibrosis,
bronchiectasis, tuberculosis, diabetes mellitus, and
liver.

(2) Children with immunodeficiency or history of pre-
mature birth.

(3) Children with hypothyroidism or borderline thyroid
functions.

(4) Other medications that may affect carnitine level:
antibiotics use (particularly Ampicillins) and anti-
convulsants for example Valproic acid.

(5) Recent exhaustion, infection (especially pneumonia),
surgery, anaesthesia.

(6) Children who failed to have regular outpatient
follow-up visits, a reliable caregiver, and willingness
to complete at least 1 outpatient visit per month,

and those who were not adherent to proper asthma
medications.

5. Methodology

5.1. Study Design. There were two phases of the study;
pre-clinical phase and active study phase during which
children with moderate persistent asthma were recruited.
During the 6-month preclinical phase the asthma control
test, frequency of use of short acting B2 agonists, use of
short courses of systemic steroids, the frequency of night time
symptoms, frequency of acute asthma exacerbation, and the
need for emergency department visit or hospitalization were
recorded. During this phase every effort was done to max-
imize the asthma control and to decrease the severity of the
asthma with the use of step up regimen according to National
Heart, Lung, and Blood Institute Guidelines [1]. Children
follow up and data collection were done at monthly intervals.

The active study phase was conducted as a random-
ized, double-blind, placebo-controlled trial over 6 con-
secutive months. The children were randomly allocated
using computer-generated list of random numbers. At the
beginning phase of this study, the total and free plasma
carnitine levels were assessed in both the patient and control
groups. One blood sample was collected from each of the
control group, and two samples were collected from the
asthmatic children; the first sample was obtained during
acute asthma exacerbation, and the second was obtained
three weeks after the attack. We considered the mean of the 2
samples for analysis.

The patient group was further subdivided into two sub-
groups. Subgroup A (n = 25) received L-Carnitine 350 mg
capsules, 3 capsules each morning for 6 months. Subgroup
B (n = 25) received 3 placebo identical appearing capsules
containing lactose for a similar time. The parents were
strictly instructed to supervise their children while taking
the capsules and to report the occurrence of diarrhoea or
gastric upset as a sign of overdose. In addition, children were
instructed to swallow and not to bite or chew the capsules.

The children were checked at least once a month. They
would also visit the clinic if they developed exacerbations or
if it was necessary to maximize the asthma control. Recording
of the childhood-asthma control test, the frequency of use
of short acting B2 agonists, use of short courses of systemic
steroids, the frequency of night time symptoms, frequency
of acute asthma exacerbation, and the need for emergency
department visit or hospitalization were also done as well
as any side effects related to the medications including
L-Carnitine. At the end of the study, the total and the
free plasma carnitine levels were reassessed in the patient
subgroups.

Serum total and free carnitine levels were studied by the
enzymatic spectrophotometric method (Shimadzu UV160A
spectrophotometer, Japan). A venous blood sample was
withdrawn from each child on serum gel blood-collection
tubes (Sarstedt). The obtained samples were centrifuged at
3000×g for 15 minutes, and serum samples were kept at
−20◦C until analysis. Serum total and free carnitine levels
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Table 1: Demographic data and associated comorbidities in patients and control groups.

Asthmatic (n = 50) Control (n = 50) t P

Age 9± 2 9.14± 2 0.27 >0.05

BMI 19± 2 18.5± 1.9 1.43 >0.05

M/F 1.1 : 1 01 : 01.1

Age at diagnosis 3± 0.90 — — —

Urban/rural 28 : 22 (1.27 : 1) 27 : 23 (1.17 : 1)

Associated nasal allergy 27 (54%) 2 (4%) — <0.001∗

Atopic dermatitis 17 (34%) 5 (10%) <0.001∗

Immediate family history of asthma 18 (36%) 1 (2%) — <0.001∗

Smoking parents 1 (2%) 7 (14%)

(∗) P < 0.05 is significant.
There was no significant difference in age and BMI between asthmatic children and the controls while there was significant increase in the incidence of
associated nasal allergy, atopic dermatitis, and family history of asthma in asthmatic children than in the control group. On the other hand the incidence of
smoking parents was higher in control group than in the asthmatic group.

were measured by an enzymatic UV test kit (Roche Diagnos-
tics GmbH, Mannheim, Germany, CAT. no. 11242008001).

At the beginning of the study and at the end of
treatment phase, the patients were assessed (using subjective,
physiological & laboratory assessment) to avoid false positive
or negative results as follows: subjective by childhood-asthma
control Test (C-ACT) for children 4 to 12 years, physiological
by pulmonary function test (PFT), and laboratory by sputum
eosinophil and serum Immunoglobulin (Ig) E.

Childhood-Asthma Control Test (C-ACT). The C-ACT is a
7-item child- and caregiver-completed tool with a scoring
range of 0–27; higher scores indicate better control. A score
of 19 or less indicates that the asthma may not be well
controlled. The C-ACT is intended for use in children up to
the age of 12 years [10].

Pulmonary Function Tests (PFT). The children were
weighed, and their heights were measured. Spirometry was
performed for all children in the sitting position using a
calibrated computerized spirometer (SpiroPro, CareFusion,
San Diego, USA). Subjects were required to perform 3 ac-
ceptable Forced Vital Capacity (FVC) manoeuvres according
to American Thoracic Society recommendations [1]. The
maximum percentage in Forced Expiratory Volume in 1
second (FEV1) value from 3 readings was calculated.

The Kasr Al Eini Research Committee approved the study
protocol. Verbal and written information were given with
full explanation that the trial therapy is just an add-on
therapy not replacing the traditional asthma therapy, and the
children should continue their usual regimen of treatment.
All the families were given the cell phone numbers of the
investigators. They were instructed to call if there was any
serious side effect of the L-Carnitine, any deterioration of the
asthma condition or deterioration of the general condition
of the enrolled child. A fully explained written consent
was signed by the parents of the children who agreed to
participate in the study.

5.2. Statistical Analysis. The primary end point of this trial
was improvement of the lung functions and C-ACT. We
hypothesized that the use of L-Carnitine supplementations
will significantly improve the lung functions and C-ACT and
can reduce the severity of inflammation in children with
moderate persistent asthma with α level being set to be 0.05.
The power level of the primary end point of the study was
more than 90% and was still more than 85% after excluding
the 27 children who could not complete the study (using:
Power & Precision V3; http://www.Power-Analysis.com/). We
used the paired value and looked at the mean of the results
of each treatment group. Data were presented as mean
(±SD) values. The two-way analysis of variance (ANOVA)
was used to identify statistically significant differences in
the different parameters before and after the treatment. For
all analysis, a statistical significance of P value <0.05 was
used. The confidence intervals were calculated as indicators
of standardized mean differences between groups. Wilcoxon’s
Signed Rank test was used to assess the normality of
distributions of the data. Correlation between the free and
total serum carnitine level and the severity of asthma was
done. The statistical analysis was performed using TexaSoft,
WINKS SDA Software, Sixth Edition, Cedar Hill, Texas, 2007.

6. Results

Demographic data of the children enrolled in the study were
shown in Table 1. There were no important differences in
the demographic features of those children who completed
the study versus those who did not. There was no significant
difference between patient and the control group as regard to
age, BMI, and sex. The free and total carnitine serum levels
(Table 2) were significantly lower in children with moderate
persistent asthma than in the control group (P < 0.001).
The side effects of L-Carnitine supplementation encountered
during the study are shown in Table 3. None of these side
effects enforced the children to stop the medication. Table 4
demonstrates a significant positive correlation between both
C-ACT and FEV1% predicted and the total and the free
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Table 2: Laboratory findings in patients and control groups before starting the L-Carnitine therapy.

Asthmatic (n = 50) Control (n = 50) t P

Serum IgE (kU/L) 325± 103 100.8± 60.8 13 <0.001∗

Blood eosinophils (%) 5.9± 2.1 2.0± 0.9 12.5 <0.001∗

Free carnitine (umol/L) 30.3± 1.8 39.3± 3.8 14.5 <0.001∗

Total carnitine (umol/L) 40.1± 2.6 49.5± 3.9 12.8 <0.001∗

(∗) P < 0.05 is significant.
The table showed serum IgE, blood eosinophils %, free and total serum carnitine in patient and control groups before starting the L-Carnitine therapy. The
serum IgE and blood eosinophils were significantly higher in asthmatic than in control children. On the other hand, the free and total serum carnitine levels
were significantly lower in asthmatic than in control children.

Table 3: Side effects of L-Carnitine treatment.

GIT symptoms 2 (8%)

Stuffy nose 1 (4%)

Hyperactivity 1 (4%)

Headache 2 (8%)

Insomnia 0%

Palpitation 0%

Hypertension 0%

The table showed that, the most encountered side effects of L-Carnitine were
the gastrointestinal disorders and headache. Blocked nose and hyperactivity;
both were recorded in one child. Insomnia, palpitation or hypertension was
not reported. None of these side effects enforced the patients to stop the
intake of the oral L-Carnitine.

serum carnitine level. However, there was no significant
correlation between these levels and the FEV1/FVC ratio with
carnitine levels.

Table 5 showed significant decrease in the emergency
department visit, total hospital admissions, and blood
eosinophils (%) between children supplemented with L-
Carnitine compared to those asthmatic children with placebo
or before supplementation, while there was no significant
difference in serum IgE levels. Table 6 showed no significant
difference in free and total carnitine serum levels among
patient subgroups before L-Carnitine supplementation (P >
0.05). However, this difference became significant after six
months of oral carnitine supplementation (P > 0.001). The
results of PFT and C-ACT before and after carnitine supple-
mentation are shown in Table 6. There was no significant
difference in PFT and C-ACT between patient subgroups
(subgroup A & B) before L-Carnitine supplementation (P >
0.05). However this difference became significant after 6
months of L-Carnitine supplementation for both PFT and C-
ACT (P < 0.001). Also there was a significant improvement
of both PFT and C-ACT after L-Carnitine supplementation
in the subgroup A children (P < 0.001). On the other hand,
when comparing PFT and C-ACT in subgroup B before
and after placebo supplementation, there was no significant
improvement in FEV1% predicted and C-ACT. However,
there was significant improvement in FEV1/FVC ratio.

7. Discussion

The increased asthma prevalence in the last few decades
is due to different factors including changes in the dietary

habits. Carnitine deficiency due to fad diets or lack of access
in children may lead to different problems including failure
to thrive, recurrent infections, hypotonia, encephalopathy,
cardiomyopathy, or nonketotic hypoglycaemia [11]. Since L-
Carnitine has an essential role in the transport of long-chain
fatty acids through the mitochondrial membrane in order to
ensure efficient β-oxidation of fatty acids, it is important for
activation of pulmonary surfactant synthesis [12].

In the current study, there were significant lower free
and total carnitine serum levels in children with moderate
persistent asthma than in the controls. These findings agreed
with the results of Asilsoy et al. who found that serum
carnitine levels were decreased in children with moderate
asthma during exacerbation of asthma and shortly thereafter
[13]. Whether the decrease in serum carnitine in children
with moderate persistent asthma is a cause or an effect, needs
to be further studied. In the study conducted by Asilsoy et al.,
they attributed the decrease of serum carnitine levels during
the asthmatic attacks to the decrease in lung surfactant
(during attack) and the use of body stores to replenish it
(after attack).

Carnitine deficiency leads to toxic accumulation of long-
chain fatty acids in the cytoplasm and of acyl CoA in the
mitochondria. The accumulated saturated and monounsatu-
rated fats may have different effects on airway inflammation
[14]. Decreased serum carnitine was also documented in
other respiratory problems like children with recurrent
respiratory tract infections and neonates with respiratory
distress syndrome [15, 16].

From our best knowledge, this study was the first to
investigate the benefit of L-Carnitine supplementation in
asthmatic children. In the current study, the PFT and the C-
ACT were significantly improved in the asthmatic children
who received L-Carnitine supplementation than in those
who did not (P < 0.001). There was also a statistically
significant improvement in PFT and C-ACT in subgroup A
patients (who were supplemented with L-Carnitine) when
compared to the presupplementation phase (P < 0.001).

There are no previous data about the effect of L-Carnitine
supplementation for asthma management in humans. In the
animal model, Uzuner et al. studied the effect of L-Carnitine
supplementation in mice with laboratory-induced asthma.
They found that L-Carnitine supplementation improved
oxygen saturation and decreased urine leukotriene E4 and
inflammation in lung tissues in the studied animals [17].
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Table 4: Correlation between free and total carnitine levels with C-ACT, FEV1% of predicted and FEV1/FVC ratio in asthmatic children at
the beginning of the study.

Variable (n = 50) r 95% CI P

C-ACT
Mean± SD
13.1 ± 1.43

Total S Carnitine
40.1±2.63

0.36 0.09, 0.58 <0.01∗

Free S Carnitine
30.3 ± 1.8

0.88 0.8, 0.9 <0.001∗

FEV1 (% of predicted)
70.9± 3.7

Total S Carnitine 0.95 0.91, 0.97 <0.001∗

Free S Carnitine 0.7 0.52, 0.82 <0.001∗

FEV1/FVC
Mean ± SD
60.2 ± 4.5

Total S carnitine 0.26 −0.02, 0.5 >0.05

Free S Carnitine 0.07 −0.2, 0.3 >0.05

C-ACT: Childhood-Asthma control test. FEV1/FVC: Forced Expiratory Volume in 1st second/Forced Vital Capacity Ratio. (∗) P < 0.05 is significant, r
correlation coefficient, CI confidence interval.
The table showed the correlation between serum carnitine (free and total) and C-ACT and some pulmonary function parameters in asthmatic children at the
beginning of the study. C-ACT and FEV1 (% of predicted) had significant positive correlations with total and free serum carnitine. However, there were no
significant correlations between FEV1/FVC and the levels of total and free serum carnitine.

Table 5: Emergency room visit, total hospital admissions, blood eosinophils, and serum IgE in patient subgroups before and after carnitine
supplementation and the placebo group.

Subgroup A (with L-Carnitine)
(n = 25)

Subgroup B (Placebo)
(n = 25)

t P

Emergency room visit
bef. 3.1± 1.01 3.4± 1.0 1.2 >0.05

aft 1.5± 0.6 2.6± 0.9 4.68 <0.001∗

Total Hospital admissions
bef. 1.5± 0.6 1.8± 0.7 1.9 >0.05

aft 0.44± 0.5 1.8± 0.6 7.5 <0.001∗

Oral steroid
bef. 2.16± 0.74 2.12± 0.72 0.21 >0.05

aft 1.2± 0.5 1.6± 0.5 2.8 <0.01∗

Serum IgE (kU/L)
bef. 328± 89 322± 114 0.21 >0.05

aft 253± 62 290± 106 1.6 >0.05

Blood eosinophils (%)
bef. 5.8± 2.1 6.04± 2.1 0.38 >0.05

aft 3.1± 0.8 4.4± 1.2 4.2 <0.001∗

(∗) P < 0.05 is significant There were significant decreases in the frequency of emergency room visit, total hospital admissions, and the intake of oral
steroids between L-Carnitine-supplemented children compared to placebo group during the study period. The blood eosinophils % decreased significantly
after treatment with L-Carnitine in asthmatic group. It was significantly lower in L-Carnitine treatment group than in placebo group. Serum Ig E showed no
significant difference in treatment and placebo group (both before and after treatment).

