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The aim of the study was the analysis of adhesion molecules’ profile (ICAM-1, VCAM-1, and E-selectin) in patients with allergic
rhinitis and the influence of H1 antihistamines on those markers. Seventy-nine patients with persistent allergic rhinitis (PAR) and
30 healthy volunteers were included in the study. The patients with PAR were treated with desloratadine 5mg/day or levocetirizine
5mg/day for 4 weeks. The clinical (rhinitis symptoms and total symptoms score (TSS), type of sensitization) and biological
evaluation (total IgE, eosinophils, ICAM-1, VCAM-1, and E-selectin) as well as fractionate nitric oxide in exhaled air (FeNO)
measurement was performed before and after treatment. The plasmatic levels of ICAM-1, VCAM-1, total IgE, and eosinophils
and FeNO were significantly increased in patients with PAR compared to healthy volunteers. H1 antihistamines significantly
improved TSS, with no differences between the investigated drugs. There was a significant decrease of eosinophils, total IgE, and
FeNO after treatment. H1 antihistamines significantly decreased the plasmatic levels of ICAM-1 and E-selectin but not VCAM-
1 compared to basal values. There is no difference between levocetirizine and desloratadine in the reduction of CAMs. A
systemic inflammation characterized by increased levels of CAMs is present in patients with PAR. H1 antihistamines improve
symptoms and reduce CAMs and FeNO levels after 1 month of treatment. H1 antihistamines might reduce the systemic
inflammation which could be responsible to asthma occurrence in patients with PAR.

1. Introduction

Allergic rhinitis (AR) is an IgE-mediated immune response
characterized by an inflammatory process of the nasal
mucosa [1]. Now, allergic rhinitis is considered the most
prevalent clinical manifestation of allergy, affecting 20–30%
of the general population worldwide [1, 2]. AR is also a risk
factor for asthma’s occurrence; more than 25% of patients
with persistent allergic rhinitis (PAR) may develop asthma
over time [3].

The immune response to allergen exposure involves sev-
eral cells and mediators. Immediately after allergen exposure,
in the early phase of allergic inflammation there is an imme-
diate release of mast cell products, including histamine. The

released mediators generate a specific inflammatory network,
which favours the expression and activation of certain cellu-
lar adhesion molecules (CAM) [4, 5]. The activation of
CAMs favours the migration of proinflammatory cells such
as eosinophils and neutrophils in the nasal mucosa [5, 6].
Late-phase immune response is characterized by release of
various cytokines, chemokines, and other mediators, mainly
produced by TH2 cells and granulocytes, which changes
cellular components, with a predominant influx of TH2 cells
and eosinophils [5, 6].

Vascular cell adhesion molecule 1 (VCAM-1) and inter-
cellular cell adhesion molecule 1 (ICAM-1) belong to the
immunoglobulin superfamily. Both are expressed mainly on
endothelial cells [7, 8]. Proinflammatory cytokines like IL-1
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and TNF-α enhance the expression of both CAMs, while Th2
cytokines significantly enhance VCAM-1 expression [9].
ICAM-1 and VCAM-1 are involved in transendothelial
migration and adhesion of leukocytes, including eosinophils
[6, 10], contributing in the maintenance of late immune
response in the nasal mucosa.

E-selectin is a CAM expressed on the endothelial cell,
mediating the rapid low-affinity adhesion of leukocytes to
endothelial cells. The level of E-selectin is higher in the early
stage of inflammation in the vascular endothelium [8, 9]. E-
selectin is an important CAM in the initiation and organiza-
tion of allergic inflammation.

H1 antihistamines are the first therapeutic option in all
forms of allergic rhinitis [1]. Their main effect is related to
blockade of H1 receptors, mediating their antiallergic action.
Further research found that the new-generation H1 antihis-
tamines have also an anti-inflammatory effect, decreasing
the number of inflammatory cells recruited in the tissue
and diminishing the expression of CAMs [11–15].

The aim of the study was the analysis of CAMs’ evolution
under 1-month treatment with levocetirizine and deslorata-
dine, two H1 antihistamines from second generation in
patients with PAR under continuous natural exposure to
allergens. Secondarily, we also characterized the plasmatic
levels of CAMs (ICAM-1, VCAM-1, and E-selectin) in
patients with PAR.

