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Summary
Monoclonal anti-IgE antibodies (omalizumab) are able to induce clinically significant benefits in patients with severe chronic spontaneous urticaria (CS). Those results led clinicians
and investigators to reconsider a possible pathogenic role not previously supported for IgE
and its receptors in this disease, and to investigate additional approaches for understanding
its pathogenesis. IgE antibodies to unknown environmental allergens able to trigger chronic
urticaria are not generally regarded as the etiologic factor for the disease. Other proposed
mechanisms for the production of wheals and angioedema in CSU include IgG autoantibodies and CD4-positive T cells directed to the high-affinity IgE receptor, autoantibodies to IgE
itself, IgE autoantibodies directed to thyroid and nuclear autoantigens, highly cytokinergic
IgE, and histamine-releasing factors able to bind to IgE and cause mast cell activation. It is
expected that a better knowledge on the mechanisms leading to CSU and the clarification of
the immunological effects of anti-IgE will provide novel therapies for this frequent condition.

Introduction
The efficacy of monoclonal anti-immunoglobulin E antibodies
(omalizumab) in the treatment of chronic spontaneous urticaria
(CSU) has provided a new input for the study of additional
pathways leading to the production of symptoms of the disease.
IgE-mediated autoimmunity is present in various autoimmune
diseases, including systemic lupus erythematosus, rheumatoid
arthritis, bullous pemphigoid, and CSU (1).
It has been reported that chronic urticaria is associated with
the increase of total and allergen-specific IgE (2-7), basopenia,
and basophil phenotypic abnormalities (8-12). Furthermore, a
newly described autoimmune mechanism in CSU is based on
the demonstration of CD4-positive T cells directed to the high
affinity IgE receptor (FceRI) (13).
In this article, a review of the pathogenesis of CSU and the clinical and experimental findings supporting a pathogenic role for

IgE in CSU are presented. Further investigations on the participation of IgE could provide additional clues for the implementation of new diagnostic and therapeutic approaches in this
frequent clinical condition.
General concepts on Immunoglobulin E
The role of IgE in the pathogenesis of diseases such as rhinitis,
asthma, anaphylaxis, atopic dermatitis, and allergic reactions to
foods, drugs and insect venoms has been extensively studied after the paramount discovery of this new immunoglobulin class
in 1967 by Ishizaka and Ishizaka (14) and Johansson and Bennich (15). Also, the importance of IgE in the defense against
helminths has been demonstrated in multiple studies (16).
The production of specific IgE directed to allergenic molecules
is a process finely controlled with the participation of various
cellular components of the immune system, including Th2
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cells, dendritic cells, and B cells, whereas the binding of IgE antibodies to high affinity receptors (FceRI) present on the membrane of mast cells and basophils results in the establishment of
allergic sensitization. The recognition of allergenic epitopes by
IgE bound to its receptors triggers cell activation leading to the
release of preformed and newly formed inflammatory mediators, as well as cytokines and chemokines, all of them able to
induce tissue responses leading to the clinical manifestations.
The production of allergen-specific IgE is critically regulated
by various cytokines. Th2-derived IL-4, IL-13, IL-25, and IL33 participate in the B-cell isotype switching, whereas TGF-b,
IFN-g, IL-34, and IL-35 inhibit the IgE switch. Products of
Th1 lymphocytes (IL-6, IL-17 A/F, IL-21, IL-22, and IL-26)
and Treg cells (TGF-b, IL-10, IL-35) decrease IgE synthesis.
IgE is a 190 KDa glycoprotein that does not fix complement,
does not cross the placental barrier, and whose half-life is 2 days.
It binds its high affinity receptor (FceRI), and upon allergen
binding mast cell and basophil degranulation ensue resulting in
the symptoms of immediate hypersensitivity.
Two forms of the high affinity receptor have been described.
The tetrameric receptor, composed of a, b, and two g chains, is
present on mast cells and basophils, while the trimeric (a, two b
chains) occurs on Langerhans cells, dendritic cells, monocytes,
eosinophils and platelets. The low affinity IgE receptor, CD23,
is present on B cells, follicular dendritic cells, monocytes, macrophages, eosinophils, and polymorphonuclear leukocytes of
the intestinal epithelium (16).
The binding of IgE to the a chain of FceRI occurs at the Ce3
domain of the IgE heavy chain, while the b and g chains are
involved in signal transduction for cell activation. An additional
function of IgE is antigen presentation via FceRI.
Overview of the pathogenesis of chronic spontaneous urticaria
The mechanisms for the production of wheals and angioedema
occurring in patients with CSU are not completely understood.
It seems clear that the clinical picture results from the release of
mediators after the activation of mast cells and basophils in the
skin. Various stimuli are able to induce such cell activation, and
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multiple pro-inflammatory substances are involved, including
histamine, serotonin, C5a, platelet-activating factor, neuropeptides, and metabolites derived from arachidonic acid (such as
PGD2, and the cysteinyl leukotrienes LTC4, D4 and E4).
In turn, those biologically active substances induce vasodilation,
increased vascular permeability, and stimulation of sensor nerve
endings resulting in erythema, wheals, edema and itch characteristic of urticaria.
Various mechanisms, immunological and non-immunological,
can induce mast cell and basophil activation (table 1). Among
them, the following have been proposed:
1. Autoimmunity mediated by IgE autoantibodies to self-antigens such as thyroid peroxidase, thyroglobulin, or nuclear
antigens (for example, dsDNA) (see below). This has been
designated as Type 1 autoimmune urticaria.
2. Autoimmunity mediated by IgG autoantibodies to the
high-affinity IgE receptor (FceRI) and/or to IgE itself
(17,18). This type is called Type 2 autoimmune urticaria.
3. Autoimmunity mediated by T cells reacting to FceRI (Type
3 autoimmune urticaria).
4. Eosnophils can be activated by autoantibodies against low-affinity IgE receptors (FceRII, CD23) present in about 70% of
patients with chronic urticaria (19), by anti-FceRI and anti-IgE autoantibodies, or by other unknown factors, including cytokines and chemokines (IL-5, TNF-a, PAF, eotaxin)
released by mast cells (20).
5. Activation of the coagulation extrinsic pathway. It has been
postulated that the expression of tissue factor by eosinophils
would activate the extrinsic pathway of coagulation leading
to the release of vasoactive mediators, such as histamine and
thrombin, that result in the increase of vascular permeability due to stimulation of the endothelium (21-24). During
exacerbations of urticaria and angioedema an increase in
thrombin generation, fibrinolysis and levels of inflammatory biomarkers are observed, with those returning to normal
values during disease remission (25). Also, mast cell-derived
tryptase can induce thrombin generation through direct activation of prothrombin (26).

Table 1 - Mechanisms of Mast Cell Activation in Chronic Urticaria
Immunological

Type 1 autoimmunity (anti-thyroid autoantibodies, anti-ds DNA autoantibodies)
Type 2 autoimmunity (anti-FceRI, anti-FceRII, anti-IgE antibodies)
Type 4 autoimmunity (CD4+ T cells)
Complement activation

Non immunological

Histamine releasing factors
Release of eosinophil products leading to activation of the coagulation with thrombin generation

M. Sánchez-Borges, A. Capriles-Hulet, F. Caballero-Fonseca, L. González-Aveledo
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6. Vascular endothelial growth factor (VEGF), a factor that
regulates angiogenesis, increases vascular permeability and
induces vasodilation which can contribute to the pathophysiology of chronic urticaria (27).
7. Other potential mechanisms include the activation of mast cells
by cell to cell contact with T lymphocytes (28), and the interaction of effector cells with histamine-releasing factors (29).
Role of IgE in autoimmune diseases
Increased levels of total IgE in the serum have been observed
in various autoimmune diseases, such as systemic lupus erythematosus (SLE) and rheumatoid arthritis. In SLE, serum IgE
correlates with disease activity, and consequently a pathogenic
role for IgE has been proposed (1,30). IgE autoantibodies to
nucleic acids (dsDNA, Sm, SS-A, SS-B) are present in SLE, and
anti-double stranded DNA (dsDNA) IgE is associated with disease activity, hypocomplementemia and nephritis (30).
Self-reactive IgE autoantibodies are also present in bullous pemphigoid, CSU and atopic dermatitis. IgE autoantibodies contribute to
the direct damage on autoantigen-containing tissues, activation and
migration of basophils to the lymph nodes, and induction of type 1
interferon responses from plasmacytoid dendritic cells (1,31).
Participation of IgE in the pathogenesis of chronic urticaria
The demonstration of clinical efficacy of monoclonal anti-IgE
(omalizumab) in patients with CSU, and its approval by major
regulatory authorities (FDA, EMEA) for this indication, has
stimulated investigators to further inquire into a possible pathogenic role of IgE in chronic urticaria, a disease which has an
important presence of IgE autoantibodies.
Total levels of serum IgE are generally higher in CSU patients
than in healthy controls (2,3). Kessel et al observed an association between increased total IgE and CSU severity, duration,
and positivity of the autologous serum skin test (ASST) (4). In

patients with urticaria and angioedema induced by NSAIDs,
a higher frequency of atopy (32) and higher levels of total and
mite-specific IgE as compared with healthy controls are present
(6), whereas in patients with aspirin / NSAID exacerbated cutaneous disease, an increased prevalence of atopy is observed (7).
However, in a study from Taiwan atopy did not influence the
severity or duration of CSU, but it was associated with a poor
therapeutic response to antihistamines (33). Also, patients with
positive ASST and/or positive skin prick tests to house dust
mites have more severe urticaria (5). A related investigation has
shown that in patients with cholinergic urticaria a higher rate of
atopy is associated with higher disease severity and impact on
the quality of life (34).
Urticaria and angioedema can be produced by the interaction
of allergen with mast cell-bound IgE, a mechanism occurring
more often in acute urticaria triggered by foods, drugs, aeroallergens and insect stings.
On the other hand, patients with autoimmune CSU have circulating autoantibodies against the IgE receptor (IgG anti-FceRI a
subunit, 35 to 40% of cases) and/or against IgE (IgG anti-IgE,
5-10% of cases) (35,36). The direct cross-linking of adjacent
FceRI receptors by IgG-anti-FceRI antibodies results in mast
cell or basophil activation and downstream release of inflammatory mediators in the skin, which is augmented by complement activation (C5a fragment) through C5a receptors present
on dermal mast cells (37,38). Also, cross-linking of mast cellbound IgE by anti-IgE antibodies causes mast cell activation,
which is followed by the release of histamine and other inflammatory mediators (39).
IgE autoantibodies in patients with chronic spontaneous
urticaria
About 50% of patients with CSU have IgG autoantibodies
against FceRI, IgE, or both, which are associated with longer

Table 2 - Possible Etiologic Factors in Chronic Urticaria
Allergic

Foods, drugs, aeroallergens, insects

Autoimmune

Anti-FceRI
Anti-FceRII
Anti-IgE
CD4 + T cells
Anti-thyroid autoantibodies
Anti-ds DNA autoantibodies

Other

Histamine releasing factors
Highly cytokinergic IgE ?
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disease duration and a poor response to antihistamine treatment
(40). Anti-dsDNA, anti-thyroglobulin, and anti-thyroid peroxidase IgE autoantibodies have been described in patients with
CSU (41-44). Anti-dsDNA IgE has been shown to activate basophils (45) and it has been proposed that mast cell activation
through binding of autoantigens released from damaged skin to
IgE on FceRI would be a central mechanism in CSU (1).
Twelve to 24% of patients with CSU also have anti-thyroid
antibodies (36,46-9), and CSU is often associated with other
autoimmune diseases, including Hashimoto’s thyroiditis. Serum
of patients with autoantibodies to FceRI or IgE induce histamine release from basophils of healthy donors in vitro, and the
injection of autologous serum into the skin produces a wheal
and flare local reaction, the so called autologous serum skin test
(ASST). The disease is more severe in the autoimmune CSU
population (50).
IgE anti-thyroid peroxidase autoantibodies, which could cause
mast cell activation, are present in patients with CSU (46).
Shin et al have observed IgE antibodies specific for thyroid
peroxidase that activate basophils in patients with acute and
chronic aspirin intolerant urticaria (51). Furthermore, highly
cytokinergic IgE antibodies with polyreactivity to autoantigens, including thyroperoxidase, which could induce mast cell
activation, have been demonstrated in the sera from patients
with atopic dermatitis (52). The role of non-immunoglobulin
histamine releasing factors that can interact with IgE in CSU
remains unclear (53).
T cell-mediated autoimmunity directed to FceRIa in CSU
In addition to the autoantibody response to FceRI described
in patients with CSU, recently Auyeung et al have observed
a cell-mediated response directed to this receptor in CSU patients. This cellular response is restricted to CD4 positive T cells
while it was not observed in CD8 positive T cells (13). The
proposed pathogenic role of IgE and IgE receptors in CSU are
summarized in table 2.
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and has been confirmed by a meta-analysis recently published
by Zhao et al, where omalizumab was superior to placebo for
improvement of itch and wheal scores, and rates of complete
responses. The profile of adverse events was similar to the one
observed in placebo-treated patients (58).
Omalizumab binds to IgE at the Ce3 domain, the same site
of IgE interaction with its FceRI receptor, interfering with the
union to its high affinity receptor (59). The mechanisms of action of omalizumab in CSU are not completely understood. A
number of possible effects mediating the benefits of omalizumab are summarized in table 3.
Although the demonstration of a clinical benefit induced by
omalizumab in patients with severe CSU has encouraged further
research on the pathogenic mechanisms of the disease, there are
a number of issues that deserve additional consideration:
1. The cost of the medication prevents its use in many patients
whose health systems are not prepared to assume the burden of
more sophisticated and costly therapies.
2. The mechanisms of action of omalizumab in CSU have not
been clarified.
3. The optimal duration of the treatment and its long-term safety have not been established.
In the future, the effects of additional anti-IgE monoclonal antibodies, for example Ligelizumab, which show greater affinity
for IgE than omalizumab, will be investigated in patients with
chronic urticaria (60).
A recent trial with Quilizumab, a humanized, afucosylated
monoclonal IgG1 antibody that binds membrane IgE at the
M1-prime segment, which is absent in soluble IgE, has been
published. Whereas a reduction (approximately 30%) of total and specific IgE was observed, which was sustained for 6
months, no significant improvements in itch scores or urticaria
activity score were found (61). Since Quilizumab targets IgE
switching and blocks newly produced specific IgE, the authors
hypothesized that remaining serum IgE that mediates CSU pathology is produced by long-lived IgE plasma cells that are not
targeted by Quilizumab because of their lack of membrane IgE.

