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Allergic diseases are one of the most prevalent diseases in the present with an undeniable 
correlation with development conditions and with the surrounding environment. Thus, it 
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Preface

Increasing prevalence of allergic diseases has been observed all over the world, particularly
in the last decades. Despite the progress in anti-inflammatory treatment and allergen specif‐
ic treatments or new immunemodulatory therapies, a significant proportion of patients still
suffer clinically under controlled conditions and obvious interference on life quality.

The clinical expression of allergic diseases are heterogeneous, as well as the pathogenic
mechanism, the inflammatory cells involved, the biological mediators, the genetic engage‐
ment and molecular pattern specific for each condition. So, it is not possible to develop in a
sustainable way in this book all forms of allergic diseases. Therefore, in this book, we tried
to include the crucial issues that are recent contributions to learning: less frequent topics,
with very promising therapy approaches.

The quality and scientific meticulousness of the authors coming from several countries, con‐
tribute to the strength of this book, especially as it reflects local and regional realities that
characterize the diversity of allergic expression. In fact, the etiology and clinical response of
allergic patient is very different, depending on the location, habits, socio-economic condi‐
tions and even the specific interests of key lines of investigation developed, that the authors
have incorporated into the chapters, but always guided by higher values of accuracy.

The chapters on treatment modalities and new strategies bring the latest concepts on the use
of actual and very promising researches based on the better understanding of the mecha‐
nism of the allergic disease.

The effort and dedication of the authors in the time expended in the writing of the different
chapters is fully demonstrated by the final quality of this project. To them goes my greatest
of gratitude. The preparation of this edition for publication depends heavily on the excellent
professional secretarial work of Ms Iva Simcic, Publishing Process Manager.

“Allergic diseases – New Insights” represents a shining example of a productive internation‐
al collaboration among colleagues, and the information inserted in this book should conduct
to an improved health care for patients with allergic diseases which are the essence of our
work.

Celso Pereira, PhD, MD
Clinical Immunology

Medicine Faculty
Coimbra University
Coimbra - Portugal





Chapter 1

Genetic Aspects of Respiratory Allergy

Celso Pereira, Frederico S. Regateiro, Graça Loureiro, Beatriz Tavares and
António Martinho

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59097

1. Introduction

Genetic and environmental factors contribute to the pathogenesis of asthma [44]. A clear
familial incidence and genetic susceptibility was recognized in early XXth century and
subsequent studies established high levels heritability [14, 42, 49, 67]. Analysis of genetic
association to asthma susceptibility and disease traits has long been used to try and identify
pathways involved in asthma pathogenesis and potential therapeutic targets.

In this chapter we review the recent advances in the understanding of the genetic factors
contributing to asthma development. We also discuss some of our recent results on the
association between allergic asthma and human leukocyte antigen (HLA) and cytokine loci.
We present gene and protein expression analysis for some of these relevant disease markers
in the context of allergen challenging of asthmatic patients.

1.1. Genetic studies

Asthma is a complex disease with heterogeneous presentations in different populations [44].
These variable presentations have been grouped into “endotypes” [41]. The high phenotypic
diversity led others to propose that asthma is not a single disease but instead that the term
“asthma” has been used to define a spectrum of related, overlapping syndromes [41].

At present, no single gene was found to be determinant for asthma susceptibility or, indeed,
disease endotypes. Multiple molecular mechanisms seem to be involved in the pathogenesis
of each disease feature and many genetic variations have been associated with risk and/or
phenotypes. While some genes seem to contribute to asthma susceptibility, others might
specifically influence disease features such as age of onset, atopy, progression (severity) or
response to treatment. On the other hand, asthma is a multifactorial disease. In addition to

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



genetic predisposition, there are well-established environmental or developmental factors that
interact and influence gene expression [16, 52].

The knowledge in asthma genetics has evolved with the advances in biotechnology. Three
major technical approaches have been used to search for associations between genes and
disease (or phenotypes): genome-wide linkage studies, hypothesis-driven candidate gene
association studies and genome-wide association studies (GWAS).

Genome-wide linkage studies using microsatellite markers performed in families identify
chromosome segments associated with disease. Cloning of the “linked” alleles might then lead
to the identification of genes and, potentially, to novel disease pathways, as it allows unbiased
analysis of the genome. A downside of these linkage followed by positional candidate studies
is the difficult study design and their poor resolution, as they often identify broad chromosome
regions that might include hundreds of genes.

The sequencing of the whole human genome enabled the study of associations between
disease/traits and single nucleotide polymorphisms (SNPs) in particular genes of interest. The
candidate genes might be selected for their presumptive functional involvement in disease
pathology or for their chromosomal position in a linkage region, or near a previous association
signal (positional candidate). Association studies present some advantages over family linkage
studies: use of independent case-controls and non-related populations, detect genes with
modest effects, have a simpler study design and their results are easier to interpret. On the
other hand, the candidate gene approaches require previous knowledge or assumptions about
disease pathogenesis and, therefore, do not search for novel genes and pathways.

Linkage and candidate studies have contributed for pivotal discoveries in many monogenic
diseases. However, genetic association studies provide limited information as only a small
number of genes can be studied at a time. Furthermore, in complex diseases, such as asthma,
the contribution of many genes is hard to encompass. Recently, the publication of the Human
Genome Project in 2003 (www.genome.gov/) and the International HapMap Project (http:hap‐
map.ncbi.nlm.nih.gov) in 2005 (The International HapMap Consortium 2003) allowed the
development of genome-wide association studies (GWAS), [26, 43]. GWAS analyse hundreds
of thousands of genetic variants (such as SNPs) across the whole human genome and search
for their association to a disease characteristic by comparing the frequency of a genetic variant
among the afflicted population versus a control population. Powerful computational statistics
are then required to analyse the data and find significant differences in frequency that support
association and suggest involvement in disease pathogenesis. Case-control studies are useful
to determine disease susceptibility. For particular disease characteristics, however, the
associations might be better explored using case-only studies, comparing phenotypes, severity
or response to treatment among subgroups of the diseased population.

GWAS brought significant improvement to previous genetic studies of disease because genetic
variants are researched across the whole genome and a great number of patients and controls
can be included. Importantly, the search is unbiased and does not require previous knowledge
of the disease or the biological pathways involved, allowing the finding of unsuspected genes.
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This advantage has, sometimes, proved thorny, as some identified genes have little biological
plausibility. One important limitation in GWAS is the low detection of uncommon risk
variants, as genotyping platforms mostly include common gene variants.

GWAS have now been used in many diseases with important results [26, 78]. The National
Center for Biotechnology Information (part of the National Library of Medicine, USA) compiles
data from GWAS performed in many diseases and conditions. Data can be accessed at the
Database of Genotype and Phenotype at http://www.ncbi.nlm.nih.gov/gap and at the National
Human Genome Research Institute, National Institutes of Health, USA: http://
www.genome.gov/gwastudies/.

1.2. Linkage and candidate studies on the susceptibility and phenotypes of asthma

The first genome-wide linkage screening for asthma susceptibility loci was published in 1989
[9] and, in 2002, ADAM33, located in chromosome 20, was the first gene associated with asthma
by positional cloning [75]. This association has then been replicated numerous times in
different populations [27]. Ironically, the function of the encoded metallopeptidase in asthma
pathogenesis is still unclear [72]. Only 9 genes were identified by positional candidate studies
in linked regions [4, 12, 52]: ADAM33, DPP10, PHF11, NPSR1, HLA-G, CYFIP2, IRAK3, COL6A5
and OPN3 ⁄ CHML.

Taking also into consideration the vast literature on candidate gene associations, more than
200 genes have been proposed as asthma related genes through human and murine studies
[77].  In 2006, previous to the introduction of GWAS in asthma research, Ober and Hoff‐
jan extensively reviewed the literature and identified a “top10” of genes more frequently
associated to asthma [51]: ADAM33, IL4, IL4RA, IL13, CD14, ADRB2, TNF, HLA-DRB1, HLA-
DQB1  and  FCER1B.  Several  of  these  genes  are  positioned  on  region  5q31-33,  an  early
recognized and replicated association in linkage studies. This region includes genes for Th2
mediators [22, 51] thought to be involved in asthma development (e.g. IL4 or IL13), and
also  other  genes  that  might  contribute  for  asthma  pathogenesis,  such  as  environment
interaction genes (e.g. CD14) and drug-response genes (e.g. ADRB2). ADRB2  encodes the
β2 adrenergic receptor expressed on bronchial smooth muscle cells and influences both the
bronchial  tonus  and  the  response  to  adrenergic  medications  (e.g.  albuterol).  Further  to
asthma susceptibility, it has been associated also with several phenotypes, such as severi‐
ty [8] or disease persistence into adulthood [24]. HLA genomic region (6p21) also has been
repeatedly  associated with  asthma susceptibility,  and in  particular  the  HLADRB1,  HLA-
DQB1 and TNF genes [45, 58, 60].

1.3. Genome-wide association studies in asthma

In 2007 the first GWAS on asthma susceptibility was published [46]. This study strongly
associated gene ORMDL3 in 17q21 with susceptibility to childhood asthma. This region
includes also the gene GSDBM. Initially identified in populations of European ancestry [46,
61], many studies have now replicated the association of genes located in 17q21 with child‐
hood-onset asthma and several asthma phenotypes [3, 4] also in Latin American [19, 69],
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African American or African Caribbean [69, 19] European American [69], and Chinese [35]
populations. ORMDL3 gene encodes a transmembrane protein localized in the endoplasmic
reticulum and may be involved in the endoplasmic reticulum response to stress and inflam‐
mation, increasing the unfolded-protein response [6]. The functional connections of ORMDL3
and GSDBM to asthma development are not fully understood. Another GWAS on asthmatic
children confirmed the relevance of 17q21 and found a novel association with the gene
DENND1B (1q31) in children of European and African ancestry [62]. DENND1B is expressed
by natural killer cells and dendritic cells and predicted to interact with TNF-alpha receptor [62].

So far, 43 GWAS were published on childhood and adult asthma using different populations
– search at www.genome.gov, as of August 2014 – and a great deal of information is available
about novel genes associations as well as confirmations of relevant genes previously described.
This includes studies on asthma susceptibility as well as GWAS on several of asthma pheno‐
types, e.g., IgE [30], forced vital capacity [40], or response to glucocorticoid treatment [63]. Two
important meta-analyses reviewed the published data.

In 2010, the GABRIEL consortium published a large-scale GWAS meta-analysis including
European ancestry-matched 10365 asthmatic patients and 16110 controls [47]. Asthma was
associated with IL1RL1/IL18R1, HLA-DQB1, IL33, SMAD3, IL2R, GSDMB and GSDMA genes,
and using with a lower threshold to SLC22A5, IL13 and RORA. A stronger association was
found between these genes and childhood-onset asthma than adult onset asthma, except for
HLA-DQ which associates more with adult-onset. ORMDL3 and GSDMB were associated only
to childhood-onset asthma. No significant association was found for severe or occupational
asthma. Notably, genes previously associated to asthma in other studies, such as PDE4D,
CHI3L1, DPP10, GPR154 [NPSR1], ADAM33, PHF11, OPN3, IRAK3, PCDH1, HLA-G, and
DENND1B, were not found to be significantly associated with asthma in this study. High IgE
serum levels were associated with previously described FCER1A, IL13, STAT6 and IL4R/
IL21R genes and to a new locus within MHC II – HLA-DRB1. Only IL13 showed some associ‐
ation with asthma, whereas the others genes associated with serum high IgE levels were not
associated with asthma. This is somewhat unexpected and suggests that asthma development
is not related to the levels of IgE. Only HLA-DR was found to associate with high serum IgE
levels [47].

The EVE Consortium meta-analysis searched for susceptibility genes across ethnic groups in
North America: European American, African American or African Caribbean, and Latino
ancestries [69]. Notably, four associations with asthma risk were found in all three ethnic
groups: 17q21 region, IL1RL1, TSLP and IL33. Remarkably, some of these were associated in
the two large published meta-analyses, GABRIEL and EVE [47, 69]. A novel asthma suscept‐
ibility locus was described by the EVE consortium at PYHIN1 specifically in individuals of
African ancestry [69].

It seems now clear that some genes are replicated across different populations whereas others
seem to be ancestry specific. In another study, 6q14.1 was found to be related to asthma
susceptibility in European and African patients [70].

Allergic Diseases - New Insights4
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1.4. Biological significance of genetic studies

It is reassuring that many of the genes identified were related to immunological physiopa‐
thology, e.g. several cytokines and antigen presentation genes. Particularly, genes coding
for cytokines and pathways associated with Th2 cells (e.g. IL13, IL2R) and regulatory cells
(e.g. SMAD, TGF-beta) were among them. This agrees with the vast literature showing roles
for these cells in asthma, atopy and immune regulation. The role of epithelial cells in asthma
pathogenesis is underlined by the associations with TSLP, IL33  and IL1RL1 (that encodes
for the receptor of IL33, expressed on mast cells, Th2 cells, T-regulatory cells, and macro‐
phages) [47, 69].

Some genes, however, do not immediately relate to immunological pathways. This was the
case for RAD50 [38]. In this study, Li and colleagues found that SNPs on HLA-DQB1, HLA-
DQA2 and RAD50 region were associated with severe or difficult-to-treat asthma. RAD 50 is
a DNA repair gene and a connection with asthma pathogenesis is not obvious. Furthermore,
the associated SNPs were found in an intron. Notably, previous research on Th2 cytokine
expression in mice showed the presence of a locus control region (LCR) in this location that is
an important regulator of the genes encoding the Th2 cytokines interleukins 4, 5 and 13 [33,
34]. Genetic ablation of this LCR did not affect the expression of a linked RAD50 gene, but
reduced long-range intrachromosomal interactions with the promoters of the Th2 cytokine
genes. This example shows that some associations require further understanding of genetic or
functional interactions of the genes. Nevertheless, some of the associated genes remain with
no known immunological or genetic connection to asthma and more information is needed to
understand their role in pathogenesis.

1.5. Limitations of GWAS results in asthma

The results obtained so far demonstrate the polygenic and multifactorial nature of asthma.
Low levels of replication have been found between GWAS and individual study heritability
estimates for the associated genes were found to be low [52] and, therefore, with little prog‐
nostic utility. These setbacks might be, at least in part, due to methodological or sampling
differences between GWAS. A fundamental question is that some variants might increase risk
only in specific individuals and not in others, for instance in the case of some genotype-
environmental exposure interactions. Moreover, GWAS underestimate the role of rare genetic
variants [65, 70] that might have an overall larger effect than common variants on the propor‐
tion of genetic risk for common diseases [15]. Epigenetic mechanisms [13] and epistatic effects
might further difficult gene expression analysis [81].

The challenges with GWAS are discussed in further detail elsewhere [77]. Several methods
have been proposed to improve the power of GWAS (De 2014). Utilizing a combination of
approaches, in which GWAS-type studies are performed using selected SNPs of candidate
genes, a strategy was devised and named “prioritized subset analysis” [37]. This strategy
combines the strength of GWAS computational statistics with previous knowledge from the
literature, allowing for power improvement [37]. Novel mathematical models have been
proposed for data analysis in asthma [74].
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In the future, the study of complex diseases might incorporate data from whole-genome
sequencing [71] or exome sequencing to identify both common and rarer genetic variants in
complex diseases [64]. These techniques and analysis are becoming more affordable and
feasible on large numbers of individuals and therefore sufficient power will be possible for
detecting associations with asthma. A recent study, for example, analysed the role of copy
number variants asthma using whole genome sequencing [5].

Genetic approaches require replication and gene expression analysis. Ultimately, in vitro/ex
vivo/in vivo studies are required to confirm the biological significance and to understand the
precise functions of the associated genes in asthma pathogenesis. In this chapter, we analyse
the expression of some candidate genes in the context of the allergen-specific response in
allergy respiratory patients.

2. Experimental study

2.1. Cytokine single nucleotide polymorphism and HLA expression

2.1.1. Material and methods

2.1.1.1. Subjects

85 voluntary adult patients with respiratory allergy to Dermatophagoides pteronyssinus (Dp)
under observation in outpatient Immunoallergy were enrolled for study (Group A). This group
included patients of both sexes (female= 55; male=30; average age: 30.09±9.22 years), wherein
36 of them had the diagnosis of allergic rhinitis and the others 49 patients had simultaneously
allergic asthma and rhinitis diagnosis, according criteria from ARIA and GINA guidelines [2,
20]. At the moment of the study all the patients were under clinical stability, and never were
submitted to specific immunotherapy in the past.

Pregnancy, systemic inflammatory illness or other chronic disease, any exacerbation of allergic
disease or a respiratory tract infection in the previous month to the study, as well as nasal
polyposis or previous nasal surgery in the past were considered exclusion criteria.

2.1.1.2. Methods

DNA was extracted from polymorphonuclear blood cells (PMBC) using MagAttract DNA
Blood Mini M48 Kit on the BioRobot M48. After extraction, the quality and quantification of
DNA was evaluated and PCR -RSSO Cytokine SNP Typing kit from LIFECODES was used to
investigate single cytokine polymorphism (SNP’s) from 14 cytokines using bead array
xMAPTM technology from LuminexTM .

The HLA genomic typing to class I (locus A and B) and class II (locus DR) were obtained from
peripheral blood samples. The study of cytokine single nucleotide polymorphisms (SNP’s)
were also performed in the promoter region of IL-1 (α,β,R,RA), IL-2, IL-4, IL-6, IL-10, IL-12,
IFN-γ, TGF-β and TNF-α.
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2.1.1.3. Statistical analysis

Statistical analysis was performed using SPSS® Statistics 17.0 software. Were analyzed the
frequency distribution for the different qualitative variables. For quantitative variables
Average and Standard Deviation (SD) were calculated, according the two patients groups (A
and C).

Differences between the two groups were analysed by means of χ 2 tests and Mann–Whitney
test (two independent samples) for qualitative and quantitative variables respectively. A
statistical significant difference was assumed with p < 0.05.

2.1.1.4. Results

In allergic group (A), it was observed a higher genotype frequency of A*01 and A*68 alleles,
while A*02 presented a lower frequency (Figure 1), compared to non-allergic healthy group
(C). Concerning locus B (Figure 2), the most frequent allele was B*51, while B*35 was less
frequent in the allergic population. With respect to HLA class II (Figure 3), the alleles DRB1*03
and DRB1*11 were more frequent in group A, while for DRB1*04 and DRB1*13 it was the
opposite. None of these differences was statistically significant. The A*01 B*08 DRB1*03
haplotype was the most frequent in both groups. Nevertheless in allergic patients the A*02
B*51 DRB1*11 haplotype was the second most frequent, but the fifth one in healthy individuals
(5.8% vs 1.4%, p=0.059).

Figure 1. HLA class I, locus A. Frequency distribution of allergic patients (blue) compared to control group (red), not
significant

Genetic Aspects of Respiratory Allergy
http://dx.doi.org/10.5772/59097

7



Figure 2. HLA class I, locus B. Frequency distribution of allergic patients (blue) compared to control group (red), not
significant

Figure 3. HLA class II, locus DR. Frequency distribution of allergic patients (blue) compared to control group (red), not
significant
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Results of phenotypic frequency of cytokine single nucleotide polymorphisms (SNP’s) in the
promoter region for subjects in the study the results are expressed in Figures 4 and 5.

Figure 4. Cytokine single nucleotide polymorphisms (SNP’s) : IFNg, IL-10, IL-6, TNFa, and IL-12b Frequency distribu‐
tion of allergic patients (blue) compared to control group (red)

Figure 5. CCL4 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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It was found a higher phenotypic frequency for the following cytokine SNP’s: TNFα-238GG
(p<0.0001), TGFβ+869CT (p<0.0001) and IL4-1098TT (p=0.003). On the other hand, there were
lower frequencies for TNFα-238AG (p<0.0001), TGFβ+915CC (p=0.024) and IL4-1098GG
(p=0.005). In the allergic group it was not found any homozygous individual for TGFβ+869TT
(p<0.0001), but conversely There was an increase of heterozygous individual compared with
the control group (p=0.004).

No differences were observed between patients with concomitant asthma complaints and
those with only rhinitis symptoms.

2.2. Gene expression and allergy challenge test

2.2.1. Subjects

From the previous mentioned 85 voluntary adult patients studied, with respiratory allergy to
Dermatophagoides pteronyssinus (Dp) we selected a sample of 42 patients. These patients were
enrolled to being submitted to an specific allergic challenge test, so H1-antihistamines and
corticosteroids, either nasal or oral, were stopped 2 weeks and 4 weeks prior to the challenge
test, respectively.

The specific allergic challenge test was performed using a standardized lyophilized Dp extract
by nasal and ocular in 21 patients for each methodological procedure [21]. All patients were
submitted to a previous respiratory function test (pletismography using Master screen Body
Jaeger®) to assure the standard safe criteria (FEV1 ≥ 80% and FEV1/FVC ≥ 80).

Symptoms as dyspnoea, thoracic oppression, wheezing or cough were asked to being men‐
tioned to all patients after challenge test.

The local ethics committee approved the study and all the participants gave written informed
consent before entry.

2.2.2. Specific nasal and conjunctival challenge tests

All the patients performed skin prick tests with an aqueous extract of Dp with 5 mg/ml
concentration (23 mg/ml of Der p 1, BialAristegui, Bilbao, Spain), with the dilutions of 1/1, 1/10,
1/100 and 1/1000 and negative and positive controls, according to standardized procedures
[21, 54] (Dreborg 1993). The concentration used for specific provocation was the minimum that
induced a prick test wheal at least equal to that induced by histamine.

All the specific challenge tests were performed after a period of adapting of room temperature
for at least 30 minutes, and at the same period of the morning.

Nasal provocation test (NPT) were carry out by the administration of 160μl, corresponding a
2 consecutive puffs, of aerosolized spraying of Dp extract administered to the unilateral inferior
nasal turbinate of the less congested nostril, and asking patients to perform apnea during the
application of the allergen. Conjunctival provocation test (CPT) comprised on the unilateral

Allergic Diseases - New Insights10
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administration of 50μl, one drop, of allergen extract in the inferior and external quadrant of
the bulbar conjunctiva.

Both ocular and nasal symptoms were recorded after challenge test and registered filled at the
1st and the 5th minutes, according specific clinical score system [21, 39].

2.2.3. Clinical score scaling

For evaluation the clinical responses an adaptation of the previously used a nasal clinical score,
NCS, [39] and ocular clinical score, OCS, [48] were applied at the 1st and the 5th minutes [21,
54] as well as the total clinical score (TCS), representing the sum of NCS (range: 0-15) and OCS
(range: 0-13) ranging from 0 to 28 points.

Although the late record symptoms occurred 5 minutes later after the challenge test all patients
remained under strictly clinical observation for at least 4 additional hours. Clinical evaluation
scores was interrupted after the 5th minute, but all the patients maintained medical observa‐
tion during the next 4 hours.

2.2.4. Patient groups

Blood samples were collect to PAXgene blood RNA tubes to all patients before the allergic
challenge test (NPT or CPT) and at 60 or 240 minutes, according to the following subgroups.

T0 and T60 minutes T0 and T240 minutes

CPT CPT

n=11 [F=8+M=3]
Age: 28.36±5.0 years [20-36]

n=11 [F=7+M=4]
Age: 27.90±6.8 years [17-39]

NPT NPT

n=12 [F=6+M=6]
Age: 32.5±8.7 years [19-43]

n=10 [F=6+M=4]
Age: 25.3±7.5 years [18-43]

2.2.5. Methods

Peripheral blood was collected in a PAXGene Blood RNA tube (Qiagen) and total RNA
extraction performed with the PAXgene Blood RNA kit (Qiagen) according to the supplier’s
instructions in a QIAcube BioRobot [59]. Total RNA quantification and RNA integrity
evaluation was analyzed using a 6000 Nano Chip kit, in an Agilent 2100 bioanalyzer (Agilent
Technologies) and 2100 expert software.

RNA was reverse transcribed with SuperScript III First-Strand Synthesis SuperMix for qRT-
PCR (Invitrogen), according to the manufacturer’s instructions. Relative quantification of gene
expression by real-time PCR was performed in the LightCycler 480 II (Roche Diagnostics).

Genetic Aspects of Respiratory Allergy
http://dx.doi.org/10.5772/59097

11



Real-time PCR reactions were carried out using QuantiTect SYBR Green PCR Master Mix and
QuantiTect Primer Assay (Qiagen) and 20 ng of cDNA sample, in a total volume of 10 μl. All
samples were run in duplicate.

Real-time PCR results were analyzed with the LightCycler software (Roche Diagnostics).
GeNorm Reference Gene Selection kit (PrimerDesign Ltd) in conjunction with the geNorm
software (PrimerDesign Ltd.) were used to select the reference genes to normalize data. The
normalized expression levels of the genes of interest were calculated by using the delta-Ct
method.

2.2.6. Statistical analysis

Statistical analyses were performed using SPSS® Statistics 17.0 software. To determine the
statistical significance of the differences observed, the non-parametric Mann–Whitney U-test
and Wilcoxon paired-sample test were performed. A statistical significant difference was
assumed with p < 0.05.

2.2.7. Results

All the patient groups demonstrated clinical positive response to a single dose of Dp extract
[21], the symptoms were progressively decreasing, without need of therapeutic intervention.
There were neither bronchial symptoms nor systemic reactions in any of the provocation tests.

It was observed in most of the patients, even at 60 minutes after challenge, differences in gene
expression for cytokines, chemokines and nuclear transcription factors related to allergen
exposure.

No differences were observed between patients with only nasal complaints compared to those
that had associated clinical asthma.

We did not observe a similar pattern between the two routes of specific allergen challenge and
in the two different periods of time in analysis.

Results of some chemokine gene expression after specific allergen challenge test are presented
in figures 6 to 8.

The cytokine gene response to allergens did not show a homogeneous profile in the subgroups
of patients studied, but it was evident that individually, there were changes in mRNA
expression in many patients, as seen in Figures 9 and 12.

So we can distinguish two different groups of patients: one with very high values (also with
high values of total serum IgE but without correlation with the clinical severity- data not
shown) and the other with low expression of gene levels (Figures 13 and 14). However, this
difference was not found for the cytokine receptor gene, IL-4R, Figure 15.

Figures 16-18 show the results of specific response to allergens in genes related to nuclear
transcription factors on the four subgroups of patients.
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Figure 6. CXCL1 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 8. CXCL5 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 9. IL-10 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 8. CXCL5 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 9. IL-10 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 12. IL-17RA gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 13. IL-4 (low levels) gene expression in the patients submitted to CPT and NPT before challenge (T0) and at 60
and 240 minutes after challenge (individual response values, average and SD).

Allergic Diseases - New Insights16



 

F
c

S
I

Figure 12. IL-17R
challenge (indivi

So we can dist
IgE but withou
(Figures 13 and

RA gene expressi
idual response v

tinguish two d
ut correlation w
d 14). However

ion in the patient
values , average a

ifferent groups
with the clinica
r, this differenc

ts submitted to C
and SD).  

s of patients: o
al severity- dat
ce was not foun

CPT and NPT, be

one with very h
ta not shown) a
nd for the cytok

efore challenge (T

high values (al
and the other w
kine receptor g

T0) and at 60 and

so with high v
with low expre
gene, IL-4R, Fig

 

d 240 minutes aft

values of total s
ession of gene
gure 15. 

ter 

serum 
levels 

Figure 12. IL-17RA gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 13. IL-4 (low levels) gene expression in the patients submitted to CPT and NPT before challenge (T0) and at 60
and 240 minutes after challenge (individual response values, average and SD).
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Figure 14. IL-4 (lhigh levels) gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at
60 and 240 minutes after challenge (individual response values, average and SD).
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Figure 16. JAK2 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 17. EGR1 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 16. JAK2 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 17. EGR1 gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).
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Figure 18. JUNB gene expression in the patients submitted to CPT and NPT, before challenge (T0) and at 60 and 240
minutes after challenge (individual response values, average and SD).

Overall, there seems that does not exist a specific profile of genes in response to cytokines,
chemokines and nuclear transcription factors. However, even in first period of time after
challenge (T60), many patients showed marked changes, since the beginning of the allergic
reaction (Figures 19 to 21).

 

Fig. 19. Global nuclear transcription factor gene responses in the patients submitted to CPT and NPT, according to the periods of time in study (A: 60 minutes; B: 240 
minutes).  

 

 

Figure 19. Global nuclear transcription factor gene responses in the patients submitted to CPT and NPT, according to
the periods of time in study (A: 60 minutes; B: 240 minutes).
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Fig. 20. Global cytokine gene responses in the patients submitted to CPT and NPT, according to the periods of time in study (A: 60 minutes; B: 240 minutes).  

 

 

Figure 20. Global cytokine gene responses in the patients submitted to CPT and NPT, according to the periods of time
in study (A: 60 minutes; B: 240 minutes).

 

Fig. 21. Global chemokine gene responses in the patients submitted to CPT and NPT, according to the periods of time in study (A: 60 minutes; B: 240 minutes).  Figure 21. Global chemokine gene responses in the patients submitted to CPT and NPT, according to the periods of
time in study (A: 60 minutes; B: 240 minutes).

2.2.8. Discussion

Allergic diseases and particularly respiratory allergy are complex disorders often present in
the same family or closely related subjects. Genetic factors undoubtedly contribute to disease
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Figure 20. Global cytokine gene responses in the patients submitted to CPT and NPT, according to the periods of time
in study (A: 60 minutes; B: 240 minutes).

 

Fig. 21. Global chemokine gene responses in the patients submitted to CPT and NPT, according to the periods of time in study (A: 60 minutes; B: 240 minutes).  Figure 21. Global chemokine gene responses in the patients submitted to CPT and NPT, according to the periods of
time in study (A: 60 minutes; B: 240 minutes).

2.2.8. Discussion

Allergic diseases and particularly respiratory allergy are complex disorders often present in
the same family or closely related subjects. Genetic factors undoubtedly contribute to disease
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susceptibility but the expression of the disease can be modulated by environmental exposures
and the interactions between the two. In this context it is emphasized the role of infection,
allergens, pollutants, oxidative stress and cytokine dysregulation [50]. In the case of allergy
and asthma in particular because they constitute a complex and multifactorial disease, each of
the individual factors by itself can determine distinct phenotypes that result in the polarization
of distinct cellular pathways, resulting into the final clinical expression.

The last decade has been marked by the publication of a lot of genome-wide association studies
(GWAS) in asthma or allergy phenotypes. GWAS have reported novel and interesting genes
but have also confirmed the role of some functionally relevant genes previously described.
However, heritability of allergic diseases has not been elucidated completely so far [1].

Considering that respiratory allergy, like epigenetic mechanisms, is heritable, nevertheless
exists a strongly familial condition (36% to 79% heritability) with a non-Mendelian pattern of
inheritance and polymorphisms in more than 100 genes, but these associations have infre‐
quently been replicated, scientifically supported, and so the genetic has explained only a small
portion of the cause of this disease [80, 81].

In the selection of the sample of our patients we were intended to be homogenous, in particular
to the type of allergen sensitivity, ethnicity and area of residence and similarly of environ‐
mental surrounding.

Although we found some more frequent haplotypes in allergic patients we could not identify
significant differences compared to healthy subjects. However, the second most frequent
haplotype was A*02 B*51 DRB1*11, corresponding to the fifth most frequent in control group.

Ours results are according to others studies, namely in Greek allergic children, that also failed
to demonstrate a positive correlation between HLA haplotypes and allergy to Dermatopha‐
goides species [53]. So, as previously reported by a European study, it seems reasonable to
assume that specific sensitization is influenced by genetic variants leading to its initiation, as
well as to its enhancement [32].

HLA super-locus is a genomic region in the chromosomal position 6p21 [31]. It is highly
promising for future research particularly since it carries on the correlation of HLA-DRB1 in
allergic asthma, HLA-DQB1 in occupational asthma and HLA-DPB1 in aspirin-sensitive
asthma. However, it is difficult to study the role of class II genes in vivo because of the
tremendous heterogeneity of human population, the strong linkage disequilibrium among
different class II genes, and also the highly complexity of MHC.

An interesting issue in this subject is the “epistasis”, representing the action between 2-loci, in
opposite side to Mendel´s classical law of heredity. Epistasis designation applies when two or
more loci interact to create a new phenotype, and when an allele at one locus masks or modifies
the effects of alleles at one or more other loci. The phenotypic effect of a specific gene mutation
entirely depends on the overall genetic background affected by many other gene mutations.
Furthermore, the combined effects of more than 2 loci on phenotypes are not simply additive,
but are either synergistic or antagonistic [81].
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A wide range of studies has demonstrated the enormous variability of clinical phenotypes in
allergic disease and respiratory allergy, representing the tremendous variability and gene
diversity.

An interesting study, focused on single nucleotide polymorphisms (SNPs) from 17q21 locus,
demonstrated scattering different frequencies of SNPs between distinct ethnic populations
[36]. Therefore, comparisons of results between different populations are often hazardous as
explained earlier.

Regarding the results of SNPs in our patients with respiratory allergy we stress relevant
differences concerning IL-4, TNF-α and TGF-β genes.

TNF-α and IL-4 are relevant cytokines interested in the allergic reaction and also promotes the
development of Th2 cell response to aeroallergens [7]. In the population that we studied we
found strong increment of TNFα-238GG and IL4-1098TT phenotypes compared to healthy
individuals. Conversely a decrease in phenotypic expression was found to TNFα-238AG and
IL4-1098GG.

TGF-β is a master regulator of the immune response and exerts important anti-inflammatory
functions [68] and is deeply involved in allergy. In our allergic patients TGFβ+869CT pheno‐
type had a clearly increased frequency, and the genotype TGFβ+869TT was completely absent
compared to healthy population.

So far, as our knowledge, this phenotype was not previously involved in allergy or asthma. A
study in cystic fibrosis demonstrated that higher plasma levels of TGFβ1 were observed in
patients carrying the TGFβ1 +869TT genotype, intermediate levels for +869CT genotype and
low levels to +869CC genotype. Together with these results it was also observed that the
+869CC genotype had a more severe phenotype, and the +869TT genotype had the higher rate
of decline of lung function, compared to +869CT genotype [17].

The IgE-mediated allergic reaction dictates a premature systemic effect, which will develop
simultaneously to immuno-inflammatory mechanisms at the local of allergen exposure. In
previous  studies  we have demonstrated that  in  parallel  to  the  immediate  response that
results from an IgE-dependent allergenic mechanism, the cellular response occurs early in
the process, and the involvement of the central immune organs is crucial since the beginning
of the reaction [54, 55].

In this study we provide evidence that mRNA gene expression take place earlier on peripheral
T cells after allergen exposure, at least 60 minutes later. This fact occurs independently of the
technique of allergen provocation, in spite of the differences on the mechanisms and cell traffic
ways involved, because they are distinct mucosae. Obviously, this modification in the
production of mRNA does not imply that all of it will be completed in an efficient manner,
particularly since there are strictly necessary requirements in cell regulation and biological
skill conditions that allows the synthesis of the protein or its biological mediator.

Naturally, this modification in the production of mRNA does not imply that all of it will be
completed in an efficient manner, particularly since in cell regulation there are specific
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requirements and biological conditions allowing the synthesis of the corresponding protein or
its biological mediator.

In this context, it is very important to analyse the individual results in the different subgroups,
since the high individual variation does not allow an unequivocal evaluation of the average
values of the sample. For this study we did not considered to be relevant the existence of a
separate control group of allergic patients, since the time point T0 would be a better internal
control [54]. It was also evident that the individual response of each patient is highly variable,
most likely depending on the genetic endowment of each patient, although the clinical pattern
and the allergic sensitization (Dp) was the same.

During the inflammatory mechanism a set of different cytokine and chemokine molecules are
able to promote not only the appropriate regulation of leukocytes and other cells recruitment
but also the efficient network that permitting an accurate intracellular signaling control [73].

The existence of 23 chemokine receptors and 48 chemokine ligands guarantees a tight control
and fine-tuning of the immune system [83]. Conceptually, it is considered that these biological
mediators require long periods of cell maturation and synthesis, as described in several papers
using culture cells [25; 29].

However, our results support the involvement of genic cytokines and chemokines are earlier
events, indeed consistent with the early cell trafficking between places of allergenic aggression
and those dependent on the central and secondary immune system, as noted in previous work

However, our results support that the involvement of genic cytokines and chemokines are
earlier events, indeed consistent with the quickly cell trafficking between the local site of
allergenic aggression and those sites dependents on the central and secondary immune system,
as noted in previous research from our group [55].

More than a common standard for the same respiratory allergic disease and for the same the
most important allergic sensitization is the observation of the individual profile of each patient.
Indeed, IgE-mediated allergy in spite of a pathogenic mechanism conductor has at clinical
level, is extremely heterogeneous. The results shown in Figures 18 to 20 also showed a
tremendous heterogeneity in gene expression after allergen provocation, between our patients.

The gene expression levels of IL-4 results are extremely interesting, because unquestionably
two distinct profiles are observed (high and low levels), but without correspondence with those
achieved for IL-4R. Also, the level of gene expression of IL-4 was correlated with total serum
IgE levels, but without correlation with the clinical severity profile, as supported by clinical
practice [18].

Unlike other diseases, allergy and asthma appear to be arguably multifactorial and multigenic
disorders, and therefore it has not been possible identify till now one or a set of specific genes
that may be genetic markers [57, 81], although recent paper identifies the involvement of
GSTO2 loci in asthma, and GSTA1 as risk factor for asthma and allergies in Italian patients [56],
while Genome-wide association studies (GWAS) represent the most powerful approach for
asthma, have identified several distinct others genotypes from IL-18R1, IL-33, SMAD3,
ORMDL3, HLA-DQ and IL-2RB loci [31].
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As mentioned before, allergy and asthma are chronic inflammatory and polygenic disorders,
and so any isolated specific gene could claim be an asthma gene. Therefore, recently in order
to best understanding the intricate heterogeneity of this disease the designation of phenotype
and endotype have been used to stress the complexity of the mechanisms and clinical patterns
[10, 31].

In the pathogenesis of chronic inflammatory diseases such as asthma several transcription
(signal transducer and activator) factors are known to play a crucial role, acting as agonists or
antagonists [79]. A transcription factor is formed by a sequence-specific DNA-binding factor.
It is a protein that specific binds to specific DNA sequences, so it is able to controlling the rate
of transcription of genetic information from DNA to messenger RNA.

These factors perform this purpose alone or with other proteins in a complex, by promoting
(activator), or blocking (repressor) the recruitment of RNA polymerase. These enzymes permit
the efficient genetic transcription from DNA to RNA to a specific gene.

A defining feature of transcription factors is that they contain one or more DNA-binding
domains, which linked to specific sequences of DNA adjacent to the genes that they regulate.

For an efficient transcription are needed additional proteins (not classified as transcription
factors) such as coactivators, chromatin remodelers, histone acetylases, deacetylases, kinases,
and methylases, having crucial roles in gene regulation, but lack DNA-binding domains.

So these factors are very important and therefore we also studied three of them.

EGR1, also knew as early growth response protein 1, have engaged in multi functions such as
transcriptional regulator, mitogenesis, cell proliferation and differentiation regulation,
apoptosis and tumor suppressor gene [28]. Previous report had highlighted the potential
stimulatory and inhibitory effects on EGR1 by STAT6 (Th2 differentiation enhancer) and
STAT1 (Th1 differentiation enhancer), respectively.

Overall our patients, we have observed at 60 minutes later the allergen exposure an increase
of expression of EGR1, favoring the allergic reaction, but at 240 minutes after provocation levels
had decreased, possibly due to mechanisms of self-control of allergic reaction.

In opposite, the JUNB expression decreased at least after 60 minutes of the beginning of the
allergic reaction, and going increasing later at 240 minutes. This factor is mainly a Th2 cell
related transcription factor (Il-4), but also have role favoring other cytokines: IL-1, IL-2, and
IL-10 [79]. So, we hypothesize that the earlier involvement could favouring the beginning of
the allergic reaction, but also could be later a down-regulator factor.

JAK2 belongs to a tyrosine kinase family, and its activation engages the transcription factor
STAT3 to initiate JAK-STAT pathway [82]. It signalizes the interferon receptors, and GM-CSF
receptor family (IL3R, IL5R, GM-CSF-R). In our patients we did not observed. In our patients,
we did not observe relevant performance for this transcription factor.

Allergic diseases are complex and multifaceted, and asthma in particular was widely recog‐
nized as condition in which both genes and the environment play critical roles.
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and endotype have been used to stress the complexity of the mechanisms and clinical patterns
[10, 31].

In the pathogenesis of chronic inflammatory diseases such as asthma several transcription
(signal transducer and activator) factors are known to play a crucial role, acting as agonists or
antagonists [79]. A transcription factor is formed by a sequence-specific DNA-binding factor.
It is a protein that specific binds to specific DNA sequences, so it is able to controlling the rate
of transcription of genetic information from DNA to messenger RNA.

These factors perform this purpose alone or with other proteins in a complex, by promoting
(activator), or blocking (repressor) the recruitment of RNA polymerase. These enzymes permit
the efficient genetic transcription from DNA to RNA to a specific gene.

A defining feature of transcription factors is that they contain one or more DNA-binding
domains, which linked to specific sequences of DNA adjacent to the genes that they regulate.

For an efficient transcription are needed additional proteins (not classified as transcription
factors) such as coactivators, chromatin remodelers, histone acetylases, deacetylases, kinases,
and methylases, having crucial roles in gene regulation, but lack DNA-binding domains.

So these factors are very important and therefore we also studied three of them.

EGR1, also knew as early growth response protein 1, have engaged in multi functions such as
transcriptional regulator, mitogenesis, cell proliferation and differentiation regulation,
apoptosis and tumor suppressor gene [28]. Previous report had highlighted the potential
stimulatory and inhibitory effects on EGR1 by STAT6 (Th2 differentiation enhancer) and
STAT1 (Th1 differentiation enhancer), respectively.

Overall our patients, we have observed at 60 minutes later the allergen exposure an increase
of expression of EGR1, favoring the allergic reaction, but at 240 minutes after provocation levels
had decreased, possibly due to mechanisms of self-control of allergic reaction.

In opposite, the JUNB expression decreased at least after 60 minutes of the beginning of the
allergic reaction, and going increasing later at 240 minutes. This factor is mainly a Th2 cell
related transcription factor (Il-4), but also have role favoring other cytokines: IL-1, IL-2, and
IL-10 [79]. So, we hypothesize that the earlier involvement could favouring the beginning of
the allergic reaction, but also could be later a down-regulator factor.

JAK2 belongs to a tyrosine kinase family, and its activation engages the transcription factor
STAT3 to initiate JAK-STAT pathway [82]. It signalizes the interferon receptors, and GM-CSF
receptor family (IL3R, IL5R, GM-CSF-R). In our patients we did not observed. In our patients,
we did not observe relevant performance for this transcription factor.

Allergic diseases are complex and multifaceted, and asthma in particular was widely recog‐
nized as condition in which both genes and the environment play critical roles.
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Currently, GWAS try to identifying a number of candidate genes evocative of biological
relevance, but have failed to report for more than a reduced amount of phenotypic variance –
a situation that has come to be known as the problem of the missing or hidden heritability [13,
76].

In our patients we could verify that the allergen challenge determines a very early cellular
response with gene and protein expression.

At present, the environmental influence with direct effects on epigenetic plan offers an
explanation for this extreme individual variability, one clinical disease but different pheno‐
types and endotypes, not yet fully characterized.

So, in spite of the same genetic heritage, each individual and each patient, with an equal
number of chromosomes and genes, have a specificity and uniqueness: all equals but all
different from one to each other.

In Figure 22 we present the results of 4 allergic patients with asthma and rhinitis.

 

Fig. 22. Overall results of 4 patients with allergic asthma and rhinitis  

 

 

 

Figure 22. Overall results of 4 patients with allergic asthma and rhinitis

Gene expression of cytokines and chemokines seem to have a strictly correlation with the
results obtained in the study of nuclear transcription factors, ERG1 and JUNB, as discussed
before.
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The susceptibility to elicit an allergic response or in opposite side its own inhibition is under
liability of a time-dependent dynamic response since the allergen exposure. It might be more
appropriate to view genes as a frame surrounding a complex network of biological processes.
The frame delimits and supports the network, but the connections within the network
determine its functions.

Besides the identification of novel pathological mechanisms and therapeutics, the wealth of
information leads to the vision of genes forecasting asthma risk and phenotypes, with genetic
scores and eventual personalized medicine with more effective treatments. Gene-environment
interactions might difficult the achievement of such knowledge. Thus, even after the completed
sequence of the human genome, the scientific community maintains expectations that genetics
may be a decisive tool in the allergic risk prediction and personalized tailor-made treatments.
At present asthma epigenetics is still in its infancy and a promise to keep [13].
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Airborne Allergens

Olga Ukhanova and Evgenia Bogomolova

Additional information is available at the end of the chapter
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1. Introduction

A huge number of substances of various origin forming atmospheric aerosols constantly
circulates in the atmospheric air (Table 1). One of the most important components of such
aerosols are airborne allergens. Airborne allergens are substances of biological origin, which
getting into the human body promote the induction of the immune response with the subse‐
quent development of an allergic disease. Allergic reaction is directly caused by proteins and
glycoproteins forming the airborne allergen.