2. Material and Method

2.1. Patients and Clinical Evaluation. In the present study, we
performed a post hoc analysis of an initial randomized con-
trol trial (RCT) that included patients with PAR and healthy
volunteers. The analyzed inflammatory markers represented
secondary outcomes of the initial study [16]. Seventy-nine
patients with PAR (mean age 30.44± 9.9 years and sex ratio
M : F= 1.02) were included in the experimental group, while
30 healthy volunteers (mean age 28.92± 8.91 years and sex
ratio M : F=1) were included in the control one. The study
protocol, inclusion and exclusion criteria, and clinical evalu-
ation were similar to the initial study [16]. The protocol was
approved by the Ethics Committee of the “Iuliu Hatieganu”
University of Medicine and Pharmacy, Cluj-Napoca. All
patients signed the informed consent at enrollment.

The diagnosis of AR was done according to international
guidelines, based on history and skin prick test (SPT) [1]. The
following demographic data were noticed from anamnesis:
age, sex, and living area (rural/urban). The severity of AR
was established based on severity of specific symptoms: rhi-
norrhea, nasal congestion, sneezing, and nasal and ocular
itching. The severity was analyzed on a scale from 0 to 3
(0= absent, 1 =mild, 2 =moderate, and 3= severe), retro-
spectively, for 12 hours prior to presentation. The total symp-
tom score (TSS) was calculated by adding the score for every
symptom. A TSS< 6 means a mild rhinitis, while a TSS> 6
represents a moderate-severe form of disease.

After the baseline evaluation, the patients were randomly
divided into two groups using an adaptive biased-coin ran-
domization. The first group included 39 patients, and they
received levocetirizine 5mg/day, while the second group of

40 patients received desloratadine 5mg/day. The treatment
was recommended for 4 weeks. At the end of the four weeks,
the patients were similarly evaluated.

2.2. Skin Prick Test (SPT). The diagnosis of allergy was estab-
lished through skin prick test, according to international
guidelines [17]. The allergen panel included international
recommendation and particularities of exposure to allergens
in Romania: house dust mites (Derm. pteronyssinus and
Derm. farinae), grass pollens (mixed grasses), cereal pollens
(cereals), Betulaceae pollens (spring trees), cat and dog epi-
thelia, Alternaria alternata, and weed pollen (Artemisia vul-
garis and Ambrosia elatior). Standardized allergen extracts
(Hal Allergy, Netherlands) were used. SPT was done at the
beginning of the study.

2.3. FeNO Measurement. The measurement of fractionated
exhaled nitric oxide (FeNO) was done in accordance to
international recommendations [18], using NIOX MINO®
(Aerocrine, Sweden). FeNO was measured before and after
1 month of treatment with H1 antihistamines. The measured
values were expressed in parts per billion (ppb). A stan-
dardized cutoff value of 25 ppb was considered a normal
upper limit.

2.4. Biological Evaluation. All the biological parameters were
determined before and after 1 month of treatment with H1
antihistamines. Total IgE plasmatic level was done using
electrochemiluminescence immunoassay method (ECLIA).
The obtained values were expressed as UI/ml. A value below
100UI/ml was considered normal.

The eosinophils (Eo) were manually counted from the
peripheral blood on a slide, and their value was expressed
as %. We considered a normal value between 2–4%.

The plasmatic levels of ICAM-1, VCAM-1, and E-
selectin were determined using ELISA technique (Quantiki-
nine R&D system, USA). The blood sample of 5ml without
anticoagulant was collected and centrifuged within the 1st
hour, followed by serum separation. The serum was then
stored at −80°C until the determination was performed. All
the aforementioned determinations were done according to
the manufacturers’ instructions. For each assay, samples were
diluted as needed, and protein levels were calculated based on
four-parameter logistic (4-PL) curve fit.

2.5. Statistical Analysis. The statistical analysis was per-
formed using SPSS version 21 (Chicago, IL, USA). Data were
labeled as nominal and expressed as percentage and continu-
ous variables. The normal distribution for continuous vari-
ables was done using Kolmogorov-Smirnov test. Variables
with normal distribution were expressed as mean and stan-
dard deviation, while variables with abnormal distribution
were expressed as median and 25–75 percentiles.

The adequate statistic tests according to data distribution
were chosen. The differences were assessed within groups
by Wilcoxon signed-rank test and between groups by
Mann–Whitney test. The influence of different parameters
on CAM evolution in time was done using ANOVA test for
repeating measurements. The Spearman coefficient of corre-
lation was calculated to highlight differences between
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continuous variables. The level of statistical significance was
set at p < 0 05.