Therapeutic approaches targeting IgE in CSU
International Guidelines for the management of urticaria recommend second generation H1 antihistamines as a first-line
symptomatic treatment. For second-line therapy, if symptoms
persist after 2 weeks, up-dosing of H1 antihistamines (up to
4 times the licensed dose) is recommended. In patients with
refractory urticaria after 1-4 weeks, omalizumab, cyclosporine
A or leukotriene receptor antagonists are added to the antihistamine (54).
The efficacy and safety of monoclonal anti-IgE (omalizumab)
was clearly established in double-blind placebo-controlled studies such as ASTERIA I, ASTERIA II, and GLACIAL (55-7),

Table 3 - Mechanisms of action of omalizumab in Chronic spontaneous urticaria.
Sequestration of autoallergens by IgE-anti-IgE complexes
Reduction of IgE bound to mast cells and basophils
Decrease of FceRI on mast cells, basophils and dendritic cells
Decrease of low affinity IgE receptors (CD23)
Reduction of IgE-expressing B cells
Prevention of inflammatory mediator release resulting from
the decrease of IgE binding
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Conclusions
The efficacy of omalizumab in the improvement of symptoms
and quality of life of patients with severe CSU opened new
approaches for understanding the pathogenesis of this disease.
Contrary to the previously proposed theories stating that IgE
had no role in the production of chronic urticaria, new investigations have encouraged the search for additional pathogenic
pathways of the disease. A better knowledge on the mechanisms
leading to CSU will provide novel therapies for this puzzling
and sometimes vexing condition.
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Summary
Background. Histamine release (HR) test has previously been shown to predict the presence of
endogenous histamine-releasing factors in chronic spontaneous urticaria (CSU). Objectives
and methods. Twenty CSU patients unresponsive to antihistamine treatment were enrolled
in order to evaluate the correlations between HR test results and demographic features, quality
of life, disease activity, clinical course, and autologous serum and plasma skin tests (ASST and
APST). Results. All patients with positive HR test (9/9, 100%) had a more severe disease activity at onset (urticaria activity score, UAS > 2) when compared to negative HR test patients
(5/11; p = 0.04). Quality of life questionnaires’ results were not substantially different between
HR positive and negative subgroups at baseline (p > 0.05), and results of HR test and ASST/
APST did not co-segregate (p > 0.05). After 12 months, patients with a positive HR test had
a significant reduction of disease activity (p = 0.003) whereas patients with a negative HR test
did not (p > 0.05), leading to disease remission and antihistamine treatment withdrawal in
67% (6/9) of positive HR test patients versus 18% (2/11) of negative HR test patients (p =
0.027). Conclusions. Positive HR test may predict spontaneous CSU remission at 12 months.
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Introduction
Chronic urticaria (CU) is defined by the presence of urticaria
occurring daily or almost daily for more than 6 weeks (1). Overall, CU persists for more than 1 year in 70% of patients affected,
and in almost 15% of cases it lasts for 5 years (2). Chronic spontaneous urticaria (CSU) refers more specifically to those form of
CU not caused by vascular inflammation (urticarial vasculitis)
or triggered by an identifiable external factor, including physical stimuli, and inherited or acquired inflammatory diseases.
Approximately 30-50% of cases of CSU are thought to have

an autoimmune etiology, primarily correlated to the presence
of IgG autoantibodies directed against FcεRIα receptor or less
commonly IgE, that leads to mast cells degranulation (1-5).
The demonstration of these autoantibodies is not usually part of
common clinical practice. Hence, a surrogate in vivo test called
autologous serum skin test (ASST) has been demonstrated to be a
reasonably predictive clinical test to indicate the presence of these
histamine-releasing functional autoantibodies (6,7). Their presence has already been shown to be associated with a more severe
disease (2,3), but not with disease duration (6). Moreover, some
authors noted that autologous plasma skin test (APST) causes
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wheal-and-flare reactions much more frequently than ASST, and
observed an increase of thrombin generation in plasma of patients
with CSU, suggesting a mechanism of mast cells degranulation
different from autoantibody-mediated activation (8).
Histamine is the most important mediator in CU which is released upon stimulation by both circulating basophils and tissue-infiltrating mastocytes (1,3). Functional assay of histamine
release (HR) from healthy non atopic donors’ basophils incubated with CU patients’ serum has previously been shown to have a
good sensitivity and specificity for endogenous histamine-releasing factors presence, either antibodies or not (9). However, the
relationship between the ability of CSU patients’ serum to induce
HR, and patients’ demographics, disease activity, quality of life,
clinical course and ASST/APST has never been studied before.
Material and methods
Patients and study design
We conducted an observational and prospective study on 20 adult
CSU patients unresponsive to antihistamine medications. All forms
of chronic urticaria other than CSU were ruled out by medical history and by diagnostic work up, according to European Academy
of Allergy and Clinical Immunology (EAACI) guidelines (1,5). Patients diagnosed with CSU, who had persistence of daily symptoms
(daily presence of at least one itchy wheal) despite a course of at
least 30 days of antihistamine therapy (at least a single dose of anti-H1 antihistamine daily), were enrolled. Antihistamine therapies
allowed for the enrolled patients were cetirizine 10 mg, desloratadine 5 mg, loratadine 10 mg, bilastine 20 mg, ebastine 10 mg.
After the 30-day trial period, patients were treated for the following year according to EAACI guidelines. A dose of antihistamine
up to 4 times was allowed. A short course of steroid (prednisone
25 mg tapered in 5-7 days) in order to induce initial remission
and or to recover from eventual exacerbations was allowed, and
based on clinical judgment. Ant leukotriene agents were also allowed. At the time of patients enrollment, omalizumab was not
approved in Europe for the treatment of CSU. Treatments were
tapered and then stopped in those patients without CSU signs
and symptoms for at least 30 days. Following informed consent,
each participant underwent a complete clinical assessment during
the first visit in our tertiary care center. Patients were then monitored for 12 months and treated with symptomatic treatment for
CSU according to physician’s judgment, which typically included
a daily single dose of a second-generation H1-antihistamine, a
daily double antihistamine dose or a daily double dose plus an
anti-leukotriene agent, according to disease severity.
In vivo and in vitro tests
Venipuncture and ASST/APST were performed after the withdrawal of antihistamine treatment for at least 72 hours. Patients under-
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went in vivo assessment of ASST and APST as previously described
(6,8) and in vitro determination of HR from healthy subjects’ basophils incubated with patients serum. For HR test, white blood cells
containing 1-2% basophils from a healthy non-atopic donor were
incubated with patients’ sera in the presence of interleukin (IL)-3.
Histamine was measured by the glass fiber method, as previously
described (9). Cut-off value for HR was set to > 16.5%. In order
to avoid conscious or unintended unconscious bias, HR test results
were masked to clinicians taking care of the patients (GC, MNY,
AB, LC) until the end of the 1-year observational period, while clinical data were masked to laboratory operators (PSS, SF, SB) as well.
Disease activity and quality of life assessment
Disease activity was assessed by Urticaria Activity Score (UAS)
at 0 and 12 months. Daily UAS values (0-6 points) were calculated on the patient’s conditions over the previous 24 hours, by
adding the score value for number of wheals (0-3) and for pruritus intensity (0-3), as already described (10). Patients quality of
life was evaluated at baseline by Chronic Urticaria Quality Of
Life Questionnaire (CU-Q2oL) and other metrics commonly
used in clinical practice (Visual Analogic Scale, VAS; Dermatology Life Quality Index, DLQI) (1,10-14).
Statistical analysis
Variable values were presented as median and range for serological and immunological biomarkers, unless otherwise specified.
Categorical variables were compared using the Fisher’s exact
test. Normally and non-normally distributed variables were
compared using the Student’s t-test and Mann-Whitney U-test,
respectively. Treatment efficacy in each group was assessed by
means of Wilcoxon Signed Rank test (paired) analysis. GraphPad Prism version 6.00 was utilized for statistical analysis. A
p-value < 0.05 was considered statistically significant.
Results
Study cohort
Seventeen (85%) patients were female, mean age was 42 (range,
18-67). Angioedema associated with CSU in 70% (14/20) of
cases. Autoimmune thyroid dysfunction (altered thyroid-stimulating hormone [TSH] serum levels with autoantibodies against
thyroglobulin and/or thyroperoxidase and/or TSH-receptor)
was present in 35% of cases (6 patients with hypothyroidism,
one patient with hyperthyroidism), 5% (1/20) had isolated autoantibodies anti-thyroglobulin and thyroperoxidase antibodies
without thyroid dysfunction, 20% (4/20) had antinuclear antibody (ANA) positivity without any autoimmune condition,
and 5% (1/20) had Sjögren’s syndrome. Clinical and demo-
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Table 1 - Demographic features of patients (n = 20).
Feature

Number or %

Age

42 years (range 18-67)

Sex

85% female, 15% male

Disease duration

3.5 years (range 0.5-16)

Associated angioedema

70%

Autoimmune disease (different from thyroiditis)

5% (1 patient with Sjögren’s syndrome)

Thyroid disfunction

35% (1 Basedow-Graves’ disease; 6 Hashimoto’ disease)

1

Isolated thyroid autoimmunity

5%

Antinuclear antibody (ANA)

20%

2

Autoimmune thyroid dysfunction was defined as an altered thyroid-stimulating hormone (TSH) serum levels with autoantibodies against thyroglobulin and/or
thyroperoxidase and/or TSH-receptor.
1

Isolated thyroid autoimmunity was defined as a normal thyroid-stimulating hormone (TSH) serum levels with autoantibodies against thyroglobulin and/or thyroperoxidase and/or TSH-receptor.
2

graphic features are summarized in table 1. Quality of life questionnaires’ results were not substantially different between HR
positive and negative groups at baseline (table 2).

scored positive for APST only, while 9% (1/11) of patients with
negative HR scored positive for ASST only (figure 1C). Thyroid
dysfunction or autoimmune conditions did not associate with
any HR or ASST/APST subset (p > 0.05, respectively).

HR test results and ASST/APST results do not cosegregate
Sixty percent (12/20) of patients scored positive for both ASST
and APST, 5% (1/20) scored positive for only ASST, and 20%
(4/20) scored positive for only APST. Around 15% (3/20)
scored negative for both ASST and APST (figure 1A).
HR test was positive (i.e., > 16.5%) in 45% (9/20) of patients.
Notably, patients with positive test had a highly significant increase % of HR compared to those who scored negative (p <
0.001; figure 1B).
We compared in vivo (ASST/APST) and in vitro (HR) test results,
but they did not co-segregate (figure 1C; p > 0.05 in all comparisons). In particular, 67% (6/9) and 55% (6/11) of patients with
positive and negative HR test results respectively, scored positive
for both ASST and APST. Eleven percent (1/9) and 27% (3/11)
of patients with respectively positive and negative HR test results

Patients with a positive HR test have a more severe disease at onset
All patients with positive HR test (9/9, 100%) had a more severe
disease activity at onset (UAS score > 2), compared to approximately
45% (5/11) of patients with HR negative test (p = 0.04; figure 1D).
During the 1-year observation period, all the patients were treated
following EAACI guidelines and according to clinical judgment, in
order to obtain CSU remission or the best control of the disease.
Thirty-five percent (7/20) of patients received a single second-generation H1-antihistamine daily dose, 35% (7/20) received a double
antihistamine daily dose and 30% (6/20) received a double antihistamine daily dose plus an antileukotriene agent. Overall, 8 patients
stopped therapies because of the resolution of signs and symptoms,
while 3 patients used antihistamines only when needed (≤ 3/week)
because of a frank improvement of the clinical picture (table 3).