Type of particles Diameter (mkm)

Smoke, smog 0, 001-0, 1

Dust 0, 1

Bacteria 0, 3-10

Fungi spores / conidia 1, 0-100, 0

Algae / seaweed 0, 5

Fragments of lichen 1, 0

Protozoa 2, 0

Spores of mosses 6, 0-30, 0

Pollen 10, 0-100, 0

Fragments of plants and animals, seeds, insects >100

Table 1. The components of the atmospheric aerosols and their size [4].

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.



More than 15 million people in Europe suffer from allergic rhinitis, conjunctivitis, bronchial
asthma, atopic dermatitis and food allergy. Climatic and geographic features of the Russian
Federation (its Northern and Southern parts, as well as European and Asian territories)
contribute to a different sickness rate among the population [1, 2].

So far there are many questions concerning monitoring and a variety of the airborne allergens,
and especially their influence on the human body. The study of the airborne allergens is of
theoretical and practical interest for many specialists (allergists, laboratorians, ecologists,
biologists). The biological study of the airborne allergens is connected with the problem of the
origin, transport, protein structure and protein interaction with the macroorganism. Under the
influence of the environment the airborne allergens may be a subject to significant changes
and they may change their properties.

This chapter presents the main types of the airborne allergens: their origin, transport, proper‐
ties, monitoring, etc.

2. Classification of the airborne allergens

The most common airborne allergens are pollen, fungal spores, house dust, house dust mites,
animal allergens, insect allergens, industrial allergens, food and drug allergens.

Origin Types of the allergens

Noninfectious allergens

Animals Epidermal Food-borne Insect

Hair/wool
epithelium
feather
saliva
excrements

Fish and cancroid protein
Honey

Chitinous cover
and products of insects vital
activity

Plants Pollen foodstuffs

Drugs antibiotics, sulfanilamides, immunological drugs

Industrial substances polymers, pesticides, metalls

Dust house, library, archive dust

Infectious allergens

Phycomycetes spores, products of fungi vital activity

Table 2. Classification of the airborne allergens.

The scientific line-molecular allergology-intensively develops in modern allergology for the
last 10-15 years. The modern allergen nomenclature adopted and approved in 2013 by WAO
is now becoming routine in practice of the allergist [3].
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We will present the most well-known and popular airborne allergens in applied medicine
which are used for the diagnosis and treatment of allergic diseases of reaginic type (IgE-
dependent allergic reactions or type I of immune response). Such diseases include allergic
rhinitis, allergic conjunctivitis, atopic dermatitis, bronchial asthma, urticaria, etc.

The knowledge of the airborne allergens types is very useful in routine practice of a medical
specialist for the purpose of individual selection of methods of diagnosis and treatment of
patients with respiratory allergosis, as well as for the prevention of allergic diseases in
genetically predisposed to atopy or already sensitized patients.

3. Pollen allergens

3.1. Aeropalynology

Aeropalynology is a part of aerobiology studying pollen grains and spores of plants passively
circulating in the atmosphere. Also, it is a branch of modern biology that studies the structure
and laws of formation of the pollen rain. Aeropalynology is closely connected with allergology
as pollen of plants and fungal spores belong to the most widespread airborne allergens causing
diseases of the upper airways [4]. Aeropalynologists are the experts engaged in identification
of qualitative and quantitative structure of a pollen rain. They study features of its daily
rhythms and seasonal dynamics, compile a calendar of allergenic plants dusting and sporu‐
lation of mycelial fungi. These data are necessary for various experts (allergists, otorhinolar‐
yngologists, general practitioners) and patients to predict exacerbations of allergic diseases
and to take preventive measures.

Long-term observations over the years are the most informative for identifying patterns of
plants dusting over large areas with different climate and landscapes.

Currently there is a single international aeropalynology service that possesses information
about the dynamics of the pollen concentrations of the most common allergenic taxa in the air
and the bank of these data. Since 1993, the database provides information on the dusting of
different plants in Europe and forecasts the dusting based on the current and long-term
aeropalynological observations [5, 6].

The program of aeropalynological research was launched in Russia in 2007. Several cities with
installed pollen monitoring stations (volumetric Burkard SporeWatch sampler) had been
included in this program (Fig. 1-3). These cities are Moscow, St. Petersburg, Saratov, Stavropol,
Astrakhan, Rostov-on-Don, Krasnodar, Yaroslavl, Novosibirsk, Yekaterinburg, Ryazan,
Smolensk, and others. The aeropalynological stations start working from 15 of April to 15 of
September every year (the period of active flowering of wind-pollinated plants in Russia). The
aeropalynological monitoring is carried out the year-round in Moscow and St. Petersburg. The
studies of pollen are carried out by the Russian allergists and laboratory technicians, who were
trained under the guidance of Severova E.A. at the Department of Palynology, Faculty of
Biology of Moscow State University. The station in Moscow is the curator of a national Russian
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network of aeropalynological monitoring and represents Russia in the European and Interna‐
tional association of aeropalinologists.

Figure 1. Burkard SporeWatch sampler

Figure 2. Burkard SporeWatch sampler Cylinder with 7-days or 24-hours periods of selection in Krasnodar
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Figure 3. Burkard-Hirst SporeWatch in Moscow, Saratov, Pyatigorsk, Rostov-on-Don, St. Petersburg, Stavropol

The measurement of the concentration of mycelial fungi spores in the atmospheric air is carried
out by means of the automatic Burkard sampler on the Petri dish with Czapek agarized
medium (Fig. 4).

Figure 4. Burkard SporeWatch sampler and sampler (St. Petersburg) PU-1B 
The determination of the spores concentration (colony forming units - CFU) in the 
atmospheric air of the premises, parks and industrial areas is also very informative for 
collecting the patient's medical history and selection of diagnostic tests in vivo and in vitro. 

Pollen-grain morphology 

For allergology the greatest interest is represented by pollen grains of wind-pollinated plants 
(angiosperms and gymnosperms) because pollen is spread by wind over hundreds of 
kilometers from the habitats of plants. Most of the entomogenous plants are not allergenic 
for human. 

Figure 5. The pollen grain development and its participation in fertilization 

Figure 4. Burkard SporeWatch sampler and sampler (St. Petersburg) PU-1B The determination of the spores concentra‐
tion (colony forming units-CFU) in the atmospheric air of the premises, parks and industrial areas is also very informa‐
tive for collecting the patient's medical history and selection of diagnostic tests in vivo and in vitro.
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3.2. Pollen-grain morphology

For allergology the greatest interest is represented by pollen grains of wind-pollinated plants
(angiosperms and gymnosperms) because pollen is spread by wind over hundreds of kilome‐
ters from the habitats of plants. Most of the entomogenous plants are not allergenic for human.

Figure 5. The pollen grain development and its participation in fertilization

Pollen grains are reduced male gametogophytes developing inside the microspore shell. Pollen
grains of the angiosperms are formed from microspores (mother cells) in microsporangia
which represent anther nests.

Each pollen grain consists of the vegetative cell, and the generative cell is immersed in the
cytoplasm of the vegetative cell (Fig. 5). During the germination the vegetative cell forms
a  pollen  tube,  and  the  nucleus  of  the  generative  cell  forms  2  sperm  cells  involved  in
fertilization [4].

3.3. Sporoderma

Sporoderma is a shell of pollen grains (Fig. 6).

Sporoderma is a set of morphologically different layers: perispory (Perina=trifina), exine
(exosporium), and intine (endosporium) which protect the cytoplasm of the pollen grain from
the external influence. The sporoderma layer structure is specific to orders, families, genera
and species of higher plants.
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The exine is the outer part of the pollen grain shell of most seed plants. The structure of the
exine includes sporopollenin. It is a biopolymer that can withstand the high temperature, and
is insoluble in alkalis and acids (Fig. 7).

The internal structure of the exine forms texture and sculpture. And that is a main point for
the aeropalynologists in determining the morphological type of pollen grains.

Figure 7. The structure of angiosperm sporoderma:
1- endexine, 2 – intine, 3- styles, 4- integument, 5- underlaying layer. 

Intine is the inner layer of sporoderma bordering with cytoplasm and collapsing in acytolysis 
processing. 

Trifina is a thin squamous layer of wind-pollinated plants. It is poorly visible in contrast to the 
pollen of the entomophilous plants. 

The complex morphology and molecular composition of pollen helps to activate the immune 
system of a human for the purpose of elimination of airborne allergens from mucosa of the 
respiratory tract [4]. 

The main plants the pollen of which causes an allergy 

In the central Europe, the most common cause of pollinosis is a pollen of wind-pollinated 
plants: trees, cereals and weeds. Their pollen is volatile, and during flowering of these plants 
the pollen accumulates in the air in quantity sufficient enough to create a relatively high 
concentration. 

As a result of the aeropalynological researches the calendars of dusting are compiled 
annually. The calendars containing 15 taxa of plants are compiled for Europe. . However, in 
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Intine is the inner layer of sporoderma bordering with cytoplasm and collapsing in acytolysis
processing.

Trifina is a thin squamous layer of wind-pollinated plants. It is poorly visible in contrast to the
pollen of the entomophilous plants.

The complex morphology and molecular composition of pollen helps to activate the immune
system of a human for the purpose of elimination of airborne allergens from mucosa of the
respiratory tract [4].

3.4. The main plants the pollen of which causes an allergy

In the central Europe, the most common cause of pollinosis is the pollen of wind-pollinated
plants: trees, cereals and weeds. Their pollen is volatile, and during flowering of these plants
the pollen accumulates in the air in quantity sufficient enough to create a relatively high
concentration.

As a result of the aeropalynological researches the calendars of dusting are compiled annually.
The calendars containing 15 taxa of plants are compiled for Europe.. However, in the North
and the South of Russia (the European part of it) a range of airborne allergens is larger and
depends on the trajectory of the distribution of pollen (Fig. 8) [4].

During the examination and management of patients with pollinosis, the seasonal and daily
changes of the pollen content should also be taken into account.

The allergy to pollen of grasses and trees grows only in the period of their flowering. So each
region has its own seasonal peaks of incidence. The maximum concentration of pollen in the
air is in the early morning hours, from dawn until 12 p.m.

Among deciduous trees the allergic diseases are caused most often by pollen of birch, alder,
hazel, maple, oak, and others. We present the main taxa of trees which are determined in the
atmospheric air:

1. Alnus incana (Grey alder) (Fig.9)

2. Betula verrucosa (Common silver birch) (Fig.10)

3. Corylus avellana (Hazel) (Fig.11)

4. Quercus alba (Oak) (Fig.12)

5. Ulmus americana (Elm) (Fig.13)

6. Salix caprea (Willow) (Fig.14)

7. Populus deltoides (Cottonwood) (Fig.15)

8. Acer negundo (Fig.16)

9. Fraxinus americana (White ash) (Fig.17)
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hazel, maple, oak, and others. We present the main taxa of trees which are determined in the
atmospheric air:

1. Alnus incana (Grey alder) (Fig.9)

2. Betula verrucosa (Common silver birch) (Fig.10)

3. Corylus avellana (Hazel) (Fig.11)

4. Quercus alba (Oak) (Fig.12)

5. Ulmus americana (Elm) (Fig.13)

6. Salix caprea (Willow) (Fig.14)

7. Populus deltoides (Cottonwood) (Fig.15)

8. Acer negundo (Fig.16)

9. Fraxinus americana (White ash) (Fig.17)
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Figure 8. The trajectory of the distribution of pollen from Moscow.
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Figure 13. Salix caprea 

Figure 14 Populus deltoids 

Figure 15. Acer negundo  Figure 16. Acer negundo

Figure 16. Fraxinus Americana 

There is a structural homology between allergens of trees pollen, and it is expressed much 
more weakly, than the existing affinity of allergens of grass pollen. Therefore, the patients 
who have an increased sensitivity to the birch pollen react at the same time to the pollen of 
hazel and alder.  

The coniferous plants produce the pollen in large quantities, but its allergenicity is lower 
because the diameter of pollen grains is 30 to 100 microns. 

The birch pollen has the most evident allergenic activity among the analogs – the pollen of 
deciduous wind-pollinated plants - because it contains about 40 proteins, the 6 of which 
have the properties of allergens [11]. 

The development of technology of various recombinant allergens production has revealed 
that the common allergens of protein nature (e.g. "panallergens", Bet v 1 protein and Bet v 2 
birch profilin) are responsible for cross-reacting of allergens of spring trees pollen [11].  

The main taxa of cereals (Poaceae) (Fig.17): 

1. Dactylis glomerata (Cocksfoot) 
2. Festuca elatior (Meadow fescue) 
3. Phleum pratense (Timothy) 
4. Poa pratensis (Meadow grass) 
5. Agrostis stolonifera (Redtop, Bentgrass) 
6. Bromus inermis (Brome grass) 
7. Secale cereale (Cultivated rye) 
8. Holcus lanatus (Velvet grass) 
9. Alopecurus pratensis (Meadow foxtail) 
10. Maize (Corn) 
11. Arrhenatherum elatius  

The main characteristic of the cereals pollen is its spherical, oval or elliptical shape. There 
are no many detailed species and genera definitions. But pollen grain has always one pore 
(Fig. 17) and a smooth surface.  The size of the cultivated cereals pollen is usually larger 
than of wild one and ranges from 25 to 75 microns [4].  

11 groups of major and minor allergens could be defined among the cereals [12,13]. 

Figure 17. Fraxinus Americana

There is a structural homology between allergens of trees pollen, and it is expressed much
more weakly, than the existing affinity of allergens of grass pollen. Therefore, the patients who
have an increased sensitivity to the birch pollen react at the same time to the pollen of hazel
and alder.

The coniferous plants produce the pollen in large quantities, but its allergenicity is lower
because the diameter of pollen grains is 30 to 100 microns.

The birch pollen has the most evident allergenic activity among the analogs – the pollen of
deciduous wind-pollinated plants-because it contains about 40 proteins, the 6 of which have
the properties of allergens [11].

The development of technology of various recombinant allergens production has revealed that
the common allergens of protein nature (e.g. "panallergens", Bet v 1 protein and Bet v 2 birch
profilin) are responsible for cross-reacting of allergens of spring trees pollen [11].

The main taxa of cereals (Poaceae) (Fig.18):
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There is a structural homology between allergens of trees pollen, and it is expressed much
more weakly, than the existing affinity of allergens of grass pollen. Therefore, the patients who
have an increased sensitivity to the birch pollen react at the same time to the pollen of hazel
and alder.

The coniferous plants produce the pollen in large quantities, but its allergenicity is lower
because the diameter of pollen grains is 30 to 100 microns.

The birch pollen has the most evident allergenic activity among the analogs – the pollen of
deciduous wind-pollinated plants-because it contains about 40 proteins, the 6 of which have
the properties of allergens [11].

The development of technology of various recombinant allergens production has revealed that
the common allergens of protein nature (e.g. "panallergens", Bet v 1 protein and Bet v 2 birch
profilin) are responsible for cross-reacting of allergens of spring trees pollen [11].

The main taxa of cereals (Poaceae) (Fig.18):
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1. Dactylis glomerata (Cocksfoot)

2. Festuca elatior (Meadow fescue)

3. Phleum pratense (Timothy)

4. Poa pratensis (Meadow grass)

5. Agrostis stolonifera (Redtop, Bentgrass)

6. Bromus inermis (Brome grass)

7. Secale cereale (Cultivated rye)

8. Holcus lanatus (Velvet grass)

9. Alopecurus pratensis (Meadow foxtail)

10. Maize (Corn)

11. Arrhenatherum elatius

The main characteristic of the cereals pollen is its spherical, oval or elliptical shape. There are
no many detailed species and genera definitions. But pollen grain has always one pore (Fig.
18) and a smooth surface. The size of the cultivated cereals pollen is usually larger than of wild
one and ranges from 25 to 75 microns [4].

Eleven groups of major and minor allergens could be defined among the cereals [12, 13].

The allergens of the 1st group (Dac g 1, Poa p1, Phi p 1, Hol I 1) are glycoproteins with a
molecular weight of 31-35 kD, and they represent major allergens with a high immunogenicity.
They are homologous between different types of the cereal herbs in 90%. They bind with high
affinity with asIgE (allergen-specific immunoglobulin E) and cause severe sensitization of the
patient.

The allergens of the 5th group (Dac g 5, Poa p 5, Phi p 5, Hol I 5) have molecular weight of
27-33 kD. They are identical to the 1st group on a spatial configuration of amino acids
(isoforms) and are major, because of their cross-stimulation of asIgE synthesis from 65% to
85%.

The allergens of the 2, 3, 4, 6, 7, 10, 11, 12 and 13 groups are the minor allergens of the cereals
pollen. They are also homologous to each other. The sizes of the allergens of the 2 and 3 groups
(Dac g 2, Dac g 3, Poa p 2, Phi p 2, Phi p 3, Hol I 2) to 1-12 kD are non-glycosylated proteins,
which are homologous in 85-90% between species and have 15% of immunogenicity, causing
the expression of asIgE in 40-60% of patients.

The 4th group of allergens (Poa p 4, Phi p 4) is represented by glycoproteins with α-helical and
β-foliated structure having a molecular weight of up to 50-67 kD. Sensitization to them is
detected in 80% of patients, but quantitatively the asIgE synthesis is less than to allergens of
the 1st and 5th groups. The group Poa p 6 and Phi p 6 have cross-activity with Poa p 5 and Phi
p 5 in 60-70% of patients, but they are not allergen-specific for the grass family.
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The 7th group of allergens (Dac g CBP, Poa p CBP, Phi p 7) has a molecular weight of 8-12 kD,
causes a sensitization in 10% of patients, and has a high immunogenicity. However, they are
not very often recognized as minor allergens in the periodical literature. The minority of the
allergens of the 10th group is associated with a low molecular weight of 12 kD. Less than 5%
of patients are sensitive to them (Lol p 10, Poa p 10). The 11-13 groups of proteins (Dac g 11,
Phi p 11, Poa p 12, Phi p 12, Phi p 13, Lol p 12, Fes p 13 et al.) The 12th group is represented
by profillins. They have low allergenicity due to the molecular weight of 18 to 50 kD. From 15
to 55% of patients are sensitized to them [14, 15, 16].

The main taxa of weeds (Chemopodiaceae+Amaranthaceae):

1. Ambrosia elatior (Common ragweed)

2. Ambrósia artemisiifólia (Radweed) (Fig.18)

3. Ambrosia psilostachya (Western ragweed)

4. Ambrosia trifida (Gigant ragweed)

5. Artemisia absinthium (Wormwood) (Fig.20)

6. Artemisia vulgaris (Mugwort)

7. Atriplex canescens(Orach) (Fig.21)

8. Taraxacum vulgare (Dandelion)

9. Helianthus annuus (Sunflower)

10. Matricaria chamomilla (Camomille)

11. Urtica dioica (Nettle) (Fig.22)

The most aggressive allergen in the southern part of Europe and Russia is ragweed (Fig.19). It
is also common in the North, South, Central America, Japan, Africa and the CIS countries. The
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population morbidity of the ragweed pollinosis in the Southern regions of Russia (Rostov
region, Stavropol and Krasnodar territories)is from24% to38%. The spread of ragweed in the
South of Russia began from the Stavropol territory. The Stavropol territory is located in the
zone of boundaries favorable for the development of the quarantine weed of ragweed. 2.5
million hectares of land had been affected in the Stavropol territory since 1999 (according to
the state inspection for plant quarantine of the Stavropol territory).

For the first time in the USSR the ragweed was found by the botanist S.G. Kolmakov in 1918
near Stavropol. Its seeds were brought in 1916-1917 by the railway builders among whom were
the Americans. The ragweed spreads extremely quickly in the Krasnodar and Stavropol
territories. Its advance on the North is limited by the duration of daylight hours and temper‐
ature factors.

In its homeland, this plant has more than 30 species. There are several varieties of ragweed:
dwarf Ambrosia elatior, giant Ambrosia tritida and Ambrosia psilostachya. There are 2
common types on the Stavropol territory: Ambrósia artemisiifólia and three-separate and
Ambrosia trifida. This annotinous spring weed, reproducing by seeds, is a light-, heat-loving,
and wind-pollinated plant. This plant produces up to 1, 000 seedlings per 1 square meter. One
bush can give 88.000 seeds which remain in the soil till 4-5 years. The windy weather, typical
for Stavropol territory, contributes to the spread of pollen over distances of 20-30 km.

The ragweed pollen grains are round, of prickly sculpture, with the size of 23-24 microns and
a molecular weight of 37 kD (Dalton), and they contain 5 major allergens (epitopes). For
comparison, the orach pollen is 35 kD, the wormwood pollen is 19 kD, and the sunflower pollen
is 14 kDa. The ragweed pollen contains two main antigens – the antigen E and the antigen K.
The antigen E is 200 times more active than the antigen K [4].

Figure 18. Ambrósia artemisiifólia 

The weed pollen has also high homology and cross-allergenic properties. The co-
sensitization between ragweed and wormwood among the patients is characteristic in 93% 
of cases. The major allergen of ragweed is Amb a 1 (E) and Amb a 2 (K) with a molecular 
weight of 38 kD. The minor allergen of ragweed is profilin with low Mm = 11 kD. The major 
allergens of wormwood include Art v 1, Art v 2, Art v 4, Art v 5 and Art v 6 (Mm = 35-67 kD). 
62% of the patients with ragweed pollinosis are sensitized to them [17]. 

Figure 19. Artemisia absinthium 

Figure 20. Atriplex canescens 

Figure 19. Ambrósia artemisiifólia

The weed pollen has also high homology and cross-allergenic properties. The co-sensitization
between ragweed and wormwood among the patients is characteristic in 93% of cases. The
major allergen of ragweed is Amb a 1 (E) and Amb a 2 (K) with a molecular weight of 38 kD.
The minor allergen of ragweed is profilin with low Mm=11 kD. The major allergens of
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wormwood include Art v 1, Art v 2, Art v 4, Art v 5 and Art v 6 (Mm=35-67 kD). 62% of the

patients with ragweed pollinosis are sensitized to them [17].
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The weed pollen has also high homology and cross-allergenic properties. The co-
sensitization between ragweed and wormwood among the patients is characteristic in 93% 
of cases. The major allergen of ragweed is Amb a 1 (E) and Amb a 2 (K) with a molecular 
weight of 38 kD. The minor allergen of ragweed is profilin with low Mm = 11 kD. The major 
allergens of wormwood include Art v 1, Art v 2, Art v 4, Art v 5 and Art v 6 (Mm = 35-67 kD). 
62% of the patients with ragweed pollinosis are sensitized to them [17]. 

Figure 19. Artemisia absinthium 

Figure 20. Atriplex canescens Figure 21. Atriplex canescens

Figure 21. Urtica dioica 

Depending on the climatic and geographic features of the region, it is appropriate to include 
in the calendar more information about plants flowering, the pollen of which is logged in the 
air in significant quantities. The calendars of plants flowering help the allergist to compare 
the clinical symptoms that develop in a patient depending on the season of the year and the 
place where he resides, rests or works. 

The influence of ecology on morphopalinological properties of 
the airborne allergens 

Due to the deteriorating environmental situation, there is a variability of allergenic properties 
of pollen. In recent years, there is evidence that the chemical compounds that pollute the 
environment, can change the allergenic properties of the plants pollen and, as a 
consequence, lead to the formation of new properties and combinations of the airborne 
allergens. 

The major pollutants contained in the air are nitrogen oxides (32.3%) and hydrocarbons 
(24%). Harmful emissions from motor transport made 359 thousand tons or 85% of the total 
emissions in 2007-2008, and increased by 20% in comparison with 2006 [19]. In the 
structure of emissions from motor transport 75.4% accounts for carbon monoxide, 13.7%  
for hydrocarbons, 7.9% for nitrogen oxides, 1.2% for carbon black [19].         

In 2011 we estimated the presence in the tests of spring atmospheric rain the changes in 
morphological features of pollen and technogenic particles. The changes were mainly 
observed in the pollen of Acer n. and Salix l, the trees growing along the motorway of the 
city of Stavropol (Fig. 22) [18]. 

Figure 22. Urtica dioica
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Depending on the climatic and geographic features of the region, it is appropriate to include 
in the calendar more information about plants flowering, the pollen of which is logged in the 
air in significant quantities. The calendars of plants flowering help the allergist to compare 
the clinical symptoms that develop in a patient depending on the season of the year and the 
place where he resides, rests or works. 

The influence of ecology on morphopalinological properties of 
the airborne allergens 

Due to the deteriorating environmental situation, there is a variability of allergenic properties 
of pollen. In recent years, there is evidence that the chemical compounds that pollute the 
environment, can change the allergenic properties of the plants pollen and, as a 
consequence, lead to the formation of new properties and combinations of the airborne 
allergens. 

The major pollutants contained in the air are nitrogen oxides (32.3%) and hydrocarbons 
(24%). Harmful emissions from motor transport made 359 thousand tons or 85% of the total 
emissions in 2007-2008, and increased by 20% in comparison with 2006 [19]. In the 
structure of emissions from motor transport 75.4% accounts for carbon monoxide, 13.7%  
for hydrocarbons, 7.9% for nitrogen oxides, 1.2% for carbon black [19].         

In 2011 we estimated the presence in the tests of spring atmospheric rain the changes in 
morphological features of pollen and technogenic particles. The changes were mainly 
observed in the pollen of Acer n. and Salix l, the trees growing along the motorway of the 
city of Stavropol (Fig. 22) [18]. 

Figure 22. Urtica dioica
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Depending on the climatic and geographic features of the region, it is appropriate to include
in the calendar more information about plants flowering, the pollen of which is logged in the
air in significant quantities. The calendars of plants flowering help the allergist to compare the
clinical symptoms that develop in a patient depending on the season of the year and the place
where he resides, rests or works.

4. The influence of ecology on morphopalinological properties of the
airborne allergens

Due to the deteriorating environmental situation, there is a variability of allergenic properties
of pollen. In recent years, there is evidence that the chemical compounds that pollute the
environment, can change the allergenic properties of the plants pollen and, as a consequence,
lead to the formation of new properties and combinations of the airborne allergens.

The major pollutants contained in the air are nitrogen oxides (32.3%) and hydrocarbons (24%).
Harmful emissions from motor transport made 359 thousand tons or 85% of the total emissions
in 2007-2008, and increased by 20% in comparison with 2006 [19]. In the structure of emissions
from motor transport 75.4% accounts for carbon monoxide, 13.7% for hydrocarbons, 7.9% for
nitrogen oxides, 1.2% for carbon black [19].

In 2011 we estimated the presence in the tests of spring atmospheric rain the changes in
morphological features of pollen and technogenic particles. The changes were mainly observed
in the pollen of Acer n. and Salix l, the trees growing along the motorway of the city of Stavropol
(Fig. 23) [18].

Figure 22. Salix sp. along the motorway. The arrow indicates the pollutants. 

The same morphological changes of pollen are shown by Dr. Dzyba O. F. on the pollen of 
gymnosperms (Pinus sylvestris) growing in the city of St. Petersburg (Fig.23) [20]. 

Figure 23. The polymorphism of  Pinus sylvestris. 

In the conditions of the environmental pollution the plants pollen dominating during a 
pallination season, is capable to transfer microcells of a technogenic origin, forming the 
increased antigenic activity. The severity of clinical symptoms of respiratory allergies in 
patients, in addition to the weather conditions, is caused by the simultaneous effect of non-
specific trigger and specific cause-significant factors on the upper airways mucosa. Thus, 
the safety of the living environment is an essential component of human ecology, as a key 
factor in reducing the risk of development of allergic diseases. 
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The same morphological changes of pollen are shown by Dr. Dzyba O. F. on the pollen of
gymnosperms (Pinus sylvestris) growing in the city of St. Petersburg (Fig.24) [20].
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In the conditions of the environmental pollution the plants pollen dominating during a
pallination season, is capable to transfer microcells of a technogenic origin, forming the
increased antigenic activity. The severity of clinical symptoms of respiratory allergies in
patients, in addition to the weather conditions, is caused by the simultaneous effect of non-
specific trigger and specific cause-significant factors on the upper airways mucosa. Thus, the
safety of the living environment is an essential component of human ecology, as a key factor
in reducing the risk of development of allergic diseases.

5. The insect allergens

5.1. House dust mites (Acarida)

Dust is the main multicomponent inhalation allergen. The allergen from house dust is
distinguished by the complexity in antigenic composition. It consists of fungi, pollen particles,
metabolic products of insects, epidermis particles of animals and humans. A powerful
component of house dust allergen is also micromites Dermathophagoides pteronyssimus and
Dermathophagoides farinae – the tiny arthropods like Arthropoda, invisible to the naked eye,
the body diameter of which is about 0.3 mm. The number of micromites increases in autumn.
These mites feed on flakes of desquamated corneal layer of human skin which is the largest
part of the house dust components, and live in symbiosis with the microscopic mold fungi
living in mattresses and other bedding. Mite excrements are also ideal allergens. Anti-genes
of pincers rather large therefore allergic reactions to them arise not so quickly as on epidermis
of cats. Mites antigens are large enough so allergic reactions to them do not occur as fast as to
the cats epidermis. The allergy to house dust most often manifests itself in the form of bronchial
asthma, rhinitis, and rarely-conjunctivitis. House dust and barns mites are microscopic
arthropods invisible to the naked eye (). Their excrements, body parts are airborne allergens
of the living premises, warehouses, barns, archives and libraries. The body diameter of an
insect is about 0.3 mm. They have full-blown allergenic activity. The size of mites varies from
0.1 to 0.5 mm. They are widely spread around the globe. The normal cycle of their life is about
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65-80 days. The female mite oviposits about 60 eggs at once. The ideal habitat is an apartment
with a temperature of 18-25 °C. In addition, they like increased humidity [21, 22].

House dust mite: Dermatophagoides pteronyssinus (Fig.25), Dermatophagoides farinae,
Dermatophagoides microceras, Euroglyphus maynei, Blomia Tropicalis.

Figure 25. House dust mite. Dermatophagoides pteronyssinus

Figure 26. Mites excrements
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Dermatophagoides pteronyssinus feed on flakes of desquamated epidermis of human skin
which is the largest part of the house dust. Small fragments of mites (from 10 to 40 microns)
and their metabolic products (especially fecal particles) have a remarkable ability to cause
allergies: respiratory allergosis, bronchial asthma, allergic conjunctivitis and angioneurotice‐
dema. The fecal balls of house dust mites contain about 13 different groups of major and minor
allergens that come from the intestinal tract of insects. The most studied are the major allergens
Dermatophagoides pteronyssinus-Der p 1 and Dermatophagoides farinae-Der f 1. The
polypeptide chain of the main allergen consists of 216 amino-acid remains with a N-terminal
threonine. The threshold concentration for the development of sensitization in genetically
predisposed to atopy patients, is the content of 92 μg/g of dust of the major allergens of mites.
Approximately 500 mites per 1 gram of dust provoke attacks of bronchial asthma in sensitized
patients.

Storage mite: Acarus siro (Fig.27), Lepidoglyphus destructor, Tyrophagus putrescentiae,
Glycyphagus domesticus.

Figure 27. Acarus siro

The flour mite damages grains of cereals, oil-bearing plants, legumes, preferring flour to
cereals, fodder and dried vegetables, fruits, medical and tobacco raw materials, spices, leather,
cheese, sausage, egg powder, fish and meat bone flour. Its body is oval and whitish, the body
surface is shiny, legs and mouthparts are brownish-red. The body length of male mite is up to
0.5 mm, female mite is up to 0.7 mm [23]. The mite often penetrates into the embryo, forming
a latent form of infection, and, first of all, dangerous for seed grain. In most cases, the patients
sensitized to flour mites work in the agricultural industry and/or directly with the grain. A
detailed medical history is very important to clarify the diagnosis, since a particular profession
(a librarian, an archivist, an agronomist or a housewife) promotes sensitization to different
kinds of mites and, therefore, the individual selection of immunotherapy.
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Other representatives of Arthropoda are stinging and not stinging insects. As the airborne
allergens, the insect allergens can be fragments and products of insects’ vital activity. The
patients, whose professional activity is connected with insects, are usually sensitized to them:
the beekeepers, the persons living near apiaries, the workers of fish-farms, insectaries and
granaries, entomologists and other. The known insects causing an allergy are cockroaches,
gnats, caddis flies, moth, flies, mosquitoes, Daphnia. Very often the patients sensitized to mites
can cross-react to the above-mentioned allergens.

The cross sensitization can be caused by Der p 10 (tropomyosine), the minor allergen for
patients with the allergy to the house dust mites [22]. However it may point to risk of devel‐
opment of allergic reactions to Crustacea or snails. The cockroaches also have a major allergen
Bla g 2 and cross-allergen tropomyosine Bla g 7 which indicates the risk of allergic reactions
to Crustacea (most often to the shrimps) [24]. In their turn, shrimps and other Crustacea also
contain other clinically relevant allergens: sarcoplasmatic calcium-binding protein and
argininekinase [25]. The most important airborne allergens for such patients are parvalbumins
(Gad c 1, Cyp c 1). These are major allergens of fish, stable to the action of temperatures and
digestive enzymes. Parvalbumins have a high degree of cross-reactivity in which patients
sensitized to one of parvalbumin may react to other fish parvalbumin. It may be a river, sea,
ocean, white or red fish. There are cases of severe allergic reactions of patients on inhalation
of vapours with fish parvalbumin through casual contact in everyday life (eating places, hotels,
etc.) [26].

The special populations of patients with frequent and prolonged contact with hymenopterous
insects are beekeepers, their families and their neighbors. The systemic allergic reactions may
be developed not only after insects stinging, but also on inhalation of the body parts and the
products of their activity [27]. As a rule, these reactions are caused in patients sensitized to the
major allergens Api m 1 of a honey bee, Ves v 5 and/or Ves v 1 of a wasp. The allergic cross
reaction between the bees and wasps allergen may be due to the carbohydrate part of glyco‐
proteins (CCD)[28]. The poison and bodies allergens of the most Hymenoptera contain the
CCD, which are responsible for the cross-IgE-reactivity between bees and wasps allergens [29].

6. The main fungal allergens

The role of fungal allergens in the structure of allergic diseases is very important. The myco‐
genic sensitization arising due to the long contact of a human body with allergens of micro‐
scopic fungi, plays an increasingly important role in people's lives, particularly the residents
of megapolises [30]. Aeroallergens, which include fungal spores and fungal cell wall compo‐
nents, surround us everywhere in everyday life, at work places, in nature. By means of scratch
test method, the frequency of sensitization to allergens of house dust mites, mycelial and yeast
fungi was investigated among the patients of the allergic center. It was revealed that 12, 69%
of patients showed hypersensitivity only to one of the allergens. 87, 31 % of patients had
combined forms of sensitization to two or more allergens. It is noted that the sensitization to
fungi allergens (82, 84%) in comparison with the occurrence of the sensitization to house dust
mite allergens (67, 16%) is found more often [32, 33, 34, 35, 36].
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All stages of micromycetes allergens intake into the organism have been studied up to the
present day, and the mechanisms of their influence on the immune system have been proposed.
There also have been conducted large-scale epidemiological researches; the role of fungal
allergens in the pathogenesis of a number of allergic diseases was established.

Microscopic fungi are widespread in nature, they are capable to colonize all substrates and
absorb almost any organic substance. The main reservoir for microscopic fungi is soil and plant
remains, where the number of fungal propagules can be up to several hundreds of thousands
of CFU per gram of substrate. Due to their small size, they easily enter the bioaerosols and can
be transferred in the atmosphere over long distances. The concentration of fungal spores in
the air may be 2-3 orders greater than the one of pollen [38]. In certain periods of the year (from
spring to autumn) the total number of fungal propagules in the air bioaerosol can be 1-2 orders
greater. However, not only quantitative but also qualitative composition of fungal allergens
is of great importance for the development of mycogenic sensitization. There are new ecolog‐
ical niches for fungi habitat due to human activities in large cities. This is mainly organic waste
in landfills and production as well as bioaffected objects of urban infrastructure (emergency
buildings and facilities for various purposes).

The allergy to fungi is known for a long time. For example, hay fever had been described in
detail in 1819, the role of micromycetes in its etiology was shown in 1873 [31]. Currently,
numerous studies have proven the value of mycogenic sensitization in the pathogenesis of
allergic rhinitis, bronchial asthma, allergic bronchopulmonary mycosis, exogenous allergic
alveolitis, atopic dermatitis [32, 33, 34, 35, 36]. Epidemiological researches have shown that the
level of mycogenic sensitization is very significant and varies depending on the genetic
characteristics of the surveyed groups of population, climatic and geographical features of
their habitats-from 5% (southern Europe) to 40% (Portland, USA) for patients with bronchial
asthma [32]. And in the desert environment (Kuwait) there was the indicator of 46% among
the surveyed patients with asthma [37].

In July 2014 the number of registered non-food fungi allergens, the list of which is available
on the website www.allergen.org, reached 108, according to the Subcommittee on Nomencla‐
ture of allergens of International Union of Immunological Societies (IUIS).

Some strains of micromycetes can synthesize up to 40 macromolecules connecting IgE [39].
The vast number of the registered allergens belongs to 5 genera-Aspergillus, Alternaria,
Cladosporium, Penicillium, Malassezia (Fig. 28-31), while the symptoms of respiratory
allergies are connected with about 80 genera of fungi [40].

The sensitization of a macroorganism occurs, in particular, due to the action of proteases which
can degrade proteins providing the impenetrability of the epithelial cell barrier. Partial
proteolysis of these proteins causes a disturbance of the monolayer structure and the flow of
allergenic material through it. The desquamation of epithelial cells was observed in the
processing of cell cultures by means of proteases A. fumigatus. Using various inhibitors, the
researchers defined a role of serine proteases in the process of destruction of the cell layer [41].
Also, the influence of fungi allergens on the immunological mechanisms operating on the
principle of negative feedback is mentioned in a number of works.
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Figure 28. Cladosporium

Figure 29. Penicillium
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Figure 30. Aspergillus

Fungi allergens possessing the proteolytic activity, as well as proteases of dermatophagoidic
mite allergens are capable to break protective barriers of an organism independently. They are
able to overcome the immunological tolerance, and are recognized by immunocompetent cells,
followed by the elaboration of specific reaginic antibodies and the induction of release of the
allergic reaction mediators. In this regard, we should note the difference of fungal and plant
allergens. It is known that there is an absence of proteases among known plant allergens. At
the same time it is also known about high proteolytic activity of pollen plant extracts [42].
Obviously, there are unidentified proteases in the composition of these extracts and, presum‐
ably, they provide transportation and adjuvant functions, but they are not allergens.

To understand the features of a mycogenic sensitization we should into consideration theform
in which allergens get into the respiratory tract. The inhaled allergens of plants and fungi, as
opposed to domestic or epidermal ones, are present in the aerosol products primarily in
encapsulated form. They are the pollen of grasses and trees, spores / conidia of fungi. Excep‐
tions arise after the rain when there might be emission of contents of the swollen pollen grains
in the form of submicroscopic particles [43] and in cases of technogenic emissions. Conidia, on
the average, have much smaller size than pollen grains. The diameter of micromycete conidia
of such widespread genera as Penicillium and Aspergillus doesn't exceed 2-5 microns. The
exception is Alternaria with its large macroconidia, which, however, may be found in aerosols
in segmented form (Fig. 30).

The antigen-presenting function is poorly expressed in pulmonary macrophage. To initiate an
immune response, spores enclosed in hard envelope must have time to release a sufficient
amount of sensitizing material into the environment before macrophages phagocytize them.
This material containing the protease must penetrate the epithelial barrier and reach the
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dendritic cells and Langerhans cells in the airways or dendritic cells in the alveolar epithelium.
It is necessary to take into account that the respiratory part of the lungs is the most tolerant
due to the small number of antigen-presenting cells. At the massive inflow of antigenic
material, the condition of tolerance can be overcome with the emergence of IgG-mediated
exogenous allergic alveolitis. As for the speed of extraction of allergenic material from the
spores, it was shown during the study of bazidiospores that it depends primarily on the
thickness of the envelope [44].When studying the effect of conidia germination of several
mitospore fungi on their excretion of detected immunochemical allergens into the environ‐
ment, the Australian authors found that small and durable conidia of such fungi as A.
fumigatus and P. chrysogenum, only slightly produce allergens without prolonged pre-
incubation in a humid environment [45, 46].

In conclusion, it should be noted that, despite the pronounced "aggressiveness" of fungal
allergens, there are constraints allowing a healthy organism to stand a natural background of
mycoallergens with no harm. In case of the allergen load rise or in the development of atopic
states the risk of a mycogenic sensitization significantly increases.

7. The airborne allergens of animals

The airborne allergens of animals are wool (hair), epidermis (Fig. 32), dried urine, saliva, and
feces. The prevalence of an allergy to epidermis of pets is a worldwide growing problem of
public health as a death rate in consequence of allergic diseases has disproportionate impact
on socially and economically unprotected populations, in particular, on children [48].

Figure 31. Alternaria
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Figure 32. Cat’s hair

The allergy to cats epidermis is one of the most widespread forms of allergic diseases in the
USA and Europe in 10-15% of patients suffering from allergic rhinitis and (or) bronchial asthma
(WAO 2011). Cats are the major source of the allergen Fel d 1. Though there are few molecules
of the allergens in the extract of cat dandruff. The most significant of them is the Fel d 1. At
the same time, approximately 90% of people with allergies to cats have an increased level of
IgE specific for the protein. The level of allergen (secretoglobin) Fel d 1 is significantly higher
in houses where the cats live [47]. In houses where the cats have never lived, there is a direct
relationship between the level of allergen in the house and the number of domestic cats in the
immediate environment, in general. The allergen Fel d 1 is also present in many public places
in a concentration that may cause the development or worsening of symptoms among the
people with allergies. This is particularly relevant and problematic for school children (Morris
2010). The other allergen associated with asthma patients is lipocalin Fel d 4 [47, 48].

Typically, many patients are co-sensitized to several species of animals. The cross activity of
pets is caused by the following main allergens: Mus m 1, Equ with 1, Can f 1, Can f 2 and Can
f 5 [50]. However, the cross-reactivity between animals is poorly understood on the molecular
level. The biological variability of a source of animal allergens does not always allow to identify
the cause-significant allergen of the patient by means of a simple skin test. 38% of patients were
revealed sensitivity to Can f 5-allergen from male dogs prostate (33) and approximately 60%
of patients are sensitized to Can f 1, Can f 2-epidermal allergens of animals. As Can f 5 in low
concentration may be found in the dog’s hair, it is difficult to reveal the sensitivity of the patient
to this allergen by means of skin tests [49]. That explains the doctor’s recommendations to
remove completely an animal and the products of its life activity from premises and the
surrounding territory whenever possible, and the absence or existence of hair on an animal
doesn't matter. The airborne allergens of animals are conservative (stable) and even after the
elimination they are present in the premises for a long period of time, both independently and
as a part of house dust.
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The special place is given to the study of a professional allergy of persons employed with
animals: veterinarians, laboratory and vivarium staff, factory workers, farmers, etc. The
development of allergic reactions (allergic rhinitis, conjunctivitis, urticaria, bronchial asthma
and atopic dermatitis) is observed in 10-30% of workers. All of them have contacts with animal
allergens on production. In 2010 the Spanish scientists showed a high sensitization of workers
to the hair of various animals (a rat, a mouse, a guinea pig, a rabbit, a hamster, a dog, a cat,
cattle, a goat and a horse) by means of the skin test. 62% of them had at least one positive skin
test to the hair of various animals. Thus, the statistically significant association with the age,
the length of service, the allergic history, the clinical manifestations and the level of serumal
IgE wasn't proved [51].

8. Toxicoallergic aerosols

One of the reasons for the growth of new cases of respiratory allergies among people of
working age is the occupational exposure to toxic and allergenic aerosols. Toxic airborne
allergens are able to penetrate into the respiratory system in the form of vapor and smoke in
the pre-heating, grinding to dust or in combination with gas components and polymeric
binders. These methods are applied on production and service for packaging food products,
construction, welding, production of household chemicals and many other things.

For example, a special place is occupied by phthalates formed from polyvinyl chloride (PVC),
the products of which are widely distributed in living and working environment. During the
processing, packaging and stacking of various materials the high concentrations of mono-and
diphthalates in combination with formaldehyde, formic acid, acetaldehyde, acetic acid and
benzoic acid penetrate in the breathing zone of workers. These substances are known for their
toxic and allergenic properties. Getting into the respiratory tract, they can cause irritation of
the mucous membrane as well as the damage of the epithelium of the upper airways, the
bronchial tree, the mucous membrane of the eye, development of edema, inflammation, and
violation of the mucociliary clearance. This leads to the diseases of the upper airways, the
formation of the syndrome of bronchial obstruction and bronchial asthma (BA).

The mechanism of development and the peculiarities of the clinical course of respiratory
diseases caused by toxicoallergic aerosols are still not clear. This is due to the low molecular
weight and the interaction with proteins of the skin and mucous membranes. The experimental
data in animals demonstrate the ability of toxicoallergic aerosols to cause the development of
airway inflammation of immune and non-immune nature (Larsen ST, 2004; Frederiksen H,
2007). The in-depth study in this area has not been conducted [51].