The beneficial effect of L-Carnitine in asthmatic children
may be due to different mechanisms. It may be due to
its antimicrobial effect, muscle strength effects, enhancing
surfactant synthesis, antileukotriene activity, or through
antagonising the harmful effects of fat on the respiratory
tract. Olgun et al. found an effective antimicrobial effect of
L-Carnitine on different bacterial strains. They claimed that
some of the side effects of orally administered L-Carnitine
on gastrointestinal system like diarrhoea could probably be
related to antimicrobial effect on local bacteria [18].

Ergür et al. found that children with recurrent respi-
ratory tract infections had low serum carnitine level [15].
Respiratory viral infections are important triggers of asthma
attacks [19]. So children with low serum carnitine level may
have recurrent viral respiratory tract infections and hence are
more susceptible to develop asthma. Kavukçu et al. showed
that carnitine can improve exercise tolerance and inspiratory
muscle strength in COPD patients as well as reduce lactate
production and increase rate of lactate removal [7].

Many studies proved that the surfactants of the asthmatic
lungs are functionally impaired. The main mechanism of this
impairment was thought to be due to the influx of inhibitory
proteins into the airways, although changes in surfactant
composition may occur [20]. Some studies proved the
beneficial role of L-Carnitine supplementation in improving
the synthesis and the functions of lung surfactants. Kurz
et al., proved the beneficial role of L-Carnitine intake by
pregnant women in decreasing the incidence of respiratory
distress syndrome and even the mortality in premature
newborns. They attributed these effects to the physiological
action of L-Carnitine in surfactant synthesis activation [21].

Leukotrienes are among the mediators of inflammation
in asthma and have a strong bronchoconstrictive effect. They
are synthesized in the bronchial mucosa by eosinophils,
basophils, and mast cells. They play an important role
in airway eosinophilic inflammation, leukocyte trafficking,
airway mucus secretion, airway oedema, collagen synthesis,
and airway remodelling in asthmatic patients [22]. It has
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Table 6: Free and total serum carnitine levels, pulmonary functions, and C-ACT in patient subgroups before and after carnitine
supplementation and the placebo group.

Subgroup A (with L-Carnitine)
(n = 25)

Subgroup B (placebo)
(n = 25)

t P

Free carnitine (umol/L)
Bef. 30.3± 1.7 30.4± 1.8 0.17 >0.05

Aft. 41± 5 31± 2 10 <0.001∗

Total carnitine (umol/L)
Bef. 39.6± 2.3 40.6± 2.8 1.23 >0.05

Aft. 50± 4 42± 3 47.56 <0.001∗

FEV1% predicted
Bef. 70.5± 3.2 71.3± 4.2

t1 0.66
t2 15

>0.05
<0.001∗

Aft. 76.2± 3.4 71.4± 4.6
t3 3.5
t4 0.96

< 0.01∗

>0.05

FEV1/FVC
Bef. 60.1± 4.5 60.2± 4.6

t1 0.8
t2 25

>0.05
<0.001∗

Aft. 71± 4.4 61± 4.5
t3 7.3
t4 3.2

<0.001∗

<0.01∗

C-ACT
Bef. 13.4± 1.5 12.8± 1.3

t1 1.8
t2 18

>0.05
<0.001∗

Aft 16.5± 1.7 13.3± 1.4
t3 7.1
t4 2.7

<0.001∗

>0.05

C-ACT: Childhood-Asthma control test. FEV1: Forced Expiratory Volume in 1 second. FEV1/FVC: Forced Expiratory Volume in 1st second/Forced Vital
Capacity Ratio.
t1 between subgroup A & subgroup B before carnitine supplementation.
t2 between subgroup A Before & after 6 months of carnitine supplementation.
t3 between subgroup A & subgroup B after 6 months of carnitine supplementation to subgroup A.
t4 between subgroup B before & after 6 months of followup.
(∗) P < 0.05 is significant.
There was significant increase in total and free serum carnitine levels in L-Carnitine-supplemented group than before starting the treatment and also when
compared with the placebo group. After L-Carnitine supplementation, the pulmonary function tests and C-ACT showed significant improvement in the
Carnitine supplemented group when compared to presupplementation or the placebo group. However, the total and free serum carnitine levels did not show
any significant change after treatment in placebo group. There was also statistically significant improvement in pulmonary function tests and C-ACT in
placebo group before and after treatment.

been reported that L-Carnitine inhibits leukotriene synthesis
by inactivation of lipoxygenase pathway and by altering the
ratio of essential fatty acids. Borghi-silva et al. and Ahmad
et al. demonstrated that L-Carnitine was able to prevent
bronchospasm and improve the obstructive findings in PFT
in children undergoing chronic haemodialysis [8, 23].

The improvement of FEV1/FVC in the subgroup sup-
plied with placebo treatment was of statistical significance
but the improvement was very subtle regarding the figure.
This may be due to the regular attendance at the clinic and
closer followup and better asthma care during the study
period or due to the few sample cases. Also, FEV1% predicted
is much more important than FEV1/FVC in following the
severity and the improvement of the lung function.

The limitation of the study is that the selection of patients
was confined to children with moderate persistent asthma.
We did not choose children with mild asthma as they can be
easily controlled, and we did not choose children with severe
asthma as they were too sick to be included in this kind of
trial. Whether the study finding of carnitine effect can be
applied to other degrees of asthma severity or other asthma
subtypes or phenotypes needs to be further studied.

Another limitation of this study is that we used a fixed
dose of L-Carnitine. A dose effect of L-Carnitine supplement
needs additional studies. An important limitation of the
study is that despite the statistically significant improvement

of C-ACT and PFT in the supplemented children, the
children in the active treatment group still had unacceptably
poor asthma control and were in need for more adequate
asthma therapy. It is important to note that the L-Carnitine
was investigated in the current study as add-on therapy and
not replacing any of the traditional asthma medications.

8. Conclusion

L-Carnitine levels were initially lower in moderate persistent
asthmatic children as compared to healthy control children.
Asthmatic children who received L-Carnitine supplementa-
tion showed significant statistical improvement of C-ACT
and PFT. The target serum level of L-Carnitine, the effect
of its supplementation in different phenotypes and degrees
of asthma severity, and the appropriate dosing need more
studies.
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Fractional exhaled nitric oxide (FeNO) is a non-invasive marker of airway inflammation in asthma and respiratory allergy.
Environmental factors, especially indoor and outdoor air quality, may play an important role in triggering acute exacerbations
of respiratory symptoms. The authors have reviewed the literature reporting effects of outdoor and indoor pollutants on FeNO in
children. Although the findings are not consistent, urban and industrial pollution—mainly particles (PM2.5 and PM10), nitrogen
dioxide (NO2), and sulfur dioxide (SO2)—as well as formaldehyde and electric baseboard heating have been shown to increase
FeNO, whilst ozone (O3) tends to decrease it. Among children exposed to Environmental Tobacco Smoke (ETS) with a genetic
polymorphisms in nitric oxide synthase genes (NOS), a higher nicotine exposure was associated with lower FeNO levels. Finally,
although more studies are needed in order to better investigate the effect of gene and environment interactions which may affect the
interpretation of FeNO values in the management of children with asthma, clinicians are recommended to consider environmental
exposures when taking medical histories for asthma and respiratory allergy. Further research is also needed to assess the effects of
remedial interventions aimed at reducing/abating environmental exposures in asthmatic/allergic patients.

1. Introduction

Elevated levels of nitric oxide in exhaled air (fractional
concentration of exhaled nitric oxide, FeNO) are considered
a noninvasive marker of airway inflammation in asthma
and respiratory allergy management [1]. Nitric oxide is
produced endogenously in the airways from L-arginine by
NO synthase. There are two constitutive and one inducible
isoforms involved in airway inflammation; their expression
is stimulated by inflammatory cytokines [2].

FeNO levels correlate with eosinophilic counts in
induced sputum or bronchoalveolar lavage fluid and with
eosinophil infiltration of the airways, especially of atopic
subjects. Indeed, the interest in FeNO is based on the as-

sumptions that FeNO is a useful noninvasive marker of
asthma and asthma control [1]. In fact, in mild-to-moderate
persistent asthmatic children followed by Childhood Asthma
Research and Education (CARE) Network supported by
NHLBI, a highly significant correlation of FeNO levels with
blood eosinophilia was found [3].

FeNO assessment is simple to perform and acceptable
for the population, especially in the pediatric age [4]. In
addition, FeNO is faster and easier to obtain than other
measurements of inflammation such as sputum eosinophils
level [5]. For these reasons, some authors use it as a comple-
mentary tool to lung function tests in order to obtain a better
control of clinical symptoms and asthma exacerbations [6].
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There is extensive evidence that FeNO is elevated in
patients with untreated asthma, whilst it is decreased as
a consequence of corticosteroid therapy [2]. Besides, high
FeNO levels can suggest a subclinical inflammation of the
airways, even in the absence of symptoms and impairment of
lung function [6]. Thus, FeNO could represent a helpful tool
for rationalizing the anti-inflammatory therapy in patients
with respiratory allergy. However, data on long-term benefits
of incorporating this kind of measurement in treatment
decisions are still missing [1].

In clinical practice, increased FeNO levels are used as
predictors of failed steroid reduction in stable asthmatic chil-
dren [7]. FeNO values have been related to the occurrence of
disease exacerbation during a 1 yr of followup in moderate
asthmatics by Gagliardo et al. [8], but not by Cabral et
al. [5]. Such inconsistency has led the authors of a recent
systematic review to not include FeNO among the useful
clinical predictors of future asthma exacerbations for all the
children with moderate-to-severe asthma undergoing ICS
tapering [9].

In the last decades, there has been an increase in
the prevalence of asthma and allergic diseases, particularly
among children living in the urban areas of economically
developed countries. This has led to suppose that environ-
mental factors, especially indoor and outdoor air quality,
may play an important role in the development of allergy and
in triggering acute exacerbations of respiratory symptoms
[10]. The role of air pollution in the epidemics of allergies
is still debated, even if experimental studies have suggested
that the effects of air pollutants on the development and the
worsening of allergies are biologically plausible. Children are
particularly vulnerable because they inhale a higher volume
of air per body weight, their lungs are growing, their immune
system is incomplete, and their defence mechanisms are
still evolving, with respect to adults. If lung defences are
breached, normal developmental and homeostatic processes
can be disrupted. This could determine disturbances in lung
development and acute damage that can, in turn, lead to a
chronic reduction in lung function. Therefore, a damage to
the developing lung may reduce the maximal attainable func-
tional capacity, reducing the functional reserve in adulthood,
thereby, enhancing susceptibility to the effects of ageing,
infections as well as pollutants [11].

The aim of this review is to make a reappraisal of the
current evidences on whether environmental factors, such as
outdoor and indoor pollutants, affect FeNO in children.

2. Outdoor Pollutants and FeNO

Since airway inflammation is a hallmark of asthma, FeNO
measurement is potentially useful to evaluate the impact
of air pollution on the inflammatory state of airways in
asthmatic children. Indeed, it is known that air pollution is
associated with FeNO in elderly adults with asthma [12], in
healthy adults [13], and in schoolchildren [14].

There is extensive evidence that outdoor pollutants
present in urban areas do have adverse effects on the
respiratory health of children [15]. Children in general,

mainly those suffering from asthma, are particularly sensitive
to the effects of outdoor pollutants such as ozone (O3),
particulate matter (PM10, PM2.5), nitrogen dioxide (NO2),
and sulphur dioxide (SO2) [16].

Although the mechanisms involved in the bronchial
inflammation due to pollution exposure are not yet fully
clarified, it is known that the type of air pollutant plays a
main role. In this sense, the oxidative stress, induced by reac-
tive oxygen species (ROS), may activate some transcription
factors, followed by cytokines secretion and inflammatory
cells recruitment. At last, NO is produced by epithelial cells
through the induction of inducible NO synthase (iNOS)
[17]. Furthermore, experimental evidences suggest that PM
organic components have adjuvant effects on airway inflam-
mation, partly through exposure to redox-active chemicals
and oxidative stress [18]. PM organic components can also
decrease lung function in both elderly adults with COPD and
children with asthma [19].

Delfino et al. [2] found that personal (i.e., measured by
wearable monitors) and ambient air pollution correlate with
increased FeNO concentration from the lower airways of
children with asthma. In particular, in two pollutant models,
the most robust positive association with FeNO levels was
found for personal and ambient elemental carbon and
nitrogen dioxide, and for personal but not ambient PM2.5.
The association between PM and airway inflammation may
be missed using ambient particle mass concentration, which
may not adequately represent causal pollutant components
from fossil fuel combustion. Therefore, the contrasting
results for personal versus ambient air pollution could
suggest that protecting public health using only a particle
mass-based standard may be not sufficient. Supplemental
measurements of particle composition and ultrafine particles
are needed to better assess the health impact of particulate air
pollution.

Rusconi et al. [20] evaluated lung function and markers
of inflammation and oxidative stress in children and ado-
lescents with and without asthma or wheezing symptoms
living in a petrochemical polluted area versus those living in
a reference area in Sardinia. They found that children living
in the polluted area showed decreased lung function (FEV1,
FEF25−−75) and increased levels of FeNO in conjunction with
the increased level of certain pollutants, particularly PM10

and SO2. More recently, Renzetti et al. [10] have found
significantly decreased FeNO concentrations after relocating
to a rural environment asthmatic children who previously
had more active airway inflammation, while living in a highly
polluted urban environment.

Similar results were found by Flamant-Hulin et al. [21]
who showed significantly increased FeNO levels in both
asthmatic and nonasthmatic schoolchildren exposed to high
concentrations of formaldehyde, acetaldehyde and PM2.5.
Stronger associations were found in nonasthmatic children
who were atopic, suggesting that they are more sensitive to
air pollution than nonatopic children. In other words, atopy
and asthma appear as cofactors in determining elevated
FeNO levels. In this sense, atopic status is strongly associated
with high FeNO levels, even in asymptomatic individuals.
The relation between atopy and FeNO levels indicates that
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FeNO measurements may help to clarify the relevant role
of sensitization in the complex interplay of multiple factors
determining the translation into clinical allergy.

Liu et al. [22] demonstrated an important decrement in
small airway function and an increase in airway oxidative
stress in asthmatic children in association with exposure
to SO2, NO2, and PM2.5, but they did not find statistically
significant changes in FeNO associated with these pollutants.
The authors advance some possible interpretations for their
findings: need of a larger sample size to detect significant
changes in airway inflammation and measurement of FeNO
at low flow rate (0.05 L/sec) to capture inflammation in
lower airways. Another explanation might be related to the
severe inflammation of the airways that overwhelmed the
effects of air pollution, particularly at low concentrations
of exposure. FeNO had a statistically significant negative
association with O3. This result is counterintuitive because
laboratory studies showed that high levels of O3 cause
inflammation in the airways of human subjects. Therefore,
a sound interpretation for this negative association remains
to be found. Indeed, Kim et al. [23], in an occupational
setting, found a significantly inverse relationship between
PM2.5 exposure and FeNO concentrations, the latter decreas-
ing while PM2.5 concentrations increased.

More recently, Berhane et al. [24] have shown that short-
term increases in PM2.5, PM10, and O3 were significantly
associated with higher FeNO levels, being PM10 effects sig-
nificantly higher in the warm season. In addition, the effects
of PM2.5 and PM10 had relatively shorter lag structures
compared to those of O3 that had a longer lag structure (23
days) prior to FeNO measurement. The biologically plausible
reasons for the lagged effects of ambient air pollutants on
FeNO might depend on the different levels of exposures to
pollutants across geographical regions and seasons and on
the variable degree of susceptibility of subjects, in terms
of asthma and/or allergy status. The authors suggest that
current level of ambient pollutants determine a potential
increase of nitrosative stress in both healthy and susceptible
children, leading to an increase of FeNO.