Table 2 - Quality of life questionnaires’ scores (Dermatology Life Quality Index [DLQI]; Chronic Urticaria Quality Of Life Questionnaire
[CU-Q2oL], Visual Analogic Scale [VAS]) in patients with positive and negative HR test results at baseline. Comparison between HR
positive and negative patients’ scores were non significant (p>0.05) for each questionnaire used.
Questionnaire

HR positive patients

HR negative patients

DLQI (with range)

11 (1-22)

10 (1-19)

CU-Q2oL (with range)

43 (16-76)

44 (23-61)

VAS (with range)

65 (50-91)

59 (40-85)
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Figure 1 - (A) In vivo test: autologous serum skin test (ASST) and autologous plasma skin test (APST) in our cohort of patients (n = 20).
(B) In vitro test: histamine release (HR) from healthy nonatopic donor basophils incubated with CSU patients serum. HR test was positive
(i.e., > 16.5%) in 9/20 patients and negative in 11/20 patients (p < 0.001); HC = healthy controls. (C) Comparison between in vivo and
in vitro test results: there was no correlation and the results of the two tests did not co-segregate. The solid spots represent the patients with
HR positive and negative test results respectively (in vitro test), while the two intersecting sets represent the ASST and APST results (in vivo
test). (D) Comparison between HR test results and severity of disease assessed by urticaria activity score (UAS) at baseline: HR test positivity
significantly associates with a more severe disease (UAS score > 2; p = 0.04).
1A

1B

1C

1D

Table 3 - Antihistamine treatment withdrawn in patients with HR positive and negative test after 12 months.
Antihistamine

HR positive patients

HR negative patients

Daily

33% (3/9)

55% (6/11)

When needed

0%

27% (3/11)

Withdrawal*

67% (6/9)

18% (2/11)

* Statistically significant (p<0.05)

A positive HR test result at baseline predicts spontaneous CSU remission
and associates with antihistamine treatment withdrawal at 1 year
Patients were monitored for 12 months; patients with a positive
HR test had a significant reduction of disease activity assessed
by UAS after 12 months (p = 0.003; figure 2A), whereas pa-

tients with a negative HR test did not (p > 0.05; figure 2B).
When comparing patients who had an improvement in UAS
in the observation period versus those who did not, a trend in
favor of patients with positive HR test was observed, since 78%
(7/9) and 45% (5/11) reported positive and negative HR test
respectively (p = 0.197).
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Figure 2 - Disease severity variations after 12 months of symptomatic therapy in patients with HR positive test results (A) and patients
with HR negative test results (B). Disease activity was assessed by Urticaria Activity Score (UAS) based on the patient’s conditions over the
previous 12 hours. In the box, median UAS (with range; min-max values) at onset and after 12 months.
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Moreover, 67% (6/9) of patients with positive HR test were able
to completely withdraw therapy and achieve complete CSU remission compared to 18% (2/11) of patients with a negative HR
test results (p = 0.027; table 3). No statistical difference in the
median UAS reduction after 12 months between patients who
scored positive for both ASST/APST, negative for both ASST/
APST, and positive for only APST was observed (p > 0.05 in all
comparisons; table 4).
Discussion
Our results suggest that positive HR test associates with two
apparently contrasting phenotypic characteristics of antihista-

2 (0, 6)

12

t=

m

2 (0, 6)

mine-unresponsive CSU, i.e., a more severe disease at onset (as
depicted by a UAS score > 2; figure 1D) and a more frequent
spontaneous disease remission at 12 months. Patients with a
positive HR test had a higher reduction of disease activity (p
= 0.003) and withdrew antihistamine treatment in a higher
number of cases (p = 0.027) when compared to patients with
a negative HR test results, suggesting that HR test may predict
disease remission.
Although the HR test does not inform on the underlying pathological mechanisms of CSU, we could speculate that patients’
sera with negative HR test (approximately half of the patients)
need to interact with one or more other cellular or humoral

Table 4 - Median UAS score stratified for in vivo results at onset and at 12 months. No significant difference between t=0 and t=12 was
found within each group (p>0.05).
Subsets

Patients

t=0

t = 12

ASST/APST +/+ (range)

n = 12

4 (0-6)

2 (0-6)

ASST/APST +/- (range)

n=1

0

0

ASST/APST -/+ (range)

n=4

4 (2-6)

2 (0-5)

ASST/APST -/- (range)

n=3

2 (0-6)

0
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factors to induce basophils and mast cells activation, possibly
expressed in skin and target tissues. Along this line, the subset
of CSU patients with positive HR test could be characterized by
a yet to be defined systemic component, which in the same time
would be per se capable to induce both a relatively more severe
urticaria symptoms and its exhaustion in a year time.
A potential limitation of this study is that UAS score for the
assessment of CSU severity could not necessarily indicate a
true disease remission, but may simply reflect disease fluctuations. Unfortunately, we did not use UAS calculated on 7 days
(UAS7) because the recruitment of patients studied preceded
the latest EAACI guidelines for CSU (16), which suggested
the use of UAS7 instead of UAS. Of note, two third of those
with positive HR test achieved CSU complete remission after 12 months leading to antihistamine therapy withdrawn,
compared with only 18% of patients with a negative HR test
results (p = 0.027). Since by definition patients studied complained daily symptoms for at least 30 days before enrollment,
this represents a meaningful result and indicates, together with
the UAS reduction after 12 months, that HR may be a genuine predictor of remission in patients unresponsive to antihistamine therapy.
One of the novelty of our study is that we analyzed the relationship between in vivo and in vitro tests, and we did not find
any association. Using the ASST as the true outcome for HR
test validation, its sensitivity and specificity for CU was reported to be around 75% (9). Taken altogether, HR test may have
a complementary role to ASST/APST, helping clinician in the
diagnosis if the in vivo skin tests provide doubtful results or if
they cannot be assessed.
Interestingly, we did not find any significant associations between quality of life and HR test outcome, probably because the
individual perception of CSU interference varies considerably
among different patients (15).
Several authors suggested that patients with CSU who scored
positive for APST only may be less responsive to conventional
therapy (8). Notably, the majority of patients of our cohort who
scored positive for APST only were HR test negative (3/4, 75%;
figure 1C). In order to evaluate whether the poor response to
treatment of HR negative patients could be segregated in this subset of patients, we stratified patients for ASST/APST results and
compared median UAS before and after 12 months of therapy.
We found that UAS reduction was similar between patients who
scored positive for both ASST/APST, APST alone, and patients
who scored negative for both ASST/APST, suggesting that HR
test independently predicts treatment response. An in vitro test
could likely predict outcome of CSU more precisely than an in
vivo test. At variance with the in vitro test, the interpretation skin
testing is operator-dependent, and sometimes and its reproducibility is linked to the physician expertise.
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Prior reports with basophil activation test (BAT; consisting of
sera of CSU patients incubated with resting basophils of normal donors) induce histamine release and upregulate CD63 and
CD203c (22,23). BAT with CD63 may have a role in assessing
severity of disease and predicting outcome, but results are not
completely homogeneous. (22-24) Although a direct comparison has not been published, HR test instead is easy to perform
and interpret, and results can be easily standardized between
different centers (9). No statistical association of autoimmune
thyroid dysfunction (or isolated thyroid autoimmunity) with
HR or APST/ASST results was observed in our cohort. The
mutual relationship of these two conditions is well known and
accounts for 10 to 27% of cases in literature (17,18,19). In our
cohort the percentage of thyroid disease is slightly greater, perhaps as a consequence of a selection bias of those patients with
an antihistamine resistant CSU. However, this may also depend
on small sample size, which clearly represents a limit for this and
other subgroups’ analysis in our study. This study has a good
internal validity because a very select homogeneous group (only
CSU excluding inducible or physical urticaria; only patients
daily symptomatic after at least a single dose of antihistamine
therapy for at least 1 month) is chosen. Given that CSU is likely
a group of diseases instead a single one, likely with different predisposing factors, disease mechanisms and perhaps different results to in vivo and in vitro tests, we chose a very selected group
characterized by the unresponsiveness to conventional doses of
symptomatic drugs. This gives us the chance to draw precise
conclusions about the persistence of disease on our sample albeit
the small size, but at the same time it impacts the generalizability of our results, since our study sample represents the patients
still symptomatic despite conventional treatment doses instead
of the whole CSU population.
In conclusion, HR test seems to predict CSU spontaneous remission at 12 months in patient with persistent disease, since
patients with positive HR test underwent therapy withdrawal
in a higher number of cases as compared to those with negative
results. Even if larger studies to confirm these preliminary data
are needed, HR test could be helpful in discriminating at onset
those CSU patients who are more likely to benefit from antihistamine therapy from those who may need more aggressive
treatment options (20-21).
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Summary
Background. The results of the research on perimenstrual asthma (PMA) pathophysiology are
inconsistent, and the role of sex hormones remains inconclusive. The aim of the study was to
evaluate the influence of serum sex steroid (and other) hormones’ concentrations on lower airway
inflammation of PMA patients. Methods. Thirty-three women of childbearing age diagnosed as:
PMA (n = 13), non-PMA asthmatics (n = 10), and healthy controls (n = 10) were prospectively
followed for 12 weeks over 2 consecutive menstrual cycles. On the 10th and 26th day of each cycle
serum 17β-estradiol, progesterone, testosterone, androstendion, dehydroepiandrosteron, cortisol,
thyroid-stimulating hormone and prolactin were measured, and sputum was induced. Sputum
inflammatory cell count and IL-5, -6, -8, -10 concentrations were determined. Results. When
compared to non-PMA asthmatics, the luteal phase of the cycle in PMA subjects was associated with increased serum estradiol concentration, estradiol-to-progesterone ratio (p < 0.001, p =
0.001, respectively) and sputum IL-5 and IL-8 concentrations (p = 0.045, p = 0.039, respectively). Decreased serum testosterone levels (p < 0.05) and a trend to increased serum prolactin
levels in both phases of the menstrual cycle in PMA subjects were observed. Sputum analysis in
PMA patients revealed increased total inflammatory cell count in both phases of the menstrual
cycle (p < 0.05), when compared to non-PMA asthmatics. Conclusions. The luteal phase of the
cycle in PMA patients is associated with increased serum estradiol levels with concurrent higher
sputum concentration of IL-5 and IL-8. Serum testosterone levels are decreased, and total number
of sputum inflammatory cells is increased in PMA patients in both phases of the menstrual cycle.

Introduction
Asthma is a chronic inflammatory lung disease leading to the
pathologic triad of bronchial hyperresponsiveness, intermittent airway obstruction and chronic bronchial inflammation.
Despite the fact that this definition has been approved and
implemented by the authorities in all existing global asthma
guidelines, there has been growing support for the concept that
asthma consists of multiple phenotypes, which are easier to de-

fine in patients with severe form of the disease (1-3). The Severe
Asthma Research Program (SARP), a large network to study severe asthma pathomechanisms, has recently distinguished a female-predominant, late-onset asthma phenotype with cyclically
recurrent perimenstrual worsening of the disease symptoms (4).
The data from SARP Rao et al (3) aimed to identify specific
clinical and immunologic characteristics that might contribute to perimenstrual asthma (PMA) phenotype, suggest that it
usually represents a poorly controlled and exacerbation-prone
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disease often associated with aspirin sensitivity and lower lung
capacity (when compared to other asthma phenotypes). Women
with PMA require more bursts of corticosteroids therapy and
have higher risk for emergency room visits, hospitalization, admission to intensive care unit (3), intubations and near fatal and
fatal events (5). Although PMA has been associated with severe
and difficult-to-control asthma, it remains poorly characterized
and understood. A host of data suggests that cyclical variations
in sex steroid hormones in women influence asthma symptoms,
with a worsening during the luteal phase of the menstrual cycle
which occurs in one third of patients (3,6). Underlying these
exacerbations are either high progesterone and estrogen concentrations (during the luteal phase of the cycle), or the pre-menstrual steep decrease in both hormones levels. It is suggested
that sex steroid pathway might play a key role in breaking the
threshold, that triggers a clinically apparent bronchial reaction
(7). It has been documented that in adult women with stable,
well-controlled asthma, PC20 decreases by more than half
during the menstrual cycle, with the lowest PC20 occurring at
peak estrogen and progesterone levels in the luteal phase (8).
The cyclic changes in PC20 have been assigned to abnormal β2
adrenoreceptor regulation in PMA (8,9). It has been suggested
that β2 adrenoreceptors are influenced by ovarian sex-steroid
hormones, the hypothesis confirmed by down regulation of
β2 adrenoreceptors after progesterone administration to PMA
women during the follicular phase of the menstrual cycle (9,10).
However, female sex hormones have a wide variety of effects
beyond the β2 adrenoreceptor. The progesterone receptor expressed in airway epithelium and progesterone has been proved
to inhibit the beat frequency of cilia, which may impact mucociliary clearance during the menstrual cycle (11). Progesterone has been demonstrated to reduce bronchial smooth muscle
contractility (12) and to increase eosinophilia-related bronchial
hyper-responsiveness (BHR) in sensitised mice (13). Both estradiol and progesterone have been proposed to activate mast
cells, and the idea that they have an influence on the symptoms
of mast cell-associated disorders has been discussed widely (14).
In contrast to human research, animal work on the relationship
between estrogens and asthma is conflicting. In mice, estrogen
appears to protect against BHR (15), while in humans, high
estrogen levels (during pregnancy or the luteal phase of the
menstrual cycle) shift skew of the immune system towards a
Th2-type response (16). In premenopausal women, these two
sex steroids may have additive or synergistic effect on exacerbating asthma, while androgens appear to act anti-inflammatory
by decreasing Th2 cell response (17). However, it still remains
unclear as to whether fluctuation in sex steroids concentrations
or a balance between them is responsible for premenstrual worsening of symptoms. Some of the research on PMA carried out
so far suggest, that except sex hormones additional factors must