3. Results

Patients’ demographic data are presented in Table 1.

3.1. Initial Evaluation. Fifty-six (70.9%) patients presented
persistent moderate-severe forms of AR. The initial TSS
proved the severity of AR (median 8 (5–11)). Forty-one
patients (51.9%) had multiple sensitizations to both indoor
and outdoor allergens. The basal TSS was not correlated
with the duration of AR but was significantly higher in
patients with sensitization to pollen or multiple sensitizations
(p = 0 01).

In patients with AR, plasmatic ICAM-1 and VCAM-1
were significantly increased compared to healthy volunteers
(p < 0 001 and p < 0 001, resp.), with no differences between
the groups. E-selectin was similar in healthy volunteers and
patients with AR (Table 2).

The severity of AR expressed as a high value of TSS was
correlated with the plasmatic level of E-selectin (R = 0 996,
p < 0 001), but not with basal levels of ICAM-1 (R = −0 051,
p = 0 657) or VCAM-1 (R = −0 056, p = 0 622). There is no
correlation between the plasmatic level of CAM and patients’
age, sex, or type of sensitization (p > 0 05). There is a positive
correlation between the basal values of ICAM-1 and E-
selectin (R = 0 353, p = 0 001).

Total IgE and Eo were significantly increased at baseline,
with no differences between the groups (p = 0 408 and p =
0 838, resp.). The initial value of peripheral Eo was strongly
correlated with total IgE (R = 0 853; p < 0 001). There was
no correlation between basal Eo or total IgE levels and
ICM-1, VCAM-1, and E-selectin (p > 0 05).

FeNO was increased in patients with AR (median
27 (18–46)) compared to the standardized cutoff value

(25 ppb) (p < 0 001). There was no difference between the
groups regarding the basal value of FeNO. There was no cor-
relation between initial FeNO and severity of rhinitis’ symp-
toms, type of sensitization, or basal values of CAM (p > 0 05).

3.2. One-Month Evaluation. H1 antihistamines significantly
improved all the symptoms after 1 month of treatment. TSS
significantly decreased after treatment (median 8 (5–11) ver-
sus median 0 (0–4), p = 0 01), with no differences between
the investigated drugs (p = 0 571).

1-month evaluation revealed a significant decrease of IgE
plasmatic level (p < 0 001), especially in patients with mono-
sensitization either to indoor or outdoor allergens (p = 0 05).
The reduction of total IgE was not influenced by the type of
treatment; patients’ age, sex, and environment; or duration
of AR (p > 0 05) (Table 3). Total IgE significantly decreased
in patients with moderate-severe forms of AR compared to
those with mild disease (p = 0 05).

Same pattern was noticed also for peripheral Eo, with a
significant reduction after treatment (p = 0 04). The Eo sig-
nificantly decreased after 1 month of treatment especially in
patients with monosensitization to indoor allergens or mixed
sensitization (p = 0 002). Eo reduction was also significant in
patients with severe forms of AR (p = 0 04). The reduction of
Eo was not influenced by the type of treatment; patients’ age,
sex, and environment; or duration of AR (p > 0 05).

After the four-week treatment, H1 antihistamines signif-
icantly decreased the plasmatic levels of ICAM-1 (p = 0 049)
and E-selectin (p = 0 002), but not VCAM-1 (p = 0 310)
compared to basal values. There was no difference between
levocetirizine and desloratadine in the reduction of adhesion
molecule plasmatic levels (Table. 3). We noticed a significant
reduction of CAM levels in patients with moderate-severe
forms compared to patients with mild rhinitis (VCAM-1
p = 0 037, ICAM-1 p = 0 001, and E-selectin p = 0 002). The
reduction of CAM levels was not influenced by patients’

Table 1: Patients’ demographic data.