The most well-known toxico-allergic substances (low-molecular weight substances, haptens)
which may contribute to the development of allergic respiratory diseases of humans are given
below (Table 3).
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Name of the group Airborne allergens Items containing this substance

Aldehydes Formaldehyde, acetaldehyde,
Formaldehyde resin, para-tert-
butylbenzaldehyde

Means for processing of fabrics,
preservatives, solutions for metal processing,
adhesive substances/glue, plastic, detergents,
construction materials, corrosion inhibitors;
fillers used in industry; chemicals used in
flooring; paints, varnishes, impregnating
products; printing ink, polishing materials,
binders, surfactants, deodorants

Dichromate Potassium dichromate Cement, chrome leather, petroleum products,
textile paint, antiseptics, preservatives,
cosmetics, mortar, printing industry,
detergents, concrete, photoreactants

Aromatic substancec Cinnamaldehyde (1%)Cinnamic alcohol
(1%)Eugenol (1%)Geraniol
(1%)Hydroxycitronellal (1%)Isoeugenol
(1%)Evernia Prunastri (1%)

Perfumes, eau de toilettes, colognes, powder,
soap, shampoos, shower gels. Essential oil.
Detergents. Aromatic candles. Spices,
seasonings

Rosin, turpentine Perfumes and cosmetics, glue, spices, wood
resin. Rosin containing dental materials.
Glue, paints, varnishes

Metals:, cobalt, chromium,
palladium and their
connections, nickel

Nickel sulfate, Cobaltchloride,
Palladium chloride

Nickel plated items used in shipbuilding,
aerospace and automobile industries

Derivative thyuram Tetramethylthiuram disulfide (0,
25%)Tetraethylthiuram disulfide (0,
25%)Tetramethylthiuram monosulfide
(0, 25%)

Catalysts used in the vulcanization process in
the production of rubber items. Pesticides,
prints, tubes, glue. Emulsion for the
treatment of scabies. Fungicides, adhesive
substances, paints; pharmaceutical substance
used in veterinary medicine

A mixture of mercaptans N-cyclohexen-sotatila sulfenamid (0,
5%)Mercaptobenzothiazoles (0,
5%)Morpholinyl
mercaptobenzothiazoles (0, 5%)

The catalysts used in the vulcanization
process in the production of rubber items

Phenylendiamine Paraphenylenediamine Hair dye, textile paint, ink for printers,
photoreactants, lubricants, oil, gasoline
(petrol); antioxidants and catalysts used in
the manufacture of resins and plastics

Quaternium-15 Quaternium-15 Cleaning and polishing substances.
Cosmetics, skin care and hair care products,
latex paint, the solutions used in the
processing of metals

Ethylendiamine Ethylenediamine dihydrochloride, hexa-
methylenediamine

Corrosion-resistant materials
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Name of the group Airborne allergens Items containing this substance

Epoxy resin Epoxy resin Materials of plastic, adhesive materials.
Covering of household items, adhesive tape,
paint, corrosion-resistant, water-resistant,
insulating materials, sports goods. The
materials used in shipbuilding, aerospace
and automobile industries. It Can be used in
the preparation of specimen for electron
microscopy

Esters of phthalic acid phthalics Plastic, polyethylene

Antibiotic drugs Penicillin, neomycin, antibiotic production

Table 3. The list of toxico-allergic substances in aerosols
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1. Introduction

Asthma is a chronic airway disease characterized by wheezing, cough, shortness of breath,
chest tightness, and “asthma attacks” caused by obstruction in airflow. In the United States,
prevalence has increased since 2001 with children and African Americans having the highest
incidence [1]. Asthma-related medical costs are $3,300 per diagnosed individual including
missed school and work days and asthma-related deaths totaled 3,404 in 2010 [2;3]. Worldwide,
300 million people are diagnosed with asthma and 70% of those suffer from other allergies as
well [4]. Helminth infection, however, is considered a disease of developing countries and is
rarely concomitant with allergies [5]. The World Health Organization estimates that 1.5 billion
people, or 24% of the world’s population, is infected by soil transmitted helminthes, with the
majority of cases occurring in east Asia, China, and Sub-Saharan Africa [6]. Allergy, asthma,
and helminth infection are considered classic Th2 diseases with immunoglobulin E (IgE) as
the predominant antibody class coordinating the response. IgE levels are tightly regulated,
being the antibody with the lowest levels in vivo [7]. Interestingly, very small amounts of
antigen are detected by IgE, making it a “gatekeeper”, as it is first to detect foreign particles
in areas of interface with the environment. When these foreign particles are innocuous, such
as pollen, cat dander or peanut proteins, IgE moves from beneficial to potentially life threat‐
ening. IgE mediates allergic responses from mild reactions to severe, such as allergic rhinitis,
atopic dermatitis, urticaria, asthma, and anaphylactic shock [8].

IgE regulates the immune response in one of three ways. First, antigen specific IgE binds the
high affinity IgE receptor, FcεRI, on mast cells (MCs) or basophils where it can persist for up
to 21 days waiting to bind to antigen, cross-link the FcεRI and degranulate the cell [9].
Degranulation results in release of vasoactive mediators such as histamine, leukotrienes,
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prostaglandins, and other biologically active products, inducing the classic symptoms of
allergic diseases (e.g. wheal and flare or urticaria) depending upon the location of the reaction,
while additionally activating the MC or basophil to induce late stage cytokine production [8].
Second, circulating IgE can bind to its antigen creating an IgE-immune complex. IgE immune
complexes are picked up by circulating follicular (FO) B cells by binding to CD23, the low
affinity IgE receptor (FcεRII). These CD23+B cells then traffic to the splenic follicles where
antigen transfer occurs followed by rapid increases in antigen-specific CD4+T cell proliferation
and IgG responses [10]. Third, circulating IgE can bind to CD23 on B cells, inducing a negative
regulatory response to shut down and control excessive IgE synthesis [11].

Enzymatic regulation of CD23 and downstream IgE synthesis was initially how a disintegrin
and metalloproteinase (ADAM) 10 (ADAM10) became an important topic in Th2 mediated
disease responses [12]. ADAMs are a family of zinc dependent proteases involved in ectodo‐
main cleavage of transmembrane proteins and regulated intramembrane proteolysis. Of all
the ADAMs, ADAM10 and ADAM17, also known as tumor necrosis factor alpha (TNF)
converting enzyme (TACE), are most closely related with regards to structure and share many
overlapping substrates [13;14]. Structurally, they contain a zinc dependent metalloproteinase
domain, disintegrin and cysteine rich ligand binding domain, transmembrane domain, and
cytoplasmic domain [15]. ADAM10 is widely expressed in many cells types and is a highly
investigated target in disease processes ranging from cancer and Alzheimer’s disease to asthma
[15]. Since its discovery, many ADAM10 substrates have been identified including CD23,
Notch1, TNF, amyloid precursor protein (APP) and epidermal growth factor (EGF), further
supporting its ability to participate in an array of pathologic processes [16]. ADAM10 has been
of much interest in allergic and other Th2 mediated diseases as it is the principle sheddase of
the low affinity IgE receptor, CD23. Through an unknown mechanism, soluble CD23 (sCD23)
negatively regulates IgE production, meaning increased ADAM10 and thus sCD23 production
leads to enhanced IgE production [12;17]. Furthermore, increased sCD23 is seen in sera of
allergic patients in active allergy season, which corresponds with increased circulating IgE
[18]. Increased cleavage of CD23 leaves less membrane bound CD23 (mCD23) to negatively
regulate IgE production as well as increased sCD23 to interact with other pro-inflammatory
receptors such as CD11b-CD18 on monocytes [19;20]. Therefore, blocking cleavage of CD23
could be an important target in regulating IgE synthesis and thus the first step in the allergic
cascade.

ADAM17, the principal protease of membrane TNF (mTNF), epidermal growth factor receptor
(EGFR) ligands, and other vasoactive mediators, has been classically studied in inflammatory
syndromes and cancer, with less emphasis on its role in allergy [14]. While ADAM17 is the
principle sheddase of mTNF, ADAM10 can cleave TNF albeit to a lesser extent [21]. Dysregu‐
lation of TNF is critical for the pathologic characteristics underlying many disease states
including cancer, type 2 diabetes, and rheumatoid arthritis [22]. Furthermore, increased TNF
production is a key factor implicated in B cell aging, which ultimately curtails class-switched
antibody production [23]. B cell TNF is, further, required for maintaining proper secondary
lymphoid tissue architecture and antibody production and in its absence severe defects are
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seen [24;25]. ADAM17 is potentially a new target for diagnostic and/or therapeutic interven‐
tion in Th2 mediated diseases, as it and TNF are reduced in B cells of allergic patients [23;26;27].

Herein, the role of ADAM10 and ADAM17 in B cell responses, maintenance of secondary
lymphoid tissue architecture, and Th2 mediated diseases, such as allergic rhinitis, asthma, and
helminth infection is explored.

2. ADAM10 in B cell development and function

Through their cleaved substrates, members of the ADAM family regulate a wide range of
functions, including cell migration, proliferation, and adhesion [28]. With regards to B cell
development and function, ADAM10 and ADAM17 have both been extensively studied with
respect to lymphocyte development through initiation of the canonical Notch signaling
pathway, germinal center responses, and plasma cell function [17;23;26;29;30]. Four Notch
receptors exist in humans and rodents, which can interact with five different ligands [31]. Upon
ligand-receptor interaction, ADAM10 initiates S2 cleavage followed by S3 cleavage by y
secretase, effectively releasing the Notch intracellular domain (NICD), which translocates to
the nucleus leading to altered gene expression [32;33]. The role of ADAM10 in Notch signaling
has been extensively studied as ADAM10 deficient embryos are similar to those of Notch 1-4
deficient embryos [34] and Notch 1 signaling is impaired in ADAM10 deficient thymocytes
[30]. Furthermore, ADAM10 but not ADAM17 is required for Notch 1 rate-limiting, S2
cleavage, which has important implications in novel approaches to targeting Notch 1 signaling
in cancer [35]. B lymphocytes, however, preferentially express Notch 2 [32] and Notch 2
signaling is noted in pre, pro, immature, follicular and marginal zone (MZ) B cells. MZBs are
unique B cells, which behave in a T independent manner and are critical for early antibody
production against blood borne pathogens [36]. Interestingly, their development is dependent
on ADAM10 as it is critical for initiation of Notch 2 signaling [17]. B cell ADAM10, furthermore,
has been shown to be critical for antibody production by follicular B2 cells. While the role of
ADAM10 in IgE production is discussed below, Chaimowitz et al. described that in the absence
of B cell ADAM10, germinal center formation is impaired and antigen specific IgM and IgG1
production is reduced 14 days post immunization with NP-KLH, a T dependent antigen [29].
These mice, additionally, lack a normal number of antigen specific plasma cells and remaining
plasma cells are abnormal in function. Specifically, Bcl6, a transcriptional repressor, which
must be downregulated during plasma cell differentiation, was increased in plasma cells from
which ADAM10 is deleted after class switching to IgG1 [37].

3. ADAM10 and ADAM17 in germinal center formation and secondary
lymphoid tissue architecture

TNF and its closely related family members have been extensively studied in the development
and maintenance of secondary lymphoid tissue architecture. Because ADAM10 and ADAM17
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are closely related ADAMs, many questions have been raised about their functional redun‐
dancy under physiologic as well as in various genetically manipulated animal models. While
ADAM17 is the principle sheddase of TNF, ADAM10 is known to cleave TNF, especially in
the absence of ADAM17 [38]. In addition to TNF, Le Gall et al. described that in the absence of
ADAM17, ADAM10 cleaves epidermal growth factor receptor (EGFR) ligands, which are
classically considered ADAM17 substrates. However, under physiologic conditions, ADAM17
dominates as the principal sheddase [38]. Mezyk-Kopec et al. further demonstrated that in
ADAM17 deficient mouse embryonic fibroblasts, ADAM10 increases and ADAM10 depend‐
ent cleavage of TNF is seen [39]. Folgosa et al. described a compensatory relationship between
ADAM10 and ADAM17 in B cells. In C57Bl/6 B cell specific ADAM10 deficient mice, B cell
ADAM17 expression and activity increased resulting in excessive cleavage of TNF [26].
Excessive B cell TNF production has been implicated in B cell aging and reduced antibody
production, which may help to explain the reduction in antibody production by B cell specific
ADAM10 deficient mice [23]. Furthermore, the direct contribution of B cell TNF to maintenance
of secondary lymphoid tissue architecture has been widely studied. Specifically, failure to
produce B cell sTNF, as seen in mutated B cells with an un-cleavable form of mTNF, and
excessive B cell sTNF production, as in ADAM10 deficient B cells, both result in dramatic
alterations in secondary lymphoid tissue architecture [25;26]. Both aberrant B cell TNF
conditions result in abnormal B cell/T cell localization with loss of a proper cortico-medullary
junction, reduced germinal center formation, and impaired follicular dendritic cell (FDC)
network development. Furthermore, naïve and draining lymph nodes (post-immunization) of
B cell ADAM10 deficient mice, which exhibit excessive B cell TNF production, have increased
angiogenesis and collagen deposition [26]. Therefore, secondary lymphoid architecture is
highly sensitive to B cell TNF levels, which is maintained by a proper ratio of ADAM10 to
ADAM17 expression and function. Interestingly, however, these differences are not noted in
ADAM10B-/-mice on a Th2-biased background, Balb/c [27]. Th2 prone strains were shown to
have enhanced ADAM10 but reduced ADAM17 and TNF relative to Th1 prone strains and are
less adept at increasing ADAM17 expression in the absence of B cell ADAM10 [27]. These
findings suggest that the B cell and its ADAM10/ADAM17 profile plays a role in the classic
Th1/Th2 paradigm rendering the B cell more than a passive participant waiting for a T cell
signal.

4. ADAM10 and ADAM17 in murine and human allergic airway disease

4.1. ADAM10 is the principle sheddase of CD23

CD23 is a unique Fc receptor as it is a type 2 transmembrane protein and a member of the
calcium dependent (C type) lectin family. It exists in two isoforms, CD23a and CD23b, and has
three domains: (1) IgE interacting carboxy terminal domain, (2) stalk regions, and (3) a short
cytoplasmic tail [11]. Surface CD23 levels can be increased in an IL-4 or IL-13 dependent
manner [11]. In humans, peripheral blood mononuclear cells stimulated with IL-4 exhibit
increased CD23 shedding and IgE production whereas treatment with anti-CD23, which
prevents its cleavage, inhibits IgE production [40]. Several enzymes have been implicated in
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the cleavage of CD23 including ADAM8 [41] and other hydroxymate sensitive metalloprotei‐
nases [42], but ADAM10 was determined by Weskamp et al. in a series of loss and gain of ADAM
protease function experiments to be the principle sheddase of CD23 in B cells [12]. Once cleaved
from the surface, sCD23 negatively regulates IgE production by an unknown mechanism.
Several models exist that attempt to explain this relationship including: (1) High levels of IgE
stabilize mCD23 and reduce further IgE production while allergen proteases and anti-CD23
stalk monoclonal antibodies destabilize CD23, increase its proteolysis, and increase IgE
production [11]; and, (2) sCD23 crosslinks membrane IgE and CD21 resulting in increased IgE
production [43]. This relationship between ADAM10, CD23, and IgE has since ignited much
interest in the asthma and allergy fields regarding the use of ADAM10 or CD23 cleavage
inhibitors as a mechanism to prevent IgE synthesis.

4.2. ADAM10, ADAM17, and their substrates in murine and human airway hypersensitivity

Mouse models of airway hypersensitivity are classically used to model asthma in humans. The
role of ADAM10 and ADAM17 and their substrates has been widely studied in lung inflam‐
mation models used to simulate upper and lower airway disease. First, as described herein,
ADAM10 is critical in the regulation of IgE production through its substrate, CD23. Transgenic
mice overexpressing CD23 (CD23Tg) had been shown previously to have reduced IgE and
lung inflammation [44;45]. In a OVA-induced lung inflammation model, Mathews et al., using
C57Bl/6 CD23Tg and B cell specific ADAM10 deficient (ADAM10B-/-) mice, demonstrated that
when mCD23 is increased, symptoms and features of IgE-dependent experimental asthma are
reduced (17). Specifically, airway cellular infiltration, eosinophilia, airway resistance, and
OVA-specific IgE production were reduced in mice lacking B cell-ADAM10 [46]. Furthermore,
treatment with an ADAM10 inhibitor decreased antigen-specific IgE, Th2 cytokines in the lung,
AHR, lung inflammation, and infiltration of eosinophils. Additionally, ADAM10 inhibitor
therapy resulted in reduction of the Th2 transcription factor, GATA3, expression but had no
effect on Th1 transcription factor, Tbet [46]. Interestingly, recent evidence has shown that
ADAM10 and ADAM17 regulation in B cells is highly strain dependent. Classic Th1 (including
C57Bl/6, SJL/J) and Th2-prone strains (including Balb/c, A/J) strains were characterized as high
(SJL/J), intermediate (C57Bl/6), and low (Balb/c, A/J) IgE responders based on in vivo IgE
production post immunization [47]. Furthermore, B cells from Th2 prone mouse strains (Balb/
c, A/J), which are more susceptible to allergic airway disease induction and exhibit increased
IgE synthesis have increased ADAM10 and reduced ADAM17 and TNF compared to those
from Th1 prone mouse strains (C57Bl/6, SJL/J). In a house-dust mite (HDM) airway hypersen‐
sitivity model, Balb/c WT, which exhibit increased B cell ADAM10, experience more severe
disease induction than C57Bl/6 WT including HDM specific IgE production, goblet cell
metaplasia, mucus production, and airway cellular infiltration. Furthermore, Balb/c B cell
specific ADAM10 deficient mice fail to reduce antigen specific IgE, cellular infiltration, mucus
production, or goblet cell metaplasia to the extent of C57Bl/6 B cell specific ADAM10 deficient
mice [27]. This evidence is further substantiated by B cell ADAM10, ADAM17, and TNF
differences in Th2 prone allergic patients compared to non-allergic controls (Th1-prone). In
human patients with allergic disease or asthma, increased circulating IgE is a diagnostic
criteria, and has been correlated with increased circulating sCD23[18], implicating ADAM10
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in the disease cascade. Recent evidence has shown that patients with actively symptomatic
allergic rhinitis exhibit increased B cell ADAM10 supporting these findings. Furthermore,
allergic patient B cells were described as having reduced ADAM17 and TNF, suggesting that
these are protective against an allergic phenotype [27]. However, there is also evidence
suggesting TNF inhibition would be beneficial in reducing asthma symptoms and disease
manifestations. TNF can amplify inflammation by recruiting neutrophils, eosinophils, and
monocytes as well as aiding in T cell activation. Furthermore, TNF can enhance airway
remodeling by causing fibroblast proliferation and also contributes to enhanced airway
resistance [48]. Therefore, while reduced B cell TNF may be more indicative of Th2-prone B
cells, TNF produced by other cells can cause detrimental airway symptoms. Overall, Figure
1 demonstrates the novel model synthesizing evidence for ADAM10 and ADAM17 regulation
in B cells from Th1 and Th2 prone mouse strains and humans. Th2 prone mouse strains and
humans exhibit reduced ADAM10 and increased ADAM17 relative to Th1 counterparts
resulting in increased sCD23 and IgE and decreased TNF and cell proliferation, as suggested
by Folgosa Cooley et al. [27] and Frasca et al.[23;49]

Figure 1. Novel model for regulation of ADAM10 and ADAM17 in B cells of Th1-prone compared to Th2-prone mice
or humans.

Lastly, while glutamate is classically known for its role as an excitatory neurotransmitter,
glutamate receptors have been found on T cells [50], macrophages [51], and human B cells [52].
The kainate receptor is a multi-subunit, ionotropic glutamate receptor. Sturgill et al. was first
to describe the presence of the kainate receptor on B cells and demonstrated that kainate
receptor activation increases ADAM10 expression, CD23 cleavage, and B cell proliferation [52].
Therefore, localized kainite receptor inhibition could be a unique approach to treating allergic
airway disease as it could reduce CD23 cleavage, rounds of B cell proliferation, and thus IgE
synthesis. Overall, there is substantial evidence advocating for the therapeutic benefit of
ADAM10 or CD23 cleavage inhibitors in the treatment of allergic airway disease.

In addition to B cells, neutrophils or leukocytes and their respective ADAM10 and ADAM17
levels have also been described in lung inflammation models. Neutrophils recruitment occurs
early during inflammation and their mediators affect the activity and recruitment of many
other immune cells. The number of neutrophils in sputum was seen to be elevated in patients
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with both acute and chronic asthma and especially those with lower eosinophil numbers and
those unresponsive to corticosteroid treatment [53-55]. Both ADAM10 and ADAM17, with
some conflicting reports, have been described to be important for leukocyte migration to the
airway in lung inflammation models. In leukocyte specific ADAM17 deficient mice, Arndt et
al. described a decrease in alveolar leukocyte recruitment following aerosolized LPS induction
of acute airway inflammation. Furthermore, there was reduction in alveolar levels of CXCL1
and CXCL5, both neutrophil chemokines [56]. Pruessmeyer et al., however, in leukocytes
isolated from either hematopoietic cell specific ADAM10 or ADAM17 deficient mice showed
that ADAM10 and not ADAM17 is required for leukocyte migration to the alveoli following
LPS induced acute lung inflammation [57]. Therefore, ADAM10 inhibition could lead to
reduced neutrophil infiltration.

Epidermal growth factor receptor (EGFR) signaling is reported to be integral in tissue repair,
airway remodeling in asthma, and MUC5AC mucin production in lung inflammation models
[58-60]. ADAM17 is responsible for the processing of epidermal growth factor receptor ligands
including transforming growth factor alpha (TGFα) [14]. In normal human bronchial epithelial
(NHBE) cells, Booth et al. demonstrated that ADAM17 induced TGFα cleavage as well as IL13
mediated proliferation. Furthermore, IL13, a key Th2 cytokine, was noted to redistribute
TGFα to apical regions of NHBE for ADAM17 cleavage resulting in epithelial hypertrophy
[61]. Therefore, further exploration of the IL13/ADAM17/TGFα axis is integral in better
understanding methods to curb airway remodeling in chronic asthma. Shiomi et al. additionally
described the importance of the ADAM17 on compressive stress to airway epithelial cells or
bronchoconstriction, which is mediated through ERK and AKT phosphorylation. In this study,
conditional deletion of ADAM17 from murine tracheal epithelial cells reduced ERK and AKT
phosphorylation and thus attenuated compressive stress gene regulation [62]. Furthermore,
ADAM17 is known to regulate transforming growth factor beta (TGFβ) through cleavage of
vasorin, a TGFβ trap. Therefore, when ADAM17 is inhibited, less vasorin is cleaved, and
TGFβ signaling is increased [63]. In asthma patients, TGFβ1 is increased in bronchoalveolar
lavage samples as well as in lung biopsy samples. Furthermore, TGFβ1 was found predomi‐
nately in inflammatory cells beneath the basement membrane in bronchial biopsy samples and
may be important for collagen deposition and thus airway remodeling [64]. Taken together,
this evidence suggests that reduced ADAM17 levels as seen in human patients’ B cells
(discussed above) could lend to increased TGFβ1 and thus enhanced asthma symptoms
compared to control patients, who exhibited higher ADAM17 levels.

5. ADAM10, CD23 and MDSCs in helminth infection

In industrialized countries, incidence of helminth infection is greatly reduced and when
observed it is commonly associated with a reduced parasite burden [65]. Worldwide, over one
billion individuals are heavily infected with helminth and are rarely affected by allergic disease
[5], a correlation demonstrated by many epidemiological studies [65;66]. Allergic diseases
share many factors with helminth infections, including a similar cytokine milieu (e.g. IL-13,
IL-4, IL-5) and most importantly up-regulation of IgE [65;66]. These factors contribute to the
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symptomology of allergic disease, yet in helminth infected individuals, are protective [65;66].
This is despite helminth being the strongest natural promoter of IgE synthesis [67]. It is well
established that parasite-specific IgE is important for anti-helminth immunity, but helminthes
are also known to elicit large amounts of polyclonal or non-specific IgE in the sera of infected
individuals. This finding has been thought to be a protective response by the parasite [67].
Helminth evolution has selected for this trait that benefits parasite life and reproduction,
assisting the helminth in immune evasion [67].

In both allergy and helminth infection, IgE responses have been associated with CD23
expression and thus ADAM10 enzymatic activity [68-70]. The product, sCD23, has been a
diagnostic indicator in many different diseases [69;71]. In an epidemiological study of
individuals infected with the helminth Schistosoma haematobium, increased sCD23 levels
correlated with infection intensity, but were inversely correlated with helminth-specific IgE
[69]. Though ADAM10 activity was not measured in this study, increased ADAM10 mediated
CD23 cleavage during helminth infection may be inducing this correlation.

Mast cells (MCs), which are important in mediating response to helminth infection, have been
shown to express ADAM10 [72]. ADAM10 deletion results in reduced proliferation and
migration of bone marrow derived masts cells in vitro (BMMC) [72]. Furthermore, loss of
ADAM10 has been shown to regulate the MC response to stem cell factor (SCF), which binds
to c-kit on MCs to induce proper migration and distribution of tissue mast cells in mice [72].
Currently, the substrate ADAM10 cleaves in this scenario is unknown. It has been hypothe‐
sized that Notch 1 may be involved, as Notch 1 promotes IgE-mediated cytokine production
in mast cells, but other substrates such as Notch 2 and CD44 have also been considered [73-75].

ADAM10Tg mice, generated by injection of ADAM10 cDNA under control of the H-2Kb
promoter and the IgH enhancer, overexpress murine ADAM10 and were initially made to
study the role of ADAM10 in lymphocyte development [76-78]. Inclusion of the IgH enhancer
results in preferential expression on B lineage cells. This overexpression of ADAM10 was
observed on bone marrow (BM) cells and markedly reduced the numbers of pro, pre, and
immature B cells in the BM resulting in an almost complete loss of peripheral B2 B cells due
to improper Notch cleavage and signaling [17]. The only B cell population unaltered by
ADAM10 overexpression was B1a and B1b cells, which typically reside in the peritoneal and
pleural cavities [17]. ADAM10Tg animals also exhibit significant myeloid accumulation. In the
BM of these mice, CD11b+Gr-1+cells constitute over 90% of total BM cells. These cells leave the
BM and migrate to all secondary lymphoid organs, where they are defined as myeloid derived
suppressor cells (MDSCs). Recent work has shown a similar scenario exists in human disease,
with defects in Notch signaling driving MDSC accumulation [79].

MDSCs accumulate in a spectrum of disease states including cancer, the natural aging process,
solid organ transplantation, parasitic infections, sepsis, autoimmune disease, trauma, and
burns [80-83]. MDSCs are classified as either monocytic (CD11b+Ly6C+Ly6G-) or granulocytic
(CD11b+Ly6CintLy6G+) subsets [84]. This heterogeneous population was observed within the
MDSCs in the ADAM10Tg [17]. Although MDSC accumulation is a byproduct of ADAM10
overexpression in early hematopoietic progenitors, ADAM10 expression is not altered in these
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cells. ADAM10Tg mice, therefore, could be exploited to study MDSC-mediated immune
regulation in an environment devoid of confounding factors.

While MDSCs are most well-defined for their immunosuppressive role in cancer, a new role
for accumulation of MDSCs in Th2-driven parasitic infection, such as Nippostrongylus brasi‐
liensis, shows they play an immunosupportive role [80;85;86]. ADAM10Tg mice infected with
N. brasiliensis have significantly reduced L4 lung worms, L5 adult worms and fecal egg burden
[87]. These findings directly correlated with MDSC levels, as depletion of MDSCs reversed
these findings.

Figure 2. Model of MDSC/MC interaction. MCs are required for MDSC activity. MCs in the liver release mediators,
wich create a chemokine gradient that increases migration of MDSCs, resulting in accumulation in the liver. MCs re‐
lease mediators, such as histamine, that induce MDSC activation, proliferation and Th2-skewed immune responses
that promote allergy and parasitic clearance and diminish antitumor responses.

Recent evidence is beginning to suggest that mast cells (MCs) contribute to the recruitment
and activity of these MDSCs [86;88;89]. While MCs have been well documented to mediate
allergic inflammation, new evidence is emerging to define the novel interaction between the
MDSC and the MC. In MC-deficient mice, MDSC enhanced parasitic clearance is completely
reversed. Additionally, co-culture of MCs and MDSCs results in enhanced IgE-mediated
cytokine production by the MC [90]. Without MCs, MDSCs fail to migrate to the liver. This is
thought to be through MC mediators such as histamine and IL-13 [86;87]. Histamine has been
shown to induce MDSC proliferation, migration and activation (Figure 2) [87]. This is reflected
in humans as reported by Martin et al. that patients with symptomatic allergic inflammation
and increased ADAM10 have increased circulating MDSCs [27;87]. Figure 2 demonstrates the
proposed model for MDSC/Mast Cell interaction, with MCs in the liver releasing histamine,
which induces MDSC activation, proliferation, and release of Th2 cytokines such as IL13 and
IL4, which in turn skews the immune response Th2. Therefore, while this model is favorable
for elimination of helminth infection, it would diminish antitumor responses.
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6. ADAM10, CD23 and IgE immune complexes

Antibody, in complex with its antigen, provides the immune system with a feedback response
against the complexed antigen. This feedback mechanism results in immune stimulation or
suppression depending upon the antibody class [91]. IgE, complexed with antigen, has long
been shown to induce a significantly increased immune response over antigen alone. This
response results in increased antigen specific T cell proliferation and antigen specific IgG in
vivo [92]. ADAM10 may additionally play a role in this up regulation as ADAM10 B-/-mice
show significantly increased T cell proliferation over WT mice [93]. This may be due to the
increased CD23 found on the surface of ADAM10 B-/-mice, but may additionally be related to
a not previously described ADAM10 effect. The low affinity receptor for IgE, CD23 has been
known to internalize IgE antigen complexes and promote antigen presentation. Extensive
studies using CD23-/-animals proved CD23 to be essential to the immunostimulatory properties
of IgE antigen complexes [92]. Recent findings show that CD23+B cells rapidly transfer the
antigen to the spleen [94] and were dispensable after 4 hours post IgE antigen complex
injection. After that period, DCs were required [95]. These findings suggested that IgE antigen
complexes or fragments thereof were being carried to the secondary lymphoid system, in this
case the spleen, by CD23+B cells and then were being transferred to DCs.

Exosomes are defined as tiny membrane bound particles ranging from 30-150nm. Although
originally discovered in the 1980s and thought to be primarily for cellular waste [96], exosomal
research has undergone a resurgence given the protein and micro-RNA cargo that is packed
into these particles [97]. In a previous publication, Mathews et al. demonstrated that CD23 and
its protease, ADAM10 were found in B cell derived exosomes (bexosomes) from both mouse
and human B cells [98]. Additionally, β2-adrenergic stimulation of B cells further increased
both CD23 and ADAM10 levels in bexosomes [99]. Martin et al. showed that B cells stimulated
with anti-CD40 and IL-4, in the presence of IgE antigen complexes, release bexosomes that
contain both CD23 and IgE. In agreement with earlier studies [100], these bexosomes were
capable of directly stimulating antigen specific T cells in vitro, presumably via the MHC peptide
complexes found on these bexosomes [93]. Culture of these bexosomes with bone marrow
derived DCs (BMDC), followed by isolation and injection of DCs additionally enhanced in
vivo antigen specific T cell proliferation. Overall, Martin et al. shows that bexosomes are
responsible for antigen transfer from B cells to DCs, thus, providing a mechanism and
suggesting a model to explain the importance of DCs in the immunostimulatory activity of
IgE complexes [93].

7. Conclusion

ADAM 10 and 17 proteases have been widely studied in Th2 mediated disease responses
including allergic rhinitis, asthma, and helminth infection. Enzymatic regulation of ADAM10
and 17 substrates as well as the relative amount of ADAM10 and 17 on immune cells is critical
for preventing Th2 mediated disease as well as maintenance of normal antibody production,
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germinal center formation, and secondary lymphoid tissue architecture. While the role of
ADAM10 in Th2 diseases is classically recognized for its regulation of IgE synthesis by CD23
cleavage, predisposition to asthma as well as severity of disease appears to be in part controlled
by a tight regulation of ADAM10 and ADAM17 proteolytic activity, which in turn controls the
cleavage of key substrates such as CD23, TNF, TGFα, and TGFβ1. These substrates ultimately
effect IgE production, airway remodeling, inflammatory cell infiltration, and airway respon‐
siveness.

Attenuation of MC degranulation and neutralization of MC mediators such as histamine
and  leukotrienes  are  common  targets  of  therapeutic  interventions  used  in  asthma  and
allergic airway disease. MC histamine release is critical, however, for function, migration,
and  activation  of  MDSCs,  which  have  been  shown  to  alleviate  helminth  infection  by
decreasing  parasite  burden.  This  finding  was  studied  using  a  unique  model  of  MDSC
accumulation in a mouse model that overexpresses ADAM10. Therefore, while MDSCs is
could be considered harmful in severe allergy, they may also be essential  for protection
against helminth infection.

This review has demonstrated the essential role of ADAM10 and 17 and their substrates in Th2
mediated disease and provided a review of evidence supporting the continued exploration of
ADAM10 and ADAM17 as potential therapeutic and diagnostic targets.
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Chapter 4

Free-Living Amoeba Acanthamoeba Triggers Allergic
Inflammation of Airways

Hak Sun Yu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59190

1. Introduction

An estimated 300 million people worldwide have asthma, and 250,000 deaths are attributed
annually to the disease. From 2001 to 2009, the number of people diagnosed with asthma grew
by 4.3 million. Allergic airway inflammation is closely related to airway hyperresponsiveness
(AHR), the production of mucus, and airway remodeling. This inflammation is mediated by
the T helper type 2 (Th2)-cell response, the upregulation of interleukins (IL)-4, 5, and 13, which
are produced by activated CD4+ T cells, and by elevated immunoglobulin E (IgE) production.
Asthma has long been associated with atopy, a predilection for producing antigen-specific IgE
antibodies against environmental allergens capable of mediating hypersensitivity reactions,
particularly immediate skin reactions [1, 2]. Many environmental proteases are believed to be
allergens that elicit allergic airway inflammation. Allergens from house dust mites [3],
cockroaches [4], fungi [3], and pollens have been reported to contain cysteine, serine, and
aspartic proteases [5].

Recently, asthma patients with high serum IgE levels, but who do not react to known allergens
in skin prick tests, have been identified, suggesting the presence of unknown environmental
allergens [6]. We hypothesize that free living amoeba (FLA) are undiscovered aeroallergens.
One of the FLA, Acanthamoeba, is an opportunistic protozoan broadly detected throughout the
environment. The amoeba can cause severe human diseases, including amoebic keratitis (it
can lead to blindness) in health person and fatal encephalitis in AIDS patients [7]. Acantha‐
moeba species have been isolated from swimming pools, public sewage, water supplies, air-
conditioning units, sediments, air, compost, soils, contact lenses and their storage cases [8]. In
addition, Acanthamoeba have been isolated from human bodies especially nasal cavities,
pharyngeal swabs, lung tissues, and skin [8-10]. Perhaps it is not unsurprisingly that we have
been found anti-Acanthamoeba antibodies from many of healthy individuals tested, this
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indicated that exposure to the amoeba is common [11]. Acanthamoeba exist as trophozoites or
cysts. Trophozoites are the metabolically active form, consuming nutrients via phagocytosis,
while unfavorable environmental conditions lead to the formation of cysts. In addition, a lot
of proteases, including cysteine and serine proteases, have been detected from Acanthamoeba
excreted/secreted (ES) proteins. These proteases are significant determinants of protozoan
pathogenicity and host cell invasion. It has been proposed that proteases play a central role in
various processes, such as host cell invasion and way out, cyto-adherence, morphological
differentiation, digestion of host proteins, stimulation immune response, and escape from host
immune responses [12-16]. However, in spite of their ubiquitous existence in the environment
and expression of a lot of proteases capable of eliciting allergic airway inflammation, no report
exploring this connection has been published to date.

2. Acanthamoeba trophozoites elicited a strong allergic airway
inflammation response

Airway allergens are experimentally confirmed by the ability to elicit allergic airway inflam‐
mation when it was inhaled. Ovalbumin (OVA) is one of commonly used the experimental
allergens, but is unable to elicit allergic airway inflammation if directly administered by
inhalation without any allergens. By contrast, pollens and fungal-derived allergens can easily
elicit allergic responses when inhaled through the airway tract [17-19]. Therefore, if repeated
administration of Acanthamoeba into the airway tract, allergic response can be occurred in the
airway. Park et al. reported that repeated inoculation of Acanthamoeba trophozoites to a mouse
model elicited allergic airway inflammation [20]. In order to test the ability of Acanthamoeba to
trigger allergic inflammation, they administrated trophozoites form of Acanthamoeba (5 × 104)
into the nose of mice and evaluated immunological and pathological responses (Fig. 1A). In
the mice inoculated with Acanthamoeba trophozoites, a dose-dependent increase in AHR to
methacholine was observed (Fig. 1B). These mice also presented inflammatory cell infiltra‐
tions, and the numbers of neutrophils, eosinophils, (Fig. 1C) and lymphocytes were increased
in the broncho-alveolar lavage fluid (BALF) (Fig. 1C). They also suggested that enormous
inflammatory cell infiltration, hyperplasia of goblet cell and epithelial cell was found in the
lung of Acanthamoeba nasally administrated mice [20]. Also, It were increased that the levels
of Th2 cytokines (IL-4, IL-5, and IL-13) in the BALF and in the supernatant of culture medium
of T cells in lung draining lymph node (LLN), in the Acanthamoeba administrated mice,
compared with those of the controls. However, IFN-γ levels and IL-17 cytokine levels were
unchanged in LLN and BALF by Acanthamoeba infection. The immunoglobulin (Ig) E level and
Acanthamoeba-specific IgE level were significantly increases in total serum of Acanthamoeba
infected mice (Fig. 1D).

It is possible for a person to come into contact with as many as 100 trophozoites at a time from
Acanthamoeba contained tap water [21]. In order to evaluate whether such a dose of Acantha‐
moeba could elicit airway allergic inflammation, they introduced one hundred trophozoites of
A. lugdunensis intranasally (Fig. 1E). Histology revealed some infiltrated of inflammatory cells,
and mild hyperplasia of epithelial cells in the lung after administration and mucin expression
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Airway allergens are experimentally confirmed by the ability to elicit allergic airway inflam‐
mation when it was inhaled. Ovalbumin (OVA) is one of commonly used the experimental
allergens, but is unable to elicit allergic airway inflammation if directly administered by
inhalation without any allergens. By contrast, pollens and fungal-derived allergens can easily
elicit allergic responses when inhaled through the airway tract [17-19]. Therefore, if repeated
administration of Acanthamoeba into the airway tract, allergic response can be occurred in the
airway. Park et al. reported that repeated inoculation of Acanthamoeba trophozoites to a mouse
model elicited allergic airway inflammation [20]. In order to test the ability of Acanthamoeba to
trigger allergic inflammation, they administrated trophozoites form of Acanthamoeba (5 × 104)
into the nose of mice and evaluated immunological and pathological responses (Fig. 1A). In
the mice inoculated with Acanthamoeba trophozoites, a dose-dependent increase in AHR to
methacholine was observed (Fig. 1B). These mice also presented inflammatory cell infiltra‐
tions, and the numbers of neutrophils, eosinophils, (Fig. 1C) and lymphocytes were increased
in the broncho-alveolar lavage fluid (BALF) (Fig. 1C). They also suggested that enormous
inflammatory cell infiltration, hyperplasia of goblet cell and epithelial cell was found in the
lung of Acanthamoeba nasally administrated mice [20]. Also, It were increased that the levels
of Th2 cytokines (IL-4, IL-5, and IL-13) in the BALF and in the supernatant of culture medium
of T cells in lung draining lymph node (LLN), in the Acanthamoeba administrated mice,
compared with those of the controls. However, IFN-γ levels and IL-17 cytokine levels were
unchanged in LLN and BALF by Acanthamoeba infection. The immunoglobulin (Ig) E level and
Acanthamoeba-specific IgE level were significantly increases in total serum of Acanthamoeba
infected mice (Fig. 1D).

It is possible for a person to come into contact with as many as 100 trophozoites at a time from
Acanthamoeba contained tap water [21]. In order to evaluate whether such a dose of Acantha‐
moeba could elicit airway allergic inflammation, they introduced one hundred trophozoites of
A. lugdunensis intranasally (Fig. 1E). Histology revealed some infiltrated of inflammatory cells,
and mild hyperplasia of epithelial cells in the lung after administration and mucin expression
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in administrated mice was also higher than in control. A few Acanthamoeba were detected in
alveoli, and quite a few eosinophils were observed around Acanthamoeba (Fig. 1F). Although,
IL-5 levels in the LLNs and BALF were elevated following Acanthamoeba nasally treatment
(Fig. 1G), but IL-13 and IL-4 levels were unchanged. Total levels of IgE in the serum and anti-
Acanthamoeba IgE were unchanged by low dose Acanthamoeba treatment.

Figure 1. Acanthamoeba elicit airway allergic inflammation in mice [20]. Allergic airway inflammation was induced
by inoculating mice with high (A–D) or low (E–G) doses of Acanthamoeba. (A) Intranasal inoculation schedule for the
high-dose (4 × 105 Acanthamoeba trophozoites) model. (B) Airway resistance values in response to methacholine (0 - 50
mg/mL). (C) Differential cell count in 800 μL bronchoalveolar lavage (BAL) after Diff-Quik staining. (D) Total and
Acanthamoeba-specific IgE levels were measured in serum by ELISA. (E) Intranasal inoculation schedule for the low-
dose (100 Acanthamoeba trophozoites) model. (F) Tissue inflammation observed in stained lung sections (a and c, PBS-
treated; b and d, Acanthamoeba-infected; a and b, H&E stained; c and d, PAS-stained; red arrows, Acanthamoeba
trophozoites; white arrows, eosinophils). (G) Cytokine concentrations in BAL fluids (BALF) and in the culture medium
of CD3-stimulated lymphocytes isolated from lung draining lymph nodes. (*, p < 0.05; **, p < 0.01; ***, p < 0.001; n=7,
three independent experiments).
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3. Acanthamoeba produced strong ES proteases that could induce severe
allergic inflammation in airway through Protease Activated Receptor 2
(PAR2)

Proteases of Acanthamoeba are required for the their life cycle maintenance [7, 14]. It is well
known that Acanthamoeba excretory and secretory (ES) protein contained abundant serine
protease. Serine protease is necessary for the encystation and excystation of Acanthamoeba [22].
Serrano-Luna et al. identified 17 proteins with proteolytic activity in Acanthamoeba [14]. They
demonstrated that proteolytic activity of ES proteins attributed primarily to the serine
proteases and secondly to cysteine proteases, using protease inhibitors [14]. Subtilisin, one of
the serine proteases, have been detected from ES proteins of Acanthamoeba, and also it was
known as an inducer of asthma, [22, 23]. In addition, subtilisin has been detected from various
organisms, and it can stimulate specific antibodies production in mice, and elicit various
allergic response [24, 25].

Park et al., introduced protease-containing ES protein samples of Acanthamoeba into the nasal
of mice six times, and observed the functional and immunological changes to the respiratory
system. Lungs of ES protein-administered mice showed abundant infiltration of immune cell
around the airway tracts, elevated mucin expression, and hyperplasia of goblet cells [20].
Levels of Th2 cytokines (IL-5, IL-4 and IL-13) were higher in the LLNs and BALF from the ES
protein administrated group than those of control groups. Protease activity from the ES protein
preparation was able to digest gelatin (Fig. 2A). This activity was abolished by introduction of
PMSF (serine protease inhibitor), but not affected by cysteine protease inhibitor E-64, but some
protein bands that had weaker protease activity were inhibited. The metallo protease inhibitor,
matrix metallopeptidase (MMP)-9, did not inhibit the activity of most proteases (Fig. 2A).
Acanthamoeba ES proteins treatment increased the critical factors (TARC, TSLP, MDC, IL-25,
eotaxin gene expression) for Th2 response initiation and development in lung epithelial cells,
and also led to increased levels of PARs in MLE12 cells (Fig. 2B & 2C) [20].