3. Indoor Pollutants and FeNO

Since people generally spend the majority of their time
indoors, there is growing scientific evidence that indoor
pollution plays a significant role in affecting health. Indoor
environment contributes significantly to human exposure to
pollutants through complex interrelationships with outdoor
pollution [25]. Indoor airborne pollutants are known to
trigger allergic responses in asthmatic patients with con-
sequent airway inflammation [26]. Studies in both adults
and children showed that sensitization to indoor allergens
is associated with an increase in FeNO [27]. In a review by
Sofia et al. it is suggested that FeNO can be used as a marker
for adverse respiratory health effects caused by indoor air
pollution [28].

Allergen sensitization may play an important role in ele-
vating NO production in the airways. In a study conducted
by Cibella et al. [4], only sensitizations to Dermatophagoides

and to cat dander were found to influence FeNO levels. This
result was confirmed in other studies [29, 30]. Similarly,
Leuppi et al. [31] showed that in atopic children an increased
FeNO level is associated with sensitization to perennial aller-
gens, possibly through long-lasting inflammatory stimuli,
but not with seasonal allergen. Spanier et al. found that
cat and dog sensitizations were associated with increased
FeNO [29]. Differently, Kovesi and Dales [32] found that
dog ownership, but not cat ownership, was associated with
changes in FeNO levels.

Numerous factors related to housing have been asso-
ciated with airway inflammation in children. Kovesi and
Dales reported that, compared with forced air and hot water
radiant heat, electric baseboard heating is associated with
a higher FeNO [32]. The authors, based on others’ report
that forced air heating is linked to lower indoor dust mite
levels, speculate that the increased levels of indoor dust mite
associated with electric heating may increase the likelihood
of allergic sensitization and FeNO. In addition, it has been
found that electric baseboard heating is related to higher
formaldehyde concentrations in houses [33], which, in turn,
is associated with increased FeNO levels in children [34].
As far as the exposure to indoor PM sources is concerned,
a recent work found that self-reported exposure to the use
of woodstoves, candles, or gas cookers was not significantly
associated with increased levels of FeNO [35, 36].

Pasquale et al. [36] tested the hypothesis that chlorine
exposure is associated with increased concentrations of
exhaled NO, as a marker of eosinophilic airway inflamma-
tion, in children regularly attending (for 1 to 2 hours a
week) swimming pools. FeNO level was similar in children
who regularly attended a swimming pool and in those
who did not, whereas it was higher both in children with
upper airway infections in the last week and in those who
had a history of asthmatic symptoms. This suggests that
intermittent exposure to chlorine derivatives does not induce
eosinophilic airway inflammation.

In addition, two studies evaluated the influence on FeNO
of exposure to polyvinyl chloride (PVC) material which
today represents a common indoor pollutant. Tuomainen et
al. [37] did not observe changes in FeNO levels in exposed
individuals. On the contrary, Kolarik et al. [38] found a
significant increase of FeNO compared to the reference
condition (clean outdoor air), suggesting that exposure
to plastic materials can be associated with a subclinical
inflammation of the airways.

4. Smoking and FeNO

Many studies investigated the effects of smoking on FeNO
values in both adults and children. There is consistent
evidence that active smoking and acute cigarette smoke
exposure lead to a transient decrease in FeNO levels in
healthy and asthmatic adults [39, 40]. As far as we know,
no study has yet demonstrated a link between passive smoke
and FeNO values in healthy children. In asthmatic children,
results are discordant probably due to methodological biases
(small sample sizes, heterogeneous study populations, lack
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of control for potential confounding factors) [41]. Different
studies have not found a significant association of FeNO and
environmental tobacco smoke (ETS) exposure in children
with asthma [32, 42]. In particular, Laoudi et al. [41]
observed lower FeNO levels in exposed asthmatic children
than in unexposed children. This could be explained by
different mechanisms according to the type of exposure.
Acute exposure induces a marked but transient reduction in
FeNO levels related to a negative feedback of iNOS activity,
since tobacco smoke contains high concentrations of NO. In
the case of daily exposure, the mechanism is still unknown,
but one plausible hypothesis is that the progressive negative
feedback leads to the inhibition of iNOS gene expression.

Genetic differences may explain some of the conflicting
results in studies evaluating the effects of tobacco exposure
on FeNO levels. Spanier et al. found that a NO synthase gene
(NOS3) polymorphism (a mutation in exon 7) modifies the
effect of nicotine exposure on FeNO. The authors noticed
that this polymorphism determines decreased FeNO levels
in children exposed to increasing nicotine concentrations,
possibly through a decreased enzyme activity due to a
combination of genetic and environmental factors [43].

More recently, Salam et al. [45] have shown that common
variants in the NO synthesis pathway genes contribute to
variation in FeNO levels in children. Particularly, the authors
found that four NOS2A single nucleotide polymorphisms
(SNPs) and one ARG2 SNP are significantly associated
with lower FeNO. They also noticed that the ARG2 SNP
modify the effect of NOS2A on FeNO. Therefore, FeNO
levels depend on variants in both ARG2 and NOS2A.
This gene-gene interaction may be due to a competition
for a common substrate, L-arginine, since arginase can
inhibit iNOS expression reducing NO synthesis. Some of
the observed genetic influences were stronger in children
with asthma. Therefore, asthma status can be considered an
important factor for determining the contributions of these
genetic variants to FeNO levels.

5. Variations and Inconsistencies in FeNO
Measurements in Children Exposed to
Environmental Pollutants

Most of referred data show that FeNO assessment is a com-
plementary tool to evaluate the effects of environmental pol-
lutants exposure in children. Nevertheless, some variations
exist among the studies. Such variations are mainly related to
the population studied (i.e., genetic variation, atopic versus
nonatopic, and asthmatic versus nonasthmatic), including
the treatment effects (i.e., inhaled steroid in asthmatics),
and to the variable pollutants exposure (i.e., personal versus
ambient, level of exposure, and short term versus long
term).

Up to date, there are only few data about the influences
of genetic variations of NO synthesis pathway on FeNO
levels, suggesting that the genetic factors play a key role
in determining FeNO levels and have to be considered to
understand interindividual differences, especially when there
are host susceptibility factors, such as asthma and/or atopy.

Previous studies found that atopy status is per se able
to significantly influence FeNO levels, even in asymptomatic
individuals [21, 31]. In our experience, a significant relation
exists between FeNO levels and number of positive skin tests,
and the highest FeNO levels are observed in atopic children
with physician-diagnosed asthma. Thus, the association of
asthma and atopy appears to be the most consistent predictor
of increased FeNO level [4].

Earlier studies showed that FeNO levels are raised in
asthmatic children, especially if asthma is uncontrolled
and during asthma exacerbation. Instead, FeNO levels are
reduced after corticosteroid treatment [1, 44]. Therefore,
asthma condition may be an effect modifier in the relation-
ship air pollution FeNO; it is associated with high FeNO
levels according to several authors [2, 10, 45], with decreased
FeNO according to others [22, 43].

The contrasting results of FeNO values for ambient
and personal air pollution may be related to the individual
susceptibility and to the considered pollutant. In this sense,
Berhane et al. [24] underline that current levels of ambient
pollution have the potential to increase nitrosative stress
in both healthy and susceptible children. Heterogeneity is
increased by the different level of exposure reported in the
studies; anyway, it allows investigating a dose-response effect,
mainly at the proximity level of individuals [2]. Indeed,
the use of multipollutant models might improve in the
final interpretation of interaction of pollution exposure with
FeNO values.

In agreement with Berhane et al. [24], we think that
the inconsistencies on FeNO level interpretation about the
duration of the lags might be overcome including the time-
activity patterns to avoid the misclassification of exposure
assignments.

Finally, in light of the evidence that the variations in
FeNO measurements show many inconsistencies in children
exposed to environmental pollutants, further research is
warranted to examine whether FeNO could be used as
a useful tool to identify the most susceptible children to
adverse respiratory effects from exposure to pollutants.

6. Conclusion

Since many factors such as atopy, sex, season, and corticos-
teroid treatment influence FeNO values [4, 29], clinicians
and researchers should know an individual FeNO baseline in
asthmatic children management before studying the effect of
other determinants. In addition, clinicians should take into
account some indoor pollution factors, like indoor allergens
[4, 31, 32], mainly Dermatophagoides and pets, electric
baseboard heating [32], higher formaldehyde concentrations
in houses [34], using of woodstoves, candles or gas cookers
[35, 36], chlorine, or PVC exposure [36, 38] for which
increase FeNO values are found in children. Furthermore,
the possibility that a low FeNO level in an asthmatic child
is related to ETS exposure should be considered by the
clinicians [41–43, 45].

As environmental interventions are an important com-
ponent of asthma management, FeNO might be useful to
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integrate the control of environmental triggers into asthma
management [29]. Assuming that the inflammatory response
of the airways to airborne irritants is reversible, it may
be expected that limiting air pollution will reduce airway
inflammation [10]. Therefore, FeNO assessment may help in
the management of asthmatic patients when they are exposed
to major changes in environmental disease-related factors
[46, 47].

Even considering that we reviewed this topic from a
public health perspective, the literature impacts into the
clinical practice should include the more recent findings
on the higher FeNO levels significantly associated with the
short-term increases in PM2.5, PM10, and O3. Therefore,
we would recommend clinicians to obtain more complete
information on outdoor and indoor exposure of susceptible
subjects for the sake of an accurate interpretation of the
FeNO levels in the real life management of allergic asthmatic
children. The observed reduction of the FeNO levels in
asthmatic children after one week relocation to the rural
environment [10], the lower level of FeNO in children living
in the reference area in comparison to those living in the
high polluted area [20], as well as the higher FeNO levels in
children living in homes with high average of formaldehyde
levels versus those living at a lower concentration [34]
suggest that FeNO assessment might be a useful marker also
to monitor the variation in airway inflammation due to the
pollution exposure.

In light of the reviewed evidence, we would recommend
that further research is carried out firstly by organizing a
cross-sectional multicentre epidemiological study in differ-
ent countries characterized by different genetic background
and level of environmental pollutants in order to better
investigate the effect of gene and environment interactions
on FeNO levels; such study design would also help obtaining
reliable reference values of FeNO. Subsequently, nested case-
control studies should be performed in order to assess the
impact of remedial interventions regarding the previously
cited factors affecting a FeNO concentration; such study
design would allow clinicians to implement a public health
perspective in the individual-physician relationship. Lastly, it
would be helpful to expand the medical histories of children
enrolled in pharmaceutical clinical trials, through collecting
information on exposome, in order to reduce the residual
variability of therapeutic treatment.
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Objectives. This paper reviews the relationship between anxiety and anaphylaxis in children and youth, and principles for managing
anxiety in the anaphylactic child and his or her parents. Methods. A review of the medical literature (Medline) was done using the
keywords “anxiety,” “anaphylaxis,” and “allergy,” limited to children and adolescents. Findings were organized into categories used
in the treatment of childhood anxiety disorders, then applied to managing anxiety in the anaphylactic child. Results. Twenty-four
relevant papers were identified. These varied widely in methodology. Findings emphasized included the need to distinguish anx-
iety-related and organic symptoms, ameliorate the anxiety-related impact of anaphylaxis on quality of life, and address parental
anxiety about the child. Conclusion. Children with anaphylaxis can function well despite anxiety, but the physical, cognitive, and
behavioral aspects of anxiety associated with anaphylactic risk must be addressed, and parents must be involved in care in con-
structive ways.

1. Introduction

Anxiety symptoms are common in children with anaphy-
lactic conditions and in their parents. Children with anxiety
disorders are at increased risk for allergies, including those
associated with anaphylaxis [1], and anaphylaxis itself can
provoke anxiety. Given the life-threatening nature of anaphy-
laxis, this anxiety is understandable especially within the first
few months after diagnosis or after a reaction. Some anxiety
in the face of anaphylaxis may even be adaptive, as anxious
children are less likely to take risks with respect to their ana-
phylactic conditions than children who are not anxious [2].

In some cases, however, anxiety becomes debilitating and
imposes unnecessary restrictions on the anaphylactic child’s
life, preventing the child from engaging in important daily
activities at home, at school, or socially. Anxiety associated
with such daily impairment is not considered normative [3].
For example, a child with an insect sting allergy might com-
pletely avoid the outdoors; a child with a severe food allergy
might follow an overly restrictive diet or avoid friends’ homes
for fear of encountering an allergen; a young anaphylactic
child might refuse to stay at school without a parent for

fear of having a reaction there. Prominent symptoms of anx-
iety (e.g., hyperventilation or blushing) may also mimic ana-
phylactic reactions, often resulting in further anxiety and im-
pairment [4–6].

Anxiety that is persistent, extreme, and results in restric-
tion of activities that is not medically warranted must be
addressed in order to return the child to a normative devel-
opmental course. Few guidelines exist on how to do this.
Therefore, this paper reviews studies focusing on the rela-
tionship between anxiety and anaphylaxis in children and key
clinical recommendations related to managing anxiety in the
child and his or her parents.

2. Materials and Methods

A review of the medical literature (Medline Search) was done
using the keywords “anxiety” and “anaphylaxis,” limited to
papers focusing on children and adolescents. The search
yielded 17 papers, but 6 were excluded: 4 did not investigate
any aspect of children’s or parents’ anxiety; 2 were reviews
that did not contain new data. The remaining 11 papers
were deemed relevant to this paper. These varied widely in
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methodology, but none were excluded for methodological
reasons, given the paucity of studies. Scrutiny of these papers
revealed additional citations that used the term “severe aller-
gy” rather than anaphylaxis. Therefore, the original search
was repeated using the term “allergy” instead of anaphylaxis,
but only those papers that included children who might
have anaphylactic reactions (mainly food and insect sting
allergies) were included. This strategy yielded 13 additional
papers, resulting in a total of 24 papers. Key findings and
recommendations from each of these papers are summarized
in Table 1.

For the discussion, findings and recommendations were
then further organized in relation to physiological, cognitive,
behavioral, or parental aspects of anxiety. This was done
because psychological interventions developed for children
with anxiety disorders (e.g., cognitive behavioral therapy [7])
generally target these aspects. Focusing on these aspects
allowed concepts relevant to interventions developed for
childhood anxiety disorders to be applied to the special
challenge of ameliorating anxiety in the context of pediatric
anaphylaxis.

3. Results and Discussion

Findings and interventions relevant to four aspects of anxiety
(physiological, cognitive, behavioral, and parental), derived
from the literature on pediatric anaphylaxis and on treat-
ment of childhood anxiety disorders, will now be described.
Successful management of anxiety in the anaphylactic child
usually requires emphasis on those aspect(s) which predom-
inate in a given child or family.

3.1. Physiological Aspects of Anxiety. Recurrent, unexplained
flushing [4], asthmatic attacks [6], anxiety-related syncope,
and anxiety attacks [5] can all be mistaken for anaphylactic
reactions in children and youth. For example, hyperventila-
tion associated with anxiety can often cause tingling in the
lips and extremities, prompting food allergic children to fear
that they have come in contact with an allergen. Anxiety
reactions that mimic anaphylaxis have also been noted
during large-scale vaccination campaigns [5]. Education
of children, families, school personnel, and public health
providers is therefore important to improve their ability to
distinguish anxiety symptoms from those of anaphylaxis,
ensuring appropriate treatment [4–6]. When there is doubt,
it is prudent to err on the side of caution and treat for
anaphylaxis. However, when there are recurrent reactions
in situations where the risk of allergen exposure is low, an
anxious etiology should be suspected.