Parameter Desloratadine (n = 40) Levocetirizine (n = 39) p

Age∗ 28.05± 6.32 32.89± 12.17 0.031

Sex∧

Male 57.5% (23) 43.6% (17) 0.263

Female 42.5% (17) 56.4% (22)

Living area∧

Urban 85% (34) 82.1% (32) 0.770

Rural 15% (6) 17.9% (7)

Allergic rhinitis onset (months)° 24 (6–60) 36 (7.5–68) 0.532

Allergen sensitization∧

Indoor 37.5% (15) 5.1% (2) 0.002

Outdoor 17.5% (7) 35.9% (14)

Indoor + outdoor 45% (18) 59% (23)

Severity∧

Mild 25% (10) 33.3% (13) 0.465

Moderate-severe 75% (30) 66.7% (26)
∗Data are expressed as mean ± SD; ∧data are expressed as %, n; °data are expressed as median, 25–75th percentile. SD: standard deviation; n: number.
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age, sex, and type of sensitization.We also analyzed the
improvement of symptoms in correlation with inflamma-
tory markers. The reduction of TSS was positively corre-
lated with the reduction of ICAM-1 (R = 0 238, p = 0 035),
but it was not correlated with VCAM-1 and E-selectin
evolutions. ICAM-1 reduction was positively correlated with
E-selectin (R = 0 504, p < 0 001) and VCAM-1 (R = 0 711,
p < 0 001) evolutions.

FeNO was significantly reduced after 1-month treatment
with AH1, desloratadine being more effective than levocetir-
izine (Table 3). The reduction was not influenced by patients’
age, severity of allergic rhinitis or number of sensitization
(p > 0 05), or the type of it (p > 0 05). FeNO had a more
significant reduction in male compared to female patients
(p = 0 036). The reduction of FeNO did not correlate with
basal plasmatic levels of CAMs. The reduction of FeNO
was not correlated with symptoms’ improvement. The
reduction of FeNO was minimal in patients sensitized to
pollen compared with patients with multiple sensitization
or with sensitization to indoor allergens, but the difference
did not reach the level of statistical significance (median −6
(−32 to −3) versus median −12 (−35 to −1.5) versus median
−11 (−35 to −2), p > 0 05).

4. Discussion

This study assessed the effect of H1 antihistamines from
the 2nd generation, showing that both levocetirizine and
desloratadine improved symptoms and reduced the level
of inflammation in allergic rhinitis. We also characterized

the plasmatic profile of adhesion molecules in patients
with persistent allergic rhinitis.

AR is characterized by the presence of inflammation in
the nasal mucosa. The exposure to allergens mediates the
release of mediators from mast cells, especially histamine,
which are responsible for the characteristic symptoms of
AR (sneezing, nasal itching, and rhinorrhea) [19]. But these
mediators will also stimulate infiltration of the nasal mucosa
with inflammatory cells, including eosinophils [20]. The
chronic inflammatory response with eosinophil infiltration
in the nasal mucosa is the pattern of allergic inflammation
[1, 19]. These cells continue to produce cytokines, chemo-
kines, and other inflammatory mediators, which leads to
persistent symptoms and tissue structural changes and dam-
ages. Thus, rhinitis progression and persistence become
more dependent on mediators which promote infiltration
of cells, such as eosinophils and TH lymphocytes [21]. AR
is a risk factor for asthma development and may appear
before or after asthma onset. Allergic inflammation is the
key to understand both diseases and the mechanisms of
rhinitis progression to asthma [5, 19].

The eosinophils migrate at the inflammation site due to
the high expression of the adhesion molecules on the endo-
thelial cell surfaces [22]. The role of adhesion molecules in
the pathogenesis of allergic diseases was investigated in many
studies [10, 23–29]. Most of them showed an increase of
ICAM-1 and VCAM-1 in nasal lavage fluid, mucosa biopsies,
and serum in patients with AR versus healthy subjects, after
allergen challenge tests or in conditions of natural exposure
[10, 23, 24, 26–28]. On the other hand, some researchers

Table 2: Plasmatic values of total IgE and adhesion molecules in healthy volunteers and patients with AR.

Parameter Healthy volunteers (n = 30) Patients with AR (n = 79) p

Total IgE (UI/l) <100 115 (45.3–169) <0.001
ICAM-1 (ng/ml) 111.21 (100–206.30) 218.19 (189.13–266.65) 0.001

VCAM-1 (ng/ml) 557 (249–891) 1004.02 (822.32–1174.68) <0.001
E-selectin (ng/ml) 32.03 (23.68–45.94) 33.81 (24.61–47.53) 0.404

Data are expressed as median, 25–75th percentile. Significance p < 0 05.

Table 3: Patients’ biological parameters before and after treatment.