Recently  PARs is  known as  belong to  seven-transmembrane domain G protein  coupled
receptors [26].  They are activated through proteolytic cleavage of their N-terminal “teth‐
ered ligand” domains [27]. PAR1, 2, 3 and PAR4 have been cloned. They can be activat‐
ed by thrombin (PAR1, PAR3, and PAR4), also can be activated by neutrophil protease 3,
mast cell tryptase, trypsin, and several serine proteases (PAR2) [28]. Park et al. treated ES
proteins  with serine protease  inhibitor  (PMSF)  and evaluated airway inflammation.  The
results showed that Pre-treatment with PMSF lead to a significant decrease in most values
of the inflammation index, relative to administration of untreated ES proteins. The airway
hyperresistant response (AHR) to methacholine following ES protein administration was
likewise decreased by PMSF pre-treatment [20]. In addition, the infiltration of immune cells
was lower in the PMSF-treated group,  compared with ES protein-treatment  alone;  most
notably,  the  number  of  eosinophils  significantly  decreased.  In  evaluation  of  the  airway
allergic inflammation induced by Acanthamoeba  on PAR2 deficient (KO) mice, infiltration
of immune cell  around the airway tracts,  elevated mucin expression, and hyperplasia of
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lung goblet cells were observed in PAR2 KO mice like as WT mice. However, Th2 cytokine
level in the LLNs and BALF were lower in PAR2 KO mice treated with ES proteins than
those of WT mice [20].

4. ES proteins activate dendritic cells (DCs) and the differentiation of Th2
cells

PARK et al., suggested that Acanthamoeba ES proteins strongly stimulated DCs and enhanced
the expression of CD80, CD86, CD40, and MHC II. (Fig. 3). Once ES protein stimulated DCs
were co-incubated with CD4+CD25−CD62L+T cells (naïve T cells), the number of CD4+ Th2 cells
(IL-4-secreting CD4+ T cell) increased after co-incubation the DCs and naïve T cells (Fig. 4A).
In addition, Th2 cytokines (IL-5, IL-4, and IL-13) production by CD4+ T cells increased in culture
supernatants of co-incubated with ES protein stimulated DCs (Fig. 4B). In addition, naïve T
cells co-incubated with Acanthamoeba ES protein stimulated DCs had high levels of, transcrip‐
tion factor, GATA-3 gene expression (Fig. 4C).

Figure 2. Excreted/secreted (ES) proteins elicit T helper type 2 related chemokine and cytokine production [20]. (A)
ES proteins were treated with various protease inhibitors. Samples were incubated for 2 h and assayed by zymography
on 0.1% gelatin SDS-PAGE gels (lane 1, 10 μg ES proteins; lane 2, with 1 mM PMSF; lane 3, with 5 mM PMSF; lane 4,
with 10 μM E-64; lane 5, with 50 μM E-64; lane 6, with 10 μM MMP-9 inhibitor; lane 7, with 50 μM MMP-9 inhibitor;
arrowhead, protease activity from ES proteins; arrow, protease activity inhibited by E64). (B) Th2-related chemokine
gene expression (TSLP, TARC, MDC, eotaxin, and IL-25) was measured in MLE12 cells after incubation with 1 μg/mL
of ES proteins (ES) for 2 h, or pre-treatment with 0.1 mM PMSF and 10 μg/mL polymyxin B (polymyxin) for 2 h. (C)
The fold-change in PAR mRNA levels in MLE12 cells treated with ES proteins relative to those treated with medium,
detected by real-time RT-PCR.
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Figure 3. Acanthamoeba ES proteins activate BMDCs [20]. Expression of cell surface markers (CD40, CD80 CD86, and
MHCII,) on mouse BMDCs pulsed with ES proteins or LPS for 48 h, compared with untreated cells.

Figure 4. Differentiation of T helper type 2 (Th2) cells from naïve T cells after co-cultivation with ES protein-activated
BMDCs [20]. (A) Naïve T cells were cultured with BMDCs stimulated by ES proteins or LPS, or non-stimulated
BMDCs for 3 d in the presence of anti-CD3 antibodies. After gating with CD4+ T cells, IL-4-producing T cells were
counted. (Medium, naïve T cells with non-stimulated BMDCs; ES, naïve T cells with ES protein-stimulated BMDCs;
LPS, naïve T cells with LPS-stimulated BMDCs). (B) Cytokine levels in the supernatants from co-cultures of naïve T
cells and BMDC, measured by ELISA. (C) Gene levels were evaluated by real time-RT PCR from naïve T cell/BMDC
co-cultures.
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Enhancement of IL-5, IL-4, IL-13, and CXCL1 (eotaxin) are critical for the induction of allergic
asthma by Th2 cells [29, 30]. Furthermore, CCR3, CCR4, and CCR8 was expressed on Th2 cells.
Imai et al., suggested that TARC, MDC, and high-affinity CCR4 ligands can induce Th2 cells
migration to the selective sites [31]. Therefore, production of serine protease activity contained
Acanthamoeba ES proteins might stimulate DCs, and promoting the differentiation of
CD4+CD25−CD62L+T (naive T) cells to Th2 cells.

5. Acanthamoeba antigens are detected in house dust, and significantly
high level of anti Acanthamoeba IgE in asthma patients

Park et al., demonstrated that after samples of house dust were reacted with total serum from
Acanthamoeba infected or uninfected mice, and the total dust reacted IgG1 levels in serum of
infected mice were higher than those of control mice [20]. These results indicate that Acantha‐
moeba can be contaminated from domestic environments, like as house dust mite DerP1
allergen. Therefore, it is no wonder that almost all healthy persons have anti-Acanthamoeba IgG
[10, 11]. They also screened Acanthamoeba-specific IgE levels in patients with asthma in order
to know whether Acanthamoeba can be related with asthma in humans. The asthma patients
have significantly higher IgE levels (p = 0.028) than those of healthy persons [20]. According
to all of results proposed that Acanthamoeba could be a novel human airway allergen.

6. Conclusion

Acanthamoeba trophozoites and ES proteins stimulated allergic airway inflammation, and
extended Th2 responses via PAR2 signaling and DC activation in a mouse asthma model.
Furthermore, patients with asthma had higher anti-Acanthamoeba IgE titers than those of
healthy persons. In order to aid the diagnosis, we needed further studies to identify the specific
ES allergens from Acanthamoeba.
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1. Introduction

Ambient air is identified by the World Health Organization as a high public health priority,
since air pollution associated with increase in mortality and morbidity of disease [1,2].
Respiratory disorders are the most important health problems in Iraq [3] The reported studies
indicated a high prevalence rate of allergic diseases in Iraqi population.[4] In addition,
respiratory infection in children represent one of the major infectious problems in Iraq [5]. The
community health research that were performed by Tikrit University College of Medicine
[TUCOM] have estimated that more than a fourth of Iraqi children with asthma report weekly
wheeze and cough. Two-thirds of report school absences and one-third report frequent sleep
disturbances due to asthma. [5]

Respiratory and asthma symptoms are public health challenges in the area of secondary school
student’s health and are the leading cause of school absenteeism in children, and result in
missed workdays and lost productivity in adults as well [6]. The evidence strongly suggests
that poor indoor air quality in schools can impact on the respiratory health of students.
Children are at greater risk of the development of respiratory diseases in poor environmental
conditions because their immune system is still developing [7-9].

Even though poor indoor air quality (IAQ) may have a role in exacerbation of allergic disorders
[10] the socio-economic status may also have a key role in the development and progress of
respiratory symptoms and asthma, especially in school students [11-13]. The influence of socio-
economic status could be explained by current and past individual exposures to lifestyle and
environmental factors [13].

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



Globally allergic diseases form a major health problem with increased incidence with time and
thus are with socioeconomic impact on individuals and community [14]. Health care delivery
for individuals with allergic diseases is insufficient and/or inadequate. Although, in the last
decades there is progress in allergic diseases research, still there is a gap in information related
to explore the underlying causes, therapies and eventual prevention [15-17]. Therefore, ‘Global
Allergy Forum’. participants concluded that there are numerous unmet clinical needs and millions
of patients are undertreated or not treated with the most appropriate methods.[14]. In many countries,
including Iraq, health care delivery accessibility to and affordability of effective therapeutic
approaches are not provided. The development of novel effective therapies for allergic diseases
is slow as compared to other medicine fields [14].

A new integrative approach is needed to understand how a complex network of immunolog‐
ical, genetic, and environmental factors leads to a complex allergic phenotype [15]. There is a
tremendous lack of knowledge regarding many unsolved issues, Apart from true lack of information,
there is a tremendous gap between actual existing knowledge and its effective application for the millions
of people in need [14]. Kirkuk, an area that characterised with high air pollution levels [18]. Since
action should be taken at various levels and through existing doctors, scientists, and lay
organizations to solve these problems, thus this study was performed to clarify the problem
levels in the above context. Informed consent taken from all girls included in the study and
the study protocol was approved by the ethical committee.

Objective: To:

Clarify the role of environmental and personal factors as risk factors for development of asthma
and allergy in secondary school students.

2. Materials & methods

2.1. Site of the study

Kirkuk, an Iraqi governorate that is located North-Western to Baghdad, with 1.200 000
inhabitants. An area that is characterised by production of oil and its products. The governorate
is with air pollution, which may be of health hazard in some areas of the governorate [18].

2.2. Study population

The study was carried out in two sites of Kirkuk Governorate. The first one was a secondary
school in Kirkuk city center, while the others (3 schools) located in Kirkuk rural areas. A total
of 594 girls included in the study, their age range from 12-22 years, with a mean age of 16.4
years. Of them, 387 (65.2%) were from urban and 207 (34.8%) were from rural areas.

2.3. Assessment of symptoms

The occurrence of symptoms and demographic characteristics was recorded by a self admin‐
istered questionnaire given directly to each student. The questionnaire requested information
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on personal factors, health status, physical activities, environmental exposures at present and
during childhood, and information on type of residence, type of ownership, house age, size of
the dwelling, number of subjects living in the house, type of ventilation, type of cooling, type
of heating, presence of animals in the house, presence of tree, grass, spider and wool in houses,
presence of cockroach and wall painting.

2.4. Statistical methods

Chi square test was determined using SPSS (version 16) to clarify the significance of differences.
Significance of differences in means were calculated by Students t test. In all statistical analyses,
two tailed tests and 5% level of significance were used. The influence of different factors on
the prevalence of asthma or allergy was analysed by both linear and logistic regression using
SPSS statistical package. Odd ratios with 95% confidence interval were calculated from the
logistic regression models.

3. Results

3.1. Asthma for whole study population

For all survey data (combined urban and rural), there was agreement between the two analysis
methods in demonstrating significant association between asthma development and risk
factors such as oil drinking; oil heating; fan cooling; child respiratory tract infection; child
exposure to agricultural dust and work; family history of asthma; child playing; menses
irregularity; depression; food allergy; heartburn; IBS; stress; house presence of wool, grass and
tree; family history of atopy; and presence of water cycle within house. However, there was
agreement between the two methods in relation to negative significant association between
crowding index; house ownership; air condition heating; electricity heating and asthma
development. Table 1

Variable
Regression Logistic regression

B P value B P value

Oil drinking 0.272 0.000 1.544 0.000

BMI 0.012 0.015 -0.057 0.068

Crowding index -0.050 0.000 -0.274 0.002

House ownership -0.297 0.000 -1.626 0.000

Oil heating 0.119 0.007 0.900 0.000

Gas heating 0.017 0.803 -0.014 0.973

Air condition heating -0.146 0.000 -0.731 0.003

Electricity heating -0.139 0.000 -0.483 0.037
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Variable
Regression Logistic regression

B P value B P value

Fan cooling 0.164 0.002 1.003 0.007

Air condition cooling -0.085 0.035 -0.418 0.067

Water cooling -0.022 0.615 -0.141 0.555

Animal exposure 0.077 0.123 0.423 0.079

Child exposure to smoking 0.066 0.177 0.348 0.145

Child respiratory tract infection 0.186 0.000 0.988 0.000

Child exposure to cockroach -0.022 0.566 0.061 0.766

Child residence 0.111 0.023 0.452 0.069

Child hitting -0.062 0.157 -0.343 0.181

Child exposure agriculture dust 0.171 0.001 1.012 0.001

Child agriculture work 0.149 0.002 0.891 0.003

Child physical activity 0.055 0.139 0.283 0.145

Family history of asthma 0.169 0.003 1.160 0.003

Family history allergic rhinitis -0.033 0.436 -0.187 0.426

Family history atopic dermatitis 0.039 0.384 0.342 0.161

Aspirin use -0.049 0.218 -0.627 0.010

School stress 0.038 0.429 0.011 0.966

Child playing 0.204 0.000 0.65 0.000

Cold sore -0.309 0.000 -20.571 0.996

Menses irregularities 0.187 0.000 1.107 0.000

Hirsutism 0.048 0.494 0.930 0.004

Anxiety 0.053 0.053 0.660 0.004

Depression 0.130 0.000 0.828 0.001

Psychological problem 0.312 0.000 -21.671 0.998

Social problem 0.064 0.200 0.876 0.061

Food allergy 0.758 0.000 5.396 0.000

Heart burn 0.241 0.000 2.426 0.000

Irritable 0.001 0.965 0.007 0.985

IBS 0.275 0.000 2.325 0.019

Stress 0.383 0.000 3.655 0.000

House animal 0.138 0.001 0.160 0.644

House cockroach -0.009 0.807 -0.829 0.061
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Variable
Regression Logistic regression

B P value B P value

House wool 0.195 0.000 1.144 0.000

House spider 0.063 0.102 0.803 0.001

House grass 0.126 0.000 0.864 0.000

House tree 0.220 0.000 1.496 0.000

Family history of atopy 0.150 0.000 0.812 0.001

Water cycle 0.201 0.000 0.871 0.000

Breast feeding -0.129 0.008 -0.371 0.122

Illiterate father -0.032 0.508 -0.199 0.462

Illiterate mother -0.028 0.543 -0.058 0.816

House painting -0.004 0.911 -0.126 0.568

Table 1. Comparison between regression and logistic regression for study population in relation to asthma.

3.2. Allergy for whole study population

For allergy development (any allergy) in study population, both models demonstrated
agreement of significant positive association with risk factors such as: animal exposure; family
history of allergic rhinitis and atopic dermatitis; school stress; child playing; anxiety; depres‐
sion; psychological problem; irritable personality; house presence of animal, wool, spider and
grass; family history of atopy and presence of water cycle within house. However, both models
agreed as that allergy development was with negative significant association with BMI;
crowding index; house ownership; breast feeding and mother illiteracy. Table 2

Variable Regression Logistic regression

B P value B P value

Oil drinking 0.456 0.000 21.851 0.996

BMI -0.030 0.000 -0.248 0.000

Crowding index -0.008 0.455 -0.151 0.043

House ownership -0.322 0.000 -2.763 0.000

Oil heating 0.042 0.382 0.741 0.009

Gas heating 0.301 0.000 21.136 0.997

Air condition heating 0.066 0.124 0.925 0.001

Electricity heating -0.054 0.194 -0.937 0.001

Fan cooling 0.184 0.001 0.428 0.114

Air condition cooling 0.060 0.153 0.451 0.047
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Variable Regression Logistic regression

B P value B P value

Water cooling 0.007 0.880 -0.148 0.558

Animal exposure 0.293 0.000 1.734 0.000

Child exposure to smoking 0.100 0.042 0.414 0.190

Child respiratory tract infection 0.330 0.000 20.361 0.996

Child exposure to cockroach 0.107 0.005 0.123 0.512

Child residence -0.039 0.415 -0.334 0.176

Child hitting 0.034 0.434 0.119 0.606

Child exposure agriculture dust -0.047 0.370 -0.060 0.823

Child agriculture work -0.059 0.224 -0.215 0.398

Child physical activity -0.052 0.162 0.006 0.975

Family history of asthma 0.031 0.571 0.554 0.177

Family history allergic rhinitis 0.291 0.000 2.208 0.000

Family history atopic dermatitis 0.126 0.004 0.675 0.023

Aspirin use 0.103 0.014 0.402 0.092

School stress 0.209 0.000 1.594 0.000

Child playing 0.223 0.000 1.792 0.000

Cold sore 0.056 0.356 1.097 0.015

Menses irregularities 0.057 0.204 -0.320 0.233

Hirsutism -0.102 0.166 -0.288 0.370

Anxiety 0.137 0.000 1.586 0.000

Depression 0.228 0.000 3.121 0.000

Psychological problem 0.220 0.002 3.176 0.000

Social problem -0.078 0.261 0.867 0.188

Food allergy 0.268 0.000 20.296 0.995

Heart burn 0.223 0.000 19.711 0.996

Irritable 0.162 0.000 1.849 0.000

IBS -0.073 0.367 17.829 0.998

Stress 0.217 0.007 18.841 0.998

House animal 0.121 0.002 0.576 0.036

House cockroach 0.074 0.048 0.485 0.066

House wool 0.129 0.000 0.905 0.000

House spider 0.194 0.000 1.780 0.000
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Variable Regression Logistic regression

B P value B P value

House grass 0.210 0.000 1.342 0.000

House tree -0.009 0.783 0.045 0.835

Family history of atopy 0.166 0.000 1.023 0.000

Water cycle 0.186 0.000 0.858 0.000

Breast feeding -0.250 0.000 -1.798 0.000

Illiterate father 0.049 0.322 0.486 0.074

Illiterate mother -0.091 0.048 -0.711 0.005

House painting 0.005 0.909 0.061 0.768

Table 2. Comparison between regression and logistic regression for study population in relation to allergy

3.3. Asthma for urban study population

When analysis performed for urban population, the two models demonstrated agreement on
significant positive association between asthma development and risk factors such as: oil
drinking; child respiratory tract infection; child hitting; child exposure to agricultural dust
band work; child physical activity; aspirin use; child playing and heartburn. However,
agreement between the two models demonstrated a significant negative association between
asthma development and risk factors such as: house ownership; air condition heating;
electricity heating; air condition cooling; presence of house cockroach, wool, and tree; and
family history of atopy. Table 3

Variable
Regression Logistic regression

B P value B P value

Oil drinking 0.555 0.000 2.421 0.000

BMI 0.000 0.948 -0.027 0.532

Crowding index 0.017 0.393 -0.280 0.048

House ownership -0.297 0.000 -1.259 0.000

Oil heating -0.024 0.645 -0.440 0.154

Gas heating 0.079 0.402 1.175 0.057

Air condition heating -0.283 0.000 -1.732 0.000

Electricity heating -0.146 0.004 -1.243 0.000

Fan cooling 0.226 0.163 18.081 0.999

Air condition cooling -0.258 0.000 -1.946 0.000

Water cooling -0.048 0.380 -0.063 0.844
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Variable
Regression Logistic regression

B P value B P value

Animal exposure 0.040 0.575 -0.293 0.452

Child exposure to smoking 0.081 0.179 0.456 0.202

Child respiratory tract infection 0.272 0.000 1.176 0.001

Child exposure to cockroach -0.032 0.519 0.111 0.677

Child residence 0.118 0.042 0.510 0.109

Child hitting 0.160 0.007 1.662 0.000

Child exposure agriculture dust 0.376 0.000 1.855 0.001

Child agriculture work 0.365 0.003 3.953 0.000

Child physical activity 0.149 0.005 1.338 0.000

Family history of asthma 0.249 0.001 -21.781 0.997

Family history allergic rhinitis -0.124 0.018 0.737 0.027

Family history atopic dermatitis 0.102 0.084 0.469 0.230

Aspirin use 0.274 0.000 1.510 0.000

School stress 0.020 0.751 -0.072 0.850

Child playing 0.169 0.003 1.639 0.000

Cold sore -0.526 0.000 -22.213 0.998

Menses irregularities 0.129 0.009 0.259 0.382

Hirsutism 0.199 0.075 22.857 0.997

Anxiety 0.140 0.000 0.370 0.223

Depression 0.064 0.089 0.472 0.096

Psychological problem -0.325 0.000 -21.881 0.997

Social problem 0.017 0.773 1.007 0.038

Food allergy 0.791 0.000 37.158 0.994

Heart burn 0.205 0.000 1.168 0.001

Irritable 0.073 0.102 1.270 0.000

IBS 0.304 0.000 -17.598 0.996

Stress 0.377 0.000 21.047 0.998

House animal 0.261 0.000 1.294 0.000

House cockroach 0.123 0.009 -0.769 0.004

House wool 0.200 0.000 1.211 0.000

House spider -0.017 0.733 -0.144 0.606

House grass -0.056 0.256 -0.374 0.166
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Variable
Regression Logistic regression

B P value B P value

House tree 0.312 0.000 1.727 0.000

Family history of atopy 0.298 0.000 1.626 0.000

Water cycle 0.083 0.145 0.060 0.816

Breast feeding -0.151 0.012 -0.297 0.264

Illiterate father -0.165 0.026 -0.619 0.083

Illiterate mother -0.049 0.466 -0.076 0.806

House painting -0.066 0.278 -0.400 0.152

Table 3. Comparison between regression and logistic regression for urban population in relation to asthma.

3.4. Allergy for urban study population

The two models agreement on positive significant association was achieved between allergy
development in urban population and risk factors such as: oil heating; animal exposure; child
exposure to cockroach; irritable personality; presence of house grass and family history of
atopy. However, agreement between the two models was achieved on significant negative
association between allergy development and risk factors such as: house ownership; electricity
heating; and child residence. Table 4

Variable
Regression Logistic regression

B P value B P value

Oil drinking 0.323 0.000 20.752 0.997

BMI -0.010 0.105 -0.142 0.014

Crowding index 0.054 0.001 0.160 0.402

House ownership -0.218 0.000 -2.452 0.000

Oil heating 0.192 0.000 1.265 0.000

Gas heating 0.185 0.019 18.463 0.998

Air condition heating 0.085 0.265 0.986 0.006

Electricity heating -0.132 0.002 -1.312 0.000

Fan cooling -0.222 0.095 -18.883 0.999

Air condition cooling -0.084 0.302 -0.139 0.659

Water cooling 0.111 0.023 -0.506 0.167

Animal exposure 0.180 0.001 0.850 0.042

Child exposure to smoking -0.033 0.475 -0.557 0.154
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Variable
Regression Logistic regression

B P value B P value

Child respiratory tract infection 0.289 0.000 20.430 0.996

Child exposure to cockroach 0.139 0.000 1.0656 0.001

Child residence -0.226 0.000 -0.851 0.005

Child hitting -0.073 0.116 2.545 0.000

Child exposure agriculture dust -0.055 0.495 22.336 0.997

Child agriculture work 0.074 0.442 21.654 0.998

Child physical activity -0.161 0.000 -0.274 0.433

Family history of asthma 0.067 0.247 15.993 0.996

Family history allergic rhinitis 0.131 0.212 1.345 0.003

Family history atopic dermatitis 0.196 0.288 20.620 0.995

Aspirin use 0.025 0.577 1.439 0.000

School stress -0.008 0.874 0.805 0.097

Child playing 0.230 0.000 19.881 0.996

Cold sore 0.093 0.236 -0.267 1.000

Menses irregularities -0.029 0.485 -0.322 0.240

Hirsutism 0.463 0.000 19.847 0.998

Anxiety -0.018 0.666 1.342 0.002

Depression 0.172 0.000 36.112 0.992

Psychological problem -0.273 0.000 -19.861 0.995

Social problem -0.296 0.000 -18.040 0.994

Food allergy 0.193 0.000 20.454 0.996

Heart burn 0.258 0.000 34.915 0.993

Irritable 0.162 0.002 2.428 0.000

IBS 0.039 0.677 17.404 0.998

Stress 0.011 0.906 -1.902 1.000

House animal 0.091 0.054 2.067 0.002

House cockroach 0.008 0.839 -1.249 0.003

House wool 0.032 0.439 -0.663 0.202

House spider 0.243 0.000 21.189 0.995

House grass 0.183 0.000 2.041 0.000

House tree 0.006 0.875 0.210 0.540

Family history of atopy 0.194 0.000 1.506 0.000
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Child hitting -0.073 0.116 2.545 0.000

Child exposure agriculture dust -0.055 0.495 22.336 0.997

Child agriculture work 0.074 0.442 21.654 0.998

Child physical activity -0.161 0.000 -0.274 0.433

Family history of asthma 0.067 0.247 15.993 0.996

Family history allergic rhinitis 0.131 0.212 1.345 0.003

Family history atopic dermatitis 0.196 0.288 20.620 0.995

Aspirin use 0.025 0.577 1.439 0.000

School stress -0.008 0.874 0.805 0.097

Child playing 0.230 0.000 19.881 0.996

Cold sore 0.093 0.236 -0.267 1.000

Menses irregularities -0.029 0.485 -0.322 0.240

Hirsutism 0.463 0.000 19.847 0.998

Anxiety -0.018 0.666 1.342 0.002

Depression 0.172 0.000 36.112 0.992

Psychological problem -0.273 0.000 -19.861 0.995

Social problem -0.296 0.000 -18.040 0.994

Food allergy 0.193 0.000 20.454 0.996

Heart burn 0.258 0.000 34.915 0.993

Irritable 0.162 0.002 2.428 0.000

IBS 0.039 0.677 17.404 0.998

Stress 0.011 0.906 -1.902 1.000

House animal 0.091 0.054 2.067 0.002

House cockroach 0.008 0.839 -1.249 0.003

House wool 0.032 0.439 -0.663 0.202

House spider 0.243 0.000 21.189 0.995

House grass 0.183 0.000 2.041 0.000

House tree 0.006 0.875 0.210 0.540

Family history of atopy 0.194 0.000 1.506 0.000
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Variable
Regression Logistic regression

B P value B P value

Water cycle -0.040 0.399 -0.195 0.599

Breast feeding -0.066 0.187 -0.931 0.030

Illiterate father -0.046 0.455 -0.285 0.517

Illiterate mother 0.003 0.964 -0.300 0.482

House painting -0.007 0.897 0.488 0.209

Table 4. Comparison between regression and logistic regression for urban population in relation to allergy.

3.5. Asthma for rural study population

In rural population, the two models demonstrated agreement on significant negative associ‐
ation between asthma and risk factors such as: BMI; and crowding index. Table 123. In addition,
agreement on significant association was achieved between asthma development and hirsut‐
ism. Table 5

Variable
Regression Logistic regression

B P value B P value

Oil drinking -0.064 0.265 -19.440 0.998

BMI -0.021 0.003 -0.881 0.011

Crowding index -0.037 0.001 -1.118 0.002

Oil heating 0.786 0.000 -60.025 0.997

Gas heating -0.143 0.107 -19.411 0.999

Air condition heating -0.286 0.082 -38.822 0.999

Electricity heating -0.143 0.013 -19.411 0.998

Fan cooling 0.143 0.002 19.411 0.997

Air condition cooling 0.143 0.273 19.431 0.999

Water cooling 0.143 0.032 19.411 0.998

Animal exposure 1.154 0.000 42.406 0.998

Child exposure to smoking -0.032 0.486 -17.840 0.998

Child respiratory tract infection 1.082 0.000 -41.887 0.998

Child exposure to cockroach 0.142 0.000 -18.718 0.998

Child hitting 0.222 0.000 0.908 0.151

Child exposure agriculture dust 0.064 0.033 17.147 0.996

Child agriculture work 0.052 0.116 5.250 1.000
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Variable
Regression Logistic regression

B P value B P value

Child physical activity -0.184 0.000 12.134 1.000

Family history of asthma -0.094 0.211 -1.864 1.000

Family history allergic rhinitis -0.054 0.394 -23.981 1.000

Family history atopic dermatitis 0.107 0.044 -7.652 1.000

Aspirin use 0.472 0.000 13.042 1.000

School stress 0.218 0.000 -18.989 0.998

Child playing -0.017 0.776 -0.163 1.000

Cold sore -0.248 0.000 -19.438 0.998

Hirsutism 0.367 0.000 2.794 0.000

Anxiety -0.036 0.351 54.328 0.991

Depression 0.179 0.000 -17.328 0.995

Food allergy 0.786 0.000 41.324 0.996

Heart burn 0.250 0.000 20.121 0.999

Irritable -0.214 0.000 -20.211 0.998

IBS 0.393 0.000 -20.211 0.999

Stress 0.250 0.000 ND

House animal 0.003 0.940 -37.041 0.997

House cockroach -0.052 0.389 -19.617 0.996

House wool 0.238 0.000 0.368 1.000

House spider 0.497 0.000 58.734 0.994

House grass 0.389 0.000 58.715 0.995

House tree 0.176 0.000 -1.643 1.000

Family history of atopy 0.172 0.000 18.587 0.994

Breast feeding 0.208 0.002 57.968 0.995

Illiterate father 0.280 0.000 56.884 0.993

Illiterate mother -0.078 0.097 -53.158 0.998

House painting 0.108 0.001 14.570 0.993

Table 5. Comparison between regression and logistic regression for rural population in relation to asthma.

3.6. Allergy for rural study population

Agreement on significant negative association was achieved between allergy development and
BMI. However, agreement between the two models on significant association between allergy
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Illiterate father 0.280 0.000 56.884 0.993

Illiterate mother -0.078 0.097 -53.158 0.998

House painting 0.108 0.001 14.570 0.993

Table 5. Comparison between regression and logistic regression for rural population in relation to asthma.

3.6. Allergy for rural study population

Agreement on significant negative association was achieved between allergy development and
BMI. However, agreement between the two models on significant association between allergy
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development and risk factors such as: family history of asthma; aspirin use; anxiety; presence

of house wool and spider. Table 6

Variable
Regression Logistic regression

B P value B P value

Oil drinking 0.631 0.000 23.963 0.997

BMI -0.051 0.000 -0.485 0.000

Crowding index -0.039 0.029 -0.155 0.097

Oil heating 0.476 0.047 -1.598 0.085

Gas heating 0.429 0.007 21.141 0.999

Air condition heating -0.476 0.106 -0.528 1.000

Electricity heating 0.095 0.353 0.944 0.028

Fan cooling 0.071 0.388 -0.069 0.834

Air condition cooling -0.095 0.684 -0.944 1.000

Water cooling 0.571 0.000 21.264 0.998

Animal exposure 0.580 0.002 21.608 0.999

Child exposure to smoking 0.292 0.017 20.680 0.998

Child respiratory tract infection -0.110 0.555 -0.592 1.000

Child exposure to cockroach -0.009 0.915 0.065 0.857

Child hitting 0.154 0.049 0.446 0.212

Child exposure agriculture dust 0.057 0.469 -0.613 0.163

Child agriculture work 0.058 0.511 1.488 0.001

Child physical activity 0.001 0.984 0.680 0.045

Family history of asthma 0.326 0.009 1.535 0.018

Family history allergic rhinitis 0.671 0.000 38.009 0.997

Family history atopic dermatitis -0.158 0.072 -0.066 0.905

Aspirin use 0.470 0.000 1.298 0.006

School stress 0.548 0.000 21.173 0.998

Child playing -0.072 0.499 -19.038 0.998

Cold sore -0.308 0.003 -0.238 0.695

Hirsutism -0.062 0.486

Anxiety 0.305 0.001 2.397 0.000

Depression 0.321 0.001 37.191 0.996

Food allergy 0.214 0.035 20.571 0.998

Heart burn 0.250 0.115 1.421 1.000

Irritable 0.214 0.035 20.571 0.998

IBS -0.107 0.616 20.571 0.999
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Variable
Regression Logistic regression

B P value B P value

Stress 0.150 0.115 1.421 1.000

House animal -0.074 0.430 0.560 0.207

House cockroach 0.175 0.200 20.656 0.998

House wool 0.425 0.000 1.907 0.000

House spider 0.314 0.013 1.132 0.040

House grass -0.017 0.901 -0.367 0.541

House tree -0.064 0.355 -0.452 0.159

Family history of atopy 0.070 0.474 0.868 0.021

Breast feeding -0.309 0.037 -20.495 0.998

Illiterate father 0.269 0.004

Illiterate mother -0.269 0.012 -0.267 0.424

House painting 0.045 0.552 -0.119 0.717

Table 6. Comparison between regression and logistic regression for rural population in relation to allergy

4. Discussion

Rates of asthma morbidity and mortality are increasing [4] and this increase contributed to
environmental exposure. Asthma is a complex multifactorial disease in which allergic factors
and non-allergic triggers interact, resulting in bronchial obstruction and inflammation [19].
Asthma is the leading chronic disease of children in industrial countries; however, the disease
is also common in children in developing countries [19], and may be extended to involve
adolescent. The pathogenesis and underlying causes of childhood asthma is not fully under‐
stood, however, early life environmental exposure and life style may be implicated in the
etiology of asthma [20,21]. Sensitization induced by allergens is essential step for the devel‐
opment of asthma, however, asthma exacerbation correlated to outdoor and indoor allergens,
while indoor allergens influence disease prevalence and severity [22] However, timing of such
environmental exposure during early development may also be important in allergic sensiti‐
zation and later asthma development [23]. Early exposure to endotoxin from farm environ‐
ments has been associated with reduced childhood asthma risk [24], however, endotoxin
exposure later in life may increase asthma occurrence especially in agricultural settings [25].

In the present study, influenza and common cold cause allergic disease exacerbation in 46.8%
of secondary school girls. In addition, stress was the predominant (66%) factor that exacerbates
allergy in secondary school girls, followed by outdoor air pollution (55.3%), animal exposure
(36.2%) and house dust (34%). This finding agreed with literature that implicate viral infec‐
tions, rather than bacterial infections as exacerbating factor for asthma [26,27]. However, with
increasing age asthma exacerbation was mainly associated with other factors such as exercise
due to decline in trigger role of respiratory infections with age in children [28].
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Regression Logistic regression

B P value B P value
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and non-allergic triggers interact, resulting in bronchial obstruction and inflammation [19].
Asthma is the leading chronic disease of children in industrial countries; however, the disease
is also common in children in developing countries [19], and may be extended to involve
adolescent. The pathogenesis and underlying causes of childhood asthma is not fully under‐
stood, however, early life environmental exposure and life style may be implicated in the
etiology of asthma [20,21]. Sensitization induced by allergens is essential step for the devel‐
opment of asthma, however, asthma exacerbation correlated to outdoor and indoor allergens,
while indoor allergens influence disease prevalence and severity [22] However, timing of such
environmental exposure during early development may also be important in allergic sensiti‐
zation and later asthma development [23]. Early exposure to endotoxin from farm environ‐
ments has been associated with reduced childhood asthma risk [24], however, endotoxin
exposure later in life may increase asthma occurrence especially in agricultural settings [25].

In the present study, influenza and common cold cause allergic disease exacerbation in 46.8%
of secondary school girls. In addition, stress was the predominant (66%) factor that exacerbates
allergy in secondary school girls, followed by outdoor air pollution (55.3%), animal exposure
(36.2%) and house dust (34%). This finding agreed with literature that implicate viral infec‐
tions, rather than bacterial infections as exacerbating factor for asthma [26,27]. However, with
increasing age asthma exacerbation was mainly associated with other factors such as exercise
due to decline in trigger role of respiratory infections with age in children [28].

Allergic Diseases - New Insights112

Exposure to various constituents including tobacco smoke, wood smoke, air-born allergens,
dust mites, mould, and other indoor pollutants is known or suspected to trigger wheezing or
exacerbate asthma in children [27]. The level of exposure to these compounds differs in regional
Iraq from the situation in developed societies, as children spend more time outdoors with
increasing age. Despite the increased exposure to asthma triggers, there are few population-
based data examining whether exposure to environmental factors may be associated with
asthma in Iraqi adolescent.

Exposure to chemical substances and pesticides exacerbate asthma attack in 53.2% of cases
with allergy. Taking these together with air pollution suggest that allergy exacerbated in all
cases with these factors, indicated the importance of pollution in the control of allergic diseases.
Furthermore, these findings clarify that Kirkuk governorate is an area with high pollution,
which warranted application of pollution control program. There is no population based study
for adolescent girls in Iraq to compare with. However, there was a population based study in
children [4].

Alsamarai et al [4] found that exposure to wood, oil smoke, cats, dogs, herbicides or pesticides,
and animal and farm environments were associated with an increased risk of asthma among
children in Samara city, Iraq. The findings suggest that the aetiology of childhood asthma is
complex and may include both early life environmental exposure and early allergic sensitiza‐
tion. Combustion of wood liberates nitrogen dioxide, carbon monoxide, sulfur dioxide and
particulate matter, all of which have been associated with increased respiratory illness [29].

Exposure to oil smoke has been shown to significantly increase the risk of asthma [30], while
particles from wood combustion significantly reduced lung function in elementary school
children [31]. The present study indicated that oil heating was a significant risk factor for
asthma development in adolescent girls. In contrast, both air condition and electricity heating
were with negative impact on asthma development in adolescent girls. The results of this study
are consistent with previous observations showing that early transient wheezing and/or
increased airway reactivity in children and exposure to products of combustion may be
important in the pathophysiology of asthma [20,32,33]. The girls exposure to animal exacerbate
allergic diseases. However, animal exposure was not shows a significant association with
asthma development for whole data and when sub divided into urban and rural community.
Although, animal exposure was an important risk factors for allergy development in urban,
rural and whole study population. Alsamarai et al [4] observed associations between exposure
to cats and dogs and childhood asthma which are consistent with other studies [20,34-37], but
contrast with other studies which found pets were protective [38,39]. Presence of cats, dogs,
sheep and / or cattle with the house were with significant association with asthma development
in secondary school girls in Kirkuk. A review of 32 articles suggested anon-significant increase
in asthma risk of 11% was associated with the presence of pets in the first two years of life [40].
However, it is difficult to explore the association between exposure to pets and childhood
asthma, even in prospective studies, because of issues of temporality and possible confounders
associated with keeping pets [20].

A positive association has been reported between asthma among adults and the use of
herbicides and pesticides [41,42], although data on pesticide exposure and childhood asthma
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are limited [20]. In the present study, exposure to either pesticides or herbicides was associated
with an increased risk of asthma in adolescent girls. These results are consistent with report
concerning primary school children in Iraq [4] and other geographical areas [20,43]. Several
studies have suggested a reduced risk of asthma with exposure to a farming environment in
early life [44]. It has been suggested that exposure to a farming environment causes higher
levels of exposure to bacterial endotoxin, eventually leading to the production of several
cytokines that shift the balance towards the Th1- over Th2- mediated immunity, thereby
reducing asthma risk [24]. In the present study and previously reported one in Iraq [4], such
an inverse association with farm exposure was not evident, as there was a significantly
increased risk of asthma in adolescent girls and children with farm-related exposure. In
contrast, previous studies have reported that growing up in a farming environment is
associated with an increased risk of asthma and that endotoxin exposure may increase asthma
risk [20]. The discrepancy between studies may be due to differences in farming practice, crops,
lifestyle and other "rural" factors that differ between this Iraqi environment and that in Europe
and other regions from which previous reports originated. A further difference in Iraq may be
the proximity of stables to the home and time spent in stables [24]; in this population stables
were mostly attached to the family home and sometimes located within the house.

The protective effect of breastfeeding on the development of asthma has raised substantial
interest, but the scientific evidence relating to the effect of breastfeeding is controversial [45].
The epidemiological studies have provided controversial results showing negative association
consistent with a protective effect, whereas some studies have reported either no association
or a positive association between the duration of breast-feeding and the risk of asthma [46-48].
The present study indicated that breastfeeding is with a protective effect on development of
asthma and allergy in secondary school girls. In contrast, breastfeeding is a risk factor for
asthma development in Iraqi children [4]. Both methodological issues and the complexity of
the phenomenon may be responsible for these contrasting results [49]. Differences in several
factors, including; the age at which various diseases were experienced, hereditary factors as
well as environmental factors may influence the association between breast-feeding and the
development of asthma, thus explaining the conflicting results reported to date. The finding
of the present study may differ from that reported for developed countries because of
variations in the duration of breast-feeding; generally about two years in Iraq. In addition,
there is the potential for incorporation of local environmental pollutants into breast milk.

The duration of breast-feeding varies substantially in the reported studies, which becomes
critical when fitting the variable if the relation is non-linear as previously suggested [49]. The
duration of follow up and the age of onset of asthma are also important, as if breast-feeding
could delay the onset of asthma, the prevalence of current asthma would be lower among
breast-fed than non-breastfed young children, but similar in later life [19]. There is evidence
that hereditary asthma or atopic disease [49] and exposure to environmental factors can modify
the relation between the duration of breast-feeding and the risk of asthma. [4]. The controver‐
sial results referred to above may relate to the non-linear relation between the duration of
breastfeeding and the risk of asthma [49].
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The finding in this study is of a significant association between food allergy and asthma in
adolescent girls is consistent with that reported by others in children [50]. Similarly, the
association between a family history of atopy and asthma and developing asthma, with the
association higher for asthma than for atopy was consistent with findings of others [4,51,52].
These study findings strengthen earlier reports suggesting that genetics might play an
important role in the development of asthma in childhood [53], with parental asthma being
the strongest determinant of asthma. The current study also adds to the literature suggesting
that exposure to environmental tobacco smoke increases the risk of adolescent and childhood
asthma [4,53].

Reported studies suggest that home environment may act as a risk factor for triggering of
asthmatic attach and/or asthma development [54-56], in addition violence may be an asthma
attack risk factor [57]. The present study indicated that child hitting by their parents was a
significant risk factor for asthma development in urban and rural population when analyzed
separately. In addition, stress was a significant risk factor for asthma development in Kirkuk
adolescent girls.

Inflammatory mediators released as an outcome of stress and subsequently potentiate allergen
induced responses [57,58]. Asthma may be prevented by primary and secondary approaches,
however, the physicians mostly relies on performing secondary prevention approach. Our
present study indicated that the predominant exacerbating factors are stress, pollution and
animal exposure, all can be controlled through a healthcare and social programs and health
education.

Studies in literature indicated an association between indoor and outdoor air pollutants and
the evidences of such association were variable between the studies [59-66].

The present study indicated that smoking was responsible for exacerbation of allergic diseases
in 19.1% of adolescent girls. However, child exposure to tobacco smoke is not a significant risk
factor for development of asthma and other allergic diseases in adolescent girls. But when the
data is collected together, linear regression analyses and not logistic regression analyses, shows
a significant association between tobacco smoke exposure during childhood and development
of allergic diseases [any one] in adolescent girls. In a previous study reported for Iraq, family
history of smoking was associated with asthma (OR=1.52, 95% CI 1.17-1.97; P=0.001) [4].

Other studies suggested the association between asthma development and exacerbation and
exposure to tobacco smoke [67-86].

The Institute of Medicine concluded that cockroach allergens are causally related to asthma
attacks. [63] Our present study indicated that exposure to cockroach form 12.8% as exacerbat‐
ing factor of asthma in adolescent girls. In addition, cockroach exposure during childhood was
with significant association to development of allergy in Kirkuk population (Linear regres‐
sion), urban population (Linear and Logistic regression), and rural community (Linear
regression). Furthermore, present house presence of cockroach was significant risk factor for
development of allergy in Kirkuk population (Linear regression), urban community (Logistic
regression), but not for rural community. This could be explained on the basis that the density
of cockroach is more in urban than in rural communities. In Kirkuk urban community, present
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house presence of cockroach was with highly significant association with asthma development
(Linear and Logistic regression) in adolescent girls.

Our present study indicated that mold was responsible for 17% as exacerbating factor for
asthma in adolescent girls a finding that was consistent to that reported by others [63,66]. By
using both Linear regression and Logistic regression models, asthma development in adoles‐
cent girls in Kirkuk, Iraq, was with positive association with risk factors that include: oil
drinking during childhood, oil heating, fan cooling, child respiratory tract infection, child
exposure to agricultural dust and work, family history of asthma, child activity, depression,
food allergy, heartburn, IBS, stress, presence of house wool, presence of grass and tree within
house, family history of atopy, and presence of water cycle within house. However, when the
data of urban and rural communities were analyzed separately, asthma development in urban
community was associated with risk factors such as child respiratory tract infections, child
hitting by his parents, child exposure to agriculture dust and work, child activity, aspirin use,
heart burn, house presence of animal and cockroach, family history of atopy, and ho, family
history of atopy, and house presence of wool and tree. The pattern for risk factors for asthma
development in adolescent girls rural community was different, indicating that there are
differences in risk factors influence between urban and rural population.

Several risk factors have been identified as protective against asthma. The present study
indicated an inverse association between crowding index and development of asthma in
adolescent girls (Linear regression), urban population (Logistic regression), and rural popu‐
lation (Linear and logistic regression). The same pattern was demonstrated for allergic diseases
pooled together. Ball et al [56] showed that exposure of young children to older children at home or
to other children in child care settings protects against the development of asthma and frequent wheezing
later in childhood. They hypothesized that within the first 6 months of an infant’s life, the immune
response of children without atopy shifts from one associated predominantly with type 2 helper T cells,
such as that in adults with atopic illnesses, toward one based more on cytokines derived from type 1
helper T cells, such as that in adults without atopy. [56,87] This could explain the prominent
association between crowding index and asthma development in rural community in our
study, since early exposure of young children to old one are more common in rural community.
Riedler et al [88] study suggest that early-life long time exposure to stables and farm milk
induces a strong protective effect against development of asthma, hay fever, and atopic
sensitization. An interesting findings of this study was that house ownership, air condition
heating, child residence in rural area, electricity heating, and breast feeding were acting as
protective factors for development of asthma and allergic diseases in adolescent girls living.