play role, either further sensitizing the airways or modifying
their hormonal effects. Some of these suspected cofactors (such
as aging, obesity, atopy) have already been evaluated, yielding
conflicting results (1,3,4).
With this in mind, we aimed to investigate whether changes in
serum concentrations of sex steroid hormones in the follicular
and luteal phase of the cycle influence the severity of lower airway inflammation in patients with PMA, when compared to
non-PMA. We also hypothesized that the specific inflammatory response in PMA might be generated by the interaction
of other hormones, not directly related with the reproductive
system, and therefore evaluated their serum concentration in
both phases of the cycle with respect to markers of inflammation present in lower airways of PMA patients.
Materials and methods
Study population
A three-arm (women with PMA vs non-PMA asthmatics vs
healthy controls) case-control clinical study was designed, in order to accurately determine the characteristics of airway inflammation in PMA and its relation to changes in selected serum
hormone levels. The study was approved by ethics committee of
the Medical Faculty, Silesian Medical University, Katowice, Poland. Each study participant provided written informed consent.
At the time of enrolment all women completed a health questionnaire, to obtain information on demographic factors, asthma, pregnancy and smoking history, the use of antiasthmatic
drugs and comorbidities. All women completed a menstruation
card (reporting the first day of menstruation), asthma symptom
questionnaire and asthma control test.
After rejection of women with: 1 - poor compliance during the
study (n = 2), 2 - inadequate information on PMA / asthma
status (n = 4), 3 - the use of exogenous hormones (n = 6), 4 irregular menstrual cycles (n = 5), or 5 - other reasons (n = 11),
33 premenopausal women were enrolled in the study.
Of these, 13 women recruited from the outpatient pulmonology and gynecology units of the Central Clinical Hospital of the
Silesian Medical University and from outpatient allergy clinic
fulfilled all entry criteria, and were recruited to PMA group.
PMA was diagnosed on the basis of typical clinical history of
asthma (mild to severe according to current GINA recommendations (18), confirmed by the positive metacholine challenge
test with cyclical clinical asthma worsening during luteal phase,
and/or during the first days of menstruation, and/or ≥ 20% reduction of PEF values up to 5 days before or during menstruation, for at least 5 consecutive years. During the study, all PMA
patients were all treated according to current GINA guidelines
(18). The exclusion criteria for entry were: 1 - age < 18 and
> 45, 2 - irregular menstrual cycles (cycle-to-cycle variability >
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3 [days]), 3 - use of exogenous hormones in a period shorter
than 12 months before entering the study, 4 - pregnancy and/
or breastfeeding 12 months prior to and during the study, 5
- reported polycystic ovary syndrome, 6 - cumulative smoking
exposure of > 5 pack-years, 7 - history of infection for 4 weeks
prior to, and in course of the study, 8 - any chronic diseases
other than asthma , 9 - poor patient compliance.
Ten non-PMA asthmatics with typical clinical history of asthma
(mild to severe according to current GINA recommendations
(18) confirmed by the positive metacholine challenge test), with
no perimenstrual symptoms worsening (defined as above), entered the study.
The study involved 10 healthy volunteers with no history of
asthma or other chronic disease. Exclusion criteria for both nonPMA asthmatics and healthy control women were the same as
for the PMA patients.
The study protocol
All women included in the study have prospectively been followed for 12 weeks, over 2 complete consecutive menstrual cycles.
Asthma symptom questionnaire including the use of antiasthmatic drugs (daily) and the peak expiratory flow measurement
(twice daily) have been recorded, during both menstrual cycles.
Serum 17β-estradiol, progesterone, testosterone, androstendion,
dehydroepiandrosteron, cortisol, thyroid-stimulating hormone
and prolactin were measured, and sputum inductions were determined in the 10th and the 26th day of each of the two cycles.
Sputum inflammatory cell count and concentration of IL-5, IL6, IL-8 and IL-10 were measured by sandwich ELISA test. The
values obtained from measurements during two successive menstrual cycles have been subjected to statistical analysis.
Measurements of hormone levels in serum
Venous blood samples were collected between 8.00 and 10.00
am, after an overnight fast.
Serum 17β-estradiol, progesterone, testosterone, androstendion, dehydroepiandrosteron, cortisol, thyroid-stimulating hormone and prolactin concentrations were measured by using
electrochemiluminescence immunoassay (Cobas e601, Roche
Diagnostics GmbH, Manheim, Germany) according to manufacturer’s protocol.
Lung function and metacholine challenge test
Forced expiratory volume in 1s (FEV1) and forced vital capacity
(FVC) were measured with dry spirometer (MasterLab, Jaeger,
Germany) according to the recommendations of the European
Respiratory Society (19). Bronchial hyperreactivity (BHR) in
metacholine challenge testing was assessed according to the ap-
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proved consensus recommendations (20) by inhaling increasing
concentrations of metacholine from ultrasonic nebulizer device
(Thomex MB, Medbryt, UK). The provocative concentration
required to achieve the FEV1 fall by ≥ 20% from its original
value was determined by linear interpolation.
Sputum induction and analysis
Sputum was induced by hypertonic saline inhalation (3%, 4%
and 5% for 7 min) by an ultrasonic nebulizer device (Thomex
MB, Medbryt, UK) and processed according to a method previously described (21). Aliquots of the supernatant fluids were
stored at -80°C until further analysis.
Measuring cytokine levels
Sputum IL-5 IL-6, IL-8 and IL-10 concentrations were measured by ELISA kits (R&D Systems, McKinley Place N.E. Minneapolis, USA) according to the manufacturer`s protocol.
Statistics
Statistical evaluation was performed with software package
(Statistica 6.0). Descriptive statistics are presented as medians
and ranges. Kolmogorov-Smirnov test was used to test variables
for normal distribution. As our data are generated from small
patient populations and these data that are not normally distributed, we used the Mann-Whitney U-test for comparison
between non-parametric results. Inter-group comparisons were
performed using Kruskal-Wallis ANOVA and Mann-Whitney
U test. Spearman’s rank correlation coefficient test was used to
examine the association between functional data and hormone
levels. P values of < 0.05 were accepted as statistically significant.
Results
Baseline characteristics
Baseline characteristics of the study subjects are summarized in
table 1. Groups were comparable with respect to age and number
of pregnancies. Patients with PMA were more likely to be classified as severe asthma compared to non-PMA asthmatics. Four
women (30.7%) in PMA group were classified as severe asthma (compared to 10% in non-PMA asthmatics). Ten (76.9%)
of the PMA subjects had persistent asthma and the remaining
three (23.1%) had intermittent asthma. “Average asthma control
measured by asthma control test was significantly (p = 0.011)
worse in PMA group, than in non-PMA asthmatics (table 1)
and the average daily use of inhaled steroids in PMA patients
was significantly higher than among non-PMA asthmatics (800
μg vs 400 μmcg BUD/day, p < 0.001). In PMA patients, asthma
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Table 1 - Baseline characteristics of the study sample.
PMA group
No: 13

non-PMA asthmatics
No: 10

healthy control
No: 10

29.1
(20-39)

30.1
(21-43)

32.1
(22-45)

FEV1 [% predicted]1,2

87.1
(36.3-121.3)

95.3
(81.6-115.7)

105.4
(108.3-119)

FEV1%VC [%]1,2

71.9
(41.2-98.1)

80.1
(59.6-98.4)

93.1
(81.8-97.5)

ACT [pts]2

17
(12-25)

21
(19-25)

not applicable

PC20 metacholine [mg/ml]1,2

0.1
(0.1-4.3)

1.9
(0.1-6.9)

> 25

No of pregnancies

2.1 ± 0.89

1.9 ± 0.8

2.3 ± 0.9

Age [years]

Data are presented as medians and ranges (maximal and minimal values are in brackets).
1
p < 0.05 for inter-group comparison.
2
p < 0.05 between PMA and non-PMA asthmatics.
FEV1 - forced expiratory volume in 1s (percentage of predicted value).
VC - vital capacity.
ACT - asthma control test.
PC20 - the first provocative concentration of metacholine that caused a 20% fall in FEV1.

Serum hormone concentrations
Serum hormone concentrations in PMA patients, non-PMA
asthmatics and healthy controls are presented in table 2. When
compared to non-PMA asthmatics, the luteal phase of the cycle in PMA subjects was associated with increased serum estradiol concentration (p < 0.001; figure 1) and increased serum
estradiol-to-progesterone ratio (p = 0.001). Patients with PMA

had decreased serum testosterone levels in both, follicular (p =
0.011; figure 2), and luteal (p = 0.019; figure 3) phase of the
cycle. The estradiol / testosterone ratio in luteal phase of the cycle in PMA patients was significantly higher, when compared to

Figure 1 - Serum 17β-estradiol concentration in luteal phase of the
menstrual cycle in groups studied.
300
Median
25%-75%
Min-Max

280
Serum 17β–estradiol concentration [pg/ml]
in luteal phase of the menstrual cycle

control test was significantly (p = 0.032) worse during perimenstrual period (ACT = 14 pts) than in the remaining days of the
cycle (ACT = 22 pts) and this was accompanied by higher daily
use of inhaled steroids (1600 μg [perimenstrual period] vs 800
μmcg [other days of the cycle] BUD/day, p < 0.001). Both worsening of asthma symptoms and the increased daily use of inhaled
corticosteroids have not been present in non-PMA asthmatic
group throughout the menstrual cycle”. As anticipated, the pulmonary function of PMA patients was lower than in non-PMA
asthmatics and healthy controls. The FEV1% predicted and FEV1%VC was lower in PMA group when compared to non-PMA
asthmatics (p < 0.05 for both variables) and the mean values
for PC20 were also significantly lower in PMA group than in
non-PMA-asthmatics (p = 0.003). In both PMA group and nonPMA asthma group, there was one aspirin-sensitized patient. In
the control group, no one was allergic to aspirin.
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Table 2 - Serum hormones concentrations in follicular (FF) and luteal (LF) phase of the menstrual cycle in groups studied.
PMA

Hormone

non-PMA asthmatics

FF

17β-estradiol (pg/ml)

LF

42.7
89.6
(18.1-104.2) (14.2-273.8)
1,2

healthy controls

FF

LF

FF

LF

22.8
(10.4-60.0)

37.1
(12.6-72.1)

40.1
(10.1-61.2)

36.1
(17.4-98.4)

Progesterone (ng/ml)

0.9
(0.1-4.2)

0.9
(0.1-6.4)

0.7
(0.2-3.7)

1,.5
(0.1-4.2)

0.2
(0.1-5.2)

0.4
(0.1-6.4)

Testosterone (ng/ml)

27.81,2
(0.8-77.5)

24.71,2
(1.6-62.6)

46.2
(12.4-75.4)

47.0
(21.0-87.4)

38.9
(15.3-64.7)

43.7
(11.6-72.8)

Androstendion [ng/ml]

3.7
(0.9-4.3)

2.5
(0.4-5.3)

0.8
(0.1-2.1)

2.0
(0.8-4.2)

2.7
(0.2-5.1)

1.1
(0.2-1.6)

Dehydroepiandrosteron [ng/ml]

11.1
(3.4-16.4)

9.5
(0.1-20.1)

13.6
(4.7-25.2)

15.9
(3.9-20.1)

10.1
(2.2-16.8)

17.8
(5.3-28)

Cortisol [ng/dl]

18.8
(3.1-40.8)

12.6
(6.9-25.8)

14.4
(7.0-29.7)

21.6
(2.0-39.6)

24.3
(5.2-30.1)

20.5
(8.1-50.8)

Thyroid-stimulating hormone
(TSH) [mIU/ml]

2.2
(0.8-3.1)

2.2
(0.4-3.7)

1.8
(1.1-2.9)

2.1
(1.6-3.4)

1.6
(0.5-3.1)

1.9
(0.9-3.3)

Prolactin [ng/ml]

23.8
(0.3-31.7)

21.6
(7.5-27.9)

17.6
(8.4-19.1)

10.2
(4.3-20.1)

16.9
(5.8-20.9)

15.1
(4.8-19.8)

Data are presented as medians and ranges (maximal and minimal values are in brackets)
1
p < 0.05 for inter-group comparison in corresponding phase of the menstrual cycle.
2
p < 0.05 between PMA and non-PMA asthmatics in corresponding phase of the menstrual cycle.

non-PMA asthmatics, (p < 0.001). A trend to increased serum
prolactin levels in both follicular (p = 0.076) and luteal phase of
the menstrual cycle (p = 0.09) in PMA subjects (compared to

non-PMA asthmatics and healthy controls) was observed (table
2). No association between serum hormones levels and respiratory variables was found.

Figure 2 - Serum testosterone concentration in follicular phase of
the menstrual cycle in groups studied.

Figure 3 - Serum testosterone concentration in luteal phase of the
menstrual cycle in groups studied.
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Induced sputum cell count and cytokine levels
Sputum analysis in PMA patients revealed significantly increased
total inflammatory cell count in both phases of the menstrual
cycle when compared to non-PMA asthmatics and healthy controls (p < 0.05; table 3). No significant differences in differential sputum cell count between PMA and non-PMA asthmatics
were noticed (p > 0.05; table 3). Measurable concentrations
of IL-5, IL-8 and IL-10 were found in all sputum samples assayed. Sputum IL-6 levels were undetectable in one person in
non-PMA asthmatic. Sputum cytokine levels in groups studied
are presented in table 3. The luteal phase of the cycle in PMA
subjects was associated with significantly increased sputum IL-5
(p = 0.045; figure 4) and IL-8 (p = 0.039; figure 5) concentrations, when compared to non-PMA asthmatics and healthy
controls (p = 0.008; p < 0.001, respectively). No differences (p >
0.05) were noticed in sputum levels of IL-6 and IL-10 between
studied groups (table 3).
Discussion
Our study adds the key evidence of the immuno-hormonal crosstalk in the pathogenesis of PMA, which is now considered one

of the burdensome asthma phenotypes. Although the pathogenesis of asthma remains incompletely understood, it is now clear
that it comprises several different endotypes, and hence there is
an apparent shift in asthma perception that focuses on matching
the therapy with the presence of specific, corresponding biomarkers. There is now an array of evidence demonstrating a female predominance in asthma prevalence by adulthood (22,23).
In a large population-based cohort study, women over the age
of 35 years were shown to have a 20% higher risk of developing
asthma, and demonstrated higher predominance of non-allergic asthma than men (23). In addition, women are especially
burdened with hard-to-treat, corticosteroid-resistant asthma
(3-5) and studies conducted so far revealed that asthma-related
deaths were up to 30% higher for women (22,24). Female predominance in asthma has generated an interest in studying the
sexual dimorphism in the immune system, and the role of sex
hormones on airway pathophysiology. A number of clinical and
epidemiological studies demonstrated that 30-40% of asthmatic
women experience worsening of asthma symptoms during the
perimenstrual phase of the cycle (being the time point of large
sex hormone fluctuations) (3,6,8,9). However, the role of estrogen and progesterone in PMA exacerbations remains conflicting and inconclusive, with studies reporting both the protective

Table 3 - Sputum variables in follicular (FF) and luteal (LF) phase of the menstrual cycle in groups studied.
Variable

PMA

non-PMA asthmatics

healthy controls

FF

LF

FF

LF

FF

LF

Total cell count
[nx 106/g]

1.9
(0.6-6.2)

1.7
(0.5-3.8)

1.2
(0.4-4.1)

1.4
(0.6-5.2)

0.9
(0.1-1.4)

1.1
(0.1-1.3)

Neutrophils
[nx 106/g]

0.7
(0.14-3.1)

0.6
(0.2-3.9)

0.9
(0.4-5.5)

0.7
(0.1-2.9)

0.7
(0.6-1.9)

0.8
(0.7-3.5)

Eosinophils
[nx 106/g]

0.1
(0.0-0.75)

0.04
(0.0-0.7)

0.05
(0.0-1.0)

0.06
(0.1-0.8)

0.06
(0.0-0.7)

0.03
(0.0-0.8)

Macrophages
[nx 106/g]

1.0
(0.18-2.5)

1.0
(0.31-3.2)

1.1
(0.3-3.9)

0.8
(0.2-4.1)

0.8
(0.6-1.9)

0.7
(0.5-2.2)

IL-5 [pg/ml]

3.1
(1.23-7.8)

4.71,2
(2.24-11.8)

3.1
(2.29-7.1)

3.5
(2.5-5.6)

2.7
(0.5-6.6)

2.4
(0.4-4.9)

IL-6 [pg/ml]

121.5
(56.8-170.2)

87.5
(67.1-111.8)

101.9
(23.5-131.0)

76.9
(0.0-186.2)

66.5
(10.8-95.3)

71.0
(6.5-153.9)

IL-8 [pg/ml]

335.4
(197.1-1004.5)

404.71,2
(164.2-901.4)

302.3
(118.2-479.7)

301.6
(94.2-545.4)

227.6
(102.4-450.4)

216.7
(99.4-469.8)

IL-10 [pg/ml]

41.9
(2.5-110.1)

62.8
(15.6-90.8)

39.8
(21.4-70.5)

29.9
(1.8-59.3)

51.7
(18.6-89.0)

45.5
(4.2-101.6)

1,2

1,2

Data are presented as medians and ranges (minimal and maximal values are in brackets).
1
p < 0.05 for inter-group comparison in corresponding phase of the menstrual cycle.
2
p < 0.05 between PMA and non-PMA asthmatics in corresponding phase of the menstrual cycle.
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Figure 4 - Sputum IL-5 concentrations in luteal phase of the menstrual cycle in groups studied.