Children who become anxious in response to having an
anaphylactic condition can often benefit from learning relax-
ation techniques such as slow, deep breathing, or progressive
muscle relaxation (reviewed in [8]). These techniques must
be practiced daily for a few weeks at nonanxious times (e.g.,
at bedtime) in order to become usable at anxious times. “Box
breathing” is a particularly useful technique for reducing
hyperventilation. In this technique, the child breathes in four
stages and draws the sides of a box with his or her index finger
in the process. These stages include breathing in, holding the

breath, breathing out, and waiting for the next breath. The
child is asked to count to 3 at each stage before moving on
to the next, then count to 4 at each stage, and so on until
breathing slowly.

When anxiety symptoms subside, it is important to
return the child quickly to his or her usual daily activities
[8]. This practice has two benefits: it distracts the child from
focusing further on any remaining symptoms, and it prevents
reinforcement of avoidant behaviors that exacerbate anxiety
in the long run. For example, if the child experiences anxiety
symptoms at school, he or she can be helped to calm down
by an adult in the school office, and then returned to class
after a few minutes. Calling parents to come and remove the
child from school is generally not helpful and may promote
school avoidance. Of course, if there is a possibility of a true
anaphylactic reaction, emergency medical services should be
contacted.

3.2. Cognitive Aspects of Anxiety. Nut allergic children report
a lower quality of life than their peers, and even than diabetic
children [9, 10]. Children with anaphylactic conditions are
especially vulnerable to worry and psychological distress
relative to those with less severe allergies [11–13]. Separation
anxiety is a particular concern in this population [14].

As mentioned above, some worry about having an ana-
phylactic reaction is natural and may be protective [2]. Un-
like ordinary worries of childhood about low-risk events
(e.g., worries about tests or examinations), worries about
anaphylaxis focus on a life-threatening, high-risk event.
Reassurance focused on minimizing this risk is therefore not
helpful. Instead, reassurance must focus on the child’s own
ability to manage the risk. Education of the child and his
or her parents about the degree of risk in various situations
with emphasis on what the child can do to increase safety is
an important first step towards reducing anxiety [2, 5, 14–
22]. Then, the child should be engaged as a participant in a
clear, concise plan for managing anaphylactic risk [22]. Such
participation generally reduces children’s sense of helpless-
ness when living with an anaphylactic condition [14].

Young children may be limited in their ability to manage
anaphylactic risk, as they are highly dependent on adults.
However, they can still be engaged in practices that improve
environmental safety (e.g., reminding people to read product
labels; eliminating allergens from the home environment)
[14]. Knowing when to ask an adult for help is another
important skill for the young allergic child. Consistency in
allergy management between environments (e.g., ensuring
that the school and extended family members take the same
precautions that the parents take) may further reduce the
child’s anxiety, as anxious children are typically reassured by
predictability [7].

Adolescents, on the other hand, are often vulnerable to
peer pressure and may cognitively minimize their allergic
risk [15, 19]. High-risk behaviors with respect to anaphylaxis
are particularly common among adolescents expressing little
concern about their condition and among adolescents in
social situations involving peers [19]. Inability to remember
an anaphylactic reaction may also contribute to risk taking in
adolescents [15]. Allergic youth with high health competence
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Table 1: Key findings and recommendations of included studies.

Study Method Key findings Recommendations

Akeson et al., 2007
[15]

Qualitative study of
anaphylactic adolescents and
their parents.

Adolescents perceived anaphylaxis as
“no big deal” and could not remember a
reaction; parents reported anxiety about
“handing over” management of
anaphylaxis to adolescents.

Tailored information for transition from
parental to self-management needed;
regular reviews and reinforcement about
avoidance and emergency management
needed; offer peer support via workshops.

Avery et al., 2003 [9]
Peanut allergic and diabetic
children compared on a quality
of life questionnaire.

Peanut allergic children reported lower
quality of life and higher anxiety;
epinephrine injectors and eating in
familiar places seemed to reduce
anxiety.

Anxiety may promote better adherence to
allergen avoidance; epinephrine injectors
may ease excessive anxiety.

Cummings et al.,
2010 [10]

Nut allergic children and
mothers completed
questionnaires on anxiety and
quality of life.

Children had lower quality of life
relative to norms; mothers and children
were less anxious when prescribed
epinephrine injectors, regardless of their
adherence to precautions.

Prescribe epinephrine injectors to reduce
anxiety; provide additional
education/advice to improve adherence
and reduce risk taking.

DunnGalvin et al.,
2009 [27]

Comparison of parents of food
allergic children who enrolled
child in immunotherapy study
with those who did not.

Parents who enrolled their children
reported higher anxiety, but similar
quality of life.

Study samples may be biased towards
anxious parents; avoid taking advantage
of anxious parents’ vulnerability when
recruiting for studies.

DunnGalvin et al.,
2008 [28]

Evaluation of quality of life
questionnaire for parents of
food allergic children.

The Food Allergy QoL-Parent Form
shows excellent reliability and validity.

Consider using this questionnaire to
assess health-related quality of life in
parents of food allergic children.

Eigenmann et al.,
2006 [25]

Survey of food allergic patients
after a negative food challenge.

25% of patients continued to avoid the
food, fearing persistence of allergy.

Reassess food consumption in patients
with negative food challenge; repeat
challenge if avoidance continues.

Friedman et al.,
1994 [4]

Case series of 10 patients with
recurrent unexplained flushing.

Several were originally diagnosed as
anaphylactic, but eventually found to
have somatization disorders.

Recognition of this presentation is
needed to avoid unwarranted
examinations and procedures.

Hawkes et al., 2010
[29]

Retrospective review of cases
admitted to hospital for MMR
immunization in Ireland.

Children often admitted due to history
of egg allergy, even though risk of
anaphylactic reaction is very low in this
population.

Advise routine community vaccination
for children with egg allergy; educate
physicians about their low anaphylaxis
risk.

Herbert and
Dahlquist, 2008 [11]

Comparison of food allergic
and nonallergic
adolescents/young adults on
self-report measures.

Perceived autonomy, anxiety,
depression, and parental behavior did
not differ between groups; those with
anaphylaxis reported more worry and
parental overprotection than those with
less severe allergies.

Recognize that anaphylactic individuals
and their parents are at particular risk for
psychological distress; further study is
needed.

Hu et al., 2008 [16]
Survey and qualitative
interviews with parents of food
allergic children.

Parents found consumer organizations
good sources of practical information
and support, but some nonspecific
advice and contact with other anxious
parents were unhelpful.

Clinicians should guide parents as to
what aspects of consumer organizations
are most helpful.

Khetsuriani et al.,
2010 [5]

Review of adverse events in a
measles-rubella vaccination
campaign in Georgia.

79 severe adverse events; 37 of these had
symptoms of syncope or anxiety attack,
and all but one of these was initially
diagnosed anaphylactic.

Risk communication strategies for care
providers and the public are needed
during public vaccination campaigns.

King et al., 2009 [14]
Quality of life reports from
children with peanut allergy,
parents, and siblings.

Mothers reported poorer quality of life
and higher anxiety than fathers;
separation anxiety greater in children
with peanut allergy than their siblings.

Be aware that child’s allergy management
may fall to mothers, increasing their
personal and family stress; foster allergy
self-care for children to reduce anxiety.

Lebovidge et al.,
2006 [12]

Development and evaluation of
a questionnaire regarding
parental response to children’s
food allergies.

Factor analysis revealed anxiety/distress,
psychosocial impact of allergy, parental
coping/competence, and family support
factors. Greatest anxiety if child had
many allergies or had anaphylaxis.

This measure may be a useful screening
tool to identify parents of allergic
children who are most vulnerable to
anxiety and high psychosocial impact of
child’s allergy.
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Table 1: Continued.

Study Method Key findings Recommendations

Lyons and Forde,
2004 [17]

Comparison of
adolescents/young adults
with/without food allergy on
self-report questionnaire.

Allergy had less impact on allergic
individuals’ lives than others thought;
allergic youth with high health
competence reported greatest anxiety;
few subjects knew the meaning of the
term “anaphylaxis.”

Health education is needed in this
population; increased vigilance among
health competent individuals may
increase anxiety or anxious individuals
may self-diagnose food allergy; more
research is needed.

Mandell et al., 2005
[2]

Qualitative interviews of
parents of anaphylactic
children.

Repeated cycles of adaptation to
episodic anxiety-provoking (i.e.,
anaphylaxis-related) events challenge
families to regain a sense of control.

Recognize patterns of family adaptation
to anaphylaxis; help families maintain an
optimal balance between protective and
debilitating anxiety.

Oude et al., 2002
[23]

Randomized controlled trial of
patients receiving either
immunotherapy or epinephrine
injector for yellow jacket
allergy.

Quality of life reported as improved in
immunotherapy group but not in
epinephrine injector group.

Provide venom immunotherapy to
improve quality of life and decrease
anxiety in this population.

Powers, 2004 [6]
Single case report of reaction to
jellyfish sting reported as
anaphylaxis.

Individual had asthmatic attack due to
anxiety induced by the jellyfish sting.

Emergency workers should treat
presenting symptoms rather than
assuming that anaphylaxis has occurred.

Primeau et al., 2000
[18]

Comparison of quality of life
and family relations in parents
of children with peanut allergy
versus rheumatological disease.

Parents of peanut allergic children
reported that children had more
disruption in daily life and the
condition had more impact on the
family.

Accurate diagnosis of peanut allergy,
support for families, and offering more
peanut-free products would help these
children and families.

Roberts-Thompson
et al., 1985 [13]

Retrospective review of 98 cases
of bee sting anaphylaxis.

Most reactions occurred in children;
considerable anxiety present in some
subjects.

Provide venom immunotherapy to
alleviate anxiety.

Sampson et al., 2006
[19]

Internet questionnaire for 174
food allergic adolescents and
young adults.

High-risk behavior associated with less
“concern,” and with social situations
involving peers.

Education of food allergic teens and also
of their peers is needed to reduce risk of
anaphylaxis.

Sicherer et al., 2001
[20]

Comparison of 253 parents of
food allergic children versus
established norms on
psychosocial function
questionnaire.

Low health perception of child, high
emotional impact on parent, high
limitation of family activities reported,
especially if child had multiple food
allergies.

Be aware of these psychological effects on
child and family; provide family support
and education; raise public awareness of
the issue; advocate for food labeling.

Somers, 2011 [21]
Case report of 11-year old with
peanut allergy.

Subject had very restricted diet due to
fear of anaphylaxis, affecting weight
gain; tense family interactions around
meals.

Offer nutritional guidance; use 24-hour
food recall; offer behavioral guidelines for
parents; get child involved in food
preparation to increase confidence.

Vargas et al., 2011
[22]

Qualitative study of parents of
food allergic children.

Parents wanted (1) concise information
on symptoms, cross-contamination of
foods, label reading, epinephrine
injectors, and advocacy; (2) education
of professionals and community.

Parents of newly diagnosed children
could benefit from a food allergy
management curriculum; clear, concise
materials would likely reduce anxiety.

Zijlstra et al., 2010
[24]

Parental anxiety measured
before and after allergic
children underwent food
challenges.

Parental state anxiety decreased with
food challenge regardless of result;
parental trait anxiety was unchanged.

Food challenges may help alleviate
parental anxiety about their children’s
allergies.

with respect to their condition, however, reported greater
anxiety than those with low health competence [17] suggest-
ing that education about anaphylaxis may result in a more
realistic assessment of risk. Akeson and colleagues [15] have
also emphasized the need to regularly review precautions
and emergency management with adolescents in order to

facilitate the transition from parental to self-management of
anaphylactic risk.

Some aspects of the medical management of anaphylaxis
can also affect children’s and parents’ anxiety. For example,
use of epinephrine injectors has been found to reduce
food allergic children’s anxiety [9, 10]. On the other hand,
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children allergic to yellow jacket stings were found to be less
anxious after venom immunotherapy than before, but con-
tinued to be anxious if given an epinephrine injector without
immunotherapy [23]. Parental anxiety has been found to
decrease after food challenges, regardless of challenge results
[24].

3.3. Behavioral Aspects of Anxiety. Behavioral aspects of anx-
iety usually consist of unnecessary avoidance of certain sit-
uations or excessive clinginess with parents [14, 21, 25]. For
example, some children with food allergies severely restrict
food intake beyond what is medically necessary, adversely
affecting their weight and nutrition [21], and some children
anaphylactic to insect stings avoid all outdoor activities [13].
Other children continue to avoid certain foods despite a
negative food challenge to those foods [25]. Repeating food
challenges is reassuring in some but not all cases [25].

To begin to address unnecessary avoidance, obtain a de-
tailed account of regularly avoided situations or foods (e.g.,
a 24-hour food recall) [21] or of situations where the child
relies excessively upon his or her parents. Then, encourage
daily practice approaching these situations or foods in small
steps, beginning with a step that the child considers relatively
easy (reviewed in [26]). In the case of food restriction, for
example, the child may be involved in food preparation
to increase confidence before being asked to eat a food
that makes him or her anxious [21]. If a child with insect
sting anaphylaxis avoids the outdoors, going outdoors in the
winter (i.e., when there are no flying insects about) may be
an easy first step. Although such practice is initially anxiety
provoking, it results in cognitive desensitization to the feared
stimulus, reducing anxiety over time [7]. If the child insists
on parental accompaniment in this process, it is usually wise
to allow it initially but then fade parental support gradually
as the child gains confidence. Practice sessions should be
long enough for the child’s anxiety to peak and then begin
subsiding (usually at least 20 minutes), as premature escape
from the situation interferes with desensitization.

To motivate the child’s participation, it is often helpful
to chart progress, providing praise and points or stickers for
every attempt (reviewed in [26]). Providing a small reward
every five or every ten points can increase motivation further.
Adolescents may respond better to an extra privilege (e.g.,
extra “screen time” for their favorite computer activities;
a little extra time to stay out with friends) than a tangible
reward. Nutritional and/or behavioral guidelines may be
needed for parents in order to optimize their participation
in the child’s anxiety desensitization program [21].

After a child becomes confident with the first step, he
or she can begin practicing a step that is just slightly more
anxiety provoking, with additional incentives for doing so if
needed. Having mastered that step, the child then continues
with further steps until there are no longer any situations or
foods that are being unnecessarily avoided [7, 26].

3.4. Parental Aspects of Anxiety. Most authors cited in Table 1
noted anxiety in the parents of children with anaphylactic
conditions, though some suggest that study recruitment may
be somewhat biased towards more anxious parents [27].

Nevertheless, parental anxiety is common enough in this
population that at least two relevant questionnaires have
recently been developed and evaluated for parents of allergic
children [12, 28]. Lebovidge and colleagues [12] developed
a screening tool to identify parents of allergic children who
are most vulnerable to anxiety. DunnGalvin and colleagues
[28] suggest using The Food Allergy QoL-Parent Form to
assess health-related quality of life in parents of food allergic
children, including parental anxiety. Parents of food allergic
children report that their child’s allergy has a substantial
impact on their quality of life [18, 20]. In one study this
impact was reported as greater than that of having a child
with rheumatological disease [18].