The present study findings and the reported studies have documented that a decrease in
allergic impact of environmental exposure can be achieved by application of specific inter‐
ventions and subsequently may control asthma attack. However, many children and their
families, particularly children who live in poverty and rely on emergency departments as their
primary source of health care, and the decline in healthcare delivery in Iraq after the American
invasion, may not be receiving adequate counseling about how to avoid environmental
exposures. Furthermore, performing a campaigns of educational programs for parents and
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Our present study indicated that mold was responsible for 17% as exacerbating factor for
asthma in adolescent girls a finding that was consistent to that reported by others [63,66]. By
using both Linear regression and Logistic regression models, asthma development in adoles‐
cent girls in Kirkuk, Iraq, was with positive association with risk factors that include: oil
drinking during childhood, oil heating, fan cooling, child respiratory tract infection, child
exposure to agricultural dust and work, family history of asthma, child activity, depression,
food allergy, heartburn, IBS, stress, presence of house wool, presence of grass and tree within
house, family history of atopy, and presence of water cycle within house. However, when the
data of urban and rural communities were analyzed separately, asthma development in urban
community was associated with risk factors such as child respiratory tract infections, child
hitting by his parents, child exposure to agriculture dust and work, child activity, aspirin use,
heart burn, house presence of animal and cockroach, family history of atopy, and ho, family
history of atopy, and house presence of wool and tree. The pattern for risk factors for asthma
development in adolescent girls rural community was different, indicating that there are
differences in risk factors influence between urban and rural population.

Several risk factors have been identified as protective against asthma. The present study
indicated an inverse association between crowding index and development of asthma in
adolescent girls (Linear regression), urban population (Logistic regression), and rural popu‐
lation (Linear and logistic regression). The same pattern was demonstrated for allergic diseases
pooled together. Ball et al [56] showed that exposure of young children to older children at home or
to other children in child care settings protects against the development of asthma and frequent wheezing
later in childhood. They hypothesized that within the first 6 months of an infant’s life, the immune
response of children without atopy shifts from one associated predominantly with type 2 helper T cells,
such as that in adults with atopic illnesses, toward one based more on cytokines derived from type 1
helper T cells, such as that in adults without atopy. [56,87] This could explain the prominent
association between crowding index and asthma development in rural community in our
study, since early exposure of young children to old one are more common in rural community.
Riedler et al [88] study suggest that early-life long time exposure to stables and farm milk
induces a strong protective effect against development of asthma, hay fever, and atopic
sensitization. An interesting findings of this study was that house ownership, air condition
heating, child residence in rural area, electricity heating, and breast feeding were acting as
protective factors for development of asthma and allergic diseases in adolescent girls living.

The present study findings and the reported studies have documented that a decrease in
allergic impact of environmental exposure can be achieved by application of specific inter‐
ventions and subsequently may control asthma attack. However, many children and their
families, particularly children who live in poverty and rely on emergency departments as their
primary source of health care, and the decline in healthcare delivery in Iraq after the American
invasion, may not be receiving adequate counseling about how to avoid environmental
exposures. Furthermore, performing a campaigns of educational programs for parents and
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individual with asthma about environmental controls may play an important role in asthma
prevention, control and management [89-91].

To prevent unnecessary exposures to outdoor air pollution, clinicians may provide appropriate
guidance to asthmatic subjects and their parents regarding exercise during periods of high
pollution. With proper management, many environmental exposures can be decreased. [92]

Some researchers have shown links between exposure to allergens, pollutants and respiratory
symptoms, while in contrast some other researchers have demonstrated that better hygiene
and clean indoor environment may contribute to the increased prevalence of allergic diseases
and respiratory symptoms. The present study will enhance our understanding and knowledge
with regard to the two different hypotheses related to asthma and respiratory symptoms.

The study is significant for several reasons: (1)- Address the influence of different variables on
prevalence of respiratory symptoms among secondary school students in Iraq. (2)- Assess the
extent to which personal, environmental, socio-economic factors and indoor air pollution will
affect the prevalence of respiratory symptoms in school students. (3)- Enhance our knowledge
and understanding about the two contrasting theories; the hygiene theory and the theory that
higher exposure to air pollutants and allergens is related to asthma and respiratory symptoms.
(4)- Summarize the preventive measures to reduce exposure to air pollution and allergens in
school environments located in different and also efforts in improving indoor air quality of
schools thus reducing the absenteeism and respiratory symptoms in students.(5). Clarify the
air pollution impact on health of Kirkuk community.
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1. Introduction

The prevalence of allergies has dramatically and rapidly increased over the past decades in
areas with a “westernized” or “industrialized” lifestyle. This increase and the dichotomy in
the rate of allergic disease between industrialized and developing countries are two lines of
evidence suggesting that environmental changes are a major factor in the development of
allergies. There is mounting evidence that the microbiota is a key environmental factor that
influences oral tolerance. Alterations in the sequential establishment of gut microbiota
observed in western countries could therefore be responsible for a T-helper balance deviation
toward a Th2 profile, a major factor in the rise of allergic diseases. Likewise treatment with
broad spectrum antibiotics in infancy leading to microbiota alterations and dysbiosis, is
associated with increased susceptibility to allergy [1]. Indeed recent epidemiological studies
have linked factors influencing microbiota establishment and risk of allergy [2,3]. Hence,
increasing evidences suggest that the composition of the microbiota influences intestinal
barrier functions [4,5] and both local [6] and systemic immune responses [7]. A specific
signature of the microbiota has been associated with allergy sensitivity [8-10]. This hypothesis
has been confirmed by studies using mice models which have shown that the gut microbiota
is likely to play a role in the development of oral tolerance. We and other have shown that the
lack of gut microbiota in germ free mice is associated with the development of Th2 and IgE
responses to dietary antigens [11,12]. The specific gut microbiota observed in mice with food
allergy by Noval-Rivas et al was able of transmitting disease susceptibility to naive germ-free
recipients [9]. In humans, several studies highlighted differences in the composition of
bacterial communities in the feces of subject with or without allergic diseases; however,
available epidemiological studies remain controversial [13]. Numerous studies support that a
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low diversity of the gut microbiota in infancy is important, more than the prevalence of specific
bacterial taxa but this low diversity can also be attributed to specific bacterial group, such as
Bacteroidetes and Proteobacteria [14-17]. Interestingly, Ling et al described distinct alterations of
the gut microbiota in IgE and non-IgE mediated food allergy [18]. Despite discrepancies
between clinical studies, the likely relationship between the intestinal microbiota and allergy
assess the usefulness of modulation of the gut microbiota that may help prevent and manage
allergic diseases. This notion supports the use of probiotics, prebiotics and symbiotics.

If present results of clinical trials do not allow concluding unambiguously in favor of probi‐
otics, studies have shown the benefits of this approach, justifying further research in this
direction [13,19-21]. Recent reviews reported studies showing the beneficial effects in the
prevention of atopic dermatitis [19-21]. Prevention of respiratory allergies also seems possible
[21]. Differences between studies are most likely due to differences in the populations studied
- in terms of type of allergy, evolutionary stage of the disease, environment, genetic back‐
ground - but also to the various probiotic used in terms of strain, dose, duration and time of
administration in relation to the development of allergy, and finally the follow-up period [13,
19]. The combined prenatal and postnatal administration of probiotics appears more effective
[21]. However, the conflicting results reported today do not allow the recommendation of the
use of probiotics in prevention of allergy by expert committees. Despite the promising results
on prevention and treatment of allergic diseases by various strains, EFSA did not delivered
favorable opinions on requests. Progress in our basic knowledge of probiotic strains, in strain
selection, and in understanding their mechanisms of action is needed to give credibility to the
health claims made for probiotics and especially for the design of efficacious therapeutic
agents. For these reasons, animal models constitute unavoidable tools for biomedical research.
They are used for their potential to mimic the human disease process, and allow better
understanding of key events of allergic disease development.

2. Animal models of food allergy, asthma and atopic dermatitis

In this chapter, only animal models that have been used to characterize the impact of probiotics
on allergy will be described.

The impact of probiotics on allergy – including food allergy, asthma and atopic dermatitis –
was mainly studied on small laboratory animals (mice and rats), but domestic animals, as dogs
and piglets, were also used. It is important to carefully choose animal model because it can
deeply affect the study. Indeed, genetic predispositions condition IgE responsiveness [22].

2.1. Rodent models

2.1.1. Mice model

Mice are the first model organism because of its easy reproduction and its low cost of main‐
tenance. This model does not completely mirror the human but it shares with him similar
mechanisms of immune regulation, notably in T cell polarization [23]. These animals have the
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capacity to produce IgE and IgG1 antibodies, and, depending on their genetic background,
strains can be divided into high or low IgE responders [22]. There are also differences in their
ability to produce Th1 and Th2 cytokines.

Murine models of food allergy and asthma have been investigated in several strains, including
BALB/c, C57BL/6 and C3H/HeJ. BALB/c strain is the most commonly used in models of
experimental induced allergy. Indeed, BALB/c mice develop a strong Th2 response following
sensitization and challenge with an allergen, with higher levels of allergen-specific IgE. It can
be explained by a genetic predisposition towards the development of Th2 cells, implicate in
allergy process [24]. This bias is caused by the loss of functional IL-12 receptor which leads to
promote the generation of IL-4-producing cells. Indeed, IL-12 favors the generation of Th1
effector cells which antagonize the effects of IL-4 [25]. Many authors have succeeded to
sensitize BALB/c mice with different allergens, such as ovalbumin (OVA) [26,27], ovomucoid
[27] and β-lactoglobulin [28]. However, according to protocols, teams have obtained conflict‐
ing results. For instance, Morafo et al have demonstrated that BALB/c mice failed to produce
cow’s milk-specific IgE and did not reproduce symptoms after cow’s milk challenge [29].

C57BL/6 mice are intermediate IgE responders [22] and have been used successfully in allergen
challenge studies [30-32]. C57BL/6 strain has the advantage of being stable and having its
genome entirely sequenced. Moreover, the most available knock-out strains mice are created
on C57BL/6 genetic background.

C3H/HeJ strain is also used [33-35]. It has a mutation in the gene tlr4 which recognize LPS.
This loss of function leads to a higher susceptibility to allergy, with a skewing of the cytokine
response to a Th2 phenotype and an aggravated anaphylactic reaction [36,37]. C3H/HeN strain,
which don’t have this mutation, is also used to obtain an anaphylactic response [11].

One study has compared these three mice strains in a model of asthma [38]. After immuniza‐
tions to OVA/alum, BALB/c strain develops an α-actin smooth muscle hyperplasia and an
airway responsiveness which was more important than in C57BL/6 and C3H/HeJ. These results
have been confirmed by Van Hove et al. [39]. The choice of the murine strain is therefore of
great importance, and must be determined in accordance with objectives. Hence, in food
allergy, BALB/c and C3H/HeJ strains are more relevant to study sensitization with a high IgE
response and anaphylaxis, respectively [29].

Strain NC/Nga, firstly developed by Matsuda et  al  in 1997,  is  widely used in models of
atopic dermatitis (AD) [40]. Inbred NC/Nga can develop skin lesion similar clinically (on
face, neck, ears, nose and dorsal skin) and histologically (with an increase of the number
of mast cells and CD4+T cells, and infiltration of numerous eosinophils) to human. IgE levels
increase in association with clinical severity. These symptoms and signs appear when the
mice  are  raised  under  conventional  conditions,  and  not  under  specific  pathogen-free
conditions, environmental factors provoking AD-like signs [41]. BALB/c strain has also been
used for this application [42].
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2.1.2. Rat model

The rat is another small animal model to examine food allergy, but it is few implemented
[43-45]. Due to the size of this species, it is possible to monitor within individual animals the
kinetics of specific serum antibody responses. They have the capacity to produce IgE and IgG2a
antibodies [46]. The Brown Norway strain is a suitable model with a high-IgE response after
oral sensitization [47,48]. However, Dearman et al [49] have showed that the ability of this
strain to mount IgE responses is somewhat variable and subject to a number of influences
including environmental conditions and/or sub-clinical infection. Sprague-Dawley strain has
also been used to test the impact of probiotic supplementation [44].

2.2. Large animal models

Swine and dogs are an example of large animal models that have been investigated for
allergy. They are less commonly used because they are most expensive than rodents and
their housing is uneasy. However, in many aspects, closer similarities exist between these
large animal species and humans. First, dog’s gut anatomy and physiology and nutrition‐
al requirements are similar to humans [50]. Second, atopic dogs share many allergies with
human.  Indeed,  it  develops  spontaneously  allergic  reaction to  dust  mites  and foods for
example, with an incidence of 10% [51]. In this way, dogs present frequently IgE-mediat‐
ed food hypersensitivity,  with clinical  symptoms comparable to those of  human includ‐
ing gastrointestinal and dermatologic reactions. Of this fact, this model can be utilized for
mimicking and characterizing mechanisms involved in the development of food allergies
in children. To the best of our knowledge, up to now, the impact of probiotics has been
only study on atopic dermatitis [52,53].

Only two teams used swine model within the framework of food allergy [54] and asthma [55].
Swine presents a number of important advantages for study allergy. Indeed, they have a
similarity with young children in terms of size, organ development, intestinal physiology,
whether anatomically or histologically, mucosal immunity and disease progression [56]. They
are able to produce IgG and IgE [51].

3. Protocols of allergic sensitization

Multiple methods are used to induce allergy in animal models. Differences between protocols
consist of the nature and dose of the allergen, and the strategy used to sensitize the animal
prior to challenge (route of exposure and use or not of an adjuvant). The number of sensitiza‐
tions is also extremely variable from one study to another, between 1 and 4 per week, during
1 from 8 weeks, according to the model, the use or not of an adjuvant, and the route of exposure
(Tables 1 to 3).

3.1. Allergens

Many allergens are used to sensitize the different animal species. Ovalbumin (OVA), the main
protein found in egg white, is used in more than 50% of publications on probiotic and allergy.
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Other major allergens are peanut extract in food allergy [30,35,43,57], birch pollen from Betula
verrucosa (Bet v 1) [58-60] and house dust mite Dermatophagoides pteronyssinus (Der p) [32,61,62]
in asthma. The capacity to induce the immune system to produce IgE antibodies, elicit allergic
symptoms, and bind to allergen-specific IgE depend of allergen [63]. For example, by oral
route, the allergenic potential of peanut extract is far higher than the one of cow’s milk [63],
and egg, Brazil nut and spinach [64]. The different allergens induce different types of antibody
isotype patterns, whether it be IgG1, IgG2a, IgE and IgA. The allergenic potential of these
molecules depends on the size and physicochemical properties of the protein, the glycosylation
status, the biologic and enzymatic activities and the way in which the protein is processed and
presented to the immune system [64]. Moreover, all mice strains are not susceptible to the same
allergens. For example, BALB/c genetic background is completely resistant to peanut-induced
anaphylaxis unlike C3H strain [37]. Experimental and clinical data indicate a difference in
gender susceptibility to allergic inflammation [65,66]. These differences appear to vary with
the route of administration used (see 3.2).

The dose of allergen and its frequency of administration are also important parameters in the
magnitude of the immune response. Kroghsbo et al [27] have orally immunized BALB/c mice
with a low (0.5 mg) or a high (5 mg) dose of OVA. Results revealed that the OVA dose had no
impact on the production of IgG1 and IgA, but had an impact on production of IgG2a and IgE,
with a higher level obtained with the higher dose of allergen. Nevertheless, the allergen dose
administered should not be too high. Indeed, a high-dose of allergen can be associated with
an induction of tolerance, while low-dose is known to induce sensitization [51,67]. In addition
to the dose, the frequency of antigen exposure plays also a role. Nelde et al have showed that,
after intraperitoneal (IP) sensitization of BALB/c mice, IgE synthesis was best induced by
increasing the frequency of OVA application with low-dose than with few exposures with high
doses [68]. The magnitude of the sensitization therefore depends on the type and the dose of
the used allergen, but also on the route of administration (see below).

3.2. Route of exposure

The route by which antigen is administered has its advantages and disadvantages, and affects
both the magnitude and the type of response obtained. It must be chosen depending on the
purpose of the study. The route of delivery to animals should closely look like about the
projected route of administration to humans. The most common routes for allergen adminis‐
tration are oral, IP and epicutaneous (EC) routes. Intra-nasal (IN) - for administration of
pneumallergen in model of asthma [69], intra-tracheal (IT) [55], and subcutaneous routes (SC)
[55,59,60,62,70,71] are more rarely employed.

3.2.1. Oral route

To model food allergy, antigen administration via the gastrointestinal tract – in other words,
by gavage (IG) – provides clear ties to the human condition, and it is thus very relevant for
exposure to food antigens. Additionally, it has the advantage of being economical, convenient,
and relatively safe. Oral route also allows testing different allergens to evaluate their allergenic
potential [64]. Oral immunization does not discriminate between males versus females, with
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no differences in their level of Th1 (i.e. IgG2a) or Th2 -associated (i.e. IgE and IgG1) antibodies
[65]. This route can be used for sensitization studies [30,33-35,43-45,72-75] but also for tolerance
studies [76-78]. Consequently, this route is principally used to study the impact of probiotics
on food allergy.

3.2.2. Intraperitoneal route

The intraperitoneal administration is a common technique in laboratory rodents. It can be used
to administer large volumes of fluid safely, unlike oral route which only tolerate low volumes
[79]. The pharmacokinetic of substances administered by this route is closed to those seen after
oral administration, with a passage by the liver. Special care must be taken regarding the
injected substances which should be sterile, isotonic and nonirritating. There are differences
in sensitization according to the gender when this route is applied. Bonnegarde-Bernard et al
have therefore showed that female mice C57BL/6 sensitized by intraperitoneal route develop
higher level of allergen-specific IgE, IgG2a and IgA than males [65]. This route is used in
experimental murine models of food allergy and asthma, in sensitization or tolerance induction
studies [80-83].

3.2.3. Epicutaneous route

Some substances can also be administered directly to the skin surface (epicutaneous admin‐
istration) for a topical affect. The allergen is captured by skin dendritic cells that migrate to the
afferent lymph nodes and activate immune responses and allergen-specific cytokine produc‐
tion [84]. Several studies have demonstrated that this route allows to sensitize to various
antigens, in the absence of adjuvant [85], with a strong Th2 response [86,87]. For that, they
utilized occlusive dressings and/or prolonged exposure to the antigen. The extent of absorption
of substances through the skin and into the systemic circulation depends on many parameters,
as for example the surface area of application, the integrity of the skin and the contact time [79].
Contrary to the oral route, the epicutaneous administration is inadequate to discriminate the
allergenic potential of proteins [64]. This route is very employed in atopic dermatitis model
[52,53,66,88-95].

3.2.4. Comparison of routes of exposure

Several publications have compared the impact of these different routes of administration on
sensitization. Animals can be sensitized to many allergens, but in an adjuvant-dependent
manner, whatever the route practiced (IP, SC, IG, EC, and IN), with a significant production
of allergen-specific IgE, IgG1 and IgG2a [49,64,85]. The maximal level of these immunologic
markers is attained via the cutaneous route [85]. A mucosal administration (i.e. IG, SC or IN
administrations) was shown to develop a robust allergen-specific IgA response by contrast
with a cutaneous exposure [85]. The intraperitoneal route allowed a stronger IgE and IgG
response compared with that obtained by oral route [49], but this response was weaker than
the one observed with intranasal and epicutaneous allergen application [68]. Contrary to the
oral route, intraperitoneal and epicutaneous administrations did not allow the induction of
oral tolerance [87].
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3.3. The use of adjuvant

Most proteins are poorly immunogenic or non-immunogenic when administered on their own.
To increase the immune response and thus sensitize animals, the majority of experimental
studies utilize an adjuvant. The latter leads to a Th2 skewing, and abrogates the establishment
of oral tolerance [96, 97]. There are exogenous Th2 adjuvants as glycans, endogenous adjuvants
as thymic stromal lymphopoietin (TSLP) and experimental adjuvants as cholera toxin,
aluminum hydroxide and enterotoxin B from Staphylococcus aureus.

3.3.1. Cholera toxin

Cholera toxin (CT) is secreted by the bacterium Vibrio cholerae, which is responsible for aqueous
diarrhea. The major effect of CT is to promote the uptake of antigen by antigen-presenting cells
and to facilitate the presentation of antigen to T cells by favoring the intestinal permeability.
Indeed, it induces in vivo the maturation and the migration of gastrointestinal dendritic cells
(DCs) from the lamina propria to the mesenteric lymph nodes where they present antigen to
naive T cells. CT also enhances the migration from the subepithelial dome region of Peyer’s
patches to the interfollicular T-cell areas. This maturation of DCs also includes the up-
regulation of the co-stimulatory molecules OX40L and TIM-4, known to facilitate differentia‐
tion of responder T cells into Th2 cells. The neutralization of these two molecules has been
shown to abrogate Th2 skewing in the gastrointestinal tract [96, 98].

3.3.2. Aluminum hydroxide

Aluminum hydroxide (alum) rarely induces cellular immune responses. However, it slows
down the rate of release of the antigen and in this way increases the duration of antigen
interaction with the immune system. It also promotes macrophage uptake. Therefore, it
enhances the immune response against the antigen [97,99].

3.3.3. Enterotoxin B from Staphylococcus aureus

The enterotoxin B (SEB) is produced by Staphylococcus aureus in a variety of environments,
including food substrates [97]. It causes severe diarrhea, nausea and intestinal cramping often
starting within a few hours of ingestion. In the same way as the cholera toxin, the SEB induces
the up-regulation of co-stimulatory molecules TIM-4, but also CD80 and CD86, which
promotes the Th2 skewing.

3.3.4. Impact of dose of adjuvant

Few studies have focused on the impact of dose adjuvant on sensitization. Kroghsbo et al have
tested three different CT doses (0.1, 1 or 10 μg) on BALB/c mice, sensitized to ovomucoid or
ovalbumin [27]. They have observed a clear dose-dependent response on antibody induction,
with the strongest response at the highest CT dose for any of the tested antibody isotypes (IgG1,
IgG2a, IgE, and IgA). They were able to determine a threshold value (between 0.1 and 1 μg)
for the lowest CT dose needed for sensitization. A weak dose of CT (0.1 μg) leads to initiation
of IgG1 production. To observe an IgE production, a higher dose of CT (10 μg) is necessary.
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4. Probiotic administration

Animal models can be used to select probiotic strains which can prevent or manage allergy,
and to study their mechanism of action. Indeed, these animal models can be discriminant. For
instance, if number of studies showed a positive impact of probiotic supplementation in their
models of allergy (Tables 4 to 6), Meijerink et al showed a strain specific effect in a peanut
allergy model [57]. Lee et al studied the protective impact on OVA sensitization of four strains
of Lactobacillus [100]. None of them induced a change in IgE levels. Moreover, one of them led
to an increase in allergic response. Likewise, de Jonge et al have found similar levels of IgG1
and IgG2a in Brown Norway rats sensitized to peanut extract, receiving or not a strain of L.
casei Shirota by gavage [43]. A lack of benefit of supplementation was also observed in three
models of asthma [62,70,71,101]. Sometimes, an improvement of symptoms, with a decrease
of clinical signs after oral challenge, but without correlation with a decrease in markers of
sensitization can be also observed [54,58,59].

4.1. Evaluation of beneficial effect of probiotic

The beneficial effect of probiotic supplementation is evaluated according to the model used.

4.1.1. Models of anaphylaxis

In models of anaphylaxis, clinical markers are analyzed after challenge by allergen, according
to a scale score based on observed clinical symptoms (number of itches, mobility during the
experiment, swelling of eyes and/or noise, aspect of hair, and body temperature). Thang et al
and Schouten et al have scored symptoms of systemic anaphylaxis as follows: 0=no symptoms;
1=pilar erecti, scratching and rubbing around the nose and head; 2=pilar erecti, reduced
activity; 3=activity after prodding and lowered body temperature; 4=no activity after prodding,
labored respiration, and lowered body temperature; 5=death [28,74]. There are other models
of anaphylaxis, in particular murine models of intestinal anaphylaxis induced by OVA. Food
allergy symptoms are then scored by the criteria of diarrhea and rectal temperature [102,103].
However, this model has not been used yet to evaluate the impact of probiotic.

4.1.2. Models of asthma

In models of asthma, there is no scale of scores. The impact of probiotic is estimated by the
determination of the cellular composition of bronchoalveolar fluid (total cell count and
proportion of each cell type – lymphocytes, neutrophils, eosinophils and monocytes), the
evaluation of number of infiltrated inflammatory cells in lung, and by the measurement of
bronchial hyperresponsiveness [70,81,104].

4.1.3. Models of atopic dermatitis

As in models of food allergy, a scale of scores can be used in models of atopic dermatitis.
Matsuda et al have estimated clinical skin condition after sensitizations as follows: 0=none,
1=mild, 2=moderate, 3=severe, for each of these symptoms: itch, erythema/hemorrhage,
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edema, excoriation/erosion and scaling/dryness [105]. The frequency and the duration of
scratching, the numbers of infiltrated cells and the epidermal/auricular thickening can be also
measured [88,90,105].

The limit of all these evaluations lies in its subjectivity despite a blind evaluation system. This
subjectivity results in a problem of reproducibility of the method. An analysis of biological
markers of allergic reaction, i.e. the dosage in plasma of mast cell protease-1 (MCP-1) and/or
histamine release during mast cell degranulation, provides less subjective data than clinical
score [30,34,35]. These models also allow evaluating sensitization through dosage of allergen-
specific and total IgE, IgG1 and IgG2a [60,92,100].

4.2. Route and dose of probiotic supplementation

The dose of probiotic is often comprised between 106 and 109 CFU. When the dose of probiotic
is tested, the highest dose shows, most of the time, better results [35,62,89,94,106]. Jan et al have
tested three increasing doses of Lactobacillus gasseri (1, 2 and 4.106 CFU) in BALB/c mice, in a
model of asthma. Only the highest dose (4.106 CFU) caused a significant decrease in the number
of monocytes, lymphocytes and neutrophils in bronchoalveolar lavage fluid [62].

In oral administration, we distinguish the intra-gastric (IG) administration, in other words the
gavage (with a needle), from oral administration (PO) (probiotic mixed in water or food). These
two routes of exposure are principally used for the probiotic supplementation and whatever
the types of allergy study. Gavage allows giving a precise dose of bacteria, but it is constraining
because each animal must be handled individually leading to an additional stress in animals.
Administration of the probiotic strains in drinking water or food avoids these problems of
stress, but it raises the problem of their stability. Moreover, it does not allow knowing precisely
the amount of bacteria received per day per animal. Probiotic can also be given by intranasal
administration in models of asthma, or by epicutaneous exposure in models of atopic derma‐
titis. Intranasal administration allows a contact more extended with the probiotic, and
therefore a longer action. However, according to the protocols, an anesthesia is necessary
[107,108]. It could affect the lung antigen deposition by changing the breathing pattern and
airway reflexes in animal [109]. Pellaton et al have demonstrated that intranasal exposure is
more effective than gavage, with a lesser infiltration of eosinophils, in a model of asthma [106].

4.3. Window and frequency of probiotic administration

In the window of administration, we will consider the number of weeks of supplementation
as well as the number of administration per week. According to studies, the probiotic is
administered between 1 to 15 weeks, during 3 to 7 days per week.

The term “prevention” refers to an administration of the probiotic that starts prior to sensiti‐
zations and continues throughout the experiment. On the contrary, the term “management/
treatment” refers to an administration of the probiotic that starts after sensitizations until the
end of protocol.

In studies, probiotic is mainly tested for prevention and therefore administrated until two
weeks before the start of sensitizations. Meijerink et al began administration of probiotic by
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gavage 14 days prior to sensitizations [57]. Each of the three strains of Lactobacillus had a
different impact on allergy. The strain of L. plantarum WCFS1 have promoted allergic response
(increase of IgE, IgG1 and MCP-1), the strain of L. casei Shirota had no impact on allergy, while
the strain of L. salivarius HMI001 allowed the decrease of peanut-specific IgE and MCP-1. Yu
et al, in a model of asthma, have given a strain of L. rhamnosus Lcr35 in BALB/c mice, 7 days
before sensitizations. They observed a decrease in both bronchial hyperresponsiveness and
number of cells in bronchoalveolar fluid [110]. Some studies have administered the probiotic
in treatment, i.e. after the last sensitization, in models of food allergy and asthma, with a
positive impact of supplementation. Schiavi et al have demonstrated, in a model of shrimp
tropomyosin allergy, that the administration of VSL#3 during 20 days after the fourth sensi‐
tization allowed a decrease of clinical scoring and specific IgE, together with an induction of
IgA on C3H/HeJ mice [34]. Similar results have been found in studies of Zhang et al [35], and
Forsythe et al [111], with the administration of ImmuBalance™ in a model of food allergy, and
with the gavage of strain L. reuteri ATCC 23272 in a model of asthma, respectively.

This high heterogeneity in the different protocols of probiotic administration make difficult,
even impossible, comparisons between studies, and prevents establishment of an optimal
administration scheme of probiotic. Comparison between prevention and management
protocols shows that the window of administration plays a key role in the efficiency of
probiotic, with a better effect in prevention. Indeed, in a model of food allergy, Kim et al [33]
have showed, on C3H/HeJ mice sensitized to OVA, an improvement of allergic symptoms on
the tail associated with a decrease of specific IgE in prevention, more important than those
observed in treatment. Tanaka et al [42] in a model of atopic dermatitis and Yu et al [110] in a
model of asthma have obtained comparable results. On the contrary, Bickert et al revealed a
positive impact of probiotic, with an IP administration of Escherichia coli Nissle 1917 mixed
with OVA, at the same time of sensitizations [31]. In study of Huang et al, similar effects of
probiotics in prevention and treatment have been observed, suggesting that a long-term
supplementation was not necessary [45]. Zuercher et al have obtained more contrasted results.
They have observed that an oral administration of Lactococcus lactis NCC 2287 was effective in
the management of food allergy symptoms in sensitized BALB/c mice, with a decrease in
symptoms upon OVA challenge. However, this administration had no effect on the prevention
of sensitization, with similar levels of OVA-specific IgE and IgG1, and MCP-1 [75].

4.4. Age and sanitary status of animals

The age and the sanitary status of animals have also an influence. In study of Lyons et al, the
strain of Bifidobacterium AH1205 led to an increase of the percentage of CD4/CD25+cells in
spleen and Peyer’s patches in pups but not in adult mice. The strain of Bifidobacterium AH1206
had the same impact, but in both pups and adult mice. These two strains were then tested in
models of asthma and food allergy. Only the strain AH1206, which had an impact on pups
and adult mice, showed a positive impact on allergy, with a decrease in bronchoalveolar cell
number and OVA-specific IgE [112]. Similarly, depending on whether mice are germ-free or
conventional, the induction of CD4/CD25/Foxp3+cells in spleen was not the same, with a lower
induction in germ free, whatever the strain studied [112].
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5. Concluding remarks

At a time when probiotics seem promising products for the prevention and treatment of
allergy, fundamental and clinical studies failed the issuance of health claims and the imple‐
mentation of recommendations by expert committees. The use of animal models is an essential
step in the selection of strains of interest. However, such a use must be part of a rationalization
process taking into account the 3Rs (Reduce, Reuse and Recycle) and ethical rules. In vitro
models can bring the prior information on the behavior of the strains with respect to immu‐
nostimulary capacities. For instance, Foligne et al have discriminated pro- and anti-inflamma‐
tory strains in a model of human peripheral blood mononuclear cells according to their
cytokine profile [113]. Dendritic cells model can also allow selecting probiotic strains able to
prime monocyte-derived DCs to drive the development of Treg cells [114]. Based on this first
strain selection, animal models allow analyzing their mechanism of action. Indeed, probiotics
can act on various actors of immunity. They can improve the barrier integrity [115], induce
IgA secretion [28], and/or modulate T-helper balance, switching from Th2 to Th1 response
[116] or enhancing Treg activity [34]. However, one should consider carefully the choice of the
model and the design of probiotic administration to provide results which could be considered
predictive for benefits in human and support the design of clinical studies.

Strain Age Allergen Route Adjuvant Window References

BALB/c 6 wks BLG IP alum 1/wk, x1 wk [80]

BALB/c
male

3 wks BLG IP alum 1/wk, x3 wks [28]

BALB/c
female

6 wks OVA IP alum 1/2wks, x2 [100]

OVA-TCR
female

8 wks OVA IG / 4/wk, x2 wks [73]

C3H/HeOuJ
female

6 wks peanut extract IG CT
3/wk then 1/wk, x3

wks
[57]

BALB/c 6 wks OVA IG CT 4/wk then 1/wk [75]

Swiss Albino 6-8 wks OVA IP alum 1/wk, x2 wks [116]

C3H/HeJ
female

8 wks
shrimp

tropomyosin
IG CT 1/wk, x4 wks [34]

BALB/c
female

18-22g OVA IP SEB 3/wk, x1 wk [115]

C3H/HeJ
female

5 wks peanut extract IG CT 1/wk, x8 wks [35]

BALB/c male 7 wks OVA IP alum 1/wk, x2 wks [83]

C3H/HeJ 5 wks OVA IG CT 3/wk then 1/2wks, x2 [72]
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Strain Age Allergen Route Adjuvant Window References

female

C3H/HeOuJ
female

3 wks whey protein IG CT 1/wk, x6 wks [74]

BALB/c 8 wks OVA IP CT 1/wk, x3 wks [112]

C57BL/6
female

8 wks peanut extract IG CT 1/wk, x4 wks [30]

C3H/HeJ
female

3 wks OVA IG CT 3/wk then 1/2wks, x2 [33]

Sprague-Dawley male 150-180g OVA IG and IP Freund 4/wk then 1/wk [44]

Brown-Norway female 3 wks OVA IG / 7/wk, x6 wks [45]

Brown-Norway female 3-4 wks peanut extract IG / 7/wk, x6 wks [43]

Yorkshire birth ovomucoid IP CT 1/wk, x3 wks [54]

Table 1. Protocols of sensitizations in food allergy

Strain Age Allergen Route Adjuvant Window References

GF BALB/c
female

8 wks Bet v 1 SC alum 1/2wks, x3 [60]

BALB/c female 5 wks cedar pollen SC / 5/2wks [70]

GF BALB/c birth Bet v 1 SC alum 1/2wks, x3 [59]

BALB/c
female

6 wks OVA IP alum 1/wk, x2 wks [91]

BALB/c
male

20-25g OVA IP alum 1/wk, x2 wks [104]

BALB/c
female

6-8 wks Der p SC Freund 1/wk, x2 wks [62]

BALB/c
female

6-10 wks
Bet v 1 + Phleum
pretense 1 and 5

IP alum 1/2wks, x3 [58]

BALB/c
male

5 wks OVA IP and IN alum
1/2wks (IP) then

3/wk, x4 wks
(IN)

[69]

BALB/c
female

3 wks cedar pollen SC / 4/wk then 1/wk [71]

BALB/c
female

6-8 wks OVA IP alum 1/2wks, x4 [82]

BALB/c
male

5-8 wks OVA IP alum 1/wk, x2 wks [81]

C57BL/6 female 6-8 wks OVA IP alum 1/2wks, x2 [31]

BALB/c 20-25g OVA IP alum 2/wk, x1 wk [111,117]
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Strain Age Allergen Route Adjuvant Window References
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Strain Age Allergen Route Adjuvant Window References

male

C57BL/6 female 3-4 wks Der p2 EC / 1/2wks, x3 [32]

BALB/c 20-25g OVA IP CT 2/wk, x1 wk [112]

BALB/c - Der p1 IP alum 1/wk, x3 wks [61]

BALB/c
female

6 wks OVA IP alum 1/wk, x2 wks [110]

BALB/c
female

4 wks OVA IP alum 1/2wks, x2 [106]

BALB/c
female

8 wks OVA IP / 3/wk, x2 wks [118]

BALB/c
female

6-8 wks OVA IP alum 1/2wks, x2 [119]

BALB/c
female

8 wks Par j 1 IP alum 1/3wks, x2 [101]

Duroc x Landrace 3 wks Ascaris suum SC et IT alum
1/2wks, x3 (SC)
then 1/2wks, x2

(IT)
[55]

Table 2. Protocols of sensitizations in asthma

Strain Age Allergen Route Adjuvant Window References

NC/Nga - FITC EC dibutyl phtalate 1/wk, x3 wks [92]

NC/Nga male 6 wks DNCB EC / 2/wk, x2 wks [120]

NC/NgaTnd 8 wks / / / / [105]

SKH-1/fr
female

4 wks OVA EC / 1/3wks, x3 [90]

NC/Nga 6 wks Df EC SDS 1/wk, x5 wks [95]

NC/NgaTndCrlj
female

10 wks Df EC SDS 2/wk, x4 wks [88]

BALB/c female 8-10 wks OVA
IP and

EC
alum

1/2wks, x2 then
7/2wk, x3

[94]

NC/NgaTnd 5 wks / / / / [42]

NC/Nga male 4 wks DF IP / 1/wk, x14 wks [121]

NC/Nga female 6 wks DNCB EC / 2/wk, x3 wks [89]

NC/Nga female birth / / / / [122]

NC/Nga 6 wks Df EC / 3/wk, x5 wks [66]

NC/Nga male 6 wks PCl EC / 1x [93]

Beagle birth Df EC / 3/wk, x1 wk [53]

Beagle birth Df EC / 2/wk, x12 wks [52]

Table 3. Protocols of sensitizations in atopic dermatitis
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Probiotic Route Window Dose Impact References

L. plantarum NRIC0380 IG 3/wk, x4 wks
200μg or

2mg
sensitization ↘ [80]

VSL#3 IG 7/wk, x5 wks 15.109 CFU
clinic

sensitization
↘
↘

[28]

L. casei YIT9029 (L1)
L. casei HY7201 (L2)

L. brevis HY7401 (L3)
L. plantarum HY20301 (L4)

IG 7/wk, x3 wks 2mg sensitization L1, L3, L4, ↗ L2 [100]

L. brevis HY7401 (LB)
L. casei Shirota YIT9029 (LC)

L. longum HY8001 (BL)
IG 4/wk, x2 wks 2mg

clinic
sensitization

↘ LB, LC, BL
↘ LB, LC, BL

[73]

L. plantarum WCFS1 (LP)
L. salivarius HMI001 (LS)

L. casei Shirota (LC)
IG 3/wk, x6 wks 109 CFU sensitization ↗ LP, ↘ LS, LC [57]

L. lactis NCC2287 PO
7/wk, x1 (M)
or 8 (P) wks

5.108

CFU/mL
clinic

sensitization
P, ↘ M
P, M

[75]

Dahi PO
7/wk, x1,2 or

3 wk(s)
- sensitization ↘ [116]

VSL#3 IG 7/wk, x3 wks 7,5.108 CFU
clinic

sensitization
↘
↘

[34]

Bifidobacterium IG 7/wk, x1 wk 108 CFU/mL sensitization ↘ [115]

ImmuBalance™ PO 7/wk, x4 wks 0,5 or 1%
clinic

sensitization
↘
↘

[35]

L. pentosus S-PT84 PO 7/wk, x5 wks 0,075% sensitization ↘ [83]

B. bifidum BGN4 PO
7/wk, x7 wks
(P) or 7/wk,
x2 wks (M)

0,2%
clinic

sensitization

↘ P, M
↘ P, M
P > M

[72]

Immunofortis (IF)
B. breve M-16V (BB)

symbiotic (SY)
PO

7/wk, x10
wks

2%
clinic

sensitization
↘ IF, BB, SY
↘ SY, IF, BB

[74]

B. breve AH1205 (BB).
B. longum AH1206 (BL)
L. salivarius AH102 (LS)

IG 7/wk, x5 wks 2.109 CFU sensitization ↘ BL, BB, LS [112]

VSL#3 IG 7/wk, x3 wks 7,5.108 CFU clinic ↘ [30]

B. bifidum BGN4 (BB)
L. casei 911 (LC)

E. coli MC4100 (EC)
PO 7/wk, x7 wks 0,2% sensitization

↘ BB, LC, EC
BB, LC > EC

[33]

LGG
B. animalis MB5

IG 7/wk, x4 wks 109 CFU - [44]
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L. plantarum NRIC0380 IG 3/wk, x4 wks
200μg or

2mg
sensitization ↘ [80]

VSL#3 IG 7/wk, x5 wks 15.109 CFU
clinic

sensitization
↘
↘

[28]

L. casei YIT9029 (L1)
L. casei HY7201 (L2)
L. brevis HY7401 (L3)

L. plantarum HY20301 (L4)

IG 7/wk, x3 wks 2mg sensitization L1, L3, L4, ↗ L2 [100]

L. brevis HY7401 (LB)
L. casei Shirota YIT9029 (LC)

L. longum HY8001 (BL)
IG 4/wk, x2 wks 2mg

clinic
sensitization

↘ LB, LC, BL
↘ LB, LC, BL

[73]

L. plantarum WCFS1 (LP)
L. salivarius HMI001 (LS)

L. casei Shirota (LC)
IG 3/wk, x6 wks 109 CFU sensitization ↗ LP, ↘ LS, LC [57]

L. lactis NCC2287 PO
7/wk, x1 (M)
or 8 (P) wks

5.108

CFU/mL
clinic

sensitization
P, ↘ M
P, M

[75]

Dahi PO
7/wk, x1,2 or

3 wk(s)
- sensitization ↘ [116]

VSL#3 IG 7/wk, x3 wks 7,5.108 CFU
clinic

sensitization
↘
↘

[34]

Bifidobacterium IG 7/wk, x1 wk 108 CFU/mL sensitization ↘ [115]

ImmuBalance™ PO 7/wk, x4 wks 0,5 or 1%
clinic

sensitization
↘
↘

[35]

L. pentosus S-PT84 PO 7/wk, x5 wks 0,075% sensitization ↘ [83]

B. bifidum BGN4 PO
7/wk, x7 wks
(P) or 7/wk,
x2 wks (M)

0,2%
clinic

sensitization

↘ P, M
↘ P, M
P > M

[72]

Immunofortis (IF)
B. breve M-16V (BB)

symbiotic (SY)
PO

7/wk, x10
wks

2%
clinic

sensitization
↘ IF, BB, SY
↘ SY, IF, BB

[74]

B. breve AH1205 (BB).
B. longum AH1206 (BL)
L. salivarius AH102 (LS)

IG 7/wk, x5 wks 2.109 CFU sensitization ↘ BL, BB, LS [112]

VSL#3 IG 7/wk, x3 wks 7,5.108 CFU clinic ↘ [30]

B. bifidum BGN4 (BB)
L. casei 911 (LC)

E. coli MC4100 (EC)
PO 7/wk, x7 wks 0,2% sensitization

↘ BB, LC, EC
BB, LC > EC

[33]

LGG
B. animalis MB5

IG 7/wk, x4 wks 109 CFU - [44]
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LGG + B. longum BB536 IG
7/wk, x2, 3 or

10 wks
0,5.109 CFU sensitization ↘ [45]

L. casei Shirota IG 7/wk, x8 wks 109 CFU sensitization [43]

L. lactis MG1363 IG
7/wk, then
3/wk then

1/wk, x3 wks
109 CFU

clinic
sensitization

↘ [54]

Table 4. Protocols of probiotic administration in models of food allergy

Probiotic Route Window Dose Impact References

B. longum ssp. longum
CCM7952

IG
1x (parents

before coupling)
2.108 CFU sensitization ↘ [60]

E. faecalis FK-23 IG 7/wk, x3 wks 60mg
infiltration

sensitization
[70]

L. paracasei NCC2461 PO 7/wk, x4 wks
2.109

CFU/mL
clinic

sensitization
↘ [59]

L. rhamnosus Lcr35 IG 7/wk, x3 wks
109 CFU/

600μL
infiltration ↘ [91]

E. faecalis FK-23 IG 7/wk, x4 wks 60mg infiltration ↘ [104]

L. gasseri A5 IG 7/wk, x4 wks
1,2 or 4.106

CFU
sensitization [62]

L. paracasei NCC2461
B. longum NCC3001

IN
day of sensiti-
zation (M) or

3/wk, x2 wks (P)
5.108 CFU sensitization

↘ M, P
NCC3010 > NCC2461

[58]

L. crispatus KT-11 (LC)
LGG (LG)

PO 7/wk, x8 wks 5.107 CFU/g
clinic

sensitization
↘ LC, LG
↘ LC, LG

[69]

E. faecalis FK-23 IG 7/wk, x3 wks 30mg sensitization [71]

L. salivarius PM-A0006 IG 7/wk, x8 wks

2,6 or
5,5.106 CFU,

or 3,6.107

CFU

infiltration
sensitization

↘
↘

[82]

B. breve M16V IG 7/wk, x2 wks 109 CFU
infiltration

sensitization
↘
↘

[81]

E. coli Nissle 1917 IG
day of sensiti-
zation (M) or

7/wk, x4 wks (P)
108 CFU

infiltration
sensitization

↘ M, P
↘ M, P

[31]

L. reuteri ATCC23272 IG 7/wk, x1 wk 109 CFU
infiltration

sensitization
↘
↘

[111,117]

L. casei Shirota IG 3/wk, x4 wks 109 CFU sensitization ↘ [32]

B. breve AH1205 (BB)
B. longum AH1206 (BL)

IG 7/wk, x2 wks 2.109 CFU infiltration ↘ BL, BB, LS [112]
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L. salivarius AH102 (LS)

E. coli Nissle 1917 IN 3/wk, x2 wks 109 CFU sensitization ↘ [61]

L. rhamnosus Lcr35 IG
7/wk, x3 wks (P)

or 1 wk (M)
109 CFU

infiltration
sensitization

↘ P, M
↘ P, M

[110]

L. paracasei NCC2461
(A)

L. plantarum NCC1107
(B)

IN or IG 7/wk, x1 wk 109 CFU infiltration
↘ A, B
IN > IG

[106]

LGG (LG)
B. lactis Bb-12 (BB)

IG 4/wk, x8 wks 109 CFU
infiltration

sensitization
↘ LG, BB
↘ LG, BB

[118]

L. rhamnosus HN001 PO 7/wk, x7 wks 10.1010 CFU clinic ↘ [55]

Table 5. Protocols of probiotic administration in models of asthma

Probiotic Route Window Dose Impact References

Vitreoscilla filiformis CUT 1/wk, x4 wks 20% v/v
clinic

sensitization
↘ [92]

L. sakei probio 65 IG 7/wk, x2 wks 5.109 CFU/mL
clinic

sensitization
↘
↘

[120]

ImmuBalance™ PO 7/wk, x2 wks 1,8.108/g
clinic

infiltration
sensitization

↘
↘
↘

[105]

L. rhamnosus Lcr35 IG 7/wk, x8 wks
109 CFU/

600μL

clinic
infiltration

sensitization

↘
↘
↘

[90]

L. plantarum CJLP55 (A)
L. plantarum CJLP133 (B)
L. plantarum CJLP136 (C)

PO 7/wk, x8 wks 1010 CFU
clinic

infiltration
sensitization

↘ A, B, C
↘ A, B, C
↘ A, B, C

[95]

B. subtilis JCM20036 IG 6/wk, x4 wks 1,2.1017 CFU
clinic

infiltration
↘
↘

[88]

E. coli Nissle 1917 PO 7/wk, x4 wks
107 or 108

CFU

clinic
infiltration

sensitization

↘
↘

[94]

L. rhamnosus
CGMCC1.3724

PO
7/wk, x12 wks
(P) or 7/wk, x7

wks (M)
5.108 CFU/mL

clinic
sensitization

↘ P, M
↘ P, M

[42]

L. crispatus KT-11 (A)
L. crispatus KT-23 (B)
L. crispatus KT-25 (C)

PO 7/wk, x15 wks 1mg
clinic

sensitization
↘ A, B, C
↘ A, B, C

[121]

B. subtilis KCTC1666 + L.
acidophilus KCTC3155

PO 7/wk, x3 wks 1 or 2%
clinic

sensitization
↘

2% > 1%
[89]
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L. salivarius AH102 (LS)

E. coli Nissle 1917 IN 3/wk, x2 wks 109 CFU sensitization ↘ [61]

L. rhamnosus Lcr35 IG
7/wk, x3 wks (P)

or 1 wk (M)
109 CFU

infiltration
sensitization

↘ P, M
↘ P, M

[110]

L. paracasei NCC2461
(A)

L. plantarum NCC1107
(B)

IN or IG 7/wk, x1 wk 109 CFU infiltration
↘ A, B
IN > IG

[106]

LGG (LG)
B. lactis Bb-12 (BB)

IG 4/wk, x8 wks 109 CFU
infiltration

sensitization
↘ LG, BB
↘ LG, BB

[118]

L. rhamnosus HN001 PO 7/wk, x7 wks 10.1010 CFU clinic ↘ [55]

Table 5. Protocols of probiotic administration in models of asthma

Probiotic Route Window Dose Impact References

Vitreoscilla filiformis CUT 1/wk, x4 wks 20% v/v
clinic

sensitization
↘ [92]

L. sakei probio 65 IG 7/wk, x2 wks 5.109 CFU/mL
clinic

sensitization
↘
↘

[120]

ImmuBalance™ PO 7/wk, x2 wks 1,8.108/g
clinic

infiltration
sensitization

↘
↘
↘

[105]

L. rhamnosus Lcr35 IG 7/wk, x8 wks
109 CFU/

600μL

clinic
infiltration

sensitization

↘
↘
↘

[90]

L. plantarum CJLP55 (A)
L. plantarum CJLP133 (B)
L. plantarum CJLP136 (C)

PO 7/wk, x8 wks 1010 CFU
clinic

infiltration
sensitization

↘ A, B, C
↘ A, B, C
↘ A, B, C

[95]

B. subtilis JCM20036 IG 6/wk, x4 wks 1,2.1017 CFU
clinic

infiltration
↘
↘

[88]

E. coli Nissle 1917 PO 7/wk, x4 wks
107 or 108

CFU

clinic
infiltration

sensitization

↘
↘

[94]

L. rhamnosus
CGMCC1.3724

PO
7/wk, x12 wks
(P) or 7/wk, x7

wks (M)
5.108 CFU/mL

clinic
sensitization

↘ P, M
↘ P, M

[42]

L. crispatus KT-11 (A)
L. crispatus KT-23 (B)
L. crispatus KT-25 (C)

PO 7/wk, x15 wks 1mg
clinic

sensitization
↘ A, B, C
↘ A, B, C

[121]

B. subtilis KCTC1666 + L.
acidophilus KCTC3155

PO 7/wk, x3 wks 1 or 2%
clinic

sensitization
↘

2% > 1%
[89]

Allergic Diseases - New Insights140

Probiotic Route Window Dose Impact References

LGG PO 7/wk, x10 wks 4.104 CFU/g
clinic

infiltration
sensitization

↘
↘

[122]

L. johnsonii NCC533 IG 2 days
1,5.1011

CFU/mL
clinic

sensitization
↘ [66]

L. paracasei KW3110 +
LGG

PO 7/wk, x11 wks 0,03% or 0,3%
clinic

sensitization
↘

0,3% > 0,03%
[93]

LGG Culturelle® IG 7/wk, x6 months 20.109 CFU - [53]

LGG IG 7/wk, x6 months clinic ↘ [52]

Impact of probiotic by comparison with control mice, in term of clinical score (clinic); markers of sensitization, i.e. aller‐
gen-specific and total IgE and IgG1 (sensitization); and infiltration of inflammatory cells, i.e. lymphocytes, neutrophils,
eosinophils and monocytes, in lung and/or bronchoalveolar fluid (infiltration).