Parameter Desloratadine (n = 40) Levocetirizine (n = 39) p

Total IgE
Baseline 116.5 (46.25–269) 115 (45.3–269)

0.212
4 weeks 65 (28.32–167.5) 75 (30–150)

Eo
Baseline 5.00 (3.20–6.50) 5.20 (2.70–7.80)

0.04
4 weeks 4.10 (2.60–5.80) 4 (2.35–6.35)

VCAM-1
Baseline 1037.8 (878.19–1200.82) 919.32 (818.5–1136.02)

0.202
4weeks 1037.98 (897.64–1193.09) 913.56 (703.58–1128.60)

ICAM-1
Baseline 208.12 (179.95–259.04) 229.81 (195.75–275.21)

0.355
4weeks 205.58 (170.93–256.01) 206.13 (182.74–270.14)

E-selectin
Baseline 33.54 (25.72–46.57) 33.81 (23.95–50)

0.459
4weeks 33.07 (24.46–44.89) 31.90 (22.08–49.5)

FeNO
Baseline 38 (19–49) 23 (16.25–43)

0.05
4weeks 14 (11–21) 17.5 (14–22.5)

Data are expressed as median, 25–75th percentile. Significance p < 0 05.
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did not observe an increased level of ICAM-1 and VCAM-1
in serum of patients with allergic rhinitis [25, 29]. In the pres-
ent study, the plasmatic levels of ICAM-1 and VCAM-1 were
significantly increased in patients with PAR compared to
healthy volunteers (p < 0 001 and p < 0 001, resp.), with no
differences between the groups. These results confirm previ-
ous published data, reflecting a systemic inflammation in
patients with PAR.

The kinetics of VCAM-1 and ICAM-1 is different. In
patients with AR, ICAM-1 is increased in nasal secretion in
both perennial and seasonal AR from the period of onset
[26]. On the other hand, the expression of VCAM-1 is upreg-
ulated in the nasal mucosa of patients with AR [28, 30], espe-
cially in the late phase of allergic response [31]. Our results
are similar to those from the above aforementioned studies.
Present research included patients with PAR under continu-
ous natural exposure to allergens. The continuous exposure
to indoor or/and outdoor allergens may explain a continu-
ous production of mediators which promote eosinophil
recruitments, explaining high plasmatic levels of ICAM-1
and VCAM-1.

Gorska-Ciebiada et al. [27] have shown that ICAM-1
values are significantly lower in patients with mild forms
compared to those with moderate-severe rhinitis [27]. In
the present study, there was no correlation between ICAM-
1 and VCAM-1 and the severity of allergic rhinitis or type
of sensitization. Another study showed that VCAM-1 and
ICAM-1 grow during the pollen season and fall out during
off-season [26]. In the present study, we did not investigate
the kinetics of ICAM-1 and VCAM-1. Most of the patients
have polysensitization to both indoor and outdoor allergens
which may explain the high level of CAMs in serum, due to
their continuous production.

Interestingly, E-selectin was similar in patients with AR
and healthy volunteers. Similarly, Ural et al. found that the
E-selectin value did not differ in patients with allergic and
nonallergic rhinitis in nasal lavage fluid [23]. E selectin is
involved in leukocyte orientation, and it is a light adhesion
marker, while ICAM-1 is a leukocyte-binding adhesion
marker. The basal level of E-selectin positively correlated
with ICAM-1 (R = 0 353, p = 0 001). This observation might
be explained by their involvement at the beginning of cell
recruitments. In patients with AR, the level of E-selectin
starts to increase within 15 hours after allergen exposure,
[32] and it declines after 24 hours [23, 33]. These data may
explain not only the low level of E-selectin in our patients
but also the correlation between E-selectin and severity of
symptoms (R = 0 996, p < 0 001), generated mainly by hista-
mine release. As we mentioned before, we did not investigate
the kinetics of CAMs in serum, and the patients were under
natural exposure not after a controlled allergen challenge
exposure. It might be interesting to investigate CAM and
cytokine levels in patients with AR at different time points
to analyze their kinetics in conditions of natural exposure
to allergens.

IgE is the central molecule in the pathogenesis of allergic
diseases. It increases after sensitization and binds to mast
cells through specific receptors, but a soluble portion remains
in the serum and can be determined. In different clinical

studies, the IgE level did not correlate with ICAM-1 or
TNF-α values, which are higher in asthmatics but not in
those with AR [29]. In our study, there was a significant cor-
relation between the Eo count and total IgE (p < 0 001), but
the total IgE values did not correlate with other markers of
inflammation, such as CAMs or FENO. Although CAMs
are involved in Eo migration at the site of inflammation,
the serum values of Eo did not correlate with ICAM-1 and
VCAM-1 in our study. It is interesting to evaluate the level
of CAMs in the nasal mucosa and to correlate with local
infiltration of Eo, but in our study we did not perform such
kind of investigation.