Studies of parental anxiety concluded that those whose
children had multiple allergies or had anaphylaxis were most
anxious [2, 12]. Consistent with these findings, adolescents
with anaphylaxis reported more parental overprotection
than those with less severe allergies [11]. Mothers may be
especially vulnerable to anxiety about the child, as much of
the management of children’s allergies typically falls to
their mothers [14]. Professionals, however, may also suffer
excessive anxiety in response to even a remote risk of anaphy-
laxis. For example, family practitioners in Ireland frequently
hospitalize children with egg allergies for routine vaccina-
tions, even though this is not considered medically necessary
[29].

Recommendations for addressing excessive parental anx-
iety include ongoing education and advice about realistic ver-
sus unrealistic risks (endorsed by all authors in this paper),
especially in the form of clear, concise materials for families
[22]; acknowledgment of psychological distress in families
[11]; tailored information for families of adolescents to
inform the transition from parental to self-management of
allergy [14, 15]; recognizing patterns of family adaptation
after an anaphylactic event [2], including the fact that anxiety
in the first few months is normative; providing guidance
for parents regarding optimal use of consumer organizations
[16]; providing epinephrine injectors and instruction on
how to use them to families of food allergic children with
anaphylactic risk [9, 10]; providing venom immunotherapy
to children with insect sting anaphylaxis [13, 23]; offering
more peanut-free products for children with peanut allergy
[18]; advocating for food labeling and public awareness of
severe allergies and anaphylaxis [20, 22].

Working with anxious parents of children with anaphy-
lactic conditions can be frustrating for professionals, espe-
cially when parents are difficult to reassure. However, it is
important to enlist parents as allies in managing the child’s
allergy and to emphasize their ability to ensure safety, to
model healthy coping, and to promote healthy coping in their
child (reviewed in [8]). Putting oneself in the parents’ shoes
is often helpful, as it allows empathy for the parents’ anxiety
and sense of helplessness. Doing so can also help clarify the
aspects of allergy management that are most difficult for a
given family, thus guiding further intervention.

Moreover, guidance for parents of allergic children
should not be limited to a single discussion. The parents’ role
with respect to the child’s allergy will change over time, as
the child develops, so ongoing professional support and
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communication are needed. For example, parents must learn
developmentally appropriate degrees of child independence
at various ages, how best to influence child behavior at differ-
ent ages (see above), and how best to advocate for one’s child
as he or she progresses through the school system. Policies
regarding the allergic child and the use of epinephrine
injectors may vary from school to school, so ongoing parental
advocacy is needed. Siblings may respond adversely to the
extra attention often required by the anaphylactic child [8],
so parents may also need guidance on how to manage sibling
interactions. Support groups related to child allergies may be
helpful for some parents [16], and ongoing communication
with families improves access to these and other resources.

Furthermore, some children with anaphylactic condi-
tions develop mental health problems that are not entirely
allergy related. For example, children who exhibit anxious
behaviors that predate a diagnosis of anaphylaxis may have
anxiety disorders in addition to anaphylaxis-related anxiety
[8]. Children with anaphylactic conditions can also have
mental health problems that interfere with allergy man-
agement. For example, children with attention or learning
problems may have difficulty remembering appropriate pre-
cautions or may be prone to misplacing epinephrine injectors
or other allergy-related medications. Therefore, specialist
referral for concurrent mental health problems can be helpful
if these are present.

4. Conclusions

Children and adolescents with anaphylactic conditions can
learn to function well at home, at school, and socially when
their anxiety is not excessive, developing into well-adjusted
young adults. For this to occur, however, the physical, cogni-
tive, and behavioral aspects of anxiety that may be associated
with anaphylactic risk must be addressed, and parents must
be involved in the child’s care in constructive ways. Ongoing
professional support and communication with these youth
and their families is needed to ensure optimal psychological
as well as medical outcomes.
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Eosinophilic esophagitis (EoE) is a relatively uncommon allergic disease. Presenting with variable gastrointestinal symptoms, the
definitive diagnosis is made after esophageal visualization and histological confirmation of excessive esophageal eosinophils. The
scientific discovery of the pathophysiology of EoE has been aided by its relationship to other common and well-recognized allergic
diseases. Similarities and important differences have emerged to distinguish EoE as a significant pediatric allergic disease with
unique medical care requirements.

1. Introduction

From an early description as a pathological sidebar in 1977
[1] eosinophilic esophagitis (EoE) has become an important
allergic disease. Currently, as a pediatric disease entity,
EoE requires the diagnostic acumen of multiple specialists,
including allergists, gastroenterologists, pathologists, and
radiologists. It presents with a spectrum of symptoms
depending on age and has a natural history of such short
duration that the prognosis for patients and their families is
difficult to predict.

Eosinophilic esophagitis has the lowest prevalence in the
allergic disease family and ranked most to least common:
allergic rhinitis, asthma, atopic dermatitis, food allergy,
and EoE. Children with EoE often have other preexisting
allergic diseases, and, presumptively, young children with
EoE likely will develop other allergic disease(s) with age.
The pathophysiological understanding of the allergic disease
family has grown exponentially in the past decade, which is
equally true of EoE [2].

In this paper we will contrast and compare the known
pathophysiology and clinical circumstances of each of the
allergic diseases and EoE and suggest that EoE has disadvan-
tages to patients greater than or equal to its allergy family
members. An excellent consensus paper with recommenda-
tions for treating children and adults with EoE has been
recently published [3].

2. Food Allergy versus Eosinophilic Esophagitis

By every indicator IgE-mediated food allergy has increased
in the past decade. In almost all cases, symptoms of IgE-
mediated food allergy are readily defined and generally tem-
porally approximate to the food ingested, but not persistent
or chronic. The diagnosis is relatively straightforward, using
a clinical history supported by appropriate allergy skin tests
or specific IgE blood tests. As long as the inciting food is
avoided, symptoms are totally gone, and daily therapy is not
indicated. With the exception of peanuts and tree nuts, food
allergy generally resolves itself by late adolescence. The exact
reason for the clinical presence of an allergy to a specific
food(s) is still unknown, considering many children allergic
to a specific food(s) have concomitant specific food serum
IgE levels (or positive skin tests) to tolerated foods.

In EoE an associated food allergy has been shown to have
both pathophysiological and clinical relevance. In contrast
to IgE-mediated food allergy where the avoidance of the
allergenic food(s) is almost always clinically beneficial, even
an elemental diet does not induce remission in all subjects
with EoE. And compared to conventional IgE-mediated food
allergy, deciding on the food protein avoidance regimen
in EoE involves both standard skin testing and in some
cases allergy patch testing [4]. The scant data on patch
testing suggests that the range of food protein “allergy”
in EoE far exceeds conventional IgE-mediated food allergy
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mechanisms. Despite the information gained using these
techniques (skin testing and patch testing) in some situations
complete food protein avoidance is necessary for effective
control of symptoms [5]. And finally, in contrast to food
allergy, current evidence does not support the eventual
tolerance of allergic food(s) and the total resolution of
EoE [6]. Although morbidity with EoE is relatively high,
mortality, as compared to food allergy, has not been reported.

3. Eosinophilic Esophagitis and
Atopic Dermatitis

Atopic dermatitis (AD) pathophysiology is a complex in-
teraction of intrinsic dermal/epidermal dysfunction and
humoral (IgE) and cellular (T-cell) reactivity to the envi-
ronment. In particular, abnormal filaggrin protein(s) (an
epidermal component) has been linked to severe AD phe-
notypes [7], with a resultant loss of epidermal integrity,
thus allowing interaction between the external environment
and the heightened immune response. Recent research has
suggested a diminished filaggrin protein in EoE, resulting in
decreased esophageal barrier function [8].

Atopy is a common finding in pediatric atopic dermatitis
and EoE, although nonatopic forms of AD and EoE are not
uncommon. IgE-mediated sensitization to food protein(s)
is commonly enhanced in both disease conditions, and the
elimination of sensitized foods has been a cornerstone of
therapy in EoE and a frequent discussion point in AD.
Multiple studies investigating food avoidance as an effective
therapy for AD have not been convincing, despite the fact
that IgE-mediated food sensitization is common in AD.

The clinical relevance of avoiding IgE-mediated sensi-
tized foods in AD patients is limited. Preceding the use of
patch testing in EoE for foods was a movement to isolate
clinically relevant food allergies in AD using a delayed
(48–72 hours) food response [9]. Although in limited use
currently, these strategies suggest a more complex immune
response to food protein than through a Type 1 immune
reaction in both EoE and AD. The limited studies of patch
testing in EoE suggest a stronger association with disease
activity and/or therapeutic responsiveness to certain food
protein, especially milk [10]. Also, food protein exposure in
AD has several pathways to sensitization, including contact,
airborne, and even transplacental or via breast milk, while in
EoE food protein exposure may be through a systemic route
with esophageal transmural migration, or possibly by direct
contact during food ingestion.

Environmental allergen sensitization is common to both
AD and EoE, but studies do not exist that compare rates of
environmental sensitization in children with a single disease
state (EoE or AD), or each disease at different ages. It is
generally held that young AD patients eventually develop
environmental allergen sensitization and often second or
third allergic diagnoses, but similar studies showing the
development of other allergic diseases have not been done
with early onset EoE. Conventional allergy immunotherapy,
often issued in allergic rhinitis and allergic asthma, is not
commonly utilized for AD and has not been reported for
EoE.

The prognosis of AD in children is considered good,
with many children having resolution of active disease by
adolescence. The current longitudinal data for pediatric-
onset EoE from a single center was not optimistic for
improvement [6], strongly suggesting a persistent course,
possibly into adulthood.

4. Eosinophilic Esophagitis versus
Allergic Rhinitis

Allergic rhinitis is a relatively straightforward and common
allergic disease which usually starts in childhood. The
exposure and sensitization to an airborne allergen is then
recentered to an intranasal allergy response on re-exposure.
Although not commonly emphasized, the late phase allergic
is largely responsible for chronicity of symptoms. Subepithe-
lial thickening and remodeling are apparently present, but do
not usually receive the same consideration as do the same
processes in the lower airway.

Food allergens only extremely rarely are involved in
allergic rhinitis, although a corollary process, pollen-food
allergy syndrome, may occasionally coexist. Allergic rhinitis
therapy is directed by and enhanced with appropriate skin
testing, with good clinical correlation. Avoidance can be
helpful, topical therapy with intranasal corticosteroids is
often successful, and allergy immunotherapy is a mainstay.
Complications arising from allergic rhinitis are uncommon,
but life-long disease is common.

In comparison to allergic rhinitis, EoE is uncommon,
sometimes indolent, or under recognized, with only an
occasional association with seasonal worsening. Eosinophilic
esophagitis patients can have positive skin tests to both
seasonal and nonseasonal allergens, but clinical esophageal
symptomatology to environmental allergens, in comparison
to nasal symptoms as seen with allergic rhinitis, is less
obvious. Food allergy, both immediate and possibly non-IgE
mediated, is common to EoE, unlike allergic rhinitis.

Recent data strongly suggests a significant role for
remodeling/fibrosis in EoE [11] and even smooth muscle
hyperplasia and possibly hyperresponsiveness [12]. Therapy
for EoE often hinges on topical inhaled corticosteroids, but
avoidance of food allergens can be partially (or even near
totally) remissive. Immunotherapy for EoE has not been
studied to date, and, in large part, therapeutic regimens are
empiric, without the long time honored benefit of placebo-
controlled trials required in new allergic rhinitis therapies.
Like allergic rhinitis, the pediatric EoE patient may have
long-lasting disease, although the opportunity for serious,
life-altering sequela is likely much higher in EoE.

5. Eosinophilic Esophagitis versus Asthma

The occasionally used term “asthma of the esophagus” places
EoE in the same realm of disease pathophysiology of the
frequently cited “most common chronic disease of children”
asthma if not so much for its frequency but to its impact
on morbidity. The rapidly advancing basic research studies
in EoE, with a several decades of asthma pathophysiology as
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a guide, have quickly moved EoE into position of significant
biological complexity.

Asthma has run a gamut of pathophysiological causes,
smooth muscle constriction, bronchial hyperresponsiveness,
eosinophilic inflammation, specific T-cell hyperactivity, and
extensive cytokine production, although many of the pro-
cesses currently recognized date to work by Slater in the
early 1800s and Osler by the turn of the century [13]. EoE
was first described only 4 decades ago. Like asthma, EoE
has a hierarchy of recognized histological consequences, the
discovery of which has been compressed into a mere decade
of research.

Asthma in young children is usually associated with
nonallergic triggers, especially viral illnesses, while asthma
that continues into grade school and later-onset asthma
usually has allergic comorbidity. Food allergy is a frequent
comorbid process, but avoidance of food protein never
induces remission of active disease. Asthma is usually
associated with wheezing or recurrent cough and is usually
considered early after its onset. The presence of wheezing is
readily apparent to most parents and is a tell-tale symptom
for health care providers. The rapid response to beta-agonists
in a clinical setting, or in a pulmonary function laboratory,
provides confirmation of likelihood for asthma. Current
asthma guidelines provide a literature-supported, evidence-
based approach for medical and supportive management,
with advancing complexity for difficult-to-manage patients.
Unfortunately, asthma has always maintained an imposing
morbidity among the allergic diseases, although the rate
of asthma deaths has decreased this decade. The natural
history of pediatric asthma supports a reasonable chance for
sustained remission, although fixed airway flow changes may
persist.

EoE has a spectrum of presentations in children, with a
different face with advancing age of onset. No one symptom
clearly dominates, unlike the recurrence of wheezing or
chronic cough seen in asthma. The relative infrequency,
as compared to asthma, may delay the diagnosis. In some
situations, the presence of EoE is totally unknown until an
incidental finding on an endoscopy for an unrelated concern
or only after the retrieval of a stuck esophageal foreign body.
The incidence of “silent” EoE is unknown. In contrast the
medical literature has thousands of epidemiological studies,
using multiple methods of ascertainment, looking at “hid-
den” asthma. Unlike asthma, the definitive diagnosis requires
an invasive procedure, with the subsequent initiation of
largely empirical medical and/or food protein avoidance
therapy(s). Any prescribed therapeutic intervention does not
generally allow for a certain response, or easily determined
benefit, without a repeat endoscopy. A published report in
pediatric EoE patients followed for over one decade does not
support a reasonable chance of remission [6]. Mortality from
eosinophilic esophagitis has not been reported, in contrast to
asthma, currently at over 3000 deaths per year.

6. Summary

Eosinophilic esophagitis certainly matches the biological
complexity of atopic dermatitis and asthma. Asthma, allergic

rhinitis, food allergy, and to a less extent atopic dermatitis,
have long recognized and/or easily undertaken medical
protocols, which are further supported by evidence-based
research. The long-term clinical impact of EoE is yet, largely,
unknown, but studies suggest extended chronicity, while the
other allergic diseases, especially atopic dermatitis and most
food allergies, have a very reasonable likelihood of remission.
Subject to some debate, the incidence of EoE is likely
increasing, as are all other allergic diseases. The potential
for morbidity in EoE appears to be high, but without
current reports of mortality, unlike food allergy or asthma.
Overall, EoE is a complex allergic disease, with long-term
concerns, with minimal pediatric placebo-controlled trials [14,
15] to guide therapy, and no readily apparent method of
following clinical progress, except repeated invasive testing
procedures. Extensive information has been gained on its
pathophysiology, aided by years of sequential understanding
of the other allergic diseases.
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Recurrent airway inflammations in children are an important clinical problem in pediatric practice. An essential challenge is
differentiation between allergic background and immune deficiency, which is a difficult task taking into consideration individual
predisposition to atopy, immune system maturation in the early childhood, as well as exposition to environmental allergens
and microbial antigens. In this paper relationship between selected elements of innate and adaptive immunity, such as pattern-
recognition receptors, complement components, dendritic cells, as well as immunoglobulins, and regulatory T lymph cells has
been discussed. Particular attention has been paid to these mechanisms of the immune response which, depending on settings and
timing of activation, predispose to allergy or contribute to tolerogenic phenotype. In the context of multifactorial conditioning
of the innate and adaptive immunity governing the ultimate response and associations between allergy and immune deficiencies,
these phenomena should be considered as pathogenetically not precluding, but as an overlapping syndrome.