↗ increase in symptoms or negative effect; ↘ decrease in symptoms or positive effect;→ no change in symptoms or no
effect

Table 6. Protocols of probiotic administration in models of atopic dermatitis
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1. Introduction

Allergic diseases are the most common problem in our community an d globally [1]. Allergic
rhinitis is one of the most common allergic diseases in Iraq and probably in the world and
nowadays it is increasing. It is with a chronic natural history and may appear at any age of life
and subsequently converted into asthma [2] Up to now, there is no curative treatment for
allergic rhinitis and most of the drugs that are used can only induce symptomatic relief and
some of them have serious side effects and can cause withdrawal symptoms which lead the
patients to continue treatment ending in more side effects [1]. There are marked increase in
allergic diseases in developing countries as reported recently [3,4].

Allergic rhinitis with possibility of either under diagnosis in a countries with lower prevalence
or difference in risk factors in these areas of the world [5]. In Iraq, the allergic diseases were
increased with time including AR [6]. To date there were no curative treatment for AR,
however, many pharmacotherapeutic treatment evaluated in different studies and suggested
a variable clinical response [3]. Recently an interest was launched which is the evaluation of
plant products in the treatment of allergic rhinitis [7].

Environmental  control  measures  and  allergen  avoidance,  pharmacological  management,
and immunotherapy are the main three approaches for treatment of allergic rhinitis [8-10].
However,  most of these approaches are palliative and not curative and may be not cost
effective due to the chronicity of the disease [11,12]. Although allergic rhinitis is not a life-
threatening  condition,  various  complications  can  occur  and  result  in  significant  impair‐
ment  in  quality  of  life  [11,12],  eventually  leading  to  increase  medical  cost  and may be
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converted  into  asthma  [1].  Immunotherapy  another  option  of  treatment  is  reserved  for
patients with a less than adequate response to usual treatments and reported to be effective
[13,14]. Although the effectiveness of SIT in the treatment of allergic rhinitis and allergic
asthma has been proven, however its delayed time of action and adverse local and systemic
side effects have limited its use as a treatment modality by majority of the patients [15-19].

Ginger is the rhizome of the plant Zingiber officinal,  belong to Zingiberaceae plant family
and it  used as therapy in ancient medicine,  spice or a tea [20].  Reported studies [21-26]
suggest that ginger extract may exert its benefit as medicine through blocking of seroto‐
nin receptors,  antioxidant  activity,  antiglycating mechanisms.  In  addition,  ginger  extract
may  be  effective  in  treating  nausea,  vomiting  and  heart  burn  [27-31]  and  demonstrate
antibacterial  activity  [32].  However,  the  extract  should  be  not  used  during  pregnancy
because of it is mutagenic [28]. Furthermore, ginger may have analgesic, antipyretic, and
antitumor activity [33-39].

Ginger adverse reactions that include some drugs interaction, increase of bile secretion, and
induction of allergic reaction, may restrict its usage as medicine [40,41]. Since reported studies
suggested the anti-inflammatory, suppressive effects on production of cytokines and reduction
of IgE serum level [42-44], we conduct this study to evaluate the therapeutic effect of ginger
in allergic rhinitis.

Aim of the study:

The aim of this study is to study the clinical and immunological efficacy of Zingiber officinale
(Z.O) on the treatment of allergic rhinitis.

2. Materials and methods

2.1. Patients

A total of 79 patients allergic rhinitis were included in the study. Those patients were recruited
from patients attending Aljumhory Teaching Hospital in Mosul and were selected on the basis
that was with high total IgE serum levels. The study done during the period from November
2010 to October 2012. The patients were with age of > 10 years old. The patients divided into
active and control group. The active group includes 42 patient and 37 patients were in control
group. Each patients in active group received Zingiber officinale (Z.O) capsules, twice daily
after meal. While each patient in control group received the same dose of sucrose powder
capsules for 2 months, through which clinical follow up occurred completely in each monthly
visit with recording the notes.

2.2. Diagnosis of asthma and allergic rhinitis

Allergic rhinitis diagnosis was performed according to previously reported guidelines [45].
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2.3. Skin prick test

The skin prick tests were performed for all patients and control and evaluated in accordance
with European Academy of Allergy and Clinical [1]. Immunology subcommittee on allergy
standardization and skin tests using standards allergen panel (Stallergen, France). The panel
for skin test include: dust mite (Dermatophagoides farina, Dermatophagoides peteronyssi‐
nus), Aleternaria, Cladosprium, Penicillum mixture, Aspergillus mixture, Grasses mixture,
Feather mixture, Dog hair, Horse hair, Cat fur, Fagacae, Oleaceae, Betulaceae, Plantain,
Bermuda grass, Chenopodium and Mugworth. All tests were performed in the outpatient
Asthma and Allergy Centre, Mosul by a physician using a commercial allergen extracts
(Stallergen, France) and a lancet skin prick test device. A wheal diameter of 3 mm or more in
excess of the negative control was considered as positive test result.

2.4. Determination of total serum IgE

ELISA was performed to estimate the total serum IgE level as a serological marker for treatment
response monitoring [1]. Total serum IgE was determined by enzyme linked immunosorbant
assay kit (Biomaghreb). Results were interpreted as allergy not probable if serum IgE was lower
than 20 IU/ml, allergy is possible if IgE value is between 20 and 120 IU/ml and allergy is very
probable if IgE is more than 120 IU/ml.

2.5. Treatment schedule and assessment

Z. officinale was given as capsules, one capsule twice daily after each meal. Each capsule
contained about 0.5 gm (500 mg) of Z.O powder.

The control group received the same capsules but they were contained sucrose sugar powder,
the treatment was given for 2 months. The results were recorded on the patient's questionnaire
in each visit. The same routine physical examination & laboratory investigations as mentioned
earlier were done in each visit & recorded with clinical evaluation which was done according
to the following criteria and as reported previously[6]:

1. Clinical assessment (symptoms score); during each visit, the patients was examined
clinically for vital signs & questioned about the improvement in his day & night symptoms
(rhinorrhoea, nasal obstruction, paroxysm of sneezing, night snoring, chest tightness,
wheezes, cough, shortness of breath, work & school attendance, skin wheals, itchy skin,
swelling & the lip or eye lid, shortness on exertion.....etc).

2. Tolerability to the exacerbating factors: Many precipitating factors such as aeroallergens
exposure, cold exposure, infection (sinusitis), drugs, exertion....etc. may precipitate the
condition, so the response to the exacerbating factors were assessed in each visit.

2.6. Side effects

Side effects that were shown by the patients were recorded in all patients & for all allergies
type.
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2.7. Statistical analysis

SPSS version 19 analytic system: Paired Samples test; Independent Samples test & Descriptive
Statistics were used to compare between active & placebo groups. Chi square also was used
in this statistics of the research.

3. Results

3.1. Baseline estimation

A total of 79 patients were included, 51.9 % (41patients) male and 48.1% (38 patients) female.
Those patients were classified according to their disease pattern into seasonal 39.2 % (31
patients) and perennial 60.7 % (48 patients), of the total 49.3 % (39 patients) had positive family
history of atopic diseases while 50.6 % (40 patients) were with negative family history of atopic
disease. They were subdivided into active (42 patients) and control group (37 patients) as show
in Table 1.

Total number 79

Gender
Male 41

Female 38

Type
Seasonal 31

Perennial 48

Family history
Positive 39

Negative 40

Smoking
Positive 27

Negative 52

Subgroups
Active 42

Control 37

Table 1. Allergic rhinitis patients baseline information.

3.2. Frequency distribution of the patients according to the age

Table 2 shows the frequency distribution of patients according to their ages. It shows that the
peak incidence age occurred within the age of 10-19 years which account for 30.3% (24 patients).

Age/year Number of patients

10-19 years 24 (30.3%)

20-29 years 19 (24%)

30-39 years 16 (20.2%)

40- above 20 (25.3%)

Table 2. Frequency distribution of the patients according to the age
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3.3. Frequency distribution of the patients according to the duration of the disease

Table 3 shows the frequency distribution of the patients according to their duration of the
disease. It shows that the peak incidence duration of the disease range between 1-5 years and
this account for 64.5% (51patients).

Duration/ years Number of patients

1-5 years 51 (64.5%)

6-10 years 14 (17.7%)

11-15 years 8 (10.1%)

16-20 years 1 (1.2%)

21- above years 5 (6.3%)

Table 3. Frequency distribution of the patients according to the duration of the disease

3.4. Relationship between family history of atopic disease and total IgE level in allergic
rhinitis patients

The relationship between family history of atopic disease and total IgE level in allergic rhinitis
patients is shown in Table 4. There was a significant relationship (p= 0.001) between family
history of atopy and total IgE serum level.

Family history of
atopy

Patients number mean Standard deviation P value

Negative history 40 206.8 54.9
0.001

Positive history 39 335.2 223.2

Independent Samples test

Table 4. Relationship between family history of atopic disease and total IgE level in allergic rhinitis patients

3.5. Relationship between smoking and total IgE level in allergic rhinitis patients

There was a non-significant relationship (p=0.124) between smoking and total IgE serum level
in allergic rhinitis as shown in (Table 5).

Smoking Patients number Mean Standard deviation P value

Negative history 52 248.5 146.8
0.124

Positive history 27 311.9 211.6

Independent Samples test

Table 5. Relationship between smoking and total IgE level in allergic rhinitis patients
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3.6. Subgroups of allergic rhinitis patients

Table 6 shows the subgroups of allergic rhinitis patients : active group of allergic rhinitis included
42 patients (22 male, 20 female), (19 seasonal, 23 perennial), (21 positive family history of atopy
while 21 with negative family history),(28 smoking cigarette while 14 not smoking cigarette).
On the other hand, control group included 37(19 male,18 female), (12 seasonal,25 perennial),
(18 had positive family history of atopy while 19 had not),(25 smoke cigarette, 12 not).

Group Active Control

Number 42 37

Sex
Male 22 19

Female 20 18

Type
Seasonal 19 12

Perennial 23 25

Family history
Positive 21 18

negative 21 19

Smoke
Positive 28 25

negative 14 12

Table 6. Subgroups of allergic rhinitis patients

3.7. Immunological effect (on total IgE level) after 2 months treatment

The effect of treatment on total IgE level is shown in Table 7 : It shows that the effect of Z.
officinale is highly significant after the first month of treatment (p = 0.027) which also stayed
significant after the second month treatment (p =0.002). While in case of placebo capsules, there
is no significant decrease in the level of total IgE after first month (p= 0.112) nor after second
month (p= 0.64).

Group Month
Number of
patients

Mean
Standard
deviation

P value

Active

0 42 258.4 170.5 -------

1 42 229.3 133.7 0.027

2 42 175.7 85.5 0.002

Control

0 37 383.6 177.2 ------

1 37 256.1 157.8 0.112

2 37 239.2 108.5 0.64

Table 7. Immunological Effect of treatment on Total IgE level in AR patients

3.8. Clinical effect after 2 months treatment

Clinical improvement after 2 months of treatment for both groups is seen in Table 8, from total,
78.5 %(33 patients) were improved in the active group after first month of treatment while 21.4
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%(9 patients) were improved from placebo treating group. There was a significant difference
(p=0.010) between active and placebo treated groups. At the end of 2nd month, the result stayed
significant (p=0.011) with 92.8 %(39 patients) were improved from active group corresponding
to 35.1 %(13 patients) were improved from placebo treating group.

Months of
Treatment

Subgroups
Improved patients
Number

Not improved
Patients
Number

P value

Month 1
Active 33 (78.5%) 9 (21.4%)

0.010
Control 10 (27 %) 27 (72.9 %)

Month 2
Active 39 (92.8%) 3 (7.1%)

0.011
Control 13 (35.1 %) 24 (64.8 %)

Table 8. Clinical improvement in general condition in A.R patients after treatment

3.9. Effect on specific clinical features

The comparison between the improvement in specific nasal allergic symptoms in both
subgroups(experimental and placebo) after 2 months of treatment is shown in Table 9. It shows
that sinusitis had improved in 83.3% (35 patient) of experimental group while only 21.6% (8
patients) in control group demonstrate improvement and this difference was signifi‐
cant(p=0.002). Nasal itching had improved in 78.5% (33 patients) in experimental patients
while it improved in 32.4 % (12 patients) in control group (p=0.027). While rhinorrhoea had
improved in 69.0% (29 patients) in active group corresponding to 37.8 % (14 patients) in control
group which is insignificant (p=0.126). Sneezing had decreased in 61.9% (26 patients) in
experimental group while in control group it had improved in 24.3%(9 patients) with signifi‐
cant difference (p=0.033).

Clinical features Active group
improved patients

Control group
patients improved

P value

Sinusitis 35 (83.3%) 8 (21.6%) 0.002

Nasal itching 33 (78.5%) 12 (32.4%) 0.027

Rhinorrhoea 29 (69.0%) 14 (37.8%) 0.126

Sneezing 26 (61.9%) 9 (24.3%) 0.033

Post nasal drainage 17 (40.4%) 5 (13.5%) 0.042

Conjunctivitis 11 (26.1%) 6 (16.2%) 0.385

Others 8 (19.0%) 4 (10.8%) 0.381

Chi square test

Table 9. Effect on specific clinical features after 2 months treatment

Therapeutic and Immunologic Effects of Zingiber officiale in Allergic Rhinitis
http://dx.doi.org/10.5772/59377

159



Post nasal drainage had decreased significantly (p=0.042) in 40.4% (17 patients) of active group
while it had decreased in 13.5 % (5 patients) of control group. Conjunctivitis had decreased in
26.1% (11 patients) in experimental group but it had decreased in 16.2% (6 patients) in control
group, but not with significant difference (p=0.381) result.

3.10. Medication score

Medication score of conventional therapy had been decreased in 71.4 % (30 patients) in active
group and in 27.4 % (10 patients) in control in 1st month of treatment and the difference was
significant (p=0.021). The significance degree became larger in the second month (p=0.004),
which statistically measured the results of decreased conventional therapy use in active group
which account for 88 % (37 patients) corresponding to 27 %(10 patients) in the placebo treating
group.

Months of
treatment

Subgroups
Patients with decreased
medication

Patients not with
decreased medications

P value

Month 1

Active
30
(71.4%)

12
(28.5%)

0.021

Control
10
(27%)

27
(72.9%)

Month 2

Active
37
(88%)

5
(11.9%)

0.004

Control
10
(27%)

27
(72.9%)

Chi square test

Table 10. Medication score

4. Discussion

Pharmacotherapy is still the corner stone in the management of allergic disease followed by
immunotherapy. All therapeutic strategies have many side effects. Some of them may prove
dangerous or even lethal, in addition, mostly there is no curative therapy [3,4]. One of the good
substitutions is the use of herbal medicine and one of the ancient herb that was used medically
for many diseases was Zingiber officinale [21,22]. This herb has been used for many diseases
since no signs of serious adverse effects were known in antiquity.

Male were affected slightly more with AR than female. This result accords with other studies
that showed no sex difference or slight male predominance [46]. About 54% of patients were
less than 30 years old which means that the onset mainly started at the days of childhood
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while it had decreased in 13.5 % (5 patients) of control group. Conjunctivitis had decreased in
26.1% (11 patients) in experimental group but it had decreased in 16.2% (6 patients) in control
group, but not with significant difference (p=0.381) result.

3.10. Medication score

Medication score of conventional therapy had been decreased in 71.4 % (30 patients) in active
group and in 27.4 % (10 patients) in control in 1st month of treatment and the difference was
significant (p=0.021). The significance degree became larger in the second month (p=0.004),
which statistically measured the results of decreased conventional therapy use in active group
which account for 88 % (37 patients) corresponding to 27 %(10 patients) in the placebo treating
group.

Months of
treatment

Subgroups
Patients with decreased
medication

Patients not with
decreased medications

P value

Month 1

Active
30
(71.4%)

12
(28.5%)

0.021

Control
10
(27%)

27
(72.9%)

Month 2

Active
37
(88%)

5
(11.9%)

0.004

Control
10
(27%)

27
(72.9%)

Chi square test

Table 10. Medication score

4. Discussion

Pharmacotherapy is still the corner stone in the management of allergic disease followed by
immunotherapy. All therapeutic strategies have many side effects. Some of them may prove
dangerous or even lethal, in addition, mostly there is no curative therapy [3,4]. One of the good
substitutions is the use of herbal medicine and one of the ancient herb that was used medically
for many diseases was Zingiber officinale [21,22]. This herb has been used for many diseases
since no signs of serious adverse effects were known in antiquity.

Male were affected slightly more with AR than female. This result accords with other studies
that showed no sex difference or slight male predominance [46]. About 54% of patients were
less than 30 years old which means that the onset mainly started at the days of childhood
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adolescence. This goes in line with other studies [47] because allergy is a less common cause
of rhinitis in elderly as compared with form of rhinitis like atrophic rhinitis [48].

Concerning duration of the disease, 64.5% of patients had duration less than 5 years. That
means the allergic state in Iraq increased progressively in the last years especially after the last
war in 2003 due to increased air pollutions. Our study demonstrated a significant association
between family history and IgE serum level in allergic rhinitis patients. This finding is in
accordance with well documented fact in allergic diseases [49-51].

The present study not shows a significant relationship between smoking and IgE serum level
and this result is not agreed with that reported for Canada [52]. Z.O treatment showed a
significant effect on total IgE level. This is not strange for Z.O because it has potent immuno‐
logical effect in different studies [42-44]. Ginger extract seems to be with a wide range of
therapeutic effects that include multiorgan [53] such as the immune response, metabolism, and
gastrointestinal.

In the present study the patients showed excellent improvement in clinical symptoms and
clinical response after 2 months treatment duration especially in patients as compared with
control group. This may be due to the anti-mucous effect mainly, in addition to anti allergic
effect that present in its contents. Ginger demonstrate effective therapeutic effects in the
treatment of asthma and other respiratory diseases through its ability to loosen and expel
phlegm from the sinuses and lungs [42].

In Japanese cedar pollinosis patients, and in the most sever cedar pollen scattering period,
allergy symptoms (blowing the nose, itching eyes....etc) were significantly relieved in experi‐
mental group taking tea containing ginger extract for 13 weeks as compared with placebo
group. Stuffy nose, sore throat medication score were significantly relieved. [54].

Medication score showed good decrease in conventional treatment of allergic rhinitis after 2
months uses of Z.O therapy as compared with control group. These results were a reflection
and explanation of the improvement in clinical symptoms and augment the idea that says
herbal treatment is benefit in medical fields.

In conclusion, Zingiber officinale is effective treatment for allergic rhinitis and significantly
reduced serum total IgE after 4 weeks of treatment course.
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Chapter 8

Rehabilitation of Allergic Diseases in Children —
Climatothalassotherapy as a Power Tool in Achieving
Optimal Disease Control

Silvije Šegulja, Milica Zvonarek-Valković,
Daniel Buljević and Renata Volkmer-Starešina

Additional information is available at the end of the chapter
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1. Introduction

Incidence of allergic diseases is overall increasing in last few decades. This increase is especially
outlined in pediatric population. In European Union prevalence is between 2-11% [1]. Reha‐
bilitation of allergic diseases, primarily asthma or recurrent obstructive bronchitis is a powerful
mechanism to achieve better control of the disease which is not sufficiently used for this
purpose. The cost of treating asthma takes fifth place in health systems since they are accu‐
mulated over a lifetime. Direct costs go for medications and hospitalization costs, and indirect
in terms of loss of working and school days.

Since ancient times it has been known that spending time by the sea has a beneficial effect on
the respiratory system, and in recent years this fact is making a strong “come back”. The
rehabilitation program of this sort usually lasts from two to three weeks, which in combination
with a specific climate leads to the effect that allows better control of asthma and other allergic
dieaseses. The medical rehabilitation program usually consists of sterilized and nebulised sea
inhalation, inhalation of nebulised essential oils and breathing exercises [2]. It is available in a
few european centers till this day to our knowledge, our institution being one of those centers.

The favorable location of our institution in the most peaceful part of the Croatian littoral is
protected from strong winds from the north thanks to the adjacent mountain slopes and from
the south thanks to the island of Krk, providing a mild and relaxing climate. This region's
characteristic climate features are its dry, bright and pleasantly warm summers and mild
winters, with a healthy, local system of winds.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and eproduction in any medium, provided the original work is properly cited.



The difference between the average annual maximum and minimum temperatures is small,
whilst the difference between day and night temperatures is moderate and the total number
of hours of sunshine throughout the year is 2,500. Over the last 100 years, the average tem‐
perature during the winter has been 14,2°C whilst the average summer temperature is 23,6°C.
Snow, fog and temperatures lower than 5°C are very rare. The sea temperature during the
summer is almost 27°C.

The sea air distinguishes itself by its purity and abundance of healthy oligominerals, its natural
sea salt aerosols, ozone and essential pine, lavender and macchia oils, with no noxious pollen
allergens (especially pollen) and waste gases.

The particularities and advantages in treatment is the implementation of climatic therapy and
thalassotherapy is the application of the physical, chemical, natural and healthcare factors
inherent to the sea and the coast that are the sea air, and climate together with the seawater [2].

2. Climatic therapy

The medicinal benefits of the coastal climate emerge from the extremely favorable geographic
region in which is our institution located. Institution's favorable position brings about a mild
and relaxing climate. Climate therapy and the implementation of natural medical factors
performed by means of a free approach to the user or by medically conducted therapeutic
procedures. This free approach consists of residing in situ, with walks and other forms of
outdoor physical activities, close to the sea. Therapeutic procedures also consist of breathing
exercises and other physical procedures and exercises that are performed outdoors and by the
sea, under the supervision of a physical therapist.

3. Thalassotherapy

Using thalassotherapy procedures for medical purposes primarily means using seawater
during therapeutical procedures, and in our institution there is a variety of ways of inhaling
seawater as well as different procedures of physical medicine and rehabilitation performed in
the sea.

Seas and oceans have always magically attracted people.  The ancient  Egyptians,  Greeks
and Romans considered medicinal baths as important as medical treatments. Thalassother‐
apy implies the complete treatment of the body and mind based on an ancient belief in the
natural healing, both physical and chemical, properties of seawater. This term comes from
the Greek words „thalassos“ that means sea and „therapeia“ that means therapy. Today
the term „theraphy from the sea“ considers natural and alternative treatments for healing
a variety of diseases, accompanied by conventional methods of therapy and rehabilitation
for a variety of diseases and states,  antiaging treatments as well  as techniques aimed at
relaxation and reducing stress [2].
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the term „theraphy from the sea“ considers natural and alternative treatments for healing
a variety of diseases, accompanied by conventional methods of therapy and rehabilitation
for a variety of diseases and states,  antiaging treatments as well  as techniques aimed at
relaxation and reducing stress [2].
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4. Inhalation therapy

The therapeutical value of seawater is determined by its physical and chemical characteristics.
The medicinal properties of the sea have been known since ancient times. The Adriatic Sea is
considered to be the cleanest among all the Mediterranean seas. Its seawater is nothing more
than a solution of minerals: sodium, magnesium, calcium, chloride, sulphate and bicarbonate.
As well as this, it contains and trace elements: copper, manganese, seleniumand zinc. Papers
have confirmed that the salts and microelements (Ca, Fe, Mg, Na, Cu, Sn and other) contained
in the seawater have an antiseptic, antibacterial and antiviral effect.

Inhalation therapy is performed in a specialized Inhalaton center, which is unique not only on
the entire Adriatic area, but also in Europe. Modern devices for inhalation therapy enable the
exceptional quality of the dispersion of both the natural features of the seawater and essential
oils and medications, thus achieving the excellent results of inhalation therapy.

Inhalation  therapy  involves  the  introduction  of  dispersed  natural  healing  solutions  or
medications  of  gaseous  substances  locally  into  the  respiratory  system  and  subsequenty
through the lung tissue partially into the systemic circualtion. A therapeutic agent togeth‐
er with the help of modern technology is heated to the temperature of the human body
and then disperses in aerosol particles of different sizes. For example, aerosol particles up
to 5  microns (dry inhalation)  are intended for  the lower respiratory tract,  while  aerosol
particles  of  5-10  microns  (wet  inhalations)  are  intended for  the  upper  respiratory  tract.
Considering the unique system of both the upper and lower respiratory tracts and the fact
that  8  out  of  10  patients  with  asthma  also  suffer  from  allergic  rhinitis,  both  types  of
inhalation are applied depending on the indication.

Among other inhalants, inhalations of essential oils are used as well as inhalations of medica‐
ments (corticosteroids, mucolytics, Beta2-agonists, anticholinergic). For obstructive pulmona‐
ry disorders IPPB inhalers i.e. intermittent positive pressure breathing are used.

The use of inhalation therapy of essential oils for medical purposes today is confirmed by
numerous scientific researchers. Essential oils for inhalation have been applied since 1961 on
the recommendation of Ivo Padovan, M.D., and the formula has remained unchanged.

The nebulised essential oil is composed of:

Phenolum liquefactum – a mixture of phenol with camphor and menthol, that acts locally
anaesthetically, with a bacteriostatic effect.

Mentholum – in nature mint, which contains essential oils with mint, it is widely used in
traditional medicine.

Camphora – camphor is obtained from the distillation process of essential oils of the cinnamo‐
num camphora tree – kamforacae; it has a possitive effect on the circualtion of blood vessels
as well as respiration in asthma patients.

Aeterolum terebintinae – oil which is obtained from pine wood resin in a variety of ways, the
main ingredients are terpenes.
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Aeterolum eucalypti – is obtained from the distillation of eucalyptus leaves, this oil was once
used as a medicaton against malaria whilst today it is used for treating disorders like pertussis
and COPD.

The rehabilitation of the lower respiratory organs is performed by specialists in paediatrics
and paediatric pulmonology with the support of ENT specialists, specialists in dermatology,
physical medicine and rehabilitation as well as of physiotherapists and accompanying medical
staff.

Above mentioned inhalations are applied in acute, subacute and chronic conditions as well as
allergic upper and lower airway inflammation such as asthma and allergic rhinitis. Reconva‐
lescents from pneumonia and influenza, chronic obstructive pulmonary disease patients as
well as preoperative and postoperative treatment of respiratory surgical patients.

The purpose of above mentioned inhalation therapy is breaking the pathophysiology chain
events that originated from inflammation as basic process. Hypersecretion and eosinophilic
or neutrophilic infiltration leeds to eventual deterioration and functional failure of the
respiratory mucosa. However, thanks to the enormous regenerative capacity of respiratory
mucosa, intensive repiratory rehabilitation is able to bring it closer to a more or less normal
state [3].

It is common that each inhalation procedure is preceded by accurate diagnosis, status of the
inflammatory process as well as localization using multidisciplinary approach and diagnostic
tools such as spirometry and fraction of exhaled nitric oxide (FeNO). It is widely known that
the upper part of respiratory tract is associated with the lower part of the respiratory tract in
terms of pathophysiology. Therefore, respiratory mucosa is unique in terms of reactions and
pathophysiological mechanisms. Pathlogical events in respiratory system must be approached
multidisciplinary as teamwork of otorhinolaryngologist and pediatric allergologist or pedia‐
tric pulmonologist.

The fastest and most effective application of therapeutic substances is if and when possible
local application in terms of direct contact with diseased tissue. However, inhalation therapy
with local action has also general action due to absorbtion and penetration of therapeutic
substances through lung tissue, with a total area of 120 m2. It is calculated that there is about
75 billion alveoli, which are shrouded in capillaries with walls that are approximately 0.8
microns thick, being the thinnest of all the capillaries in the body.

Inhalation therapy itself should be preceded by preinhalation procedure where the diseased
mucosa is prepared as much as possible to receive the therapeutic substances. Preinhalation
procedure is done by cleaning the pathological secretions, krust and pus by aspiration,
flushing, gurgling and humidification. After accurately diagnosed localization and severity of
the disease process, it is also important to choose size of the particles, as well as type of
application.

If the problem is localized in upper respiratory tract, particle size should be from 7-15 microns,
the middle part of the respiratory tract (trachea and bronchi) 2-5 microns, and the lower part
of 0.5-1 microns.
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To make the rehabilitation process (inhalations and climate factor) more objective, we chose
to use FeNO as diagnostic tool by measuring its value at start and finish of rehabilitation
process.

The fraction of exhaled nitric oxide (FeNO) is used as a biomarker for diagnosing and moni‐
toring respiratory allergies, or as an indicator of successful treatment of asthma in adults and
children. The measurement of exhalation is quick and simple test that can detect the inflama‐
tion before the simptoms become proportional to the actual degree of eosinophilic inflamma‐
tion in the respiratory system. The largest portion of the nitric oxide (NO) is formed under the
influence of inducible NO synthase respiratory mucosa [4,5,6]. It has a diagnostic role and a
role in monitoring the effectiveness of the treatment. Measurement of FeNO began in mid-‘90s
and since 2005 it is recommended by the European Respiratory Society and the American
Thoracic Society as a relevant diagnostic method of proving and monitoring asthma [7,8,9].
There's more than one kind of measuring device, and in our institution CLD 88 Analyzer was
used in this reasearch. With adequate antiasthmatic therapy in the treatment of children
suffering from asthma, its place also has climatothalassotherapy rehabilitation process that
takes place in our institution. Since the times of Hippocrates, who talks about benefits of the
coastal and sea environment, and Galen, who recommended breathing the air that breaks on
the rocks by the sea (later known as aerosol), patients with respiratory problems seek relief in
such enviroment. Our hospital in todays form itself has tradition that lasts over 50 years in
treating such diseases. Climatic factors, marine aerosol and absence of pollution are the main
principles of climatothalassotherapy. The rehabilitation process in our institution consists of
inhalation therapy and breathing exercises, as well as appropriate corrective exercises for chest
and posture, hydrokinesiotherapy and physical procedures drainage administered by the
inhalation of dry and moist marine aerosol and nebulised essential oils. Rehabilitation
treatment usually lasts 14 or 21 days. The aim of this study was to determine the favorable
impact of climatothalassotherapy rehabilitation process in our institution by measuring FeNO
at the beginning and end of treatment, and its dynamics.

5. Patients

We tested 107 children (up to 18 years of age) who were treated during 2014 with climatotha‐
lassotherapy rehabilitation program using inhalation of nebulised sea water, inhalations of
nebulised essential oils and breathing exercises. The duration of the rehabilitation program
was 14 or 21 days. In addition to sociodemographic data, we examined the value of FeNO on
arrival and on departure after completion of rehabilitation treatment.

6. Methods

In the initial part of calculating results classical methods of descriptive statistics were used.
First we calculated numeric indicators of central tendency and dispersion of variables FeNO
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on arrival and on departure. Shapiro-Wilks test showed that variable FeNO was not normally
distributed (graphs 1 and 2) on arrival (p <0.001) nor on departure (p=0.016) and further
statistical analysis was based on nonparametric approach. The difference in indicators of
central tendency between groups was also tested, we used the Mann-Whitney test, and for
comparison of paired data Wilcoxon test. Testing the difference in the proportion is based on
the z-test.

Graphical comparison of data is based on the creation of Boxplot chart. Statistical data were
calculated using program Statistica 9,0 software

Graph 1. The normality distribution analysis of the the variable "FeNO on arrival"

Graph 2. The normality distribution analysis of the variable "FeNO on departure"
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7. Results

In this paper the main variables of interest were FeNO on arrival and departure.

The basic numerical indicators for these two variables are shown in the following table:

variable mean p50 sdiqr cv range

value~1 41.48411 30.5 19.4 25 .9507657 287.4

value~2 19.43551 19.4 10.98513 16.3 .5652091 43.1

Table 1. FeNO on arrival (value1) and departure (value2)

Note that the coefficient of variation (CV) for both variables is greater than 0.5, which tells us
that there was present a significant dispersion when measuring and that median is the better
indicator of central tendency than the arithmetic mean, which supports the selected nonpara‐
metric methods. It is important to note the extremely large range of measured data with
variable FeNO at arrival.

First, we wanted to check whether there is a difference in the measurement of FeNO on arrival
and departure. We confirmed our hypothesis that FeNO on departure is markedly lower than
FeNO on arrival at an extremely high level of significance (p <0.001). In other words, the
median value of the sample fell for 11 units, and the data for FeNO on departure are far more
homogeneous, which means that the coefficient of variation was reduced by almost 50%.

Comparison of FeNO on arrival and departure is shown in the figure below:

Figure 1. FeNO on arrival (value1) and departure (value2)
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Now we wanted to check whether children who were 21 days in the treatment have lower
output FeNO compared to those who had a stay of 14 days. The assumed hypothesis has been
accepted because the Mann-Whitney test showed that there was a statistically significant
difference at a weak level of significance (p=0.0971) in the median values between groups.

Tabular and graphical representation are given below:

Figure 2. FeNO value on 21 days and 14 days of therapy total

Duration21(1)/14(0) mean p50 sdiqr cv range

0 21.22745 20.1 10.60664 17.8 .4996663 42.9

1 17.80357 18.15 11.16276 14.35 .6269957 41.1

Table 2. FeNO value on 21 days and 14 days of therapy total

Finally, we wanted to examine whether children with positive SPT(skin prick test) test have
higher average FeNO on arrival or on departure. Positive SPT test being the test that is positive
with at least one or more inhalatory allergens.

For values of arrival data are displayed in the following table and graph:

SPT 1/0 mean p50 sdiqr cv range min

0 31.98605 29.3 16.56739 22 .5179568 83.4 9.3

1 47.86563 36 48.28566 26.75 1.008775 287.4 8.9

total 41.48411 30.5 39.44167 25 .9507657 287.4 8.9

Table 3. SPT test (1 positive/0 negative) and FeNO on arrival
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Figure 3. SPT test (1 positive/0 negative) and FeNO on arrival

The difference in the median values of Mann-Whitney test was significant (p=0.0383), which
is not the case when patients were leaving (p=0.3618).

Indicators for this case are given below:

SPT 1/0 mean p50 sdiqr cv range min

0 18.14419 19.1 9.591422 11.4 .5286224 38.1 2.1

1 20.30313 20 11.82388 19.8 .5823674 43.1 1.2

Table 4. SPT test (1 positive/0 negative) and FeNO on departure

Figure 4. SPT test (1 positive/0 negative) and FeNO on departure
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8. Discussion

Specific climate has a positive effect on allergic respiratory system diseases, but there are not
many studies that objectively prove this claim. There is also a problem of multicentric studys
since there is not many centers that provide this kind of medical treatment as well as no
standardised procedures within these centers. In our institution climatothalassotherapy
rehabilitation program is carried out while taking permanent antiasthmatic therapy if there is
one at arrival.

The rehabilitation program lasts two to three weeks, which in combination with a specific
climate leads to the effect that enables better asthma control. In our analysis, we followed the
FeNO as a biomarker of inflammation at the beginning and the end of the treatment. With
statistically relevant significance it can be established that climate has a positive effect on
reducing the values in FeNO as a biomarker of inflammation and thus favorably affect on
asthma control. Kaminski et al in their study had similar observations [10]. Of course, it should
be taken into account that specific micro factors like air pollution as well as the number and
proximity of roads and clean air and seawater [11,12]. Those parameters are evaluated several
times a year. Also, we should not neglect the fact that the permanent antiasthmatic therapy at
our institution is taken regularly ensuring good compliance. Furthermore, close supervision
by medical staff ensures the cooperation of patients, which can affect the final result, this
segment is provided. Furthermore, there is a question if accumulated effect of climatothalas‐
sotherapy reduces the need for acute hospitalizations, as well as increased dosage of inhaled
corticosteroids. There is an idication of positive answer on this question provided by study
taken in ten year period following the group of 143 children who were treated over ten years
in our institution, it was stated that children who were five or more times treated with
climatothalasotherapy rehabilitation treatment for a period of three weeks, were using
significantly less inhaled corticosteroids and they had statistically significant less asthma
exacerbations compared to the control group that did not use climatothalassotherapy at all
[13]. However, there is a need for further research in this area.

We find that FeNO as a diagnostic tool is excellent, reproducible and non-invasive method of
evaluation or reevaluation, which gives us an insight into the success of therapeutic methods
and can guide us in tailoring therapy in terms of individual approach to each patient with
asthma.

9. Conclusion

Besides usual antiasthmatic therapy in the treatment of asthmatic children, there is an
important place for climatothalassotherapy rehabilitation program. We can say that climato‐
thalassotherapy rehabilitation process in observed patients has a positive effect on reducing
the FeNO values and asthma control. There is a need for further research on impact of
cumulative therapy in patients with multiple treatments in our institution on a larger number
of patients. Importance of good communication among physicians who regularly control
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patients treated in their residential place and the doctors who observe patients during
climatothalassotherapy rehabilitation process in our institution with the aim of better control
of the underlying disease, should be emphasized.

Climatothalassotherapy is a powerful tool in achieving optimal allergic disease control that is
not enough incorporated in algoritms of allergic disease management. It should be used on
regular basis in order to reduce dosage of medications and reduce number of exacerbations of
disease, therefore, in cutting down the expenses of health system and providing better quality
of life for those patients.
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1. Introduction

Food allergy is one of the leading causes of allergic disease and the main cause of anaphylactic
reactions and mortality due to allergic problems, producing important economic problems
and social restrictions for the affected patients and their families.

The increase in the prevalence and persistence of food allergy throughout the world has a
significant impact not only upon patient safety but also on quality of life and healthcare
expenditure. Indeed, food allergy constitutes a major public health problem.

The attitude or approach to food allergy has always been to avoid the cause and adopt
measures against adverse reactions in the event of accidental intake. However, in the last few
years a new management strategy has been explored: the active induction of food tolerance.

One of the most promising therapies is desensitization to specific food allergens through oral
or sublingual immunotherapy, and research in this field is advancing quickly for some
established allergens. In this respect, the technique has demonstrated its effectiveness, and its
transfer to clinical practice is presently undergoing evaluation.

This chapter addresses the epidemiology and natural history of food allergy, the mechanisms
of immune tolerance to foods, the forms of desensitization and induction of tolerance to
allergens with applications to foods, and affords an update on the experience gained with the
induction of tolerance to different foods, the respective protocols and guides, efficacy and
safety considerations, and adverse reaction risk factors. An evaluation is also made of the
current state of biological therapy utilization in conjunction with specific immunotherapy for
food allergens.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and eproduction in any medium, provided the original work is properly cited.



Lastly, a discussion is made of the opportunities and limitations facing the clinical use of the
specific immunotherapy in food allergy, and of the areas of future research.

2. Epidemiology of food allergy

Food allergy is a worldwide problem, affecting at least 1-2% of all adults and between 6-8% of
the pediatric population [1–3]. The reported prevalences are conditioned by the diagnostic
methods used, the patient ages considered, and also by genetic, ethnic, geographic and cultural
factors. Consequently, the published data differ greatly from one country to another [4].

The diagnostic methodology used exerts a great influence. In this respect, a recent metaanalysis
[5] found the self-reported incidence of allergy to cow’s milk (CM), egg, peanut or crustaceans
to be 12%-a figure that dropped to 3% when the diagnosis was established from double-blind,
placebo-controlled food challenge(DBPCFC) or provocation testing. In the case of cow’s milk,
between 1.2% and 17% of those surveyed claimed to be allergic, depending on the study. In
this regard, if the diagnosis was established by prick testing or the determination of specific
IgE, the frequency was found to be 2-9%, versus a prevalence of 0-3% when DBPCFC was the
selected diagnostic technique.