Figure 5 - Sputum IL-8 concentrations in luteal phase of the menstrual cycle in groups studied.
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(12,15) and deteriorating (9-11,13,14) effect on lung function
and airway inflammation in these patients.
Different methodologies and lack of uniformity between studies approaches used to investigate the hormonal hypothesis in
PMA significantly limit drawing reliable conclusions. Finally,
although some of the clinical data support the role of sex hormones, the results are confounded by many other factors. In a
recent large-scale analysis of women with severe asthma, PMA
has additionally been associated with aspirin sensitivity, higher
BMI, gastroesophageal reflux and lower IgE levels (3).
As the hormonal impact in PMA patients seems complex and
not completely understood, in our study we aimed to investigate the relation between serum sex hormones levels and lower
airway inflammatory markers in the pre-selected and well-defined group of patients with previously confirmed, recurrent
PMA symptoms.
According to our knowledge, this is the first study that demonstrated that PMA is associated with significantly increased serum estradiol levels and significantly increased estradiol-to-progesterone ratio in luteal phase of the cycle when compared to
non-PMA asthmatics. This is also the first study in which lower serum testosterone levels and the trend to increased serum
prolactin levels in both phases of the menstrual cycle in PMA
(when compared to non-PMA asthmatics) have been observed.
Our analysis also supports evidence of the increased sputum total inflammatory cell count, along with the increased IL-5 and
IL-8 concentrations in sputum of PMA patients in luteal phase
of the menstrual cycle.
The result of our study, which revealed decreased serum levels
of testosterone in both phases of the cycle in PMA patients, is

0

PMA

non-PMA asthmatics

healthy controls

consistent with some earlier (25,26), but not with all (27,28)
studies. The association between androgens and PMA has weakly been examined yet. Testosterone is secreted by ovaries and by
the adrenal gland, and it appears to act as an immunosuppressive and anti-inflammatory, by decreasing the Th2-response via
androgen receptor (by activating androgen responsive elements
of target genes) (29). Studies show that the severity of asthma
in men remains stable from puberty, until serum testosterone
levels start to decease with aging (when higher asthma prevalence in men is observed) (30) and that castration in man exacerbates asthma (31). Consistent with our findings, Wulfsohn
et al demonstrated (28) that female asthmatic patients treated
with testosterone demonstrated a 90% improvement of asthma symptoms, while Mileva et al (25) found low levels of serum testosterone in patients with severe (when compared with
mild) asthma. The impact of testosterone on the function of
lower airways might be explained by the results of the study
by Monatano et al (26) who found that testosterone induces
bronchial relaxation via blockage of calcium channels, thus relaxing airway smooth muscle and increasing the airflow. It is
therefore possible that reduced serum testosterone level in PMA
patients found in our study is one of the factors increasing BHR
in these patients. Our study adds decreased serum testosterone
(but not androstendion or dehydroepiandrosteron) levels to
the suspected hormonal fluctuations in PMA, suggesting that
in addition to changing concentrations of female sex steroids,
the loss of balance between male and female sex hormones may
be crucial to trigger the exacerbation of asthma symptoms. It
is possible that the effect of individual sex hormones on lower
airways in PMA depends not only on their absolute concen-
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tration, but also on the timing, the duration and especially the
context of exposure. The increased estradiol / testosterone ratio
in luteal phase in PMA patients may also be important, given
the so far obtained evidence for the impact of these hormones
on the immune system. In light of the recent findings about the
significant androgen-dependent increase of Foxp3 expression
in human T-cells from women, it is possible that momentary
disturbance in this hormonal balance may lead to lower activity
of regulatory T-cells (thus, reducing the immune tolerance in
luteal phase of the menstrual cycle). The concomitant increased
estradiol concentration may in such circumstances more easily
lead to shifting the immune response towards Th2-dependent,
thus triggering asthma exacerbation.
Data on the impact of prolactin in women with asthma are
sparse. In this context, it is difficult to critically assess the trend
to increased serum prolactin levels found in our study. Prolactin
is a peptide hormone secreted from pituitary gland which acts
as a cytokine on regulatory T-cells (that express the PRL receptor constitutively) (32). The recent study by Ochoa-Amaya et
al (33) proved that hyperprolactinemia induced before antigen
challenge in rats, decreased allergic lung inflammation, suggesting that prolactin may act as immunomodulator in asthma.
This is consistent with findings of other authors who reported
that prolactin promotes Th1-type of cellular response (32,34).
The observed trend to increased serum prolactin levels in PMA
patients found in our study (as well as increased sputum IL-8
concentrations), could therefore contribute to the development
of the distinct immune response in lower airways of this specific
asthma phenotype. We assume that a larger asthmatic sample
would possibly provide significant statistical findings.
The results obtained in our study demonstrate that it is not
only the change in absolute concentrations of estradiol, but
also significantly increased estradiol-to-progesterone ratio that
contribute to perimenstrual worsening of the disease in luteal
phase of the cycle in PMA patients. Estrogen peaks during ovulation and both hormone levels are elevated during the luteal
phase (with progesterone being at its highest), then reaching
the lowest values during menses (35). Our results indicate that
high concentrations of serum progesterone overlap higher than
normal estradiol levels in the luteal phase in women with PMA.
Animal studies have provided evidence that both estrogen and
progesterone have effects on humoral and cellular immunity and
smooth muscle function (36). Estrogen receptor come in two
nuclear subtypes ER-α and ER-β (acting as transcription factors
on gene expression) and is expressed in airway epithelial cells
(37,38). Eosinophils bind estradiol (39) and show increased
degranulation and adhesion (39,40). Estradiol shows biphasic,
dose-dependent response to Th1 and Th2 signaling, developing
different effects depending on its concentration (41). Higher estrogen levels shift the female immune system towards a Th2 re-
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sponse increasing IL-4, IL-13, eosinophil recruitment and mast
cell degranulation (16). In a study by Oliveira et al, female rats
that either underwent ovariectomization or were treated with
selective estrogen receptor antagonist, developed less allergic airway inflammation compared with control animals (42). Estrogen replacement-therapy reestablished airway inflammation in
these animals (42). The increased sputum IL-5 concentrations
in the luteal phase in PMA patients found in our study could
thus reflect a temporary shift towards local Th-2 response, in
particular, in the context of simultaneously elevated serum estradiol level. A larger number of PMA patients could perhaps
reveal significant correlation between the two indicators. The
obtained results are consistent with the conclusions of some former studies (43,44) in which the enhanced local airway inflammation reaching its maximum shortly before menstruation has
also been demonstrated.
Progesterone acts via two main receptors (PR-A and PR-B)
present on airway epithelial cells, activation of which has been
shown to reduce cilia beat frequency by 40-50% (45). This sex
steroid also appears to inhibit Th1 cells in humans and mice and
induce IL-4 and IL-10 secretion (45). In animal studies progesterone increased eosinophilia-related BHR in sensitized mice
(13). It is possible, that in PMA patients the impact of high
luteal serum progesterone levels (which shifts the balance of the
immune system towards Th2-response) on local airway tissue is
amplified by higher, than normal, estradiol levels, thus having
additive or synergistic effect on exacerbating asthma. It has been
demonstrated that some women with PMA observe relief of
their perimenstrual exacerbations if they use oral contraceptives
that suppress large fluctuations in circulating hormones (46). In
the context of our results, it is possible that such treatment leads
to restoring of estradiol-to-progesterone ratio to such a level that
will not affect the induction of exacerbations.
However, it is obvious that the results of our study must be
treated with caution, as hormone concentrations were only
studied in peripheral blood and our analysis does not include
local tissue metabolism.
Strenghs and limitations of the study
A major limitation of most of the PMA studies conducted so far
is their cross-sectional design not including serial measures of
hormones or repeated assessments of lung function throughout
menstrual cycle. That is why we designed a three-arm, case-control study to simultaneously analyze changes in sputum proinflammatory markers in PMA patients in relation to fluctuations
in serum hormones concentrations at pre-selected time-points
of the menstrual cycle. The clear advantage over most of the previous PMA studies is that metacholine challenge test was used
at the time of enrollment to exclude women with inadequate
asthma status, and that women with irregular menstrual cycles
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and using exogenous have also been excluded at baseline. As in
other population-based studies (47-49) we have used questionnaire-based definition of PMA, but other questionnaires used
in our study allowed us to additionally keep abreast of asthma
symptoms, daily antiasthmatic drug use and the day of menstruation. This symptom timing enabled a more reliable determination of the associations of hormones with respiratory variables which were lacking in previous studies. Blood sampling
and respiratory function testing were performed concurrently
in morning hours, to avoid potential confounding from diurnal
variation of hormonal levels and lung function. The number of
patients in the present study was relatively small, which has obviously led to a lower statistical power. However, to have more
patients would pose a challenge, as the study protocol assumed
sharp exclusion criteria and was logistically burdensome for
patients. On one hand, this enabled recruiting of a relatively
homogeneous group of PMA patients, but on the other it led
to the resignation of many women from participation in the
study. Another reason of poor recruiting into all groups was the
exclusion of patients using exogenous hormones, as it is quite
difficult nowadays to find a large group of young females naïve
to oral contraceptives. However, it cannot be excluded that the
lack of correlation between hormones levels and respiratory
variables might be attributed to the small number of cases in our
study population. Therefore, these results should be interpreted
cautiously, and further studies with larger number of patients
are appropriate. Due to financial constraints, we have not evaluated hormone levels in sputum, which makes it impossible to
assess the impact of local tissue metabolism in the interpretation
of the results.
Conclusions
The luteal phase of the cycle in PMA patients is associated with
increased serum estradiol levels and estradiol-to-progesterone
ratio, with concurrent higher sputum concentration of IL-5 and
IL-8 (when compared to non-PMA asthmatics).
Serum testosterone levels are decreased, and total number of
sputum inflammatory cells is increased in PMA patients in both
phases of the menstrual cycle (when compared to non-PMA
asthmatics).
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Summary
Omalizumab has recently obtained indication for chronic spontaneous urticaria both in the
US and Europe. However, the mechanism of action of this drug has yet to be fully elucidated.
Previous studies have shown elevations in cytokine serum levels in patients with chronic spontaneous urticaria, and it is not known whether omalizumab treatment may affect cytokine
serum levels in this condition. Besides, a proportion of chronic spontaneous urticaria patients
have concomitant atopy, which may be associated, at least in theory, with prevalence of serum
Th2-type cytokines. In this study, serial serum samples from five patients (4 atopic and 1 nonatopic) with chronic spontaneous urticaria were assayed for cytokine concentrations by means
of flow-cytometry-based multiplex bead assays, before and during omalizumab treatment.
Omalizumab appeared to significantly affect the concentrations of multiple cytokines in a case
of severe, long-lasting chronic spontaneous urticaria. Interestingly, IL-22 serum levels were
found to progressively increase in three of five patients. Further studies are thus needed in larger
patient populations, to conclusively establish whether the mechanism of action of omalizumab
in chronic spontaneous urticaria also includes modulation of cytokine synthesis.
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Introduction
Omalizumab, a humanized monoclonal antibody targeting human IgE, was originally designed for therapeutic use in moderate to severe allergic asthma (1). To put it simply, by binding
circulating free IgE, omalizumab prevents mast cell degranulation and downstream mediator effects (2). Since omalizumab
has been suggested to be possibly beneficial for management of
chronic spontaneous urticaria as well (3-5), randomized placebo-controlled trials have been carried out to assess efficacy of

anti-IgE therapy in chronic spontaneous urticaria (6,7), culminating in its recent approval for this indication both in the U.S.
and Europe. However, despite robust evidence on omalizumab
effectiveness in chronic spontaneous urticaria, how this monoclonal antibody works in this setting is not yet fully understood.
Here, we report further data on the pleiotropic effects of omalizumab in chronic spontaneous urticaria, and specifically on
its effects on cytokine serum levels in a small series of patients,
most of whom with concomitant atopy.
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Patients, materials, and methods
Patients
Since 2008, among the patients suffering from chronic spontaneous urticaria resistant to standard therapy who agreed to
undergo off-label treatment with omalizumab, five (1 M, 4 F;
mean age ± SD/median: 52.6 ± 13.5/52) consented to donate
a venous blood sample before initiating anti-IgE treatment, and
prior to each subsequent injection. Diagnosis of chronic spontaneous urticaria was made according to international guidelines (8). Four out of five patients were found to be atopic, with
sensitization to airborne allergens (mainly grass pollen and wall
pellitory). Mean ± SD/median duration of disease was 48.4 ±
61.9/36 months. Mean ± SD/median total serum IgE were 215.3
± 206.9/192 kU/L. Patients tested negative to autologous serum
skin test (ASST) or basophil histamine release assay (BHRA).
Since patients were selected based only on their willingness to
donate a blood sample before omalizumab treatment and at each
visit thereafter, the frequency of atopy and ASST status was just
a coincidental result. Patients were only allowed to take antihistamines in the week preceding the start of omalizumab therapy, in
order to avoid steroids affecting serum cytokine concentrations.
All patients were strictly monitored during omalizumab treatment, as previously detailed (9). Complete response was defined
as complete resolution of symptoms and signs of disease; partial
response was defined as a significant reduction in the urticaria
activity score over 7 days (UAS7); no response was considered in
case of no benefit at all (9). All patients gave their informed consent prior to beginning off-label omalizumab treatment. Finally,
five healthy nonatopic subjects recruited from hospital staff donated a single blood sample at the beginning of the study, in order to compare baseline serum cytokine concentrations between
chronic spontaneous urticaria patients and healthy controls.
The study was approved by the institutional ethics committee.