1. Introduction

Development of the immune response in childhood is
a dynamic process initiated within the fetal period and
expanding in time through months and even years of child’s
life. Physiological phenomenon of immune system matura-
tion, type and timing of activating allergens, and microbial
antigens in conjunction with genetic predisposition to allergy
are of crucial importance in determination of the proallergic
or tolerogenic phenotype. Clinically, these considerations
apply particularly to diagnostic and therapeutic dilemmas
regarding recurrent airway inflammations in children, in
which major questions concern differentiation between
allergy and immune deficiency. Establishing a diagnosis
is an essential challenge including common clinical man-
ifestations, reciprocal impact of different clinical entities,
overlapping pathomechanisms of allergic background, and
defects of innate and adaptive immune responses, as well
as deficiencies in factors playing a hitherto unexpected
immunoregulatory role.

2. Maturation of the Immune System

Physiological phenomenon of maturation of the immune
system, initiated within the fetal period, is dynamic in
its character and is expanding in time through the first
months and even years of child’s life. Hence, within the
neonatal period, infancy and early childhood dysfunction of
numerous components of the immune system is observed.

Within the neonatal period, considerable immaturity
characterizes the system of monocytes-macrophages. It
consists in decreased expression of costimulatory molecules
and diminished ability to differentiation into dendritic
cells as well as weak production of IL-12 by monocytes
[1]. Macrophages exhibit diminished response to IFNγ,
decreased activity upon phagocytosis [1], and impairment of
intracellular killing [2].

In neonates, the immaturity concerns function of den-
dritic cells. This consists in downregulated expression of cos-
timulatory molecules by myeloid (mDC) and of plasmacy-
toid (pDC)dendritic cells, defective maturation and synthesis
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of cytokines—IFNγ and IL-12 as the response to signaling
pathways downstream of Toll-like receptors engagement,
particularly TLR4 and TLR9 and CD40 molecule as well
as impaired ability to stimulate the immune response by
pDC. The proposed mechanisms to explain the dysfunction
of neonatal DC comprise intrinsic immaturity, defective
interaction between dendritic cells and T lymphocytes as well
as modulatory effect of natural regulatory T cells (nTreg).
These cells, playing an important role during pregnancy
and maintaining maternal tolerance to the fetus, are present
in high numbers in neonates and are critical in maintain-
ing homeostasis, immunological tolerance, and preventing
autoimmunity. Neonatal nTregs exert their immunosup-
pressive function by the mechanism of interaction between
molecules CTLA-4 and CD80/CD86 on antigen-presenting
cells and by secretion of L-10 and TGFβ [1].

Functional alterations of neonatal antigen-presenting
cells may in turn lead to secondary defects of adaptive T-cell
response. In neonates occurs a T-cell functional deficiency
manifesting as downregulated expression of TCR/CD3 com-
plex, adhesion molecules and CD40 ligand (CD40L, CD154),
impaired cytotoxic activity of CD8+ T cells as well as
decreased cytokine synthesis. Expression of a range of
cytokines playing an essential role in the immune response,
such as IL-4, IL-5, IFNγ, TNFα, and IL-12, is a dynamic
process and their production increases with child’s age [3].
Hodge et al. demonstrated a diminished number of neonatal
T lymph cells and NK cells exhibiting expression of β
chain of the IL-2 receptor. Moreover, the production level
of cytokines such as IL-1α, IL-1β, and TNFα was lower
compared to adults, pointing to decreased capacity to mount
effective inflammatory response. On the contrary, the level
and kinetics of expression of other functional molecules—
CD71, HLA-DR; and CD152—were comparable to that in
adults [4].

Predominance of the Th2-dependent immune response
prevailing within the fetal period and expanding through
the neonatal period and infancy [5–7] may be among
others as a result of exerted activity of regulatory T cells,
suppressing the proinflammatory Th1-mediated response
[8]. Moreover, mechanisms of the innate immune response
profiling development of the adaptive response towards
advantageous Th1-or Th2-mediated immunity contribute to
the predisposition or to the protection from asthma and
allergy. Dose, settings, and timing of exposure to antigens are
of crucial importance in modulating the immune response
profile within the child’s early life [9, 10].

Immaturity of the effector mechanisms and suppressive
activity of the transplacentally transmitted maternal IgG
antibodies contribute to the consequent deficiency of specific
humoral response [5]. In neonates, rapid increase of the
immunoglobulin M active in primary immune response to
antigens, relatively high concentration of IgG of maternal
origin and weak production of child’s own immunoglobulins
IgG and IgA manifest as dysgammaglobulinemia and reflect
distinct dynamics of different isotype synthesis. In infants
between the second and sixth months of life hypogamma-
globulinemia continues as a result of still weak production
of own and the breakdown of maternal immunoglobulin

G. Delayed maturation of the humoral response manifests
frequently as transient hypogammaglobulinemia of infancy
(THI), which abates typically until the end of the second
year of life [11], but may be prolonged even up to the
fifth or sixth year of life [12] and hitherto the evaluation,
if the immune defect in a child is transient or is signaling
a permanent primary immune deficiency, may be difficult.
In the recent study of Keles et al. [13], evaluating clinical
and immunological features of THI children, asthma was the
leading health problem present in 52% of patients.

3. Allergic Diseases Coexisting with
Immune Deficiencies

3.1. Antibody Production Defects. To the clinical problem
of concomitant occurrence of allergic diseases and primary
immune deficiencies in children drew attention Klemola,
who reported symptoms of atopic diseases in 50% of children
with selective IgA deficiency (sIgAD) [14]. Interestingly, it
was noted a better correlation between the prevalence and
severity of the clinical course of allergic diseases in children
within the first two years of life and a low normal IgA
concentration in serum than a concentration of IgE increased
above the normal value for age [15]. In the prospective study
evaluating the same group of children at the age of four
years, it was observed an association between occurrence
of allergic diseases and asthma and decreased IgA and
IgG4 subclass in serum as well as secretory salivary IgA
[16]. The Papadopoulou study revealed not solely a higher
prevalence of atopy in a group of children with selective IgA
deficiency compared to a control group, but also pointed
to the more frequent coexisting bronchial hyperreactivity
and hypersensitivity to Dermatophagoides pteronyssinus in
children with sIgAD [17]. The results of the study performed
by Kutukculer et al. [18] indicated that partial IgA deficiency
and IgG subclass deficiency are transient in 52% and
51% children, respectively, and that increases in serum
immunoglobulins to age-related normal levels occur up to
the sixth year of life. Exactly, in this group of children
atopic diseases proved to occur more frequently than among
children with complete selective IgA deficiency (in 41% and
24% patients, resp.). An analysis of correlation between
clinical and immunological phenotypes was done in the
recent report of Iranian authors [19] on the group of patients
aged 4–32 years, showing IgA concentration below 62 mg/dl.
Recurrent airway inflammations were the most frequent clin-
ical problems, referring to 94% of patients. Allergic diseases-
asthma, atopic dermatitis, allergic rhinitis, and conjunctivitis
were diagnosed in 84% of patients, indicating the fact that
not only a predisposition to infections resulting from an
immunodeficiency solely, but also an allergic background
considerably affects the clinical manifestation of the disease.
Interestingly, an asthmatic phenotype was present exclusively
in patients with selective IgA deficiency amounting 62% of
the study group. On the contrary, in 38% of patients, who
suffered from a complex immunodeficiency consisting in
IgA deficiency, IgG subclass deficiency, deficiency of specific
antibodies against polysaccharide antigens (sAbDs), and
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infections of the respiratory tract predominated as clinical
manifestations and exclusively in this group of patients
occurrence of bronchiectases was observed. Moraes et al. [20]
in the study on the group of 41 severe asthmatic children
showed an association between the degree of asthma control
and recurrent airway infections as well as deficiencies within
the immune system. In children with poor asthma control
more frequently than in children with sufficiently controlled
asthma (66% versus 55% of children) a deficiency of one
or more IgG subclasses and IgG3 or IgG4 deficiency were
diagnosed as well as solely in this group of children, a
combined IgA and IgG subclass deficiency was revealed.

Single reports in the literature concerning selective
immunoglobulin M deficiency (sIgMD) in pediatric pop-
ulation and in adults point to the recurrent respiratory
tract infections as the predominant clinical feature. Allergic
diseases and asthma coexist with this immune deficiency in
7-8% of affected children [21] and as much as 33% of adult
patients [22].

Interestingly, an association between allergic diseases and
immune deficiencies was observed in patients manifesting
profound defects of antibody production. Shabestari et al.
[23] reported a case of a boy with Bruton’s agamma-
globulinemia in whom concentrations of main classes of
immunoglobulins were decreased within all isotypes includ-
ing IgE (<0,1 IU/ml), B lymph cells bearing antigens CD19
and CD20 amounted less than 1% of normal value for
age and the disease was confirmed by BTK gene mutation.
Recurrent episodes of respiratory infections with obstruction
of the lower airways were the most important clinical symp-
toms, and in additional diagnostic examinations, positive
skin prick tests with alimentary and airborne allergens as
well as bronchial hyperreactivity in spirometry were noted.
A bias towards Th2-mediated immune response was also
documented in patients with common variable immunod-
eficiency (CVID) through investigation of cytokine levels
and demonstration of increased IL-4 and IL-10 production
[24]. A high incidence of asthma, usually diagnosed after the
initial presentation, was seen in 83% of pediatric patients
with CVID as it was reported by Ogershok et al. [25].

3.2. Complement Deficiencies. Associations between aller-
gic background of respiratory symptoms and immune
defects are not exclusively confined to a dysregulation of
immunoglobulin production and impaired balance between
Th1 and Th2 lymph cells compartments. These phenomena
are also determined by the activity of complement pathway
components, establishing links between innate and adaptive
immune responses. Although each pathway is activated
by distinct pathway recognition receptors (PRRs), they all
culminate in activation of C3 component, a central step
in complement activation. Activation of C3 leads to the
generation of anaphylatoxins C3a and C5a, which through
binding their receptors on inflammatory cells proved to
induce pathophysiological features of allergic inflammation.
In support of this proallergic role of C3, its deficiency
was shown on an animal model to have a protective
effect against antigen-induced bronchial hyperreactivity [26,

27]. C5a, in turn, in allergic inflammation plays a dual
role, both promoting and protective, depending on the
inflammatory cells and cytokine environment upon its
activation. Immunological role of C5a component consists
principally in modulation of the adaptive immune response
through altering the phenotype and function of antigen-
presenting dendritic cells [28]. A deficiency in C5a leads
to a shift of the proportion of the myeloid dendritic cells
(mDCs) to plasmacytoid dendritic cells (pDCs), and to the
consequent development of Th2-dependent effector phase.
In this condition of a lack of C5a also an increase of the
production of Th2-specific chemokines, CCL17 and CCL22
by pulmonary mDCs occurs, enhancing homing of Th2
lymph cells [29]. Impairment of the immune tolerance
results from a defective stimulation of pDCs and absence
of regulatory T-cell induction, corroborating a concept
of a tolerogenic role of C5a and protective effect during
allergen sensitization. A recognition of pattern-associated
molecular patterns (PAMPs) leads to the activation of
complement pathway by lectin proteins. A decreased level
of a mannose-binding lectin (MBL), playing an important
role in opsonization, was found in a group of asthmatic
children [30]. Moreover, an association was shown between
an allelic variant of MBL2 gene leading to decreased MBL
concentration in serum and higher risk of asthma in children
presenting with recurrent and chronic Chlamydia pneumonia
infection [31]. In adults an allelic MBL variant was not
only associated with predisposing effect to asthma, but also
correlated with a decrease in lung function [32].

Ficolins M, L, and H (1, 2, and 3, resp.), structurally
similar to collectins, MBL, and surfactant protein A and D
initiate the lectin pathway of complement activation through
serin proteases MASPs [33]. Cedzynski et al. reported an
association between relative L-ficolin deficiency and recur-
rent respiratory infections coexisting with asthma in children
[34].

Deficiencies of humoral innate and adaptive immune
responses associated with proallergic effect are displayed on
Figure 1.

3.3. Phagocyte Defect. Fitzpatrick et al. [35] demonstrated
impaired alveolar macrophage phagocytosis in children with
poorly controlled asthma. These findings suggest that a
functional deficiency of innate immunity contributes to
a defective antimicrobial response and recurrent airway
inflammation resulting in exacerbations of asthma. This phe-
nomenon of impaired phagocytosis may be explained by an
alternative mechanism of macrophage activation potentiated
by IL-4 in the Th2 microenvironment, where inhibition of
phagocytosis associated with defective phagosome formation
and concomitant increased proinflammatory cytokine secre-
tion was observed by Varin et al. [36].

4. Role of Regulatory T Lymphocytes

Natural Treg cells of a CD4+CD25+ phenotype are best
characterized by an intracellular marker, a transcription
factor Foxp3, playing an essential role in development and
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Figure 1: Humoral defects of innate and adaptive immune responses associated with proallergic effect.

activity of these cells [37–40]. Inducible regulatory T lymph
cells (iTreg, Tr1) arise as a result of activation of mature
T cells in the settings lacking an optimal exposure to
antigen or costimulation as well as in the environment of
inhibitory cytokines and are characterized by IL-10 and
TGFβ production. Naı̈ve CD4+ T cells may also develop into
Tr1 cells in the presence of chronic stimulation with allergens
infectious and tumor antigens. However, the suppressive
function is not strictly Treg-specific and all CD4+ T cells
exhibit suppressive activity in different degree. Mechanisms
determining types of immune response and their mutual
relationship as a result of transcription factors and cytokine
activities towards CD4+ T cell subsets are displayed on
Figure 2.

For T regulatory lymphocytes, the following nonexclu-
sive functions are proposed: prevention of autoimmunity
by establishing and maintaining immunological tolerance
to self-antigens, induction of maternal tolerance to the
fetus, induction of tolerance against alimentary antigens,
and suppression of pathogen-induced immunopathology
[38, 39].