There is hypothesis suggesting that Eo recruited by
CAMs can induce nitric oxide synthase in the epithelial cells
of the bronchial mucosa. Nitric oxide (NO) in the exhaled air
is known as the marker of eosinophilic inflammation in the
lower respiratory tract. IgE-mediated inflammation results
in elevated NO in the expired air [34, 35]. Studies have also
shown that patients with AR during pollination have elevated
NO levels in the air, even if their asthma symptoms are miss-
ing or mild [36]. Other studies showed elevated levels of
exhaled NO and adenosine in patients with AR versus
healthy subjects [34, 35], suggesting that a subclinical inflam-
mation in the lower airways could exist in AR. In our group
of patients, FeNO was increased in patients with AR and
did not correlate with any of the studied markers. There
was no correlation between the initial FeNO and the severity
of rhinitis’ symptoms, type of sensitization, or basal values of
CAM (p > 0 05). But this lack of correlations cannot exclude
a possible minimal inflammatory process in both the nasal
and lower airway mucosa, other factors having an additional
contribution to progression of inflammation in lower air-
ways, like TNF-α-stimulation [37]. It might be interesting
to monitor the evolution of patients in order to investigate
if basal values of FeNo and CAMs could predict the occur-
rence of asthma after a period of time.

In this study, we also assessed the efficacy of H1 antihis-
tamines, desloratadine and levocetirizine, in the therapy of
AR. We also investigated a possible anti-inflammatory effect
of both drugs, demonstrated by reduction of CAMs and
FeNO. Several studies showed the efficacy of H1 antihista-
mines in allergic rhinitis [1, 2]. H1 antihistamines are now
considered the first-line treatment in AR [1]. In our study,
we observed that both desloratadine and levocetirizine
improved nasal symptoms, reducing significantly TSS after
1 month of treatment, similar to previous published data
[2, 19, 38]. TSS significantly decreased after treatment, with
no differences between the investigated drugs (p = 0 571).

In our study, we evaluated the effect of desloratadine and
levocetirizine on E-selectin, ICAM-1, and VCAM-1. After
the four-week treatment, H1 antihistamines significantly
decreased the plasmatic levels of ICAM-1 (p = 0 049) and
E-selectin (p = 0 002), but not VCAM-1 (p = 0 310) com-
pared to basal values. There was no difference between levo-
cetirizine and desloratadine in reduction of CAM plasmatic
levels. In the present study, we also noticed a significant
reduction of CAM levels in patients with moderate-severe
forms compared to patients with mild rhinitis (VCAM-1
p = 0 037, ICAM-1 p = 0 001 and E-selectin p = 0 002).
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But the reduction of CAM levels was not influenced by
patients’ age, sex, and type of sensitization.

In vitro studies demonstrated that not all 2nd-generation
H1 antihistamines had anti-inflammatory effect. Cetirizine
did not influence E-selectin, ICAM-1, and VCAM-1 in vitro
studies although the authors noted an underexpression of
ICAM-1 in epithelial cells of patients with AR treated with
cetirizine [11]. Loratadine was seen to influence the level
of VCAM-1 but not ICAM-1 in patients with monosensi-
tization to house dust mites [12]. Regarding fexofenadine
(an active metabolite of terfenadine), several studies showed
its similar efficiency to cetirizine [39], loratadine [40],
desloratadine, and levocetirizine [38] in improving rhinitis
symptoms. But Schäper et al. [13] also demonstrated its
anti-inflammatory effect, due to reduction of ICAM-1 in
nasal secretions after 14 days of treatment [13]. In vitro
studies revealed that levocetirizine inhibited ICAM-1 [15]
and downregulated the activity of P-selectins [41] and
the expression of VCAM-1 [42]. Desloratadine induced
downregulation of ICAM-1 [43]. In most of these studies,
the used concentrations of AH1 were higher than the ther-
apeutic ones [41]. There are also in vivo studies that
revealed the anti-inflammatory effect of H1 antihistamines.
Both desloratadine and levocetirizine reduced ICAM-1 and
nasal Eo [44], similar to present results. In the present study,
VCAM-1 was not reduced by AH1, only ICAM-1 and E-
selectin. Probably, the expression of ICAM-1 and E-selectin,
markers of initial allergic response, is related to histamine
release from mast cells, while other new synthesized cyto-
kines and chemokines are probably involved in the expres-
sion of VCAM-1.