ule proposed for allergic asthma, i.e., based on body weight and
total serum IgE concentrations, was adopted. Omalizumab dose
was increased in case of unsatisfactory response or slowly tapered off in case of remission, as previously detailed (5,9).
Results
Patients
Four out of the five patients treated with omalizumab had a
complete remission (3 with concomitant atopy, plus the only
nonatopic patient); the remaining atopic patient did not benefit
at all from anti-IgE therapy. Complete response was achieved
within a few days in most of the patients.
Serum cytokine concentrations
Most patients had detectable levels of a few cytokines; only
one patient had elevated levels of multiple cytokines. This
patient had the most severe form of chronic spontaneous

Table 1 - Behavior of cytokine serum levels in chronic spontaneous
urticaria patients following omalizumab treatment.
Cytokine

Patient code

Effect

IL-12p70

AM1

increase

ZR5

reduction

IFN-γ

ZR5

reduction

IL-17A

AM1

stable

IL-2

ZR5

reduction

AM1

stable

AM1

stable

GR3

stable

ZR5

stable

PM4

increase

ZR5

increase

GR3

increase

IL-9

Serum cytokine concentration measurement
Patient sera were stored at -20°C until use. Serum cytokine levels
were measured using a flow cytometry-based multiplex bead array
system. The FlowCytomix human Th1 / Th2 (Bender MedSystems, Vienna, Austria) and the FlowCytomix human Th1 / Th2 /
Th9 / Th17 / Th22 (eBioscience, San Diego, CA, USA) kits were
used, according to the manufacturers’ instructions. The following
cytokines were assayed: IL-12p70, interferon-g, IL-17A, IL-2, IL10, IL-9, IL-22, IL-6, IL-13, IL-4, IL-5, IL-8, IL-1b, TNF-a.
Omalizumab schedule
Because of no clear indications as to how to treat chronic spontaneous urticaria patients at the time of enrollment, the sched-

IL-22

IL-13

PM4

stable

AM1

stable

ZR5

stable

GR3

stable

TNF-α

ZR5

reduction

IL-4

ZR5

reduction

Not mentioned cytokines were undetectable. Patient SF2, who was the only
nonatopic subject, did not display any detectable cytokine.
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Figure 1 - Effects of omalizumab treatment on multiple serum cytokine levels in the patient with the most severe form of chronic spontaneous
urticaria (giant wheals can be seen in the inset). Time is expressed as weeks (w) of treatment; T0: before start of omalizumab treatment.
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Discussion
Omalizumab now represents a further advancement in the
treatment of chronic spontaneous urticaria, due to its recent
approval for this indication by the FDA and the EMEA. Although omalizumab efficacy in chronic spontaneous urticaria
is unquestionable, its mechanism of action is still incompletely understood. Downregulation of high affinity IgE receptors
(FcεRI) on mast cells, as a consequence of circulating IgE

T0

T2w

T4w

T8w

T10w

T28w

neutralization, was initially deemed to be the main mechanism underlying efficacy of omalizumab in this peculiar dermatologic condition (10). In addition, because IgE binding
to FcεRI has been demonstrated to favor proliferation and
survival of mast cells and to lower the threshold for mediator
release (11), unavailability of IgE due to clearance by omalizumab obviously has negative consequences on these aspects
of mast cell biology. When also taking into account clinical
observation, hints for additional mechanisms of action can
be deduced by the very rapid onset of action, effectiveness
maintained well beyond the drug half-life and/or with suboptimal doses for complete IgE neutralization, and evidence of
no inhibition of mast cell ability to degranulate in vivo (5,9).
Besides, unlike with asthma, to achieve remission in chronic
spontaneous urticaria, omalizumab dose and administration
schedule need not to be calculated based on body weight and
serum total IgE concentration (6,7). Taken together, all these
observations indicate a more complex mechanism of action for
omalizumab than initially theorized.
In this study, we retrospectively assayed longitudinal serum
samples from patients with chronic spontaneous urticaria
for cytokine content, before and during omalizumab treat-
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ment. The majority of patients (4 out of 5) were also atopic.
Reports on cytokine serum levels in chronic spontaneous
urticaria patients are not numerous in the literature. Most
of the studies have emphasized the observation of elevated
levels of proinflammatory cytokines and their relationship
with disease severity (12-14). Conversely, scant evidence
exists with regard to Th2-type cytokines (15). In addition,
only a few cytokines in a given patient population have been
evaluated in the studies available in the literature (12-15).
On the contrary, we have retrospectively measured the serum levels of a large number of cytokines in our patients
before and during omalizumab treatment, taking advantage
of multiplex bead-based flow cytometric assays, which allow
simultaneous determination of multiple cytokines in a single laboratory session.
A striking reduction in cytokine serum levels was observed with
time in the patient with the most severe form of chronic spontaneous urticaria, who rapidly obtained a complete response. In
the remaining patients, chronic spontaneous urticaria tended to
manifest with less severity, which may explain, at least in part,
the different pattern of serum cytokine serum levels.
Overall, omalizumab did not appear to affect IL-9 and IL13 serum levels; only one patient showed undetectable levels
of all serum cytokines investigated; interestingly, this patient
was the only nonatopic subject, and his cytokine serum levels
were indistinguishable from those of healthy subjects. Finally, IL-22 serum levels became detectable following institution of omalizumab therapy in three patients; two of these
patients were complete responders and one was a nonresponder. Thus, this effect appeared to be due to omalizumab
treatment irrespective of the clinical response. Since a recognized function of Th22 cells is to protect epithelial barrier
organs including the skin, this effect may theoretically be interpreted as beneficial (16). However, definitive conclusions
cannot be drawn at this time, due to the small number of
patients analyzed thus far, and to the lack of homogeneous,
consistent categories of patients.
Conclusions
Omalizumab treatment appeared to affect cytokine serum levels
in atopic patients with chronic spontaneous urticaria. Whether
this effect may be relevant to its mechanism of action in chronic
spontaneous urticaria remains to be established in future studies with larger numbers of patients, possibly including atopic,
nonatopic, and autoimmune urticaria subjects.
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Summary
Introduction. Phleum pratense (Timothy grass) is the most frequent cause of grass allergy in
Europe. Molecular-based allergy diagnostics have been recently introduced in the clinical practice, allowing to define and characterize exactly the sensitization profile. Aim of the study.
The present study was aimed to investigate the possible relationships between Graminaceae
pollen data and the pattern of IgE reactivity to different allergen components across Italy.
Methods. Pollen data, including duration and quantity, were recorded over a 10-year period
in 24 Italian centres located along the Italian peninsula. Phl p molecular patterns (Phl p 1,
5, 7, 12) were evaluated in 4 different Italian geographical areas. Results. There were significant differences about pollen count and sensitization prevalence across Italy. Different molecular patterns were defined considering the different Italian locations. Conclusion. This study
demonstrates that Phleum pratense sensitization is relevant in Italy, but there are significant
geographical variations variations as far as pollen exposure and pattern of IgE reactivity to the
considered allergen components are concerned. This information may have clinical relevance
in managing patients allergic to grass pollen.

Introduction
Sensitization, such as the on-going production of allergen-specific IgE, is the peculiarity of allergy. Sensitization
can be demonstrated in vitro by measuring specific IgE levels.
Traditionally, natural allergen extracts from allergenic sources are used, but they are usually heterogeneous, because they
may include not only the major allergens, but also cross-re-

active allergens, non-allergenic antigens, and interfering
substances (1). Thus, molecular-based allergy diagnostics,
which allows the evaluation of IgE binding to single allergen
components, have been recently introduced in the clinical
practice, allowing to define and characterize exactly the sensitization profile (2). Thus, the allergy workup is changing,
inasmuch it is highly useful in allergen-specific immunother-
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apy prescription: positivity to major allergens excludes false
reactivity to pan-allergens (3).
Pollens are the most common allergenic sources causing respiratory
allergy, and grass pollen is the most relevant in Europe (4,5). Grass
pollens belong to Poaceae family and are classified in many genera.
Phleum pratense (Timothy grass) is the most frequent cause of grass
allergy in Europe (6), so Phleum pratense (Phl p) is widely employed
in diagnostics and immunotherapy (7). There are several molecules
belonging to Phl p species. Phl p 1 and Phl p 5 are genuine marker
of grass pollen sensitization, i.e. they are species-specific molecules
(8). Instead, Phl p 7 and Phl p 12 are the main cross-reactive components: Phl p 7 is a calcium-binding protein and Phl p 12 is a
profilin (9). There are variants of Phl p reactivity to different allergen molecules, depending on geographic location (10). In this
regard, three studies evaluated Phl p molecular profile in Italy. The
first study was conducted in Northern Italy and allowed to define
a diagnostic prediction model (11). The second study, performed
in Rome, enrolling children candidate to allergen immunotherapy (AIT), demonstrated that IgE sensitization profiles to Phl p are
very heterogeneous, but molecular profile characterization allowed
to tailor a personalized AIT (12). The last study, done in Central
Italy, analysed the sensitization pattern to Phl p 1, 5, 7, and 12, in
a group of allergic children (13). The author concluded that assessment of molecular profile is useful for giving a more specific
and effective AIT. However, these studies were conducted in very
restricted geographic areas, and did not consider the impact of pollen exposure both concerning duration and quantity. Therefore, the
present study aimed to investigate the possible relationship between
pollen data, including duration and quantity recorded over a 10year period in 24 Italian centres located along the Italian peninsula,
and Phl p molecular pattern, such as Phl p 1, 5, 7, and 12, in 4
different Italian geographical areas.

to 2013, considering 4 different geographical areas: Northern,
Central, Southern Italy, and Liguria as previously defined (15).

Materials and Methods

Statistical analysis was performed using the statistical software
package Medcalc 9 (Frank Schoonjans, Belgium). All the variables
regarding patients’ sensitization were dichotomized (positive/negative, present/absent) and prevalence was reported as percentage.
Variable association of pollen count, pollen season duration and
sensitization, as assessed by SPT, among different areas, were investigated using the one-way analysis of variance (ANOVA test),
for IgE a c2 Test was used. The correlation between pollen count
and pollen season duration with sensitization at SPT or IgE for
all the different areas was evaluated through Spearman correlation
analysis. A p-value ≤ 0.05 was considered statistically significant.

Pollen data
We retrospectively analysed the data, concerning 24 Italian centres (Acqui Terme, Alassio, Bologna, Bordighera, Busto Arsizio,
Cagliari, Caltanissetta, Casate Novo, Città di Castello, Cosenza,
Crotone, Cuneo, Desenzano, Faenza, Foggia, Gallarate, Genova, Milano, Novi Ligure, Perugia, Pesaro, Pescara, Rimini, Verona), as shown in figure 1, recorded during a 10-year period
(2004-2013). The grass pollens were collected, assessed, and
analysed according to validated methods (14).
Duration of pollen season (days) and annual pollen count (number/
mc) were evaluated. The period from which the sum of daily mean
pollen concentrations reaches 1% of the total sum corresponds to
start of pollen season, the time when the sum reaches 99% of the
whole pollen amount corresponds to the end of pollen season. The
data were expressed as the mean of 10 consecutive years: from 2004

Patients data
Sensitization prevalence, assessed by SPT (using the allergen
extract manufactured by Stallergenes Italia, Milan, Italy), to
Phleum pratense were considered in the 4 areas. Data were the
mean of the different centers, concerning the global outpatient
records in the last 10 years.
Serum IgE assay
This retrospective study considered a series of 11,235 patients
who referred to Allergy Departments of different Hospitals for
suspected AR between 2011 and 2014. In particular, 3567 patients resided in Liguria, 2284 in Northern Italy, 3804 in Central Italy, and 1580 in Southern Italy. Inclusion criteria were
allergen-specific IgE to Phleum pretense > 0.35 kUA/L. The
study was performed according to the Review Board rules and
all patients signed an informed consent.
Serum levels of specific IgE were detected by the FEIA (fluorescence
enzyme immune assay) procedure (ImmunoCAP, Thermo Fisher Scientific, Uppsala, Sweden) in peripheral blood samples from
patients. Serum was collected into gel-separator tubes, centrifuged
and stored at -20°C until analysis. Measurement of circulating
specific IgE antibodies was performed according to manufacturer’s
instructions (16). Specific Ig E concentrations were expressed in
kUA/L according to the traceable calibration to the 2nd IRP WHO
for Human IgE and 0.35 kUA/L was considered as a cut-off (17).
Statistical analysis

Results
Pollen data
The pollen season duration was no significantly different among
geographical areas as well as the pollen count (figure 1). How-
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Figure 1 - A: Involved centers in the 4 Italian geographical areas; B: SPT sensitization in Liguria, Northern, Central, and Southern Italy;
C: Pollen season duration; D: pollen count. Data are expressed as mean + S.D.
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ever, Liguria showed the lowest annual pollen count in comparison with the other areas.
Patients data
Among study subjects, grass sensitization was significantly different
among 4 areas: the highest percentage (55%) was in the Northern
Italy, the lowest in Liguria (29.2%), as shown in figure 1.
Molecular pattern
There were significant differences for Phl p 1, 5, 7 and 12 in the
4 areas with the lowest frequencies in Liguria (figure 2). Phl p