In the United States [6] it is estimated that 8% of all children will suffer food allergy, and that
40% of these patients will experience severe reactions, while 30% will be allergic to several
foods – peanut, cow’s milk and crustaceans being the most commonly implicated foods. In a
one-year of age Australian population, the prevalence of allergic individuals as established by
provocation testing (i.e., challenge-proven allergy) reached 10% [7].

The prevalence of food allergy appears to be increasing rapidly, particularly in the industri‐
alized world [8–10] and in widely different regions such as the United Kingdom [11], the
United States [12], Australia [13], Sweden [9] or China [14].

2.1. The most frequently implicated foods

The age of the studied population and the geographical setting exert a key influence upon the
types of foods that cause allergy. The most common cause of food allergy in pediatric patients
is cow’s milk, followed by egg (and peanut in the United States). In turn, crustaceans, nuts and
peanut become the most common causes of more serious allergic reactions among adults, since
allergy to cow's milk and egg disappears in approximately three out of every four patients,
while the opposite is observed for the rest of foods.

2.2. Cow’s milk

Allergy to cow’s milk is the most common type of food allergy in children, affecting 2-3% of
all individuals in this age group. Approximately one-half of all cases are mediated by IgE, with
the development of immediate allergic reactions which in some cases may prove systemic and
serious (e.g., anaphylaxis). The rest of the cases are not mediated by IgE, and are characterized
by generally less serious gastrointestinal problems-with the exception of FPIES (food protein-
induced enterocolitis syndrome).
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Most patients show a favorable course, with disappearance of the allergy in up to 83% of all
subjects by 5 years of age. The specific IgE levels are a good predictor of tolerance, though
recent publications indicate that longer periods of time are currently needed to acquire natural
tolerance, and that tolerance now develops in adolescence and not in the early schooling period
as was common in the past [15,16]. Despite measures of caution, accidental intake still occurs,
often on a day to day basis in the home [17], with the description of even fatal anaphylactic
reactions [18].

2.3. Egg

Allergy to chicken egg (usually to egg white) is the second most common form of food allergy
in pediatric patients, being observed in 1-3% of all children [19]. The underlying pathogenesis
is mainly IgE-mediated. Approximately two-thirds of all patients acquire natural tolerance
[13,20,21], though a recent study has evidenced the persistence of egg allergy in 42% of the
patients upon reaching adolescence [22]. This change in tendency may contribute to increase
the number of adults with allergy to egg. In this regard, it has been estimated that 0.2% of all
adults are allergic to egg [23], so this figure is likely to increase.

2.4. Peanut

Allergy to peanut is one of the most frequent forms of food allergy in western countries, and
can give rise to serious IgE-mediated reactions in response to even small intakes or exposure
levels. The condition is found in up to 1.8% of all children in the United Kingdom [24] and in
1.3% of the adult population in the United States [23]. When diagnosed by provocation or
challenge testing, the prevalence reaches 3% of all children in Australia [7]. The prevalence of
peanut allergy appears to be increasing, and most individuals continue to suffer allergy to this
food in adult life [25]. Indeed, only 20% of the affected patients overcome peanut allergy [26],
and the percentage of tolerant subjects is related to the degree of sensitization [27]. Over 15%
of all affected patients suffer accidental exposure on a yearly basis [28,29].

2.5. Multiple foods

Allergy to multiple foods is important, since up to 30% of all allergic children suffer allergy to
more than one food [6,30] – the magnitude of the condition increasing with the degree of atopy
of the patient. These patients have poorer quality of life than those with allergy to a single food
[31], and are at an increased risk of suffering nutritional deficiencies [32]. Likewise, patients
with allergy to multiple foods have lesser chances of acquiring natural tolerance to the
implicated foods [22].

3. Current treatment of food allergy

The traditionally recommended approach to the management of food allergy consisted of strict
avoidance of the causal allergen; early recognition of the allergic reaction; and the availability
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of adrenalin to deal with serious reactions. However it is known that strict avoidance is very
difficult to achieve, and is limited by difficulty in interpreting food labels [33] and by the
existence of hidden allergens in commercial foods [34]. Accidental intake is therefore common,
and can be expected to occur in up to 50% of all patients in the course of a two-year period,
even in very cautious patients. Undertreatment is moreover a common problem [35].

3.1. Management of anaphylaxis

The main risk posed by food allergy is the induction of IgE-mediated systemic reactions. In
this regard, food allergy is the leading cause of both anaphylaxis and mortality due to
anaphylaxis. Between 40-100% of all deaths attributable to anaphylaxis in patients with food
allergy are due to commercial foods or foods prepared outside the home [18,36,37]

Management includes teaching the patients and caregivers to quickly recognize the symptoms
of anaphylaxis and promptly self-inject insulin and notify the emergency care services [38].

However, difficulties are found regarding correct use on the part of the caregivers [39], and in
assuming the responsibility of care on the part of the patients [40] – particularly in the case of
adolescents [41,42]. In such patients, one-fourth of all anaphylactic episodes occur outside the
home. It is therefore necessary to instruct the caretakers in school on how to handle anaphy‐
laxis, and to reinforce self-care instructions among these adolescents [43].

4. Quality of life

The need for a strict avoidance diet, the high probability of accidental exposure, and the risk
of anaphylaxis in food allergies alters the life of the patients and their families, and generates
anxiety and psychosocial stress, with a negative impact upon quality of life [44–46], to an extent
greater than that observed with other chronic disorders of childhood [47,48].

This loss of quality of life affects even the daily relations of the patient, with an increased
frequency of bullying in such children [49]. Allergic children are also at an increased risk of
suffering abuse.

5. Economic costs

Food allergy implies an important economic cost [50], reaching an estimated 25 billion USD
each year in the United States – the largest part of this sum (approximately 20 billion USD)
being assumed by the families as direct costs, working hours lost, visits to the emergency
service, etc. [51]. The generated costs are not only of a personal nature but moreover also affect
the healthcare services, the food industry, the caregivers, and society as a whole [52].
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6. Immunology of food tolerance

The gastrointestinal tract (GIT) is constantly exposed to an enormous number of exogenous
antigens, including commensal bacteria and ingested proteins. In this respect, the GIT is the
most relevant site of exposure to antigens in the entire body, and therefore of antigen absorp‐
tion and presentation to the host.

An epithelial layer separates the allergens from the lymphocyte population, antigen-present‐
ing cells (APCs) and other immune cells of the lamina propria that globally conform the so-
called mucosa-associated lymphatic tissue (MALT). Within the latter, the dendritic cells (DCs)
interact with the food allergens, determining the outcome of the adaptive response (immunity
versus tolerance)[53]. In this respect, immune tolerance is defined as suppression of the
antigen-specific cellular or humoral immune response.

Following the intake of proteins with the diet, enzyme-mediated digestion reduces their
immunogenicity, probably through destruction of the conformational epitopes. However,
other foods sharing common characteristics (molecular weight < 70 kDa, linear epitopes, water
solubility) are resistant to both physical and chemical degradation, and thus maintain their
allergenicity upon reaching the small intestine. Under normal conditions, the intact macro‐
molecules are taken up by a transcellular transport mechanism, and the antigenic material is
deposited through the basolateral surface of the epithelial cell layer; as a result, a significant
amount of food allergens reach the systemic circulation following a meal.

Another antigen uptake mechanism consists of direct antigen presentation to the CD11c
+dendritic cell population. The function of these cells is related to macrophage activity, and
there is evidence that the CD11+macrophage population plays an important role in the T cell-
mediated antigen-specific response during the development of immune tolerance to food
antigens.

More recent evidence supports that impairment in regulatory T cell (Treg) induction and innate
immunity might also contribute to Th2 polarization in early life. Prospective birth cohort
studies have shown that IgE production in response to egg, milk, and peanut commonly occurs
even in healthy infants. In non-allergic subjects, this Th2 bias appears to be transient, and IgE
levels decrease, possibly through a counterbalancing induction of antigen-specific Th1
responses (i.e., IFN-γ); in contrast, these Th2 responses consolidate and strengthen in allergic
children, perhaps through the induction of IL-4 signaling [54].

A full 80% of all plasmatic cells are located in the intestine. The small bowel contains cell
generating pIgA (polymeric IgA)(80%), followed in order of prevalence by secretory pIgM
(polymeric IgM)(15-20%) and secretory IgG (3-4%). IgA deficiency in children has been
reported to be associated with an elevated frequency of food allergy. In this context, it has been
postulated that IgA plays a protective role in the context of food allergy [55].

The presence of antigen-specific IgG in the intestinal lumen can exert a significant influence
upon immunity to food and flora. IgG-mediated antigen uptake through FcRn in the neonatal
intestine is tolerogenic, and suggests that antigen exposure through breast milk would be a
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helpful preventative strategy, particularly when the mother has existing IgG antibodies to that
antigen. Once allergic sensitization has been established, it is not clear whether IgG-facilitated
antigen uptake through FcRn would amplify existing proallergic adaptive immune responses
or promote active immune tolerance. Studies are needed to address the influence of FcRn on
responses to food antigens [55].

Immunoglobulin E can be found in secreted form under the conditions of allergy and helminth
infection-this being associated with an epithelial receptor for IgE. IgE-facilitated antigen
uptake results in increased delivery of antigen to allergic effector cells, activates proinflam‐
matory pathways in intestinal epithelial cells, and enhances antigen delivery to dendritic cells.
IgE-facilitated antigen uptake by B cells can also have an adjuvant-like effect on the resulting
adaptive immune response.

This complex interaction among physical factors, antigen characteristics and timing, together
with the effects of innate immune stimulation, condition the development of oral tolerance
through a common pathway directly or indirectly influenced by APCs. It recently has been
shown that mucosal dendritic cells are probably the key element in determining allergic
sensitization versus tolerance in naïve subjects.

Multiple tolerance mechanisms probably intervene, and may include anergy or deletion of T
cells. There is evidence relating oral tolerance with the capacity of the mucosal dendritic cells
to induce positive forkhead box protein [Foxp3]+Treg cells in MLNs (mesenteric lymph nodes).
CD103, retinoic acid (RA), indoleamine-2,3-dioxygenase, co-stimulator molecules of the B7
family and TGF-β appear to act by allowing dendritic cells to induce such conversion. In
contrast, the dendritic cells of the lamina propria do not express CD103, and are proinflamma‐
tory. This suggests that tolerogenic dendritic cells could inhibit site-specific signaling of the
intestinal epithelium through interaction with E-cadherin (a CD103 ligand). This is probably
the microenvironment provided by the mucosa to allow antigen presentation resulting in
either inflammatory response or tolerance within the MLNs. Antigen-presenting cells other
than conventional dendritic cells might also participate in oral tolerance induction.

Oral tolerance might be operative through multiple mechanisms in multiple tissue compart‐
ments. For example, intestinal macrophages can also efficiently induce Foxp3+Treg cells in an
IL-10-, RA-and TGF-β-dependent fashion. Plasmacytoid dendritic cells, a specialized dendritic
cell subset known for their ability to produce vast quantities of type I interferons, can also
activate inducible Foxp3+IL-10. Integration of environmental information by dendritic cells
results in specific activation and differentiation of T cell subsets, including the Foxp3+Treg
cells, as the primary effectors of oral tolerance.

Repeated exposures to low doses of antigen are thought to be the optimal stimulus for the
development of Treg cells, which suppress immune responses through soluble or cell-bound
regulatory cytokines such as IL-10 and TGF-β. Natural CD4+CD25+Treg cells develop in the
thymus and express the specific transcription factor Foxp3+, which confers regulatory function
to these cells to block both Th1 and Th2 responses. Inducible regulatory T cells (iTreg) are
CD4+cells that can differentiate from naïve precursors, acquiring regulatory properties in the
periphery after exposure to antigen. In many cases these cells acquire the expression of Foxp3,
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and they exist in at least two forms distinguished by the antiinflammatory cytokines produced:
IL-10 (Tr1 cells) and TGF-β (Th3 cells). Whereas natural CD4+CD25+Treg cells are thought to
primarily govern peripheral tolerance to self-antigens, Treg cells are more likely responsible
for tolerance to exogenous substances, such as allergens [56].

Mechanistically, functional allergen-specific Treg cells can attenuate allergic responses
through: 1.-the suppression of mast cells, basophils, and eosinophils; 2.-the suppression of
inflammatory dendritic cells and induction of tolerogenic dendritic cells; 3.-the suppression of
allergen-specific Th2 cells, hence contributing to T cell anergy; and 4.-the early induction of
IgG4 and late reduction of IgE production. All of these mechanisms can be mediated through
the secretion of IL-10 and TGF-beta, or through cell contact-dependent suppression. The Treg
cells therefore appear to play an important role in tolerance following immunotherapy in food
allergy [57,58].

7. Active therapy against food allergy

Between 15-20% of all patients with allergy to cow’s milk and egg will remain allergic, while
those who acquire tolerance will take years to become tolerant. In contrast, most patients with
allergy to fish, crustaceans, peanut or nuts will remain allergic to these foods for life [59].

The health risks for such patients, the alterations in their diet, social discrimination, impaired
quality of life, and the costs generated by such illnesses have led to re-evaluation of the passive
management strategies with a view to establishing active treatment options – replacing the
management through avoidance paradigm with an active intervention approach based on
specific desensitization and tolerance of the causal food.

In this context, active intervention has been considered for years with the purpose of solving
this health problem, particularly in patients with a high risk of anaphylaxis and in those who
will not benefit from natural resolution of the problem. Such intervention involves nonspecific
therapeutic measures and, more recently, specific treatments for each type of food.

Immunotherapy would be a plausible option in view of its demonstrated efficacy in patients
with allergy to aeroallergens and stinging insect venom [60]. For this reason, the use of
immunotherapy in application to food allergens has been postulated for over two decades –
giving rise to a series of experiments and producing a body of knowledge over the last decade,
referred particularly to the oral route, which we will try to explain in this chapter.

Considering that non-IgE mediated allergy does not appear amenable to such treatment
strategies, we will only deal with IgE-mediated food allergy.

8. Immunotherapy in application to foods

The site of antigen administration and contact is important for the efficacy and safety of specific
food immunotherapy. According to the administration route involved, we can distinguish
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among four different types of specific food immunotherapy: subcutaneous immunotherapy
(SCIT), epicutaneous immunotherapy (EPIT), sublingual immunotherapy (SLIT) and oral
immunotherapy or specific oral tolerance induction (SOTI)[61].

8.1. Specific Subcutaneous Immunotherapy (SCIT)

There is extensive experience with the use of subcutaneous immunotherapy in application to
aeroallergens and insect venom – more than 100 years having gone by since the technique was
first developed – though very little experience has been gained to date with its use in appli‐
cation to food allergy. In patients with pollen-fruit syndrome [62], immunotherapy has been
found to be effective against aeroallergens that share antigenicity with certain plant foods [63–
65], securing desensitization to such allergens and foods. However, the utilization of specific
food allergens via the subcutaneous route (e.g., peanut), produced important [66] and serious
adverse reactions, with the death of one patient following error in the composition of the
placebo dose containing allergen. As a result, and despite evidence of a certain degree of
efficacy, these problems caused the early evaluation attempts to be suspended [67]. In effect,
since then, this specific immunotherapy administration route to treating food allergy has been
discontinued. However, the introduction of recombinant allergens, the elimination of epitopes
for IgE with the maintenance of T cell-recognized epitopes [68], immunotherapy with peptides,
DNA immunotherapy, and other advances that are currently in the preclinical investigation
phase, will make it possible to resume studies with this administration route.

8.2. Specific Epicutaneous Immunotherapy (EPIT)

Specific epicutaneous immunotherapy (EPIT) is based on the capacity of the Langerhans cells
of the epidermal basal layer to migrate and reach the lymph nodes, where they regulate the
cells implicated in allergic inflammation [69,70]. A pilot study in patients with allergy to cow’s
milk [71] demonstrated a modest increase in the amount of milk tolerated, with only local
symptoms, none of which proved serious. A recent phase IIa double-blind, placebo-controlled
(DBPC) efficacy study in patients with allergy to peanut (ARACHILD) [72] was able to secure
a more than 10-fold increase versus baseline in the tolerated levels after 18 months of treatment
in 67% of the patients. The study has currently been extended to 36 months, with good safety
results. Other studies involving this same administration route for the induction of peanut
desensitization are currently also in course.

8.3. Specific Sublingual Immunotherapy (SLIT)

Specific sublingual immunotherapy (SLIT), which makes use of the capacity of the Langerhans
cells of the oral mucosa to suppress allergic cell response [69,73,74], has been successfully
applied against aeroallergens in rhinitis and asthma [75,76]. In the same way as SCIT, the
technique has afforded improvement in patients with plant allergy exhibiting cross-allerge‐
nicity with certain pollens. In this regard, SLIT has been used against the latter [77] and against
latex – avoiding the increase in foods to which reactions occurred [78].
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Use has been made of SLIT with specific food allergens such as kiwi [79]. One case report
documented persistent tolerance after 5 years [80]. DBPC studies have been made with
hazelnut [81], with the maintenance of protection over the long term [82], and with peach [83],
in which tolerance could be increased 3-to 9-fold. At present, an observational study is
underway to evaluate the efficacy and safety of SLIT with Pru p3 extract in pediatric patients.
A pilot study with cow’s milk [84] was able to increase the tolerated amount of milk three-fold
in a group of 8 children. A placebo-controlled SLIT study with peanut [85] in turn secured a
10-fold increase in the amount of peanut that could be ingested without symptoms after 44
weeks of therapy in the active treatment group. A more recent placebo-controlled SLIT study
with peanut [86] found 70% of the patients to be able to ingest 5 g of peanut or increase the
tolerated amount up to 10-fold versus the amounts tolerated at baseline, after 44 weeks of
treatment.

8.4. Specific Oral Immunotherapy / Specific Oral Tolerance Induction (SOTI)

Specific oral tolerance induction (SOTI) is currently the most widely evaluated approach,
having exhibited effectiveness over the short and long term, though with limitations in relation
to its safety profile. Tolerance is taken to represent non-reactivity to the allergen even after a
period of time without contact with the allergen. In this regard, desensitization constitutes a
prior step, but does not guarantee lasting tolerance. SOTI is able to achieve desensitization in
a large percentage of patients – this being enough to avoid reactions secondary to accidental
ingestion and incorporation of the food to the diet. Such desensitization is possibly the most
important objective of the technique, since the number of patients that are able to achieve
permanent tolerance is considerably smaller. As a result, it has been proposed that SOTI should
actually be referred to as specific oral desensitization induction.

A prospective comparison of SOTI versus SLIT [87] has confirmed greater efficacy if SLIT is
followed by a SOTI phase involving high maintenance doses. The retrospective comparison
of SLIT and SOTI in application to peanut allergy [88] has shown greater efficacy with the latter
technique, though with more adverse effects. In this respect, it seems that SLIT is comparatively
safer but less effective than SOTI in application to foods.

Since SOTI is the most widely investigated type of specific immunotherapy in food allergy,
we will address the technique a little more in depth.
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SOTI acts at intestinal dendritic cell level [89,56], lowering the specific IgE levels and increasing
the specific IgG4 titers, with an increase in IL-10, IL-5, IFN-γ, TNF-α and Foxp3 cells. Studies
involving T cell microarrays have shown inhibition oriented towards apoptosis at genetic level
[90]. The technique also reduces basophil IgE receptor production [91].

8.4.2. Regimens and phases in SOTI

The technique aims to induce desensitization and subsequent tolerance by administering small
amounts of allergens that cause no clinical manifestations or only mild manifestations. The
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amounts are gradually increased over time until the ingested allergen level reached is
considered to protect against adverse reactions and secure tolerance after ingestion of the food
over the following months.

Three phases can be distinguished during this process. On the first day an initial rush-type
rapid desensitization phase is established, followed by an escalation or up-dosing phase
involving daily administration of the tolerated dose in the home of the patient, with controlled
periodic up-dosing (usually on a weekly basis) until the maintenance or desensitization dose
is reached. This represents the start of the maintenance phase, in which the maximum dose
reached is ingested either daily or on alternating days over the subsequent months in order to
maintain desensitization and protection against accidental exposure, and to secure full
tolerance in at least some of the patients. This in turn must be confirmed through provocation
testing after an exclusion period or treatment cessation period of one or more months.

The different management protocols use these phases in different ways as regards the doses
and times. Some protocols prolong the initial rush phase to reach maintenance dosing within
about 5 days [92–94], avoiding the weekly up-dosing phase which usually covers 2-4 months.
This practice typically implies more adverse effects. In contrast, the initial protocols used by
Patriarca et al. did not use the rush phase and prolonged the escalation phase for more months,
with increments in the home of the patient introduced on a daily basis or every few days in
the form of very small amounts, until the full desensitization dose was reached [95]. The
mentioned group continues to maintain this protocol in modified form [96,97]. There is also
some experience with the use of a SLIT desensitization phase followed by SOTI [87] – this being
an option in those patients who fail to tolerate the initial rush phase. In other studies the rush
phase is prolonged to two days and the up-dosing or dose escalation phase to 16 weeks [98,99].
The authors use a one-day rush phase and a 10-week dose escalation phase.

The most recent protocols typically contemplate all three phases, and follow-up evaluation
after the last phase, which is essential in order to confirm tolerance.

8.4.3. Experiences and clinical trials with SOTI

8.4.3.1. Peanut

In a non-controlled SOTI study, 28 children between 1-16 years of age with peanut allergy were
randomized 2:1 to active treatment or placebo. Three patients in the active treatment group
abandoned the study due to adverse effects, while the rest reached the 4000 mg dose, and after
12 months were able to tolerate 5000 mg (20 peanuts), versus 280 mg in the control group
(p<0.001). Significant reductions were observed in the size of the prick test and in the specific
IgE and Th2 cytokine levels – with a significant increase in specific IgG4 titers and Treg cell
count [100].

In another study, 29 patients completed the protocol and were able to consume 3.9 g of peanut
protein, with a significant decrease in the size of the prick test and in basophil activation after
6 months of maintenance dosing. Specific IgE was seen to decrease, with a significant increase
in specific IgG4 between months 12-18 of this treatment phase, together with elevations in the
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levels of IL-10, IL-5, IFN-γ, TNF-α and Foxp3 T cells, with demonstration of inhibition oriented
towards apoptosis at genetic level [90].

In another non-controlled study, 23 patients with anaphylaxis due to peanut allergy diagnosed
by DBPCFC received SOTI in the form of a rush protocol during 7 days until a dose of 0.5 g
was reached. After 8 weeks of daily intake and a two-week avoidance phase, DBPCFC was
repeated, with tolerance of only 0.15 g of peanut. Twenty-two patients continued with the
maintenance phase, and after an average of 7 months, 13 of them (60%) reached the protective
dose, with a final tolerance of 0.25-4 g of peanut (initial tolerance being 0.02-1 g). Three of the
22 patients suspended intake during this phase. A significant increase was recorded in specific
IgG4, with a decrease in Th2 cytokine levels [101].

8.4.3.2. Cow’s Milk (CM)

A total of 22 children with allergy to cow’s milk were randomized 2:1 to SOTI with 500 mg of
CM protein (15 ml CM) daily during four months, or to placebo. At final challenge testing, the
active treatment group tolerated 5140 mg, versus 40 mg in the control group. The IgE levels
did not vary, though the IgG4 levels increased significantly in the SOTI group [102].

Another study selected 97 children with DBPCFC-diagnosed allergy to CM with serious
reactions and very high anti-CM IgE titers. Sixty patients reacted to very low doses. The
subjects were randomized 1:1 to SOTI or an exclusion diet. After one year of treatment, 36%
of the patients in the SOTI group were fully tolerant (> 150 ml), 54% were able to consume
limited amounts of milk (5-150 ml), and 10% were unable to complete the protocol because of
persistent respiratory or digestive problems. None of the control subjects passed the final
DBPCFC test. [103]

A case series has described CM desensitization as a result of a rush-type SOTI protocol in four
patients, with long-term desensitization being achieved in all cases [93].

A multicenter study involving 60 pediatric patients with a mean age of two years (range 24-36
months) randomized the subjects 1:1 to an exclusion diet or SOTI (2-day rush phase followed
by a 16-week escalation phase until reaching a maintenance dose of 200 ml of CM). After one
year, 90% of the patients in the SOTI group were fully tolerant, versus 23% of the patients in
the exclusion diet group [98].

Another study randomized 30 patients diagnosed with CM allergy by DBPCFC to SOTI or
placebo (soya milk), with an 18-week up-dosing phase and no prior rush period. Thirteen
patients were maintained in the SOTI group, of which 10 reached the final dose of 200 ml (77%).
None of the control subjects passed the DBPCFC test [104].

Thirteen patients with CM allergy were subjected to SOTI with no initial rush phase and with
an 18-week escalation period until a dose of 200 ml of CM was reached. The three controls
received soya milk. Tolerance was achieved in 8 of the patients in the SOTI group (7 cases
of full tolerance and one partial tolerance), while the controls maintained DBPCFC positivi‐
ty [105].
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In another study, 28 children between 6-14 years of age with CM allergy (36% of an anaphy‐
lactic type) were recruited after oral provocation testing and randomized in a double-blind,
placebo-controlled SOTI study. Sixteen out of 18 patients in the active treatment group and 8
out of 10 in the placebo series completed the study. After one year of SOTI, 81% of the children
consumed 200 ml of CM or equivalent products. After confirming the absence of tolerance
among the controls, the latter were enrolled in a similar protocol and were seen to tolerate 200
ml of CM after 6 months. After 3.5 years, tolerance was maintained in 79% [106].

Lastly, in another study, 60 children aged between 13 months and 6.5 years were randomized
to SOTI or an exclusion diet. After 6 months, 89% of the patients in the active treatment group
tolerated 200 ml of CM, versus 60% of the controls (p<0.025). A decrease in the size of the prick
test was recorded in the active treatment group, while the size was seen to increase among the
controls [107].

8.4.3.3. Egg

A total of 55 patients with egg allergy were included in a randomized, double-blind, placebo-
controlled trial. Forty patients received SOTI. Of these, 55% passed a 5 g oral egg white powder
provocation test after 10 months, versus none of the individuals in the control group. In turn,
75% of the subjects in the active treatment group passed a 10 g oral provocation test after 22
months. Desensitization was associated to a decrease in specific IgE, an increase in IgG4 after
10 months, a reduction in basophil activation, and a decrease in the size of the prick test after
22 months [108].

Eighty-four patients with egg allergy that tolerated up to 1 g of raw egg white were randomized
to SOTI or an avoidance diet. After 6 months, 69% of the patients in the active treatment group
and 51% of the controls passed a oral provocation test, and the mean size prick test size and
specific IgE titers decreased significantly in the active treatment group. Furthermore, the
patients subjected to SOTI who failed to pass the provocation test had comparatively greater
tolerance and lesser severity of symptoms [107].

Of 19 patients between 4-14 years of age who started SOTI for egg allergy, 16 achieved full
tolerance (85%), being able to consume a 10 g dose of powdered pasteurized egg (equivalent
to one egg). In addition, a decrease was recorded in the population of effector-memory CD4+T
cells, with an increase in a subclass of CD4+T cells with a hypo-proliferative and non-reactive
phenotype [109]. These authors also recorded an increase in Treg cell count in those individuals
who reached tolerance [110].

In a study comprising 72 patients between 5-15 years of age, the presence of egg allergy was
confirmed by open oral challenge testing. Forty subjects were randomized to SOTI with
powdered pasteurized egg – tolerance being achieved in 92.5% of them, and in 21.8% of the
controls [111].

Another study involving 8 patients documented desensitization in 6 subjects (75%) [112].

In a retrospective review of 43 children with egg allergy, 30 were found to be willing to
participate in a SOTI study with egg, involving maintenance of the maximum tolerated dose
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two or three times a week. The 13 patients who declined to participate conformed the control
group. Nine of the 30 children in the active treatment group reached tolerance of one egg after
one year of SOTI – a figure that was seen to increase to 17 out of 30 subjects after two years of
treatment. In comparison, none of the controls achieved tolerance. Of the 14 desensitized
patients that could be followed-up on, 11 reached full tolerance [113].

A randomized and controlled study recorded partial tolerance (10-40 ml of raw hen’s egg
emulsion) in 90% of the patients (n=9) subjected to SOTI with egg during 6 months, versus
none of the controls [114].

8.4.3.4. Metaanalyses

A metaanalysis of SOTI with cow’s milk included 5 randomized controlled trials (RCTs) and
5 observational studies that met the inclusion criteria. The RCTs comprised 218 patients and
showed that oral immunotherapy versus an elimination diet increased the probability of
acquiring full tolerance to cow’s milk [relative risk: 10.0 (95%CI: 4.1-24.2)]. The adverse effects
of immunotherapy included frequent local symptoms (16% of the doses), mild laryngeal spasm
[relative risk: 12.9 (1.7-98.6)], mild asthma [rate ratio: 3.8 (95%CI: 2.9-5.0)] and reactions
requiring oral corticosteroids [relative risk: 11.3 (95%CI: 2.7-46.5)] or intramuscular adrenalin
[relative risk: 5.8 (95%CI: 1.6-21.9)]. The findings of the observational studies were consistent
with those of the RCTs. The metaanalysis concluded that larger RCTs are needed [115].

Another metaanalysis of SOTI with cow’s milk selected 16 publications, of which 5 were clinical
trials. The studies were generally small and presented methodological inconsistencies, with
low quality evidence. Each study used a different SOTI protocol. A total of 196 pediatric
patients were studied (106 subjected to SOTI and 90 controls). Sixty-two percent of the patients
in the SOTI group and 8% of the controls reached tolerance of about 200 ml of cow’s milk
[relative risk 6.61 (95%CI: 3.51-12.44)]. In addition, another 25% of the subjects in the SOTI
group achieved partial tolerance (10-184 ml), versus none of the controls [relative risk 9.34
(95%CI: 2.72-32.09)]. None of the studies evaluated the patients some time after immunother‐
apy suspension. Adverse reactions were common, affecting 92% of the patients, though most
were mild and of a local nature. One out of every 11 patients receiving SOTI required intra‐
muscular adrenalin. The studies conducted to date have involved small numbers of patients,
and the quality of the evidence is generally low. The current data show that SOTI can lead to
desensitization in the majority of individuals with cow’s milk allergy, though the development
of long-term tolerance has not been established. A major drawback of such therapy is the
frequency of adverse effects, although most are mild and self-limited. The use of parenteral
epinephrine is not infrequent [116].

Regarding SOTI for allergy to cow’s milk, achieving desensitization or even tolerance to cow’s
milk does not imply desensitization to milk from other mammalian species to which the patient
may be sensitized [117,118] – a circumstance observed in 25% of the cases in one study [119].
Consequently, the exclusion of milk and milk products from other species must be maintained
if exposure testing does not confirm the existence of tolerance to such foods.
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8.4.3.5. Other foods

Individual SOTI studies have yielded positive results in reference to other foods such as tomato
[94], celery [120], apple [121] or wheat [122,123].

8.4.3.6. Multiple foods

A field of great interest refers to the study of simultaneous allergy to multiple foods (up to 5),
since one-third of all patients with food allergy are allergic to two or more different foods. In
this respect, a trial has been carried out in 40 patients [124], of which 15 were allergic only to
peanut, while 25 were allergic to more foods. The patients received up to 4 g of each food
during the maintenance phase, and tolerance was seen to increase 10-fold versus the initial
DBPCFC dose. The same authors have conducted a study of desensitization to multiple foods
with omalizumab therapy, which allowed a shortening of the dose escalation phase [125].

8.4.3.7. Global metaanalyses

A metaanalysis of 33 case reports and 21 trials (18 RCTs and 3 controlled clinical trials) revealed
a substantially lesser risk of allergic food reactions in those individuals subjected to SOTI
[relative risk 0.21 (95%CI: 0.12-0.38)]. The immunological data showed a significant decrease
in prick test size and an increase in the specific IgG4 titers. The risk of local reactions was seen
to increase (in the form of mild oropharyngeal and gastrointestinal manifestations)[relative
risk 1.47 (95%CI: 1.11-1.95)], though no significant increase in systemic reactions was observed
[relative risk 1.08 (95%CI: 0.97-1.19)]. The authors concluded that there is strong evidence that
oral immunotherapy is able to induce immune changes and promote desensitization to
different foods. However, oral immunotherapy should not be used outside the defined
experimental conditions [126].

9. Safety

The side effects associated to SOTI are generally mild or moderate, with a predominance of
oropharyngeal manifestations that are easy to deal with [100–102,127,128]. However, more
serious reactions have also been reported, such as generalized urticaria / angioedema,
wheezing and dyspnea, laryngeal edema, intense abdominal pain and recurrent vomiting. This
latter adverse effect is the most limiting problem, preventing the continuation of SOTI in
10-15% of the patients [129].

There have been reports of eosinophilic esophagitis during the maintenance phase in patients
who did not have this problem before SOTI [130]. Although large series report a low incidence
(2%), in our experience the problem may be more frequent (10% in a small series of patients).
In this respect, the suspicion of eosinophilic esophagitis should be reinforced in cases with
classic symptoms of retroesternal pain, dysphagia, or less specific like recurrent cough or
digestive discomfort.
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In a study of SOTI with peanut [100], most patients suffered some symptoms. During the first
day of the up-dosing phase, two subjects abandoned the study, another two made use of
adrenalin, and 47% developed symptoms requiring antihistamines. Symptoms were observed
in 1.2% of the 407 doses during the escalation phase. Despite this observation, however, 16 of
the 19 patients subjected to SOTI were able to tolerate 4000 mg with only minimal adverse
effects. Likewise, in SOTI with cow’s milk, 45% of the doses produced symptoms, versus 11%
in the placebo group – most manifestations being mild and of an oropharyngeal nature [102].
During the first year of SOTI with egg, 25% of the 11,860 active treatment doses were associated
with symptoms, versus 4% of the 4018 placebo doses [127].

The frequency of adverse reactions is 10 times greater if the patient is moreover asthmatic [17].

9.1. Triggering factors

Viral infections, menstruation and physical exercise have been associated with reductions in
the tolerance threshold among patients who are already receiving SOTI maintenance doses
[131]. The development of other acute disease conditions may also require temporary SOTI
dose adjustment [101]. In a long-term SOTI follow-up study, 22% of the patients with allergy
to cow’s milk who had previously completed SOTI and had passed provocation testing with
the food reported limitations in milk intake due to symptoms often associated with physical
exercise (25%) and disease processes (6%) [132].

Rush-type SOTI protocols designed to shorten the interval required to reach maintenance
therapy have been associated to an increase in the incidence of undesired symptoms and
adrenalin use [103,101, 133, 134].

9.2. Prevention

It is advisable to avoid physical exercise in the hours before and after administration of the
dose, and to temporarily reduce the amount ingested by 50% in the case of viral disease or
respiratory symptoms. It is also advisable to administer the dose with other foods in order to
avoid gastrointestinal adverse effects.

Antihistamines have been used as premedication, and a study has used antileukotrienes to
control the gastrointestinal manifestations [135].

Thus, SOTI appears to be effective in securing desensitization, but it is not without risks.
Different metaanalyses indicate that the existing body of information is still insufficient to
guarantee the efficacy of the technique, and concern is still expressed about the safety of SOTI.
In this respect, further studies are recommended before considering transfer of the technique
from the experimental setting to clinical practice [115,116,126,136–138].

10. Long-term outcome

Does desensitization to a food imply long-term tolerance or only temporary tolerance?
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Although a considerable number of years have gone by since the first inductions of oral
tolerance to food were performed, few controlled studies have examined what happens after
several years of SOTI. Such information is crucial in order to define the frequency with which
full tolerance is achieved, as well as to identify the underlying patient-related factors involved,
and characterize the different desensitization options.

A communication published in 2005 [139] reported the loss of tolerance in two patients after
a two-month exclusion period following tolerance of the allergen maintenance dose during
several months (cow’s milk allergy with 27 weeks of tolerance of the 100 ml dose in one case,
and egg allergy with 39 weeks of tolerance of half an egg in the other). In turn, a third patient
who took 52 weeks in reaching the maximum dose again developed symptoms after four weeks
of exclusion. In these individuals the specific IgE titers did not exceed class IV. The authors
postulated that tolerance is dependent upon a series of variables such as the baseline tolerance
level, the duration of SOTI, the elimination diet involved, and the course of the illness at
individual level. Patients with a low probability of natural remission of their allergy may
require long-term maintenance therapy. There is little information on the interval between the
doses in the maintenance phase needed in order to preserve the acquired tolerance, though
for safety reasons, daily intake should be recommended.

A study published in 2007 [140] reported the follow-up data corresponding to four patients
who had undergone desensitization to cow’s milk three years earlier. Three of them were found
to have no detectable levels of specific IgE against casein, and presented no symptoms during
intake – though no exclusion period followed by reintroduction of the allergen had been
applied to ensure definitive tolerance.

The first long-term follow-up study on patients with cow’s milk allergy [141] revealed that
86% of the individuals reached desensitization (18 out of 21 patients), and tolerance persisted
in 14 out of 20 individuals (70%) upon evaluation an average of four years and 8 months after
the start of desensitization [142]. In addition, none of the patients needed to use adrenalin.

Since no control groups were established, these studies could not rule out the possibility that
tolerance in some of these individuals may have been attributable to natural mechanisms, and
were unable to establish whether tolerance persisted after the cessation of daily allergen intake.

In another study [143], 15 patients with successful induction of desensitization to cow’s milk
were subjected to oral provocation after 13 to 75 weeks with doses of 16 g. This dose was
tolerated by 6 of the patients, though here again there was no prior exclusion period. During
the follow-up period, adverse reactions were recorded that required adrenalin injection on 6
occasions (0.2% of the doses).

In a much larger patient sample [144], 66 subjects were diagnosed with allergy to cow’s milk
by DBPCFC (including 44 anaphylactic cases). Initial tolerance was achieved in 64 patients
(97%) – complete in 51 (> 150 ml) and partial in 13 (5-150 ml) – and was seen to persist after
one year of follow-up, with significant reduction of the specific IgE titers and of the size of the
prick test. As in the above studies, tolerance was not evaluated after an exclusion period.

In another study [145], following SOTI with egg or milk during a mean period of 21 months,
tolerance as demonstrated by DBPCFC was recorded in 36% of the patients two months after
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and egg allergy with 39 weeks of tolerance of half an egg in the other). In turn, a third patient
who took 52 weeks in reaching the maximum dose again developed symptoms after four weeks
of exclusion. In these individuals the specific IgE titers did not exceed class IV. The authors
postulated that tolerance is dependent upon a series of variables such as the baseline tolerance
level, the duration of SOTI, the elimination diet involved, and the course of the illness at
individual level. Patients with a low probability of natural remission of their allergy may
require long-term maintenance therapy. There is little information on the interval between the
doses in the maintenance phase needed in order to preserve the acquired tolerance, though
for safety reasons, daily intake should be recommended.

A study published in 2007 [140] reported the follow-up data corresponding to four patients
who had undergone desensitization to cow’s milk three years earlier. Three of them were found
to have no detectable levels of specific IgE against casein, and presented no symptoms during
intake – though no exclusion period followed by reintroduction of the allergen had been
applied to ensure definitive tolerance.

The first long-term follow-up study on patients with cow’s milk allergy [141] revealed that
86% of the individuals reached desensitization (18 out of 21 patients), and tolerance persisted
in 14 out of 20 individuals (70%) upon evaluation an average of four years and 8 months after
the start of desensitization [142]. In addition, none of the patients needed to use adrenalin.

Since no control groups were established, these studies could not rule out the possibility that
tolerance in some of these individuals may have been attributable to natural mechanisms, and
were unable to establish whether tolerance persisted after the cessation of daily allergen intake.

In another study [143], 15 patients with successful induction of desensitization to cow’s milk
were subjected to oral provocation after 13 to 75 weeks with doses of 16 g. This dose was
tolerated by 6 of the patients, though here again there was no prior exclusion period. During
the follow-up period, adverse reactions were recorded that required adrenalin injection on 6
occasions (0.2% of the doses).

In a much larger patient sample [144], 66 subjects were diagnosed with allergy to cow’s milk
by DBPCFC (including 44 anaphylactic cases). Initial tolerance was achieved in 64 patients
(97%) – complete in 51 (> 150 ml) and partial in 13 (5-150 ml) – and was seen to persist after
one year of follow-up, with significant reduction of the specific IgE titers and of the size of the
prick test. As in the above studies, tolerance was not evaluated after an exclusion period.

In another study [145], following SOTI with egg or milk during a mean period of 21 months,
tolerance as demonstrated by DBPCFC was recorded in 36% of the patients two months after
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suspending SOTI. Surprisingly, tolerance in the control group reached 35%, indicating a lack
of efficacy of SOTI in achieving tolerance. In another non-controlled study, 7 patients received
SOTI with egg [146], and four of them passed DBPCFC testing after 24 months. In turn, two
of these four individuals passed a second DBPCFC test three months after suspending SOTI.

The commented relatively low yet promising success rates in inducing tolerance were
improved upon in a follow-up study [112] involving a SOTI dosing regimen in which the
maintenance dosage was increased stepwise until the levels of specific IgE against egg were <
2 kU/l. At this point DBPCFC was performed, and those patients who passed the test again
underwent DBPCFC one month after suspending SOTI. The 6 patients that passed the first test
also passed the second test.

Another study [87] first administered sublingual immunotherapy (SLIT) with milk, followed
by patient randomization to either continuation with SLIT or conversion to SOTI with two
different maintenance doses during 80 weeks. Six weeks after the end of immunotherapy, one
of the 10 patients in the SLIT group (maintenance dose 7 mg/day) was found to be tolerant,
versus three of the 10 patients administered 1000 mg of milk as maintenance in SOTI, and 5 of
the 10 patients administered 2000 mg of milk as maintenance in SOTI. Although this was a
non-controlled study with few patients, the results obtained support the idea that higher doses
and longer durations of immunotherapy can afford a sustained lack of allergic responses after
the end of therapy, or tolerance of the allergen.

A placebo-controlled study of SOTI with egg [127], involving 40 children in the active treatment
group and 15 in the placebo group, recorded desensitization in 75% of the patients after 22
months, with a 28% tolerance rate after 24 months as established by DBPCFC performed two
months after the end of SOTI. None of the controls passed the provocation test after 10 months,
though they were not again subjected to oral challenge after 22 or 24 months – except one
subject with specific IgE levels of < 2 kU/l, who failed to pass the test. After 30 to 36 months of
follow-up, those patients who had acquired tolerance were seen to retain tolerance. This study
suggests that approximately one-quarter of all children with egg allergy achieve tolerance after
two years of SOTI – though the absence of provocation testing after two years in the control
group may complicate interpretation of the data – particularly in view of the high degree of
spontaneous tolerance registered among the controls [147].

In another study, after SOTI and 5 years of maintenance therapy with 4000 mg of peanut, 50%
of the patients passed oral provocation testing and were able to incorporate peanut to their
diet without restrictions [148].

11. Biological therapies associated to SOTI

In the course of the induction of oral tolerance to foods, patients may experience serious
adverse effects (e.g., anaphylaxis) or problems of lesser magnitude but which preclude
desensitization in 10-20% of the cases. This raises doubts not only about the safety of such
techniques but also as regards their efficacy in application to patients with antecedents of food-
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induced anaphylactic reactions, which are precisely the individuals that could benefit most
from desensitization or even tolerance.

For these reasons, different authors have recommended the use of a protective “umbrella”
during the initial phases, in which IgE-mediated allergic reactions are most frequent, with a
view to avoiding at least the most serious incidents.

11.1. Omalizumab

The availability of a humanized anti-IgE monoclonal antibody marked as omalizumab
(Xolair®, Genentech / Novartis) has allowed its use to prevent adverse effects – particularly
anaphylaxis – in those patients who because of their degree of sensitization or seriousness of
previous adverse reactions are at particularly high risk. In addition to improving patient safety,
such preventive treatment would result in improved efficacy, since it would allow us to reach
doses sufficient to ensure complete desensitization and possible subsequent tolerance [149].

On the other hand, under this type of protection against anaphylaxis, we could shorten the
escalation or up-dosing period and even reach doses higher than those previously used.

Omalizumab is a recombinant anti-IgE monoclonal antibody (anti-IgE mAb) with a molecular
weight of 150 kDa; 95% of the antibody is derived from human kappa IgG1, to which certain
murine complementary determinant regions are coupled. These in turn bind selectively and
with high affinity to the CHε3 domain of the Fc of IgE, preventing binding of this domain to
the high-affinity IgE receptors (FcεRI) of mast cells and basophils – thus inhibiting the release
of mediators by these cells through Fab binding to the antigen. Binding to the low-affinity
receptors (FcεRII) of dendritic cells, T cells, eosinophils and other cells related to allergic
inflammation is also inhibited.