In allergic diseases and asthma, activation of CD4+ T
cells plays a key role and allergic inflammation in the airways
is mediated by subpopulations of effector Th2 and Th17
cells. Regulatory T cells, both nTregs having CD4+CD25+
phenotype and antigen-induced IL-10 secreting Tr1 cells
achieve their regulatory effect by different pathways, inhibit-
ing dendritic cells activity, suppressing effector Th2 and
Th17 cells, suppressing mast cells and basophils, as well as
decreasing migration of inflammatory cells to target tissues
[41–44]. They also downregulate IgE synthesis and stimulate
class switching towards anti-inflammatory isotypes—IgG4
subclass and, in a lesser extent, to IgA. Induction of IgA
synthesis is first of all determined by activation of B lympho-
cytes through Toll-like receptors TLR9 and TLR7 pathway

[45]. Hartl et al. [46] reported significantly decreased
number of CD4+CD25+ T cells and lower concentration of
cytokines IL-10 and TGFβ in bronchoalveolar lavage fluid
of asthmatic as compared to healthy children. Likewise, in
patients manifesting symptoms of atopic diseases, Saito [47]
demonstrated a smaller proportion of cells Foxp3+CD4+
than in asymptomatic individuals in the control group,
having similar concentrations of IFNγ and IgE in serum
as well as blood eosinophil count. These above-mentioned
findings suggest that development of symptoms of allergic
diseases is determined by mutual relationship between
proinflammatory Th2 and Th17 lymph cells subsets and
regulatory T cells. Recently, novel distinct populations of
effector T helper cells involved in tissue inflammation have
been demonstrated, namely Th9 cells, characterized by IL-9
and IL-10 secretion [48], and Th22 cells with IL-22 secretion
and low expression levels of IL-17 [49, 50].

A deficiency of regulatory T cells resulting from FOXP3
gene mutation is an essential factor in pathogenesis of
IPEX syndrome (immune dysregulation, polyendocrinopa-
thy, enteropathy, X-linked) [51]. In a range of primary
immune deficiency diseases an immunological dysregulation
may be consequent to functional regulatory T cells impair-
ment and predominating Th2-dependent immune response,
as it was demonstrated in patients with common variable
immunodeficiency, a disorder predisposing to autoimmunity
[52, 53]. A Th17 cells deficiency is a crucial immune abnor-
mality in the hyperimmunoglobulin E syndrome (HIES), a
complex immunodeficiency with a constellation of diverse
clinical manifestations, unique predisposition to staphylo-
coccal and mycotic infections, and heterogeneous genetic
origin. In autosomal dominant hyper-IgE syndrome (AD-
HIES) hypomorphic mutations in STAT3 (signal transducer
and activator of transcription) gene has been demonstrated
[54], leading to impaired Th17 cells differentiation and
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Figure 2: Mechanisms determining types of immune response and their mutual relationship as a result of transcription factors and cytokine
activities towards CD4+ T cell subsets.

defective multiple cytokine signaling, resulting in impaired
upregulation of antimicrobial peptides [55]. Patients affected
with autosomal recessive hyper-IgE syndrome (AR-HIES)
due to DOCK8 (dedicator of cytokinesis 8) [56] or Tyk2
(tyrosine kinase 2) gene mutation [57] share common
features of HIES, such as elevated serum IgE concentration
and eosinophilia as well as predisposition to staphylococcal
and candidal infections however, different infection profile
and clinical features suggest a distinct disease entity.

Primary immune deficiencies of different genetic back-
ground associated with T-cell dysfunction and aberrant IgE
production are displayed in Table 1.

5. Immunomodulatory Role of Pattern
Recognition Receptors (PRRs)

Toll-like receptors (TLRs), along with retinoid acid-induci-
ble gene-I-like receptors (RLRs) and nucleotide-binding
oligomerization domain- (NODs) like receptors (NLR) are
crucial elements of innate arm of immunity, recogniz-
ing pathogen-associated molecular patterns (PAMPs), and
molecular structures specific for microbial pathogens. They
are expressed in different cellular compartments, such as
cell surface, endosome, lysosome or cytoplasm, and activate
specific signaling pathways leading to expression of genes
that tailor immune responses to particular microbes [58].
Toll-like receptors TLR1, TLR2, TLR4, TLR6, and TLR10
detect extracellular pathogen-associated signatures, while
TLR3, TLR7, TLR8, and TLR9 recognize ligands derived
from intracellular viral and bacterial pathogens.

In B lymph cells, Toll-like receptors activation results in
upregulation of activation markers, proliferation, cytokine
secretion, terminal differentiation, and immunoglobulin
secretion. It has been demonstrated that TLR9 stimulation
of B cells with CpG motifs induces IgG class switch recom-
bination (CSR). This effect results in inhibition of the IL-4
and CD40-dependent IgG1/IgE class switch and suppression
of IgE production as well as simultaneous stimulation of IgA
synthesis [59].

Extensive interactions and crosstalk among TLRs and
other surface receptors is a characteristic feature of TLRs
[60]. Both microbial antigens and allergens represent impor-
tant trigger factors with effect on antigen-presenting cells
and effector cells involved in allergic reactions. Therefore,
it is likely that not separate but concomitant stimulation
of both receptor types, namely, Toll-like receptors and
high-affinity receptor for IgE (FcεRI) may occur under
physiological conditions and in particular in the context of
allergic and infectious diseases. Potential counterregulation
and interaction of TLRs with IgE receptor-mediated immune
response along with integrated signal from different receptor
networks may therefore compose mechanisms which pro-
mote development of allergy [60].

Different TLRs, in particular TLR2 and TLR4 have been
demonstrated to be expressed on mast cells, which can be
activated to secrete diverse mediators and cytokines by IgE
as well as specific antigens and products derived from either
pathogens or the host during innate and adaptive immune
responses [61, 62]. Depending on the type of ligand, TLR2
displays modulatory effect on FcεRI-mediated signaling
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Table 1: Primary immune Deficiencies and their genetic background, associated with T-cell dysfunction and aberrant IgE production.

Primary immune deficiencies with elevated IgE

T-cell dysfunction Immune deficiency Genetic background

Treg cell deficiency

Immune dysregulation,
polyendocrinopathy,
enteropathy, X-linked
(IPEX)

Forkhead box protein 3 (Foxp3) signal
transducer and activator of transcription 5b
(STAT5b)CD25

Treg cell dysfunction
Wiskott-Aldrich syndrome
(WAS)

Wiskott-Aldrich syndrome protein (WASP)

Treg cell deficiency
T-cell oligoclonality

Omenn syndrome (OS)

recombination activation genes
(RAG1,RAG2) Artemis IL-7R
zeta-associated protein, 70 kD (ZAP-70,)
DNA ligase

Reduced NK cell
cytotoxicityskewed
Th1 phenotype

Comel-Netherton
syndrome (CNS)

Serin protease inhibitor Kazal type (SPINK)
lymphoepithelial Kazal type inhibitor
(LEKTI)

T-cell oligoclonality
DiGeorge syndrome
(DGS)—atypical complete
form

Microdeletion 22q11

Reduced Th17 cells
Treg cell
dysfunctionmultiple
cytokine signaling
defect

Hyperimmunoglobulin E
syndrome (HIES)

Signal transducer and activator of
transcription 3 (STAT3) dedicator of
cytokinesis 8 (DOCK8) tyrosine kinase 2
(Tyk2)

and downregulation of FcεRI and attenuation of the IgE-
dependent mast cell degranulation has been demonstrated
in context to lipoteichoic acid [63]. These data point to the
immunomodulatory function of mast cell TLR2 depending
on the stimulating bacterial product.

Interestingly, counterregulation of FcεRI, and TLR9
has been demonstrated on plasmacytoid dendritic cells.
The capacity of pDC to release type 1 interferon (IFN-α
and IFN-β) after TLR9 stimulation with specific ligands,
unmethylated CpG motifs is substantially decreased after
FcεRI aggregation and allergen challenge in vitro, indicating
a cross talk also among these receptors, TLR9 and FcεRI
[64]. Summarizing, costimulation of effector cells on the
level of TLRs and FcεRI may lead to diverse ultimate effect,
either protective or promoting allergic response and effective
or impaired antimicrobial immune responses under specific
conditions.

6. Effects of Vitamin D on Immune Functions

There is an emerging evidence of the role of vitamin D not
only confined to calcium and bone homeostasis, but also
to its pleiotropic and immunomodulatory effect on both
innate and adaptive immune responses. The active form of
vitamin D, 1,25(OH)2D binds to the vitamin D receptor
(VDR), a nuclear receptor and ligand-activated transcription
factor, expressed in many tissues and regulating cellular
differentiation and function of many cell types, including the
immune system. VDR expression is found, among others, in
macrophages, dendritic cells, NK cells, T cells, and B cells.
Upon activation, VDR elicits in these cells a potent anti-
proliferative, prodifferentiative, and immunomodulatory

effects on both transcription-dependent and transcription-
independent actions [65]. Vitamin D inhibits the function
of T lymphocytes both directly and via effects on antigen-
presenting cells, particularly of Th1-associated cytokine
production and IL-17 production by Th17 lymph cells
involved in autoimmune and allergic processes, including
asthma. The effect on Th2-mediated immune response is
more complex and the reports point to both its inhibition
and enhancement [66]. Vitamin D shows an inhibitory
effect on dendritic cells by downregulating expression of
costimulatory molecules CD40 and CD80/86, decreasing
secretion of immunostimulatory IL-12. Concurrently, it
leads to increased production of anti-inflammatory IL-10 by
dendritic cells and CD4+CD25+ Treg cells.

In the lungs airway, epithelial cells have been found
to express high levels of 1alpha-hydroxylase, the vitamin
D-activating enzyme. Calcitriol has also been shown to
inhibit the synthesis and release of certain cytokines, such as
RANTES (regulated on activation, normal T-cell expressed
and secreted), PDGF (platelet-derived growth factor), and
matrix metalloproteinases from bronchial smooth muscle
cells, thereby leading to decreased inflammation and smooth
muscle cell proliferation [67]. Additionally, on animal
model, vitamin D receptors have been found in fetal type
II alveolar epithelial cells, which may according to recent
evidence play a role in the induction of regulatory T cells
[68]. In several clinical studies, association of vitamin D
with allergy and asthma has been investigated. In 2007,
two simultaneously published reports [69, 70] have demon-
strated higher risk of recurrent wheeze in children born
from women with low vitamin D intake during pregnancy.
Brehm et al. [71] showed a correlation between low levels
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of vitamin D and markers of asthma severity in children
including hospitalizations, the use of medications, and
airway hyperresponsiveness.

Therefore, vitamin D has been found to act as an immun-
omodulator relevant to pathomechanisms of antimicrobial
response and allergy. In this context, vitamin D deficiency
might be considered as an immunodeficiency state predis-
posing to airway infections and to decreased tolerogenic
phenotype, with effect on complex interactions between
genetic and environmental factors leading to development of
asthma.

7. Concluding Remarks

Multidirectional interactions and precise control of elements
of the immune response determine homeostasis between
effector mechanisms and tolerance. Above-mentioned asso-
ciations between numerous elements of the immune system,
the innate as well as adaptive immune response, and
mechanisms predisposing to the development of allergy
suggest complex considering of the clinical problem of
recurrent airway inflammations in children. The above-
mentioned findings point to the pathogenetic relationship
between allergy and immune deficiencies which better than
mechanisms of atopy correlate with symptomatology of the
allergic diseases in children. These observations regarding
mainly young children and infants presenting transient
deficiencies of the immune response indicate a delayed
maturation of immunological components as a phenomenon
of crucial importance. A dysregulation of the immune
response contributing to the defective antigen elimination
in the early childhood of the predisposed individual may be
considered as the critical risk factor preceding development
of allergy. The immune deficiencies and allergy have mutual
impact and are thus not precluding phenomena, but should
be considered as a specific overlapping syndrome.
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N. O. S. Câmara, and L. V. Rizzo, “Reduced frequency of
CD4+CD25HIGHFOXP3+ cells and diminished FOXP3 expres-
sion in patients with Common Variable Immunodeficiency: a
link to autoimmunity?” Clinical Immunology, vol. 132, no. 2,
pp. 215–221, 2009.

[53] K. M. Melo, K. I. Carvalho, F. R. Bruno et al., “A decreased
frequency of regulatory T cells in patients with common
variable immunodeficiency,” PLoS One, vol. 4, no. 7, Article
ID e6269, 2009.

[54] S. M. Holland, F. R. DeLeo, H. Z. Elloumi et al., “STAT3
mutations in the hyper-IgE syndrome,” New England Journal
of Medicine, vol. 357, no. 16, pp. 1608–1619, 2007.

[55] J. D. Milner, J. M. Brenchley, A. Laurence et al., “Impaired
TH17 cell differentiation in subjects with autosomal dominant



Journal of Allergy 9

hyper-IgE syndrome,” Nature, vol. 452, no. 7188, pp. 773–776,
2008.

[56] K. R. Engelhardt, S. McGhee, S. Winkler et al., “Large deletions
and point mutations involving the dedicator of cytokinesis
8 (DOCK8) in the autosomal-recessive form of hyper-IgE
syndrome,” Journal of Allergy and Clinical Immunology, vol.
124, no. 6, pp. 1289–1302.e4, 2009.

[57] Y. Minegishi, M. Saito, T. Morio et al., “Human tyrosine kinase
2 deficiency reveals its requisite roles in multiple cytokine
signals involved in innate and acquired immunity,” Immunity,
vol. 25, no. 5, pp. 745–755, 2006.

[58] T. Kawai and S. Akira, “The roles of TLRs, RLRs and NLRs in
pathogen recognition,” International Immunology, vol. 21, no.
4, pp. 317–337, 2009.

[59] I. Bekeredjian-Ding and G. Jego, “Toll-like receptors—sentries
in the B-cell response,” Immunology, vol. 128, no. 3, pp. 311–
323, 2009.

[60] N. Novak, T. Bieber, and W. M. Peng, “The immunoglobulin
E-toll-like receptor network,” International Archives of Allergy
and Immunology, vol. 151, no. 1, pp. 1–7, 2009.

[61] S. J. Galli and M. Tsai, “Mast cells in allergy and infection:
versatile effector and regulatory cells in innate and adaptive
immunity,” European Journal of Immunology, vol. 40, no. 7, pp.
1843–1851, 2010.

[62] V. Kumar and A. Sharma, “Mast cells: emerging sentinel
innate immune cells with diverse role in immunity,” Molecular
Immunology, vol. 48, no. 1–3, pp. 14–25, 2010.

[63] M. Yoshioka, N. Fukuishi, S. Iriguchi et al., “Lipoteichoic
acid downregulates FcεRI expression on human mast cells
through Toll-like receptor 2,” Journal of Allergy and Clinical
Immunology, vol. 120, no. 2, pp. 452–461, 2007.

[64] N. Novak, J. P. Allam, T. Hagemann et al., “Characterization
of FcεRI-bearing CD123+ blood dendritic cell antigen-2+

plasmacytoid dendritic cells in atopic dermatitis,” Journal of
Allergy and Clinical Immunology, vol. 114, no. 2, pp. 364–370,
2004.

[65] V. P. Walker and R. L. Modlin, “The vitamin D connection to
pediatric infections and immune function,” Pediatric Research,
vol. 65, no. 5, pp. 106R–113R, 2009.

[66] N. E. Lange, A. Litonjua, C. M. Hawrylowicz, and S. Weiss,
“Vitamin D, the immune system and asthma,” Expert Review
of Clinical Immunology, vol. 5, no. 6, pp. 693–702, 2009.

[67] M. S. Sandhu and T. B. Casale, “The role of vitamin D in
asthma,” Annals of Allergy, Asthma and Immunology, vol. 105,
no. 3, pp. 191–199, 2010.

[68] M. Gereke, S. Jung, J. Buer, and D. Bruder, “Alveolar type II
epithelial cells present antigen to CD4+ T cells and induce
Foxp3+ regulatory T cells,” American Journal of Respiratory
and Critical Care Medicine, vol. 179, no. 5, pp. 344–355, 2009.