One-month evaluation revealed a significant decrease
of IgE plasmatic level (p < 0 001) especially in patients
with monosensitization either to indoor or outdoor allergens
(p = 0 05). Total IgE significantly decreased in patients with
moderate-severe forms of AR compared to those with mild
disease (p = 0 05). The same pattern was also noticed also
for peripheral Eo, with a significant reduction after treatment
(p = 0 04). These results are similar to previous reported data
[16, 44–46], for rupatadine, levocetirizine, and desloratadine,
after 2–4 weeks of treatment.

The effect of H1 antihistamines on lower airway subclin-
ical inflammation in patients with AR has been demonstrated
in few studies [19]. In vitro studies have shown that NO
synthase activity can be downregulated by H1 antihistamine
therapy [47]. Animal studies have demonstrated that hista-
mine released by mast cell plays an important role in the pro-
duction of FeNO and in the enhancement of bronchial
hyperreactivity [48]. In vivo, it has been demonstrated that
levocetirizine lowers the FeNO values after 3 months of
treatment in children with mite allergy [42]. In our study,
we observed that FeNO was significantly reduced after 1-
month treatment with H1 antihistamines, and desloratadine
was more effective than levocetirizine. This observation
could be explained by the differences between investigated
subgroups in relation with patient sensitization. The group
treated with levocetirizine had a lower basal value of FeNO
than desloratadine group, so the room for improvement of
FeNO was more limited. To establish the clear role of each

H1 antihistamines in reducing FeNo level, further extensive
studies are required. But, this observation might open a
new strategy in limiting subclinical inflammation using
AH1. The continuous treatment with H1 antihistamines in
patients with PAR might reduce the occurrence of asthma,
confirming the previous published data [42].

There are some limitations of this study. Firstly, a small
number of patients were included in the study, sensitized to
both indoor and outdoor allergens. The randomization of
the patients took into account the treatment, not the type of
sensitization, which may explain the differences between
investigated subgroups, more patients sensitized to pollen
being included in levocetirizine subgroup. The study has
another limitation, the lack of information regarding differ-
ent anti-inflammatory effects of H1 antihistamines according
to allergen exposure. It might be interesting to analyze the
effect of AH1 on CAMs and other related mediators (cyto-
kines and chemokines) and to differentiate the results
according to the type of sensitization.

The present study emphasized the anti-inflammatory
role of H1 antihistamines from 2nd generation, demon-
strated by reduction of CAM plasmatic levels in patients with
PAR. The reduction of CAMs was noticed in the plasma not
in the nasal mucosa, in conditions of natural continuous
exposure to allergens. Also, the research investigates two
H1 antihistamines from 2nd generation in order to establish
if there are significant differences between them in improving
both clinical symptoms and inflammatory parameters.

5. Conclusions

Patients with PAR have high serum levels of ICAM-1 and
VCAM-1. FeNO as a marker of subclinical inflammation
is increased in patients with PAR. H1 antihistamines
improve allergic rhinitis symptoms and reduce the markers
of inflammations after 1 month of treatment. Desloratadine
has a better anti-inflammatory effect in reducing FeNO.
Baseline values of CAMs did not predict the response
to therapy.
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Abstract: Background and Objectives: The evolution of allergic rhinitis to asthma is a part of “atopic
march”. The aim of this study was to analyze possible predictive markers for asthma occurrence
in patients with allergic rhinitis to house dust mites (HDM). Materials and Methods: Fifty-eight
patients with persistent allergic rhinitis (PAR) were included. The clinical, biological evaluation and
fractionated exhaled nitric oxide (FeNO) measurement were performed at enrolment. The patients
were clinically evaluated after one year to determine asthma occurrence. Results: The severity of
rhinitis symptoms, levels of total immunoglobulin E (IgE), ICAM-1, VCAM-1, E-selectin and IL-6,
but not IL-8 and TNF-α were higher in patients with allergic rhinitis who developed asthma compared
to non-asthmatics, but the differences were not significant to considered them as predictive factors for
asthma occurrence. The risk of asthma was independently influenced by patients aged over 30 years
((OR-3.74; CI95% 0.86–16.31; p = 0.07), a duration of allergic rhinitis over 12 months ((OR-4.20; CI95%
0.88–20; p = 0.07) and a basal FeNO over 28 parts per billion (pbb) ((OR-18.68; CI95% 3.79–92.05;
p < 0.001). Conclusion: Clinical and biological parameters may predict asthma occurrence in patients
with persistent allergic rhinitis to HDM. Adult patients with a longer duration of rhinitis symptoms
and a high level of FeNO have a greater risk to develop asthma.