0

1080.67

Liguria

Northern Italy

Central Italy

Southern Italy

1 sensitization was the most relevant in all areas, even though
the prevalence was lower in Liguria. Phl p 5 sensitization was
also common with significant differences. Phl p 1 sensitization
was consistent with Phl p 5. Phl p 7 sensitization was low everywhere, but with significant differences. Phl p 12 sensitization
was 24% in Northern Italy, but only 2.1% in Liguria, with significant differences among areas.
There was moderate inverse correlation between pollen season duration and prevalence of Phleum pratense sensitization,
assessed by SPT, in Liguria and Central Italy (r = -0.43 and
-0.48, respectively) and between pollen count and sensitization in Central and Southern Italy (r = -0.32 and -0.37, re-
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Figure 2 - A: Phl p 1 sensitization distribution in Liguria, Northern, Central, and Southern Italy; B: Phl p 5; C: Phl p 7; Phl p 12. Data
are expressed as mean + S.D.
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spectively). There was very strong relationship between pollen
count and serum IgE positivity in Liguria and Central Italy
(r = -0.81 and -0.94, respectively) and moderate in Northern
Italy (r = -0.51).
Discussion
Pollen allergy, such as hay fever, is the most common allergic
disorder, and grass allergy is the most frequent in Europe (5).
Previously, a geographic-dependent variability of assessment
of pattern of IgE reactivity to different allergen components of
Phleum pratense has been reported. Therefore, it is clinically relevant to correctly define the sensitization profile, mainly in view
of AIT prescription.
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The present study addressed the assessment of Phl p molecular
pattern in Italy, also considering grass pollen season duration
and count, recorded during a 10-year observation period.
The findings show that grass pollination lasts 6-7 months without remarkable differences among geographic areas. On the
contrary, the pollen quantity significantly varied with a gradient
from North to South with the exception of Liguria, where very
low values were observed.
The present molecular outcomes are substantially consistent
with previous surveys conducted in Italy, that showed the preeminence of IgE reactivity to Phl p 1 and Phl p 5 (11-13). In
particular, Phl p 1 appears as the most important species-specific Phl p allergen. Phl p 5 is also species-specific, but IgE to
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this allergen are relatively less frequent and display a NorthSouth gradient consistent with pollen count. Phl p 7 reactivity
is around 5% across the whole Country. In contrast, Phl p 12
sensitization reaches up to 25% in Northern Italy, but it is only
2% in Liguria.
These results highlight the peculiarity of Liguria region, as the
lowest sensitization prevalence both for SPT and IgE pattern
were demonstrated, and this outcome complies with pollen
data. Possible explanations may consist in a particular botanic milieu where Betulaceae predominates. This is in agreement
with the high prevalence of birch allergy with a Bet v 1 polarized pattern (18). This Bet v 1 preponderance influences the
low prevalence of oral allergy syndrome in this region (19). Bet
v 1 predominance might affect grass pattern. We speculate that
there may be a competition between Bet v 1 and Phl p sensitization, depending on botanical differences, but further studies
should investigate these issues.
The main limitation of this study is that it was conducted without considering clinical outcomes, such as allergic symptoms.
On the other hand, the strength of this study is the number of
contributing centers, the long period of pollen recording, and
the evaluation across Italy.
In conclusion, this study demonstrates that Phleum pratense
sensitization is relevant in Italy, with significant geographical
variations in the pattern of reactivity to the considered allergen
components. This information may have clinical relevance in
managing patients allergic to grass pollen.
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Summary
Aim. To determine whether food allergy affects overall dietary intake and food choices in Cypriot primary school children. Methods. As part of the first epidemiological study in Cyprus
on food allergy in primary school children, two 24-hour recalls (one from a week and one
from a weekend day) of twenty-eight food allergic children (21 girls) and thirty healthy children (20 girls) aged 6-11 years old, were analysed and compared regarding their macro- and
micronutrient content, food choices and meal distribution. Results. Significant differences
between the two subgroups of children were estimated regarding the total energy intake and
macronutrients, where food allergic children were found to consume in lower quantities, as
well as for calcium, niacin, fiber and vitamin E. Food allergic children were also found to
avoid combining foods from the various food groups in their meals, and to prefer specific food
products from each category, whereas they consumed higher amounts of sugar and fructose.
Conclusion. Food allergy in Cypriot food allergic children impacts on both the quality and
quantity of food choices, probably due to lack of nutritional education regarding proper elimination diet and alternative nutrient sources.

Doi
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Introduction
Most children develop food allergies within the first 5 years of
life, one of the most crucial periods of growth and development
(1). Among the most common food allergens in the pediatric
population are milk, wheat and egg (2), which constitute the
main sources of significant nutrients, such as protein, iron and
calcium (3). An elimination diet creates an emerging need for
alternative sources of all basic macro- and micronutrients, as
the diet of food allergic children is in several cases found low in
energy, protein, calcium, vitamins D and E, iron and zinc (4),
due to inappropriate food exclusions and follow-up after diagnosis of food allergies, but also refusal of food allergic children
to try new foods (5), resulting to rickets, kwashiorkor, anaemia
and failure to thrive in long-term (6). Furthermore, without ap-

propriate dietary education on the everyday management (i.e
allergen labelling, alternative foods) (7), psychosocial problems
arise (8,9) due to high levels of anxiety associated with a potential accidental reaction (5).
The current study aims to identify the effect of food allergy
on dietary habits and intake of food allergic in comparison to
healthy primary school Cypriot children.
Patients and Methods
Study design
A survey with a specially composed questionnaire for self- reported food allergy (10) was performed among primary schoolchildren, aged 6-11years old, in Cyprus. Stratified random sam-
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pling was used to select 15 schools in urban and rural areas of
Cyprus and 3000 questionnaires were distributed, containing
also a request for completion of two 24-hour recalls (one from a
week and one from a weekend day).
311 completed questionnaires were returned, among which
only 59 contained the completed two 24-hour recalls.
The study was approved by the Cypriot Bioethics Committee
and the Cypriot Ministry of Education, and informed consent
was returned completed together with the questionnaires by the
parent or the guardian.
Data analysis
The 24-hour recalls were analysed with dietplan 6.70 (11) to
determine the macronutrient and micronutrient consumption
of food allergic versus healthy children. To evaluate the impact
of food allergy on food choices and meal distribution, these were
also analysed and compared with the respective from the healthy
individuals. Mann-Whitney U test and Pearson Chi-Square test
were used (12) and p-values lower than 0.05 were considered as
statistically significant.
Results
Among all distributed questionnaires, only 10.4% were returned completed and from these only 19% (n = 51) included
the two 24-hour recalls. More in detail, 28 (21 girls) with a
mean age of 8.43 years (SD ± 1.86), reported a confirmed food
allergy by a doctor with skin prick test, serological evaluation
and/or food challenge, and they were on a food elimination
diet to one of the following: 6 to cow’s milk, 3 to egg, 1 to

cereals, 2 to tomato, 2 to cherry, 2 to chocolate, 4 to peanuts
and 1 to orange. From the healthy participants, 30 children
(20 girls) returned the 24-hour recalls completed (mean age
9.2 years, SD ± 1.57).
Food choices from the different Food Groups during the day
Food allergic were found to consume lower servings of almost
all food groups, such as dairy products, bread and cereals, fruit
and vegetables than the healthy children. Also, the last recorded
a higher variety, with combinations of products from all groups
in almost all daily meals. Wholegrain cereals and fish were more
often consumed, as well as fresh fruit and vegetables. Food allergic preferred commercial juices and dry fruit to fresh fruit, and
had the same breakfast in the two days of recall, containing only
bread or cereals and dairy products. Overall amount of meat
products was similar for both groups (figures 1 and 2).
Energy, macronutrients and micronutrients intake
Significant differences were observed for the estimated total energy intake for both the weekday and the weekend day. Food
allergic consumed a mean of 1694 kcal (± 230) for the weekday
and 2105 kcal (± 180) for the weekend day. In regards of the
macronutrients intake, for the weekday carbohydrate intake was
237.1 g (± 75), protein 85.6 g (± 13), and fat 51.5 g (± 13). For
the weekend day, consumption of carbohydrate was 245.9 g (±
19), for protein 92 g (± 12.8) and for fat 85.5 g (± 13.4).
On the other hand, healthy children consumed 2670 kcal (±
285) on the weekday and 3030 kcal (± 270) on the weekend

Figure 1 - Distribution of foods group consumed during the day (week or weekend day).
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Figure 2 - Relative distribution of food groups in all daily meals (breakfast, mid-morning snack, lunch, mid-afternoon snack and dinner)
in both 24-hour recalls.
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day. Regarding their macronutrient intake for the weekday these
were 276.2 g (± 43.7) for carbohydrates, 127.1 g (± 18) for protein and 84.2 g (± 16.9) for fat. Mean carbohydrate consumption during the weekend was 406.7 g (± 80), for protein 132.6
(± 19.5) and for fat 113 g (± 28).
In regards of micronutrients intake, food allergic children were
found to consume significantly higher amounts of sugar and
fructose (p = 0.043), whereas lower amounts of calcium (p =
0.046), vitamin niacin (p = 0.033), fibre (p = 0.037) and vitamin E (p = 0.049).
Discussion
The current study, part of the first epidemiological study on
food allergy in Cypriot primary school children, evaluated the
effect of food allergy on dietary intake and food choices of Cypriot primary school children through two 24-hour recalls, in
comparison to their healthy peers. Children who self-reported
themselves as food allergic were found to have lower energy, calcium, niacin, vitamin E, fibre intake, and variety of food choices
on daily meals, whereas sugar and fructose were higher than the
ones of healthy children.
To start with, food allergic children had lower energy intake and
overall macronutrient consumption. This could be due to the
monotonous diet they reported to follow, and to the avoidance
of combining foods from different food groups in their meals.
This could be due to the anxiety they experience due to the
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food allergy, resulting into food refusal, aversion and/or food
neophobia affecting, as reported elsewhere, the overall nutrient
intake and leading to growth disturbances and malnutrition
(9,13,14). Additionally, the quality of life can be disturbed, as
shown by different researchers, where food allergy was shown to
cause psychological distress and anxiety to the children and their
families (14), which avoided social events.
Children with food allergies are at risk of developing eating disorders (15). Although all children in our study reported that
they were sharing family meals, the food allergic ones did not
increase either the quantity or variety of food they consumed,
nor the quality. Opposite to this, food choices were found unhealthier in the food allergic, that were consuming more sugar,
in line with other studies (16).
Fruits and vegetables were consumed in lower amounts, especially during the weekend by the food allergic. Fructose intake
was found higher though, probably due to the higher consumption of fruit juices and dry fruit such as dry figs. These are in
line with other studies, showing that food allergy affects choices
in fruit and vegetables, usually by increasing fruit consumption
and lowering vegetables (17,18).
Calcium intake was relatively lower, due to lower amount of
milk and dairy products or inadequate alternatives consumed.
Milk and dairy products are key foods for children’s growth
and development, as they are rich in protein, fat, vitamin A,
vitamin D, riboflavin, pantothenic acid, vitamin B12, calcium,
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phosphorous and niacin (19). Elimination diet to dairy without
appropriate substitution can lead to insufficient intake of basic
nutrients and pronounced delay of growth (20).
Significantly lower fiber in allergic children could be relevant
to the low intake of whole grain products consumed. Limited
consumption of starch also affects negatively vitamin D, calcium, zinc, iron and vitamins B intake (21). Choosing processed
products, such as white instead of whole-wheat bread could be
due to lack of knowledge of the nutritional value of whole gains
or to financial difficulties leading to choose processed products
rather than whole-wheat (22). Also, lower niacin levels could
be due to the relatively lower dairy and starch intake, as also
reported elsewhere (23).
Vitamin E intake was significantly lower in food allergic children, probably due to the lower consumption of vegetable oils.
Vitamin E is associated with optimal health and cell protection
from oxidative damage (24), whereas it can have a protective
role together with other antioxidants against allergies (25).
The current study revealed several significant differences between nutrient intake and food variety among healthy and
food allergic elementary school children, despite the low
rates of response. Unfortunately, we did not have sufficient
data related to the anthropometric measurements (height
and weight) of the participants, in order to determine growth
disturbances.
The 24-hour recalls used as the main tool to evaluate food consumption, qualitatively and quantitatively, revealed several differences among the two subgroups, despite the low rates of response. Although there was a request for completing in parallel a
food frequency questionnaire regarding the dietary habits of the
last 6 months (26), in order to have an overall estimation of the
diet, we did not achieve to have a significant number returned,
to come into significant estimates.
Conclusion
Food allergic elementary school children have a less variety of
foods in their diet, and their overall intake is lower, resulting on
several significant differences in macronutrients and micronutrients, in comparison to their healthy peers. This could be due
to the anxiety caused by a putative new allergic reaction or to
limited education on sufficient alternatives.
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Summary
Food allergies, especially delayed hypersensitivity reactions, are often challenging for both patients and clinicians. Here, we report the case of a 64-year-old man who had allergic reactions
six hours after eating a meal containing red meat. He reported that he had several tick bites in
months before the reaction. High serum specific IgE levels of alpha-gal confirmed the diagnosis
of alpha-gal allergic reaction with delayed onset after red meat ingestion caused by tick bite.
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Introduction

Case report

Food allergy is by definition an immunologically mediated hypersensitivity reaction, which can be immunoglobulin E (IgE)
or non-IgE mediated. Allergic reactions can also be divided
into 2 categories according to onset of symptoms, as immediate
(within the 2 hours after intake of allergens) or late-phase (delayed) reactions (within 2-24 hours).
The prevalence of specific allergic sensitization may vary depending on the geographical region considered. Allergy to red
meat used to be considered unusual, but some cases have been
reported in different countries including USA, Australia and
several European countries such as Germany, France, Switzerland, Italy and Sweden (1-3).
Here, we report the first case of an allergy to red meat induced
by tick bites observed in Norway.