[69] C. A. Camargo Jr., S. L. Rifas-Shiman, A. A. Litonjua et al.,
“Maternal intake of vitamin D during pregnancy and risk of
recurrent wheeze in children at 3 y of age,” American Journal
of Clinical Nutrition, vol. 85, no. 3, pp. 788–795, 2007.

[70] G. Devereux, A. A. Litonjua, S. W. Turner et al., “Maternal
vitamin D intake during pregnancy and early childhood
wheezing,” American Journal of Clinical Nutrition, vol. 85, no.
3, pp. 853–859, 2007.

[71] J. M. Brehm, J. C. Celedón, M. E. Soto-Quiros et al., “Serum
vitamin D levels and markers of severity of childhood asthma
in Costa Rica,” American Journal of Respiratory and Critical
Care Medicine, vol. 179, no. 9, pp. 765–771, 2009.



Hindawi Publishing Corporation
Journal of Allergy
Volume 2012, Article ID 790910, 5 pages
doi:10.1155/2012/790910

Clinical Study

Induction of Specific Immunotherapy with Hymenoptera Venoms
Using Ultrarush Regimen in Children: Safety and Tolerance
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Background & Objective. Ultrarush induction for specific venom immunotherapy has been shown to be reliable and efficacious
in adults. In this study its safety and tolerance in children was evaluated. Methods. Retrospective analysis of 102 ultrarush
desensitizations carried out between 1997 and 2005 in 94 children, aged 4 to 15 years. Diagnosis and selection for immunotherapy
were according to recommendations of the European Academy of Allergy and Clinical Immunology. Systemic adverse reactions
(SARs) were described using the classification of H. L. Mueller. Results. All patients reached the cumulative dose of 111.1 µg
hymenoptera venom within 210 minutes. Six patients (6%) had allergic reactions grade I; 2 patients (2%) grade II and 5 patients
(5%) grade III. Three patients (3%) showed unclassified reactions. SARs did not occur in the 15 patients aged 4 to 8 years and they
were significantly more frequent in girls (29%) compared with boys (12%) (P = 0.034, multivariant analysis) and in bee venom
extract treated patients (20%) compared to those treated with wasp venom extract (8%) (OR 0.33, 95% Cl 0.07–1.25). Conclusion.
Initiation of specific immunotherapy by ultrarush regimen is safe and well tolerated in children and should be considered for
treating children with allergy to hymenoptera venom.

1. Introduction

Hypersensitivity to hymenoptera venom affects approxi-
mately 1%–5% of the general population. In Switzerland the
prevalence is estimated to be 3.5% in the general population
and 0.4%–0.8% in children aged 4 to 16 years. It is one of the
three most common causes of immediate type anaphylactic
reactions, the other two major causes being drugs and foods
[1]. A field sting in a hymenoptera venom allergic patient
can cause a spectrum of reactions ranging from severe local
swelling to anaphylactic shock with circulatory collapse. Sev-
eral cases of death are attributed to hymenoptera allergy
yearly, mostly in adults.

Specific immunotherapy (SIT) is the only known causal
treatment for venom-allergic patients [2, 3]. In subjects with
a history of generalized reactions to insect sting SIT results
in up to 95% rate of protection in wasp venom allergic

patients and 80% in bee venom allergic patients [4]. Different
protocols have been published for the stepwise increase of the
dose of the insect venom during initiation of subcutaneous
specific immunotherapy [5–9]: the conventional regime,
with injections using increasing doses every one to two weeks
over a period of 2 to 4 months, rush immunotherapy extend-
ing over approximately 1 week and ultrarush protocols, in
which the maintenance dose is achieved in 1-2 days. The
latter has been shown to be effective and time-saving in
adults [5]. The aim of this retrospective study was to
investigate the safety and tolerance of ultrarush induction in
desensitization in children.

A systemic grading of reactions to immunotherapy is
necessary in order to evaluate the safety of the treatment
and in order to compare various regimens [10]. In this study
we chose to use a modified version of the classification of
generalized allergic reactions introduced by H. L. Mueller in
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Figure 1: Ultrarush induction regimen in desensitization with subcutaneous venom injections.

1966 [11]. This classification is presented in Table 2 for quick
reference.

2. Methods

2.1. Patients. Medical records of 94 children treated with the
ultrarush induction regime in the intensive care unit of the
University Children’s Hospital of Zurich between January
1997 and December 2005 were analysed retrospectively; the
clinical data is summarized in Table 1. Indication for SIT was
a combination of an immediate systemic allergic reaction
grade III or IV after a hymenoptera field sting and detection
of specific IgE antibodies to the venom, as recommended
by the European Academy of Allergy and Immunology Sub-
committee on insect venom allergy [4, 6]. Patients with less
severe reactions were included when the risk of exposure was
very high, for example, when a wasp nest was in close prox-
imity to the home, or when the fear from getting a sting
caused anxiety and a significant limitation in the quality of
life.

The study population included 24 girls and 70 boys; 61 of
the patients were allergic to bee venom, 33 to wasp-venom;
and 8 boys to both. These 8 boys were considered twice in
the evaluation. The patients were divided into three groups
according to age: group A included 15 patients aged 4 to 8
years, in group B there were 60 subjects aged 8 to 12 years and
in group C 27 patients aged 12 to 15 years. The classification
of generalized allergic reactions according to H. L. Mueller
which was used to define the adverse reactions is shown in
Table 2.

2.2. Tests. Sensitization was detected by skin prick tests with
10, 100, and 300 µg/mL purified insect venom extract (Phar-
malgen, ALK) and/or intradermal tests with 0.00001, 0.001,
0.01, 0.1, and 1.0 µg/mL purified venom extract (ALK-SQ,
ALK-Scherax, Germany). The tests were considered positive
if a weal of at least 3 mm in diameter occurred after 15
minutes, and, in the case of intradermal tests, a reaction was
considered positive at a concentration of 1 µg/mL or less.
Positive (1% histamine hydrochloride) and negative (sodi-
um-chloride 0.9%) control tests were performed. In addition
levels of specific IgE were determined in serum (Pharmacia
ImmunoCAP System, Sweden); they were considered nega-
tive when less than 0.35 kU/L.

2.3. Induction of Specific Immunotherapy Using the Ultrarush
Regime. The ultrarush induction regime is described in

Figure 1. All patients were treated with a standardized pu-
rified venom preparation (ALK Pharmalgen, Trimedal) given
in subcutaneous injections. The cumulative dose of 111.1 µg
hymenoptera venom was reached after 210 minutes using at
least 6 injections. In the case of side effects, the interval
between the doses was extended. The patients were observed
in the intensive care unit with intravenous access, continu-
ous measurements of the oxygen saturation, and repeated
measurements of the blood pressure. Three hours after the
last injection the patients were discharged to home. Booster
injections were given later as follows: on day 7 two doses
of 50 µg (ALK Pharmalgen, Trimedal) were given with an
interval of 30 minutes, and 3 and 7 weeks after the ultrar-
ush procedure the patients received 100 µg of Alutard
(Aluminiumhydroxid-depot-preparation, ALK) subcutane-
ously. During the entire therapy the children did not receive
premedication with antihistamines.

If both wasp and bee venoms sensitizations were re-
quired; they were administered in separate protocols a few
days apart.

3. Results

Between January 1997 and December 2005 94 children, aged
4 to 15.1 years, including 70 males and 24 females, underwent
induction of specific immunotherapy using ultrarush regime
in the intensive or intermediate care unit of the University
Children’s Hospital of Zurich. A total of 102 ultrarush
immunotherapy induction procedures were performed, in
all of which the cumulative dose of 111.1 µg was reached.
61 patients were treated with bee venom, 33 with wasp ven-
om, and 8 boys with both. Average duration of the procedure
was 3.5 hours with a range of 2.5 to 5.5 hours.

3.1. Adverse Reactions. All patients had local swelling and
redness of the upper arm with a diameter of less than
10 cm. As summarized in Table 3, Systemic side effects were
observed in 16 subjects (16%), 11 of them required treat-
ment. 6 patients (6%) showed an allergic reaction grade I,
2 girls (2%) grade II, and 5 patients (5%) developed a grade
III reaction, 1 of these 5 subjects recovered spontaneously.
No grade IV reactions occurred. 3 (3%) patients showed a
reaction which could not be classified according to Mueller,
namely, prickle of the tongue and throat and dizziness.
Severe adverse reactions occurred mainly after injection of
50 µg venom (9 subjects) and more often in bee venom (13
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Table 1: Clinical data of children undergoing ultrarush venom immunotherapy.

No. patients Total 94 Bee venom ultrarush Wasp venom ultrarush

Age in years

Range 4.0–15.1

Mean, median 10.4, 10.5

Gender

Boys 78 (76.5 %) 47 (46.1%) 31 (30.4%)

Girls 24 (23.5 %) 18 (17.6%) 6 (5.9%)

Allergen

Bee venom 57 (55.9 %) 65 (63.7%)

Wasp venom 29 (28.4 %) 37 (36.3 %)

Both 8 (7.8 %)

Grade of reaction to field sting

I 1 (1.0%) 1 0

II 20 (19.6%) 13 7

III 60 (58.8%) 37 23

IV 15 (14.7%) 9 6

Other (Sensitisation) 6 (5.9%) 5 1

Table 2: Classification of allergic reactions after HL Mueller, modified.

Reaction

Large local reaction Swelling at site of sting with diameter >10 cm, lasting >24 h

Grade I Generalized urticaria, itching, malaise, anxiety

Grade II
Any of the above, plus two or more of the following: angiooedema (grade II also if alone), constriction in
chest, nausea, vomiting, diarrhoea, abdominal pain, dizziness

Grade III
Any of the above, plus two or more of the following: dyspnoea, wheezing, stridor (any of these alone are
grade III), dysphagia, dysarthria, hoarseness, weakness, confusion, fear of death

Grade IV
Any of the above, plus two or more of the following: drop of blood pressure, collapse, loss of
consciousness, incontinence (urine, stool), cyanosis

patients, 20%) than in wasp venom (3 patients, 8%) al-
lergic subjects; this latter tendency however, was not statis-
tically significant (OR 0.33, 95% Cl 0.07–1.25, P = 0.0955).

Overall, 29% of the girls, compared to only 12% of the
boys, developed a systemic adverse event; this difference was
statistically significant (P = 0.034, multivariant analysis).
None of the patients in group A (4 to 8 years of age) showed
systemic side effects compared to 18% in group B (8 to
12 years of age) and 19% in group C (12 to 15 years of
age). All but one reaction occurred within 30 minutes after
injection of venom. In one boy generalised urticaria devel-
oped 3 hours after injection.

4. Discussion

When starting specific immunotherapy, various protocols
for increasing the dose of allergen up to the maintenance
dose have been introduced in the past years, attempting to
maximize protection, minimize side effects, and optimize
patient convenience. It is difficult to compare the results
because the regimens differ. Increasing data in adults demon-
strate good tolerance and safety for the ultrarush induction
in insect venom immunotherapy. For example, Birnbaum
et al. found fewer systemic reactions with a 3.5-hour

(210 min) protocol with a cumulative dose of 101.1 µg venom
compared to 6-hour and to 4-day protocols, which attained
cumulative doses of 226.6 µg and 527.6 µg, respectively [5,
7]. The nine years of experience with initiation of specific
immunotherapy to insect venom by ultrarush protocol in
paediatric subjects, which is summarized in this paper,
demonstrates that ultrarush insect venom immunotherapy is
a well-tolerated and safe induction regimen also in children.
Few side effects were observed, no cardiac or circulatory side
effects and no systemic allergic reactions in the youngest age
group (4–8 years). Three subjects had unclassified reactions
with prickle of the tongue and throat and dizziness. These
reactions did not fit the usual categories of allergic reactions,
and it was not clear whether they were related directly
to the immunotherapy or whether they were caused by
the circumstances of the treatment (hospitalization in the
intensive/intermediate care unit, subcutaneous injections,
monitoring, etc.). In order to assess this question a control
group undergoing the same procedures but getting placebo
injections would be needed. However, this was beyond the
scope of this retrospective study.

Antihistamines are efficiently and widely used to suppress
allergic symptoms. There are studies which support the
strategy of premedication with antihistamines in order to
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Table 3: Subjects with side effects.

Sex Age (y) Insect Grade at sting Side effects Grade At dose in µg Therapy

F 8.1 Bee II

Generalized urticaria,
cough (no wheezing,
no dyspnoea, no
stridor)

II 50
Antihistamines,
Corticosteroids i.v.

M 9.5 Bee Sensit. (IV) Dizziness other 30 None

M 9.5 Bee II-III Generalyzed urticaria I 30 Antihistamines i.v.

M 10.9 Bee III
Urticaria, dyspnoea,
wheezing

III 30
Antihistamines,
Corticosteroids i.v.,
Salbutamol-inhalation

M 14.7 Bee III
Generalized urticaria;
dyspnoea, constriction
in chest

IIII 2050

Antihistamines,
Corticosteroids i.v.dito +
inhal. of
Adrenalin/Salbutamol

F 10.3 Bee II-III
Urticaria about 3 h
after last injection
(50 µg)

I 50
Antihistamines,
Corticosteroids i.v.

F 10.4 Bee II
Slight dyspnoea; fast,
spontaneous
normalization

III 1 None

M 12.1 Bee III-IV
Generalized urticaria,
itching in the throat

I 30
Antihistamines,
Corticosteroids i.v

M 10.5 Bee II-III Itching in the throat other 50 Cetirizin per os

F 8.7 Bee III

Chest pain, inspiratory
stridor, chest pain,
in-and expiratory
stridor

IIIIII 1050

Antihistamines,
Corticosteroids i.v.,
Adrenalin-inhalation dito +
Salbutamol-inhalation,
Corticosteroids i.v. (before
going home)

F 14.1 Bee III
Slight periorbital
swelling

II 1, 30 and 50
Antihistamines i.v. after
1ug

M 15.1 Bee II

Itching in meatus
acusticus, rash chest,
several urticarial
lesions on the left arm

I 50 None

F 15.0 Wasp III
Dysphagia, passing
dyspnea

III 0.1
Antihistamines and
Corticosteroids i.v, and
again before going home

F 11.3 Wasp III
Slight prickle of the
tongue

other 10 None

M 10.3 Bee IV
Redness and one
urticarial lesion on the
left cheek

I 50
none, 1 Levocetirizine per
os before going home

M 10.7 Wasp III Generalyzed urticaria I 50 Levocetirizin per os

All children
Local redness and swelling, sometimes overheating and itching at the injection site.
Therapy if needed: Coldpack and/or Antihistamin gel

reduce allergic side effects and enhance the safety and efficacy
of allergen-specific immunotherapy [12, 13]. However, there
is also data which suggests that medication with antihis-
tamines may impair allergen-specific immunotherapy [14].
The patients in this retrospective study did not receive treat-
ment with antihistamines prior to immunotherapy.

The results presented in this paper compare favourably
with the frequency of side effects reported in adults and
with the incidence of severe adverse reactions in conventional
and rush protocols [5, 7, 15–20]. The ultrarush induction

protocol performed in a paediatric intensive or intermediate
care unit allows for much better monitoring of the patients
compared to the conventional desensitization protocol per-
formed in an outpatient setting. Its short duration is much
more convenient for the patients and their parents, and it
has the additional advantages of achieving rapid protection
as well as reduction in costs. Based on the results presented
in this paper and due to these considerations, we suggest
that the ultrarush induction regimen for desensitization,
when performed in a suitable intensive care setting, will be
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considered the treatment of choice in paediatric patients with
hymenoptera venom allergy who qualify for immunother-
apy.
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