The absence of binding to these receptors also down-regulates the expression of IgE receptors
(FcεRI) on the part of mast cells and basophils, which is dependent upon the levels of IgE. On
the other hand, the antigen-presenting cells (APCs), i.e., dendritic cells, also reduce their
activity [150], and the formation of Th2 lymphocytes is consequently not stimulated. The
basophils also experience a change in activity, paradoxically increasing their sensitivity to the
allergen, but maintaining lowered activity in the presence of a specific IgE / total IgE ratio of
< 4% [151,152].

The circulating anti-IgE/IgE complexes do not activate complement, and by keeping the
antigen-binding fraction free, are able to capture antigens from the bloodstream – preventing
them from reaching the specific IgE already bound to the cells.

One week after the start of treatment with anti-IgE mAb, basophil FcεRI expression is strongly
suppressed, while mast cell FcεRI expression is suppressed after 10 weeks [153]. This rapid
basophil suppression, together with the clinical improvement, reflects the importance of these
cells [154,155].

After the first hour of treatment with omalizumab, the free IgE titers in blood decrease linearly
with respect to the dose, a maximum effect being observed within 6 days, when more than
96% of the IgE levels are cleared from plasma – though total IgE increases because the half-life
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of the IgE-Anti-IgE complex is longer than that of IgE. The half-life of omalizumab is about 3-4
weeks [156].

11.2. Administration regimen and dose

The dose is established according to the instructions of the manufacturer in relation to the total
IgE titers and patient body weight. In this regard, the minimum dose is 0.016 IU/kg/IgE
(IU/ml)/4 weeks, in fractionated subcutaneous doses if needed [157].

It is estimated that 9 weeks are needed to reach the maximum effect, reduction of IgE and a
decrease in the expression of its receptors. A clinical trial involving asthmatic patients found
the clinical response to manifest after 16 weeks of therapy in most patients (158], though a
study in children and adolescents found the maximum effect to manifest after four weeks of
treatment (159,160]. Differences in criterion and patient population may account for this
discrepancy. Most studies establish a minimum treatment period of 8 weeks prior to the start
of induction therapy. The posterior coverage period varies, but corresponds at least to the
interval required to reach the maximum maintenance dose. Treatment cessation has been
abrupt, and the protective activity is known to cease completely within about three half-lives
(some 9-12 weeks). Stepwise cessation over time and/or dose could result in a prolongation of
the protective action without incurring in major costs increments.

11.3. Clinical applications

Soon after the marketing of omalizumab, the use of these anti-IgE antibodies in food allergy
was considered [161]. Data evidencing its benefit referred to food tolerance were obtained in
patients who received the drug for asthma control, and who were seen to be able to consume
a larger amount of foods to which they were known to be allergic. Indeed, the patients were
able to start consuming some foods which they were previously unable to consume even in
very small amounts.

The usefulness of omalizumab in avoiding IgE-mediated allergic reactions other than allergic
asthma, such as for example food allergy, has been evidenced in different studies [162,163].
The drug has been shown to be effective in raising the oral provocation sensitivity threshold
among patients with peanut allergy, when used in monotherapy [155,164,165].

The protective activity of omalizumab has been confirmed in immunotherapy for allergic
rhinitis [166,167] and asthma [168]. Its utilization in rush immunotherapy [169], involving an
increased frequency of systemic adverse reactions, afforded increased protection, including
protection against anaphylaxis, when administered during the 9 weeks prior to immunother‐
apy and then for 12 months concomitant to immunotherapy. In this respect, omalizumab was
seen to be superior to the use of antihistamines as premedication. Likewise, increased efficacy
of immunotherapy has been documented in patients receiving anti-IgE mAb.

11.4. Clinical trials with omalizumab and SOTI

The above considerations have led to the use of omalizumab pretreatment in food tolerance
induction protocols [170]. To date, only non-controlled double-blind pilot studies involving
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few patients are available, though several randomized, double-blind, placebo-controlled trials
are currently underway.

The first published study to report a possible role for omalizumab administered together
with oral immunotherapy in allergic patients [171] assessed the usefulness of the drug in
inducing tolerance to cow’s milk in the context of a phase I pilot trial involving a small
patient  sample.  Evaluation  of  the  immunological  changes  revealed  the  inhibition  of
cutaneous  mast  cells  and  peripheral  blood  basophils  in  a  non-specific  allergen  manner
during therapy with omalizumab, and in an antigen-specific manner after completing the
milk desensitization protocol [172].

Thirteen patients with peanut allergy confirmed by DBPCFC participated in a pilot trial
involving pretreatment with omalizumab during 12 weeks, after which the drug was contin‐
ued in combination with the immunotherapy up-dosing phase for another 8 weeks [173]. This
made it possible to increase the initial peanut dose without major side effects, and to shorten
the weekly up-dosing phase. With the dose of the first day (992 mg of peanut flour, equivalent
to about 2 peanuts), the patients could be protected against anaphylactic reactions caused by
accidental ingestion of the allergen. Within 8 weeks, the maintenance dose of 4000 mg was
reached in 12 out of 13 patients, with tolerance after 30-32 weeks of 8000 mg as evidenced by
DBPCFC – this dose being 160-400 times greater than the dose causing symptoms at first
DBPCFC testing. Fifty-four percent of the patients (7 out of 13 individuals) suffered no adverse
reactions during the first rush phase, while the rest experienced grade 1 effects requiring
antihistamine use in only two patients. During the weekly up-dosing phase, 49 adverse effects
were documented, of which 97% corresponded to grade 1 and none to grade 3. During
maintenance therapy, without the administration of omalizumab, a total of 17 adverse effects
were recorded, two of which corresponded to grade 3. Those patients that experienced adverse
effects after suspending omalizumab had higher specific IgE titers both at the end and at the
start, as well as a larger prick test size. The prolongation of omalizumab in patients of this kind
was thus proposed.

Another non-controlled phase I study used omalizumab during 16 weeks, including 8 weeks
as pretreatment, in the induction of tolerance to different foods in combination with oral
immunotherapy [174]. This management strategy allowed rapid desensitization using higher
starting doses than those used in another trial carried out by the same authors [175], involving
up to 5 foods at once, and with no grade 2 (moderate) or grade 3 (severe) symptoms during
the up-dosing phase. Adrenalin proved necessary in only one case, during the maintenance
phase (representing 0.01% of the administered maintenance doses).

11.5. Side effects of omalizumab

These antibodies have been reported to cause side effects [156,157] – the most important being
local inflammatory reactions. Anaphylaxis has been reported in 0.2% of the patients. It has
been suggested that such treatment should be administered in an appropriate healthcare
setting, with an adequate period of observation after administration (2 hours on the first
occasion and half an hour with the subsequent doses), with the availability of preloaded
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adrenalin [176,177]. A recent study has observed no increased risk of tumors associated to
long-term treatment [178]. In contrast, the risk of parasitic infestations appears to increase;
treatment in high-prevalence areas therefore should be restricted.

Another very important aspect to be taken into account is the cost-effectiveness ratio, with a
view to ascertaining whether the treatment is acceptable from the healthcare and insurance
perspectives. No such data referred to the specific therapeutic indication of food allergy have
yet been obtained, however.

Further clinical data are currently needed, involving double-blind, placebo-controlled trials,
as well as cost-effectiveness analyses, in order to establish the recommendations for use in
concrete patient groups as treatment in combination with SOTI, such as for example:

• Patients at particularly high risk due to increased sensitivity (usually associated to increased
clinical reactivity) and/or who have suffered serious reactions to the food allergen

• Patients unable to reach levels considered necessary to ensure desensitization

• Protocols involving a rush phase and rapid up-dosing

• Patients undergoing desensitization to several foods at the same time

11.6. Interferon-γ and SOTI

Few data are available on the usefulness of interferon-γ in combination with SOTI, though the
preliminary results are encouraging [179].

12. Conclusion

Immunoglobulin E-mediated food allergy in high risk patients or in individuals with a poor
prognosis in terms of tolerance may benefit from new immunotherapeutic techniques such
as SOTI. The advantages of SOTI are a great decrease in the risk of serious allergic reactions
in patients with particularly severe food allergy,  and the possibility of  introducing such
foods in the patient diet – with the resulting improvement in quality of life. Further studies
are needed to better  characterize those patients  most  amenable  to  effective SOTI,  estab‐
lish the required duration of therapy, define the immunological markers for assessing the
course of treatment, the role of associated biological therapies and draft safe and effective
consensus-based protocols  and guides,  before  transferring desensitization to  the  general
clinical practice setting.

There is evidence that this new approach is changing the management paradigm in food al‐
lergy, and in our opinion, like other authors [180], possibly it´s time for the practice of SOTI
in medical centers with medical staff trained and under secure supervision of his risks.
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1. Introduction

Eosinophilic gastrointestinal diseases (EGIDS) are immune mediated diseases with varying
clinical presentations but are characterized pathologically by eosinophilic infiltrate of the
epithelium of the gastrointestinal tract. Eosinophilic esophagitis has become the most recog‐
nized entity over the last twenty years and great strides have been made to understand it. In
the 1970s and 1980s, case reports of patients with esophageal eosinophilia were reported but
the significance of these findings was not known or were attributed to GERD. In the 1990s the
field of Pediatric Gastroenterology was emerging and endoscopy of children became more
common. In addition, pediatric gastroenterologists knew that inflammation could occur
despite macroscopically “normal” appearing tissue and therefore routine biopsies during
endoscopy have been standard of care. This led to wider understanding of the clinical
presentation and outcomes of children with prominent eosinophilia of the esophagus. These
children did not respond to the typical antacid regimen. They had a wide range of clinical
symptoms including vomiting, regurgitation, and abdominal pain and feeding refusal. It was
also noted that many had concurrent atopic diseases including food allergies, eczema and
asthma.[1-4] The fields of allergy and gastroenterology were beginning to converge on a
disease process that would prove more complex to manage than many other food allergies.
Today gastroenterologists and allergists have come to depend on one other in the management
of these patients.

Eosinophilic esophagitis is becoming a recognized common cause of esophagitis in children
and adults. The most current definition comes from the consensus statement published in 2011
in The Journal of Allergy and Clinical Immunology. The new criteria is less restrictive then
definitions put forth in the past. In addition, the authors changed the abbreviation from EE to
EoE because across disciplines EE can have different meanings (e.g. erosive esophagitis). This
expert panel wanted to conceptualize the definition so that it could represent the wide range
of patients and clinical scenarios. The expert panel agreed upon the definition that “eosino‐
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philic esophagitis represents a chronic, immune/antigen-mediated esophageal disease
characterized clinically by symptoms related to esophageal dysfunction and histologically by
eosinophil-predominant inflammation”.[5]

Histologic criteria include the presence of ≥15 eosinophils per high power field on esophageal
biopsy. This requirement should make diagnosis more standardized; however, the definition
of “high power” field can vary and therefore change the number of eosinophils reported. They
did allow for exceptions to the 15 per high power field in the case of other histologic features
including microabscess, superficial layering or extracellular eosinophilic granules. [5]

2. Epidemiology

The epidemiology of eosinophilic esophagitis is becoming better understood. From multiple
studies it has become apparent that EoE effects males at least 3 times more frequently than
females.[6-11] EoE patients are more likely to have atopic disease than the general population.
[12-17] Whites appear to have a higher incidence than other races. All age groups are effected
including infants and there is a report of a 98 year old with EoE.[11] However, most patients
are children, adolescents and adults younger than 50 years old. In a large epidemiological
study the prevalence was highest in men age 35-39 years old.[18]

The prevalence and incidence has been hard to determine. Data suggests that the incidence
and prevalence is increasing. While it could be hypothesized that this was due to increased
awareness, retrospective studies of esophageal biopsy specimens have indicated that the
incidence and prevalence are truly increasing. This increase in incidence and prevalence
remains when adjusted for the increased use of endoscopy.[19, 20] The incidence has been
reported to be 6 to 13 cases per 100,000 in studies from the United States, Canada, and
Switzerland.[13, 21-23] Denmark and Netherlands report lower incidence at less than 2 cases
per 100,000.[24] The prevalence has been estimated anywhere between 10-80 cases per 100,000,
depending on the population being studied.[18] A recent study using a large US database of
health insurance claims of over 35 million patients showed a period prevalence of 56.7 per
100,000 through the years 2009-2011.[18]

3. Differential diagnosis

The differential diagnosis for esophageal eosinophilia includes celiac disease, Crohn’s disease,
esophageal achalasia, connective tissue disorders, drug reactions, hypereosinophilic syn‐
dromes and graft versus host disease and these disorders need to be ruled out prior to making
the diagnosis of EoE. The most problematic differential diagnosis is gastroesophageal reflux
(GERD). In the past, eosinophilia was attributed to GERD. During the treatment of patients
with prominent eosinophilic infiltrate it was noted that they were less responsive to antacids,
both clinically and histologically. Trying to understand the relationship between GERD,
eosinophilia of the esophagus and EoE is one of the most important and difficult tasks facing
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clinicians who diagnose and treat EoE. Food allergy is also a major component of EoE and
dietary therapy can be first line therapy in many cases. The relationship between food allergy
and EoE is also only partially realized.

4. Eosinophils

An understanding of EoE requires a review of the primary effector cell in the pathology, the
eosinophil. New developments in our understanding of eosinophil responses reveal that their
role in immunology goes beyond attacking helminthes. Eosinophils are highly complex
hematopoietic cells which participate actively in the immune response. First, eosinophil
released granule products such as eosinophil cationic protein (ECP) are capable of chemoat‐
tracting antigen presenting cells such as macrophages.[25] This granule is believed to have
direct antimicrobial action as well as directing macrophage recruitment to the site of ECP
release. Recruitment of myeloid dendritic cells to draining lymph nodes, a critical step to
specific immune responses, is influenced by eosinophils.[26] Further downstream, in the
immunologic response, eosinophils are capable of regulating B cell numbers via influencing
B cell proliferation.[27]Further evidence that eosinophils can participate in the immune
response to pathogens is the presence of pattern recognition receptors on the eosinophil
receptor. These toll-like receptors, NOD, dectin-1 and RAGE receptors are innate, non-specific
responses to various elements of the microbial cell wall which result in initiating and ampli‐
fying the host immune response.[28] Studies have demonstrated toll-like receptor expression
on eosinophils occurs in EoE.[29] The immunobiology of the eosinophil is intimately related
to the allergic response. The understanding that eosinophils and allergies are related in the
experimental research in EoE is new. Due to the recent gains in the knowledge of the patho‐
physiology of EoE there are gaps in the clinical applications. Therefore other atopic diseases,
such as asthma, will be utilized as a model to demonstrate the eosinophil’s complex capabili‐
ties. Particular emphasis will be placed on those components of the allergic response which
likely contribute to EoE.

Eosinophils are hematopoietic cells, derived from the bone marrow. Normal hematopoiesis
involves tight control on eosinophil differentiation from a common progenitor cell. New data
suggests that eosinophils and basophils share a common lineage with the erythrocytes and
megakaryocytes.[30] However, commitment from the common progenitor cell into an
eosinophil progenitor (CD 34+IL5R+) requires the presence of IL-5 predominately, but GM-
CSF and IL-3 also affect eosinophilopoiesis.[31] Sources of IL-5 in the bone marrow include
the bone marrow stromal cell, hematopoietic cells, T lymphocytes and bone marrow endothe‐
lial cells.[32] Data suggests that a newly discovered hematopoietic cell ILC2, an innate
lymphoid cell present locally in peripheral tissues, may be capable of controlling eosinophi‐
lopoiesis. [33] These ILC2 cells produce profound amounts of IL-5 which is released into the
systemic circulation directing the bone marrow to increase eosinophil production. IL-5’s role
in EoE is under investigation, as it has been found in the blood vessels of esophageal biopsies
of pediatric EoE patients.[34]
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Increases of eosinophil progenitor cells and mature eosinophils in the bone marrow are
described in both human and murine studies of allergen sensitization and occurs independent
of T lymphocytes or specific IgE activation of the bone marrow.[35-37] This model of acceler‐
ated response of eosinophilopoiesis is linked to an acute response to allergens in multiple
strains of mice. However, the eosinophilic potential to have ongoing bone marrow eosinophilia
linked to chronic disease and fibrosis development in the asthmatic airway may not be a
universal response in the disease and may require a specific genetic background. [38] This may
have implications for disease severity in both asthma and EoE in determining which individ‐
uals have disease progression due to eosinophil influenced severe fibrosis.

Eosinophil progenitor cells may be able to finish differentiation to mature eosinophils locally
in the effected peripheral tissue, like the esophagus, stomach and intestines. Eosinophil
progenitors are released into the peripheral blood stream in asthmatic individuals and are
attracted to peripheral tissues that are involved in the asthmatic response.[39] Interestingly,
topical glucocorticoid therapy in asthma decreases eosinophil progenitors circulating in the
peripheral blood. [37] In addition, interfering with chemotactic signaling of eosinophil
progenitors early in the asthmatic response to allergen challenge to the lung decreases lung
eosinophil progenitor and mature eosinophil numbers.[39] This demonstrates that control of
eosinophilopoiesis may be an important component to controlling eosinophil derived diseases.
Investigations into the potential for eosinophilic mucosa to support eosinophilopoiesis could
provide a key understanding of the pathophysiology of EoE.

Progenitor cells are attracted to peripheral tissue and so are mature eosinophils. The primary
chemokines responsible for recruiting mature eosinophils to their targets are IL-5, eotaxin,
MCP and RANTES.[40] These cytokines are produced by inflammatory cells present in the
tissue during allergic responses. Other cytokines released by tissue cells in the allergic response
such as IL-4 and IL-13 may play an indirect role in eosinophil trafficking role by increasing
eotaxin expression. Epithelial cell production of IL-5, IL-13 and eotaxin has been found in
biopsies obtained from pediatric EoE patient.[34, 41] and are decreased with glucocorticoid
therapy in EoE. Blockade of these chemotactic signals results in reduction of the eosinophilic
response peripherally.

Once recruited to peripheral tissues, eosinophils are activated by multiple extracellular
proteins and cytokines. Eosinophils have integrins on their surface that interact with the
extracellular matrix. This interaction can increase survival of eosinophils and also increase
recruitment of more eosinophils through several pathways. For instance, platelet-activating
factor primes eosinophil adherence to tissue through both beta-1 and beta-2 integrins.[40]
Periostin, an extracellular matrix protein, is a strong chemotactic agent.[42] Periostin produc‐
tion has been shown to be inducible by transforming growth factor-beta and IL-13 after allergen
exposure in a corresponding murine model of EoE.[43] Periostin exists in both the human lung
and esophagus. Levels of periostin have been found to be higher in EoE patients than controls.
Increased accumulation of eosinophils was correlated to increased levels of periostin in these
studies.[44] Therefore it may be that periostin recruits and retains eosinophils at the peripheral
tissue in eosinophilic disease. Fibronectin is another extracellular matrix protein that binds
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with Beta-1 integrin (VL-4) on the surface of eosinophils. This interaction has shown to enhance
eosinophil survival.[45]

Therapeutic approaches that target the adhesion and interactions of eosinophils with tissue
and plasma elements will be difficult due to multiple interactions and pathways involved
once eosinophils are activated. Highly activated integrin molecules on eosinophils are asso‐
ciated with survival independent of exogenous IL-5 signaling.[42, 46] Eosinophils activated
by endothelial fibronectin will also autologously produce survival factors including IL-5,
IL-3 and GM-CSF.[47] Dexamethasone reduces the endothelial production of these survival
factors.[48] However, this autologous production of survival factors from adherent stimulat‐
ed eosinophils will make development of a novel single agent anti-cytokine therapy to treat
EoE more difficult. The capability of the eosinophil to survive without exogenous IL-5 will
also limit the use of anti-IL-5 therapies as sole pharmacotherapy in the armentarium of EoE
treatment.

Negative regulators of chemotaxis and survival of eosinophils include, IL-12 which reduces
platelet activating effects on eosinophils and reduces eotaxin dependent tissue migration.
[49] Activation of the Siglec-F receptor on eosinophils induces eosinophil apoptosis.  IL-5
and GM-CSF failed to rescue eosinophils from this fate, suggesting that this may be one
viable way to eliminate eosinophils once they have migrated to peripheral tissues.[50] A
proof of concept study has been performed in a murine model of allergic EoE in which
Siglec-F activation resulted in decreased eosinophil numbers in the esophagus.[51] Other
inhibitory mechanisms which the immune system uses, such as FOXP3, CD25+and TH17
may play a role in this process.[52] While TGF-beta has been linked to fibrotic activity it
also has an apoptotic effect on eosinophils as a negative feedback regulatory mechanism.
[50-52]  The only currently used therapeutic  agent which prevents eosinophil  priming in
eosinophilia  is  glucocorticoids.[53]  Glucocorticoid  effect  is  thought  to  be  from  altering
eosinophil and other immune mediated cell cytokine production. Glucocorticoids also bias
hematopoiesis towards neutrophil production.

5. IgE mediated allergic mechanisms

Allergy is the immune pathway mediated by IgE binding to allergen and subsequently
activating mast cell release of prototypic cytokines. These preformed mediators include
histamine, tryptase, IL-5, cysteinyl leukotrienes amongst other cytokines. This is known as the
immediate phase reaction. It is responsible for the wheal and flare during functional skin prick
testing to allergens, and immediate airway contraction in asthma. These agents also cause
vomiting, diarrhea, and abdominal cramping after an IgE mediated food allergy. Release of
these agents subsequently causes an inflammatory recruitment of eosinophils and lympho‐
cytes, known as the late phase reaction.

Some EoE patients appear to have this basic immediate phase response. IL-5 and IL-13 correlate
with eotxin-3 and eosinophil levels.[44] In addition some EoE patients have both eosinophils
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and mast cells in esophageal biopsies.[54] In fact, the presence of IgE bearing intraepithelial
mast cells in EoE patients distinguished allergic EoE patients from non-allergic EoE patients.
[17] Mastocytosis and degranulated mast cells have been found in the biopsies of EoE patient.
[55] In asthma, contact of eosinophils with mast cells was the most potent driver of eosinophil
survival.[56] The presence of IL-13 in EoE would also increase IL-4 and IL-13 and cause B cell
isotype switching to IgE production.

In addition, TH2 cell production of cytokines such as IL-4, 5, 13 is a hallmark feature of
allergy. The importance of IL-13 in immediate phase reactions is demonstrated by inhibi‐
tion of IL-13 by an anti-IL-13 Fab fragment resulting in decreased eosinophilia, inflamma‐
tory  infiltrate  and  airway  hyper-reactivity  in  a  murine  model  of  asthma.[57]  Anti-IL5
therapy is being investigated in eosinophilic diseases such as asthma and Churg Strauss
disease. Anti-IL4 therapeutic targets are being investigated in atopic dermatitis. These Th2
driven processes are also amplified by innate lymphoid cells (ILC2) at the mucosal surface.
[58]  These  cytokines  along  with  TGF-beta  encourages  eosinophil  induced  fibrosis  and
motility disorders in EoE patients.[43]

Some allergens will also actively participate in the subsequent immediate phase reactions.
Allergens which are proteases (insect derived or fungal) have been found to deceitfully act in
an innate fashion with initial exposure. These allergic proteases activate IL-25, IL-33 and TSLP
mucosal production resulting in ILC2 activation in the lung tissue.[59] In this study ILC2
expressed IL-5 and ILl-13. Eosinophil recruitment has been identified in the lung with fungal
chitinase exposure.[60] Interestingly a murine model of EoE induced by cockroach and dust
mite has been described.[61] This model was characterized by esophageal eosinophilia,
mastocytosis, increased IgE, IL-5 and eotaxin after cockroach and dust mite exposure but not
cat or dog exposure. Protease inhibition in a murine asthma model with cockroach extract
reduced eosinophil counts in BALF.[62]

6. GERD and eosinophils

In 1982 Winter, et al. described esophageal eosinophils in series of pediatric patients and
concluded that increased eosinophils was a marker for more severe GERD.[63] Four theories
have been proposed for the association between esophageal eosinophilia and GERD. First, EoE
and GERD can both be present but they are unrelated. The 2011 consensus statement has
chosen not to exclude the diagnosis of EoE even in the setting of abnormal pH probe. This
recognizes the hypothesis that GERD and EoE can coexist. The basis of this hypothesis from
an epidemiologic view, is that approximately 20% of adults have GERD so a certain percentage
of adult EoE patients will also have GERD. [64, 65] In addition, pathologic GERD is rare in
children with EoE.[66] This latter claim could be disputed since pH monitoring is not always
done in children and there are no standardized norms. However, other research has found
higher incidences of GERD among adult patients with EoE.[67, 68]

Another proposed mechanism is that GERD causes esophageal eosinophilia but it is not
eosinophilic esophagitis. The criteria for the number of esophageal eosinophils to be greater
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than 20 was suggested after it was noted that patients with more than 15 eos/hpf were less
likely to respond to anti-reflux medication.[69, 70] In lab models it has been shown that acid
stimulates the release of many substances that could potentially attract and activate eosino‐
phils. These substances include platelet activating factor, interleukin-8, eotaxin-1, eotaxin-2,
exotoxin-3, macrophage inflammatory protein and RANTES (regulated upon activation of
normal T cell expressed and secreted).[71-76] These factors have also been isolated from biopsy
specimens from patients with GERD.[76] However, it is still not known if the eosinophilia
associated with GERD is a separate entity from eosinophilic esophagitis.

Another hypothesis is that EoE contributes to or causes GERD. Eosinophils produce substances
that are cytotoxic and other factors that may alter esophageal motility. For example, eosino‐
phils produce vasoactive intestinal peptide and PAF which can lower esophageal pressure,
inducing GERD.[77, 78] Secretion of IL-6 can weaken esophageal muscle contraction and
peristalsis.[79] In asthma, cytotoxic substances can damage tight junctions.[80] In the esoph‐
agus this could lead to increased permeability to acid and induce pain receptors and the clinical
symptoms of GERD.[81, 82]

Finally, one hypothesis blames GERD for EoE. GERD can cause inflammation and increase the
permeability of the esophageal epithelium; thereby allowing large molecules to enter. This
influx of gastric contents could include potential allergens that induce EoE.[72, 74, 83-85] In
addition, refluxed gastric contents can activate many eosinophil chemoattractants including
IL-8, PAF, eotaxin-1-3 and MIP-1α.[74, 85] Other non-eosinophil immune cells and inflamma‐
tory mediators can also be attracted to the esophagus after exposure to gastric material.[86]
Proving any of these is a complex task involving multiple pathways in the systemic and
gastrointestinal immune systems.

7. Proton pump inhibitors

Due to the complexity of the relationship between GERD and EoE, proton pump inhibitors
have been at the center of much therapeutic research. When esophageal eosinophils were first
described they were attributed to GERD. Therefore patients were treated with anti-acid
medications. As mentioned earlier, only some of these patients responded to this therapy.
These patients are now considered to have “proton pump inhibitor responsive eosinophilic
esophagitis” (PPI-REE) according to the 2011 consensus recommendations.[5] The consensus
statement does not recommend PPI as a sole treatment for patients with esophageal eosino‐
phils that are not responsive to PPI therapy. However, they state that even these patients could
be treated with a PPI in addition to other treatment for their EoE. The use of PPI in patients
with EoE is multifactorial. First, GERD may be a comorbid disease in these patients. These
patients may have additional symptomatic relief with PPI therapy. PPI are used in acid
suppression because of their inhibitory effect on the H+K+ATPase of the gastric parietal proton
pump cell.[87] According to some hypotheses the suppression of acid in the gastric reflux
contents could decrease the production of acid stimulated eosinophilic chemoattractants and
other inflammatory cytokines. Also, decreasing esophageal acid damage would decrease
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esophageal permeability and exposure to allergens which can induce eosinophilia. However,
PPI’s may affect esophageal eosinophilia through other mechanisms outside of acid suppres‐
sion. They have been found to have anti-inflammatory effects on epithelial and endothelial
cells. They have demonstrated inhibitory effects against eotaxin-3 production and decrease
the expression of adhesion molecules and other inflammatory cytokines.[88, 89] PPI’s also
display anti-oxidant properties, including scavenging hydroxyl radicals, preventing oxidative
damage, and increasing levels of other anti-oxidants.[90-94] Proton pumps are found on cell
types other than parietal cells including neutrophils and monocytes. In vitro studies have
demonstrated PPI’s inhibit the oxidative burst, impair phagocytosis, impair neutrophil
migration, and decrease expression of adhesion molecules on monocytes and neutrophils.
[95-98] Despite these added effects of PPI’s, they cannot be used alone to treat EoE.[5]

8. Food allergy and dietary therapy

The link between allergens and EoE has now been accepted; however, the best way to
determine which allergens are most responsible and in which patients is still an area under‐
going intense research. Food elimination was first described by Kelly, et al. in 1995 with
positive results.[99] Currently there are three frequently prescribed dietary therapies. First,
complete elimination diet using amino acid-based formula. Second, six food elimination diet
(SFED), which restricts milk, soy, eggs, wheat, tree nuts/peanuts, and fish/shellfish. Last,
targeted elimination diet (TED) based off of skin prick and atopy patch testing. This last
therapy sometimes includes combination of empiric six food elimination and targeted food
elimination.

In a study of EoE patients by Spergel, et al. they determined food allergen prevalence through
biopsy results and symptom reports. They found the most common food allergen, diagnosed
by both symptoms and biopsy findings, in these patients was milk. Most common food
allergens diagnosed with biopsy were milk, egg, wheat, followed by beef, soy and chicken.
The most common foods diagnosed by symptoms were milk, egg and soy.[3] This has been
substantiated in the EoE literature where many of the studies have also used skin prick testing
and atopy patch testing to determine contributing food allergens.[9, 10, 100-103] The most
common food allergies reported in the EoE literature are milk, eggs, soy, wheat, nuts (peanuts
and tree nuts), and fish/shellfish.[100, 104, 105]

Henderson et al., in a retrospective study compared complete food elimination, targeted
elimination diet based from skin prick and atopy testing and six food elimination diet to
determine the effectiveness of each therapy.[6] They identified ninety eight patients that were
proton pump resistant and non-steroid treated who went on dietary therapy. They rated
remission as complete (<1 eos/hpf), partial (1-15 eos/hpf) and non-remission (>15 eos/hpf).
Patients on complete elimination diet had significantly higher complete remission rate (<1 eos/
hpf) and lower non-remission rate than the targeted elimination diet. They concluded that the
complete elimination diet was superior to targeted elimination or the six food elimination diet
and there was no difference between SFED and TED.[6] Other studies have shown similar

Allergic Diseases - New Insights222



esophageal permeability and exposure to allergens which can induce eosinophilia. However,
PPI’s may affect esophageal eosinophilia through other mechanisms outside of acid suppres‐
sion. They have been found to have anti-inflammatory effects on epithelial and endothelial
cells. They have demonstrated inhibitory effects against eotaxin-3 production and decrease
the expression of adhesion molecules and other inflammatory cytokines.[88, 89] PPI’s also
display anti-oxidant properties, including scavenging hydroxyl radicals, preventing oxidative
damage, and increasing levels of other anti-oxidants.[90-94] Proton pumps are found on cell
types other than parietal cells including neutrophils and monocytes. In vitro studies have
demonstrated PPI’s inhibit the oxidative burst, impair phagocytosis, impair neutrophil
migration, and decrease expression of adhesion molecules on monocytes and neutrophils.
[95-98] Despite these added effects of PPI’s, they cannot be used alone to treat EoE.[5]

8. Food allergy and dietary therapy

The link between allergens and EoE has now been accepted; however, the best way to
determine which allergens are most responsible and in which patients is still an area under‐
going intense research. Food elimination was first described by Kelly, et al. in 1995 with
positive results.[99] Currently there are three frequently prescribed dietary therapies. First,
complete elimination diet using amino acid-based formula. Second, six food elimination diet
(SFED), which restricts milk, soy, eggs, wheat, tree nuts/peanuts, and fish/shellfish. Last,
targeted elimination diet (TED) based off of skin prick and atopy patch testing. This last
therapy sometimes includes combination of empiric six food elimination and targeted food
elimination.

In a study of EoE patients by Spergel, et al. they determined food allergen prevalence through
biopsy results and symptom reports. They found the most common food allergen, diagnosed
by both symptoms and biopsy findings, in these patients was milk. Most common food
allergens diagnosed with biopsy were milk, egg, wheat, followed by beef, soy and chicken.
The most common foods diagnosed by symptoms were milk, egg and soy.[3] This has been
substantiated in the EoE literature where many of the studies have also used skin prick testing
and atopy patch testing to determine contributing food allergens.[9, 10, 100-103] The most
common food allergies reported in the EoE literature are milk, eggs, soy, wheat, nuts (peanuts
and tree nuts), and fish/shellfish.[100, 104, 105]

Henderson et al., in a retrospective study compared complete food elimination, targeted
elimination diet based from skin prick and atopy testing and six food elimination diet to
determine the effectiveness of each therapy.[6] They identified ninety eight patients that were
proton pump resistant and non-steroid treated who went on dietary therapy. They rated
remission as complete (<1 eos/hpf), partial (1-15 eos/hpf) and non-remission (>15 eos/hpf).
Patients on complete elimination diet had significantly higher complete remission rate (<1 eos/
hpf) and lower non-remission rate than the targeted elimination diet. They concluded that the
complete elimination diet was superior to targeted elimination or the six food elimination diet
and there was no difference between SFED and TED.[6] Other studies have shown similar

Allergic Diseases - New Insights222

results with a histologic remission rate for compete elimination diet to be over 90%.[106]
Studies of SFED in adults and children have shown that majority of patients have complete
histologic response with rates varying from 64-85%. A greater proportion have significant
response even if it is not complete resolution.[102, 105, 107]

Gonsalves’ study of adults with EoE all patients had skin prick testing for aeroallergens and
food allergens.[107] In all patients food allergens tested included the food items in the SFED;
eggs, milk, peanuts, tree nuts, fish, shellfish, wheat, and soy, in addition to other foods self-
reported as exacerbating symptoms. They found the skin prick test was predictive of only 13%
of inciting agents. Also, 67% of the patients who had positive biopsy findings after reintro‐
duction of one of the foods in the SFED had tested negative for that food on SPT. In addition,
a recent meta-analysis found that allergy test result-directed food elimination remission rate
(<15 eos/hpf) was only 45.5%, with high variability of remission rate between studies.[108,
109] The finding that elemental diet is superior to targeted elimination diet indicates that other
pathways are involved.

Aeroallergens/ pollen have also been studied as contributors of eosinophilic esophagitis.
Determining if aeroallergens are directly responsible for EoE via ingestion/inhalation or their
potential to cross react with sensitized foods is under research. Interestingly, common immune
epitopes (pan-allergens) exist between fruits, vegetables and pollen, and shellfish and insects
such as cockroach and dust mite. Some of the broad based allergy response may be linked such
as ragweed and melon or profiling in birch with celery and apple. In a mouse model, eosi‐
nophlic esophagitis could be induced by intranasal aeroallergen exposure.[110] In addition, in
both children and adults there is higher incidence of EoE diagnosis in seasons with high
aeroallergen counts.[111-113] Some have proposed that esophageal accumulation of eosino‐
philia in the background of aeroallergens is eotaxin and IL-5 dependent and others propose it
is through the TH2/IL-13 response.[114-116] Rayapudi, et al. tested the aeroallergen trigger
hypothesis via intranasal cockroach and dust mite allergen exposure on IL-5 and eotaxin levels
in CCR-3 deficient mice and wild-type mice. The deficient mice had a dampened esophageal
response to the allergens and they concluded indoor insect allergens induce IL-5 and eotaxin
mediated EoE.[61] In addition, it has been reported that patients with allergies treated with
sublingual pollen immunotherapy may have the unintended side effect of inducing EoE. A
recent meta-analysis concluded that 2.7% of patients undergoing oral immune therapy for IgE
mediated allergies develop EoE.[117]

Children and adults placed on an elemental diet show resolution of EoE in nearly all patients.
Elemental diet may be effective as they could also eliminate pollen pan-allergens and food
cross reactivity Issues. Elemental diets may also have effects unrelated to hypersensitivity
reactions. This has been investigated by Erwin,et al.[7] Patients with EoE were tested for IgE
sensitization using skin prick testing and a screening panel of specific IgE tests. They also tested
patients for non-IgE mediated food sensitivities with atopy patch testing. In order to determine
overall sensitization they included aeroallergens, common food allergens, cross-reactive
carbohydrate determinants, and common commensal elements of the GI tract (Candida
albicans and Helicobacter pylori) in the serum, skin prick testing and atopy patch testing. They
found that 20-30% of patients with EoE had no detectable immune sensitivity.[7] This suggests
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an intrinsic defect not relatable to allergic immune responses may be responsible. In some
patients non-IgE mediated responses are found in asthma, hay fever, and atopic dermatitis at
approximately 30% of each patient population. Investigators in these three diseases hypothe‐
size that it is possible to induce pure IL-5 response to stimuli without activating allergic
antibody (IgE) responses via IL-4 and IL-13.

9. Steroids

Although corticosteroids are not currently approved for use in EoE, they are frequently used
off-label in the treatment of PPI non-responsive esophageal eosinophilia. Dietary management
has shown to be effective however, due to compliance difficulties, topical steroids have been
used and have been found to be effective in majority of cases of EoE. The two most commonly
used preparations are swallowed aerosolized fluticasone propionate and oral viscous bude‐
sonide. Systemic corticosteroids can be used if topical steroids are not effective or the patient
needs rapid improvement in symptoms, like a food impaction. [118]

Four open-label trials have been conducted using fluticasone propionate.[68, 118-120] Two
trials were pediatric patients and two were in adult patients. All four studies reported a
significant symptom response rate. Complete symptom response ranged from 90-100% in
patients. In addition, all patients on fluticasone had significant decreases in the number of
esophageal eosinophils. Complete histologic response rates varied from 21-74% between the
studies.[68, 120]

In pediatric and adult placebo controlled trials using fluticasone or oral viscous budesonide,
patients on topical steroids had significant histologic response compared to placebo.[121-125]
Symptom response was variable in the studies. One study found no significant difference in
symptom response between the treatment and placebo groups. However, majority of the
patients in the topical steroid group had decrease in dysphagia symptoms, as opposed to less
than half in the placebo group.[121]

Four controlled trials have compared a proton pump inhibitor to topical steroids in the adult
population. Peterson, et al. compared fluticasone 440 μg twice daily to omeprazole 40 mg once
daily for 8 weeks. The histologic response between the two groups was not statistically
significant.[67] They also found no difference in dysphagia scores. Moaward, et al studied the
same drugs and doses.[126] They also had no statistical difference in histologic response
between the two groups at eight weeks. They did have a statistically significant difference in
dysphagia scores. The proton pump inhibitor had greater symptom response. The patients
with abnormal pH probes were stratified to both groups and these patients had response to
omeprazole but not to fluticasone.

Francis, et al. in a prospective trial, compared patients with esophageal eosinophilia who had
positive pH probe results compared to patients with negative pH probe results.[127] The
positive pH probe patients were prescribed omeprazole 40 mg twice daily and the patients
with negative pH probe results were treated with oral viscous budesonide 1 mg twice daily.
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The symptom and histologic response rates between the omeprazole and steroid groups was
not statistically significant.

Dellon, et al. compared two topical steroid treatments; oral viscous budesonide 1 mg twice
daily to nebulized then swallowed budesonide 1 mg twice daily in a randomized trial.[128]
They performed scintigraphy to measure esophageal mucosal contact time with the drug. The
oral viscous budesonide had statistically significant more mucosal contact time than the
nebulized then swallowed budesonide. This correlated with a significant decrease in eosino‐
phil counts in the oral viscous budesonide group. Both groups showed improvement in
symptoms and symptom response was not correlated with histologic response.

One  randomized,  comparator  controlled  study  has  been  done  in  pediatrics.  This  study
compared prednisone 1 mg/kg/day (40 mg maximum) to fluticasone propionate 220 μg QID
or 440 μg QID (depending on weight)  for  4  weeks.[129]  The study also had an 8 week
weaning protocol. Decrease in esophageal eosinophil counts at 4 weeks were significant in
both groups but the prednisone group had a greater degree of histologic response. Those
in  the  prednisone group had 100% symptom resolution at  4  weeks  and 97% of  flutica‐
sone patients had symptom resolution. Symptom relapse occurred at 12 weeks in approxi‐
mately 50% of patients, regardless of the treatment received. In addition, systemic adverse
effects were reported in 40% of the prednisone group; while the only adverse effect in the
fluticasone  group  was  esophageal  Candida  occurrence  in  15%  of  the  patients.  The  inci‐
dence of esophageal candidiasis as a result of topical steroid treatment for EoE has been
reported in studies of adults and pediatrics at rates ranging from 5-26%. Most report that
the infection was found incidentally on endoscopy, was not not symptomatic and was the
only adverse effect.[68, 120, 121, 123, 125, 126, 128]

Topical steroids have been shown to be effective at inducing histologic and symptom response.
However, length of therapy and role of maintenance therapy is still debated. Eosinophilic
esophagitis over time, can create fibrosis and subsequent strictures of the esophagus. Whether
or not this should be avoided even in asymptomatic patients is the basis of the maintenance
therapy debate. Straumann, et al. conducted a placebo controlled maintenance trial comparing
those with continued medication therapy versus placebo after steroid induced remission.[122]
They reported symptomatic recurrence rate of 64% and histologic relapse of 100% at 1 year in
the placebo group. However, others have found that more than half of patients were symptom
free after 3-11 years even if they had persistent esophageal eosinophilia.[130, 131] It is not
known which patients will develop fibrosis or if long-term topical steroid treatment will
prevent it.

The path of eosinophilic esophagitis to fibrosis is being investigated to help distinguish which
patients should receive long-term therapy to avoid esophageal fibrosis. Eosinophilic fibrosis
occurs as a consequence of tissue remodeling. As discussed earlier in the chapter, asthma has
been used as a model to understand EoE. These principles are used to understand the medi‐
ators responsible for remodeling in EoE. For example, IL-5 and IL-13 have shown to increase
collagen in animal models.[43, 51, 132, 133] In addition, other mediators including periostin,
TGF-B1, TSLP, Smad 3, and Siglec-F that have been studied in EoE pathogenesis are involved
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in tissue remodeling through multiple mechanisms.[43, 51, 134, 135] The mast cell-eosinophil
interaction has also shown to be important in the disease process. Mast cells are also producers
of the mediators and cytokines responsible for pathogenesis of EoE, includingTGFB1. Eosino‐
phils produce factors such as IL-9 that work in mast cell survival and recruitment. Mast cells
and eosinophils are both found in esophageal biopsies of EoE models. Murine models with
mast cell deficient mice show decrease in smooth muscle hypertrophy and proliferation.
Therefore indicating that mast cells may play a role in fibrosis and also esophageal dysmotility
in EoE.[55, 134, 136]

10. Future therapies

Treatment research is focused on understanding the mechanism behind the effectiveness of
dietary  and  steroid  therapy.  In  addition,  therapy  directed  at  specific  mediators  in  the
pathogenesis of EoE are also of great interest. Currently clinical trials are being conduct‐
ed  to  find  effective  non-steroidal  therapy.  Anti-IL-5,  anti-IL-13,  and  a  CRTH2  receptor
antagonist therapies are being studied in placebo controlled trials in adult and pediatric
EoE patients and they have all shown that they can induce significant decreases in number
of esophageal eosinophils compared to placebo.[137-141] However, their ability to resolve
symptoms has not been repeatedly demonstrated. An IL-4 α-subunit antagonist is show‐
ing promise in asthma patients and may be a potential therapy for EoE.[142-144] As our
knowledge  of  the  immune pathways  associated  with  EoE increase  then  other  receptors
could also be targets for therapies.

Eosinophilic esophagitis is a chronic immune mediated disease of the gastrointestinal tract.
The diagnosis  of  the disease and its’  subsequent  treatment requires  the expertise  of  the
allergist/immunologist and the gastroenterologist. Allergists have a unique understanding
of the pathophysiology of atopic diseases.  The diagnosis of EoE is likely to occur at the
time of atopic evaluation at an allergy clinic. The allergist can be of great assistance to the
gastroenterologist  in  assessing  food  allergic  individuals.  In  addition,  allergists  are  in  a
position to identify and treat, with immunotherapy or biologics, pollen associated EoE. In
our center a multi-disciplinary approach with GI and A/I has produced better outcomes
for  symptom  response  and  overall  improvement  of  disease  compared  to  a  fragmented
approach  to  care  (abstract  accepted).  The  allergist  needs  to  be  able  identify  atopic  pa‐
tients  who  have  risk  for  eosinophilic  esophagitis.  Likewise,  the  gastroenterologist  who
encounters  a  patient  with food impaction and discovers  esophageal  eosinophilia  should
consult  an  allergist  for  potential  triggers  and  possible  joint  treatment  approaches.  A
cooperative  multi-disciplinary  clinic  allows  for  coordinated  food  introductions  with
endoscopic follow-up evaluation. In addition, allergists routinely educate patients regard‐
ing food avoidance,  sources  of  contamination and cross-reactivity.  This  type of  detailed
education  has  been  a  proven  asset  to  dietary  compliance.  Allergists  will  also  have  the
experience with biologics, such as anti-IL5 and anti-IL-4 monoclonal antibodies, which may
not be currently used in gastroenterology practices.
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