A 64-year-old male residing in Bergen, Western coast of Norway, presented with pruritus after eating a meal containing
meat. He was healthy before, and had not used any medication.
According to atopic background, he had no atopy before, on
himself and on his first degree relatives.
Since approximately 4 years ago, he was having sudden rash and
itching on the whole body. After several similar episodes, he noticed that symptoms occurred after consumption of red meat,
especially beef (ox and cow meat) and sheep meat. He could
eat a small amount of bacon without any problem, but not a
normal meal size of pork meat. Otherwise, he had no symptoms
after consumption of chicken, fish and turkey, and he tolerated other foods including milk. This started during a vacation
abroad, after consumption of a quite big size of beef meal. Six
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hours later, an allergic reaction started, with itching and afterwards urticaria on the whole body, especially thigh, chest and
abdomen, but not on face. He had no dyspnea, dizziness, nausea
or diarrhea. After this, he had several episodes with same symptoms after the intake of red meat. Usually, urticaria lasted 1 or
2 day and nights, and itching disappeared within 16-18 hours
if he did not use any antihistamines. As long as he avoided eating red meat, things went smoothly. After detailed history, the
patient reported that he had bought an abandoned farm some
years ago, and that he was being repeatedly bitten by ticks.
We performed allergological examination at our department.
Skin prick test with raw ox and sheep meat were negative, and
skin prick test using a standard food allergen panel with six allergens (egg white, cow’s milk, codfish, wheat flour, peanut, and
soy) were also negative. Blood samples for specific IgE against
ox, lamb, pork and elk were high (sIgE: 40.2; 10.6; 24.9 and 8.2,
respectively; and upper normal limit of sIgE for these are < 0,35
kU/L). Moreover, the IgE antibodies specific for alpha-1,3-galactose (alpha-gal) were extremely high (sIgE: > 100 kU/L), and
the positivity of this test gives the explanations of his reactions.
Otherwise, routine blood tests and other allergy parameters in
serum such as total IgE, specific IgE against standard food allergy panel with six allergens (egg white, cow’s milk, codfish,
wheat flour, peanut, and soy), tryptase and eosinophilic cationic
protein were within the normal reference range. Thus, alpha-gal
allergy has been explained to the patient, and continuing the
diet without consumption of red meat was recommended.

of mammalian meat products, instead of the typical rapid onset
with most food allergies. After the delayed onset, the allergic response is typical of most IgE mediated food allergies, which include symptoms from gastrointestinal tract, severe whole-body
itching, angioedema, and possible anaphylaxis.
In the literature, the first report of alpha-gal-specific IgE-mediated allergy was from the cases of systemic anaphylaxis after
the infusion of cetuximab, a chimeric mouse-human antibody
that is used for cancer therapy, and bears the carbohydrate epitope on the mouse Fab portion (8). Moreover, specific IgE to
alpha-gal was demonstrated to underlie some cases of systemic anaphylaxis after eating red meat (beef, lamb and pork, but
not chicken or fish), gelatin or pork kidney (9). Initial cases of
anaphylaxis to alpha-gal were described in the USA, and epidemiological evidence indicated a close relationship with previous
exposure to tick bites (4,7). In Europe, cases of delayed anaphylaxis after red meat intake in relation to IgE-mediated alpha-gal
sensitization were subsequently described (1,2).
The diagnosis of meat allergy is based on the presence of clinical signs after ingesting meat. In our case, the link between
red meat ingestion and allergic reactions was suspected, and a
detailed history was also revealed that he was being bitten repeatedly by tick after he bought an abandoned farm some years
ago. The assay for serum specific alpha-gal IgE antibodies was a
very significant contribution to diagnosis and helped to reassure
the patient. Our patient continued to avoid consumption of red
meat and no further allergic reaction were observed.

Discussion

Conclusion

In our knowledge, this is the first published case to report an
allergy to red meat induced by tick bites which has been observed in our country. Even though this is a rare allergic reaction, IgE-mediated allergy to the alpha-gal epitope has been described in few similar cases from other countries in the literature
(4), and the prevalence of specific allergic sensitization may vary
depending on the geographical region considered (5).
Red meat ingestion can cause a delayed reaction by several
hours, because of the delayed release of IgE alpha-gal during the
digestion process. The specific IgE antibodies to alpha-gal are a
good marker of allergy to foods such as meat from mammals,
and this was discovered for the first time by Commins et al. (6).
Alpha-gal allergy is a reaction to Galactose-alpha-1,3-galactose,
whereby the body is overloaded with IgE antibodies on contact
with the carbohydrate. Bites from the tick, which transfer this
carbohydrate to the person’s skin, have been implicated in the
development of this delayed allergic response which is triggered
by the consumption of mammalian red meat products (7). Researchers still do not know which specific component of tick
saliva causes the reaction. A typical allergic reaction to alpha-gal
has a delayed onset, occurring 3-8 hours after the consumption

Even though red meat allergy induced by tick bites is unusual,
some cases have been described in different countries during the
last decades. Allergic reactions occur 3-8 hours after the consumption of mammalian meat products (a delayed onset). High
serum specific IgE levels of alpha-gal in patients with clinical
suspicion of red meat allergy would have a high positive predictive value on diagnosis. An alpha-gal allergy does not require the
afflicted to become a vegetarian since poultry and fish do not
trigger such a reaction.
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Summary
According to current guidelines, non-sedative H1-antihistamines (nsAH) are the first-line
therapy of chronic spontaneous urticaria (CSU). But even up-dosed antihistamines (to four
times the standard dose) produce symptom resolution in less than 50% of patients. Biomarkers
that can predict the response to nsAH are still unknown. We carried out a prospective study
and used discriminant analysis to evaluate the combination of D-dimer, fibrinogen, C-reactive protein and ESR values for predicting the outcome of treatment with levocetirizine in
84 CSU patients. We found that elevation of these parameters is associated with more active
disease, low quality of life and lack of response to standard doses of levocetirizine. Thus, evaluation of these markers may be considered useful before starting treatment with nsAH. The
mechanisms behind the increase in these parameters in CSU patients need to be elucidated in
further studies.
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To the Editor
Chronic spontaneous urticaria (CSU) is defined as recurrence
of wheals, angioedema, or both for > 6 weeks due to known or
unknown causes. According to current guidelines, non-sedative
H1-antihistamines (nsAH) are the first-line therapy of CSU (1).
But even up-dosing to four times the standard dose can provide symptom control in only less than 50% of CSU patients
(2). Identification of biomarkers for predicting the response to
nsAH is necessary for developing an individualized treatment.
Total IgE, D-dimer, fibrinogen, ESR and C-reactive protein
(CRP) have been previously investigated as potential biomarkers of CSU activity and/or response to treatment (3-5). Herein,
we for the first time evaluated their combination for predicting
the outcome of treatment with levocetirizine in CSU patients.

This prospective study included 84 CSU patients seen from
2012 to 2015 at our Department. Patients with inducible urticaria, urticarial vasculitis and those, receiving anticoagulants,
steroids or immunosuppressive agents were excluded. The patients had no history of allergies, thrombosis and chronic infections.
On day 0, all patients stopped taking antihistamines for 5 days.
They filled out the Russian versions of Chronic Urticaria Quality of Life Questionnaire (CU-Q2oL) and Urticaria Activity
Score (UAS) on daily basis during this period. On day 5, serum
levels of total IgE, D-dimer and fibrinogen were measured using
ELISA, CRP - high-sensitive nephelometric method. ESR was
determined by Westergren method. Autologous serum skin test
(ASST) was performed to assess autoreactivity / autoimmunity.
Levocetirizine was then administrated at the dose of 5 mg/day
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for 7 days. The efficacy of therapy was evaluated based on CUQ2oL and UAS scores.
Statistical analysis was performed using SPSS v.22.0 (IBM,
New York, USA). Mann-Whitney U-test, Pearson correlation coefficient, chi-square criterion χ2 and Cramer’s V were
employed for comparison between the parameters. Discriminant analysis was carried out to reveal predictive markers
of response to levocetirizine. We were interested in the relationship between a group of independent variables (ESR,
D-dimer, fibrinogen, CRP, total IgE, UAS and CU-Q2oL)
and one categorical variable (efficacy of levocetirizine). ESR,
D-dimer, fibrinogen, CRP, total IgE values were transformed
to normal distribution. A p-value ≤ 0.05 was considered statistically significant.
Of 84 CSU patients (aged 16-77 years), 25 (29.8%) were males
and 59 (70.2%) were females. ASST positive patients had significantly more active / severe disease (mean rank: 42.84 vs

31.13, U = 895, р = 0.019), higher serum levels of CRP (mean
rank: 43.02 vs 31.94, U = 901, р = 0.031) and D-dimer (mean
rank: 42.97 vs 30.95, U = 900.5, р = 0.019) than those with
negative ASST.
All patients were divided into two groups based on response
to levocetirizine for discriminant analysis: responders (n = 42,
50%) and non-responders (n = 42, 50%). Levocetirizine was
more often effective in patients with mild CSU compared to
those with severe disease (66.7 vs 22.9%, χ2 = 3.696, p = 0.05,
V = 0.228).
Of 42 responders, 7.1%, 9.5%, 12%, 31% and 47.6%, had
high serum levels or values of D-dimer, fibrinogen, ESR, CRP
and total IgE, respectively. Of 42 non-responders, 54.8%,
26.2%, 35.7%, 54.8% and 23.8% demonstrated elevated D-dimer, fibrinogen, ESR, CRP and total IgE, respectively.
The most important results of discriminant analysis are summarized in tables 1 and 2. Mean values of parameters in table 1

Table 1 - Discriminant analysis. Distribution of observations into two groups based on efficacy of levocetirizine.
Efficacy of levocetirizine

Effective

Not effective

Total

Valid N (listwise)

Parameters

Mean

Standard
deviation

Unweighted

Weighted

ESR

0.7151

0.39204

42

42.000

D-dimer

2.1248

0.38680

42

42.000

CRP

0.2859

0.67520

42

42.000

UAS

3.3810

1.48081

42

42.000

CU-Q2oL

63.8143

13.22093

42

42.000

Fibrinogen

0.4647

0.09294

42

42.000

Total IgE

1.9068

0.75460

42

42.000

ESR

1.0797

0.35109

42

42.000

D-dimer

2.6728

0.47994

42

42.000

CRP

0.7965

0.58296

42

42.000

UAS

4.3095

1.48961

42

42.000

CU-Q2oL

49.8214

15.44157

42

42.000

Fibrinogen

0.5384

0.13369

42

42.000

Total IgE

1.5266

0.78568

42

42.000

ESR

0.8974

0.41285

84

84.000

D-dimer

2.3988

0.51347

84

84.000

CRP

0.5412

0.67751

84

84.000

UAS

3.8452

1.54837

84

84.000

CU-Q2oL

56.8179

15.92696

84

84.000

Fibrinogen

0.5016

0.12029

84

84.000

Total IgE

1.7167

0.78918

84

84.000
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Table 2 - Discriminant analysis. Within-groups correlation matrix.
Parameters

ESR

D-dimer

CRP

UAS

CU-Q2oL

Fibrinogen

Total IgE

ESR

1.000

0.289

0.410

0.161

-0.140

0.431

-0.034

D-dimer

0.289

1.000

0.440

0.200

-0.318

0.479

-0.153

CRP

0.410

0.440

1.000

0.139

-0.280

0.357

-0.132

UAS

0.161

0.200

0.139

1.000

-0.512

0.089

-0.300

CU-Q2oL

-0.140

-0.318

-0.280

-0.512

1.000

-0.206

0.265

Fibrinogen

0.431

0.479

0.357

0.089

-0.206

1.000

0.120

Total IgE

-0.034

-0.153

-0.132

-0.300

0.265

0.120

1.000

show that responders have higher levels of total IgE and lower
levels / values of D-dimer, fibrinogen, CRP and ESR, higher
CU-Q2oL and lower UAS scores compared to non-responders.
The results of univariate ANOVA’s, carried out for each independent variable showed that ESR (p < 0.001), D-dimer (p <
0.001), CRP (p < 0.001), fibrinogen (p = 0.004), UAS (p =
0.005), CU-Q2oL (p < 0.001) and total IgE (p = 0.026) significantly differ for responders and non-responders.
Within-groups correlation matrix shows correlations between
predictors (table 2). There is a positive correlation between
D-dimer, fibrinogen, CRP and ESR. As already mentioned,
high levels of these are associated with lack of response to levocetirizine (table 1). There is also a negative correlation between
values of D-dimer and CU-Q2oL, CRP and CU-Q2oL, total
IgE and UAS, CU-Q2oL and UAS. Only total IgE correlates
positively with CU-Q2oL.
Wilks’ lambda is 0.620, (χ2 = 37.471, p < 0.001) indicating a
good discriminatory ability of the discriminant function to distribute cases into groups.
The summary of number of subjects classified correctly and
incorrectly for responders are 33 (78.6%) and 9 (21.4%), respectively. The summary of number of subjects classified correctly and incorrectly for non-responders are 34 (81%) and 8
(19.0%), respectively. The discriminant function worked equally well for each group of dependent variable. Overall, 79.8% of
cases are correctly classified.
To the best of our knowledge, we were the first to assess the set
of biomarkers in the same group of CSU patients for predicting
response to nsAH. The role of D-dimer and activation of coagulation in CSU pathogenesis is widely discussed (3-5). Patients
with high levels of D-dimer, fibrinogen and/or CRP are shown
to have severe CSU (3,5,6) that is in the line with the results of
our study.
We reported elevation of total IgE serum levels in responders
with mild CSU that is contradictory to the findings by Kessel

and co-workers where total IgE was suggested as a marker of
severe CSU (7). Thus, the role of total IgE in CSU should be
better characterized in further research.
IgG-anti-IgE/FcεRI autoantibodies play a role in a subpopulation of CSU patients (8). We observed that positive ASST is
associated with more severe disease, higher serum levels of CRP
and D-dimer. Obtained results suggest that positive ASST is
more often seen in non-responders.
Thus, we found that the elevation of CRP, ESR, D-dimer and
fibrinogen is associated with more active disease, low quality
of life and lack of response to standard doses of levocetirizine.
Evaluation of these markers may be considered before starting
treatment with nsAH. Further research into the mechanisms
behind elevation of these parameters in antihistamine-resistant
CSU is required.

Learning points
• CRP, ESR, D-dimer and fibrinogen seem to be useful
markers for prediction of response to levocetirizine in CSU
patients.
• Elevation of these markers is associated with more active
disease, low quality of life, and a lack of response to standard doses of levocetirizine.
• Evaluation of these parameters may be considered before
starting the treatment with non-sedative antihistamines,
and provides additional justification for administration
of high doses of antihistamines.
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