Keywords: allergic rhinitis; allergic inflammation; asthma; FeNO; house dust mites

1. Introduction

Allergic rhinitis is the most frequent IgE-mediated disease and its prevalence is increasing in
the last decades [1,2]. Allergic rhinitis is a risk factor for asthma development and may be clinically
relevant before or after asthma diagnosis [3]. Allergic inflammation is the key of understanding these
diseases and the evolution of allergic rhinitis to asthma [2,4,5].

Allergen exposure leads to mast cell degranulation in nasal mucosa and the release of mediators,
mainly histamine and leukotrienes. Cytokines released from Th2 lymphocytes are responsible for
inflammatory cells recruitment in affected tissues via adhesion molecules, like E-selectin, ICAM
and VCAM. The recruited cells, eosinophils, neutrophils and Th2 lymphocytes, are responsible for
producing more proinflammatory cytokines (IL-1β, TNF-α, IL-3, IL-4, IL-5, IL-6 and IL-8), augmenting
the inflammation in airways and injury through formation of toxic reactive nitrogen species [5–8].
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The evolution from allergic rhinitis to asthma was reported in several studies, and it is a part
of “atopic march” [2,9–11]. Allergic rhinitis is a risk factor for developing asthma [12], especially
if the onset is severe and occurs in childhood [13]. Those two diseases often coexist and represent
“a single airways allergic disease” [2,9]. This concept of “united airway disease” raises the question
“Which patients with allergic rhinitis will develop asthma?”

The relationship between upper and lower airway inflammation is not completely understood
yet. Genetic studies show that asthma and allergic rhinitis partly coexist because they share many
genetic risk variants that dysregulate the expression of immune-related genes [14]. But not only
genetic factors are important, environmental ones (allergens exposure) might also contribute to this
evolution. The concept of a “united airway disease” could be explained through the migration of
inflammatory cells and mediators from nasal secretions to lower airways, by inhalation and aspiration,
acting as triggers of inflammation in the lower part [9,15,16]. Other additional mechanisms along with
inflammation might contribute to asthma occurrence, including nasal bronchial reflex and alteration of
physical filter function of the nose, which can induce bronchial hyperreactivity even in non-atopic
patients [16–18].

The clinical aspect of asthma is variable, from a classical description (chest tightness, dyspnea,
wheezing and cough) to only chronic cough or dyspnea to mild physical effort [7,15]. Some patients
with allergic rhinitis may present rare, mild asthma symptoms, which are not related to rhinitis severity
and could be actually a matter of perception of asthma symptoms, like dyspnea [7].

FeNO is a marker of lower eosinophilic inflammation in allergic diseases, especially in asthma.
FeNO measurement is used for asthma diagnosis, to differentiate its phenotype and to monitor
treatment response [19,20]. In asthmatic patients, a high nitric oxide is more correlated with the risk of
having an asthmatic access rather than a predisposition to have asthma [21]. In patients with allergic
rhinitis, measurement of FeNO might also indicate the presence of eosinophilic inflammation and
might predict the development of lower airway symptoms [19,22].

The aim of this study was to investigate the risk of asthma development in patients with persistent
allergic rhinitis to house dust mites after one year and the role of inflammatory cytokines, adhesion
molecules and FeNO in predicting asthma occurrence.

2. Materials and Methods

2.1. Study Design, Site and Ethical Approval

The present study is a post-hoc analysis of an initial randomized control trial (RCT) that included
patients with persistent allergic rhinitis [23]. The present research analyzed clinical and biological
factors that might predict asthma in patients with allergic rhinitis to HDM. A diagnosis of allergic
rhinitis was established according to international guidelines, based on history, clinical evaluation and
the skin prick test (SPT) [24].

Fifty-eight patients with persistent allergic rhinitis to HDM (median age 27.5 (23–37) years and
sex ratio M:F = 1:1), that were evaluated in Allergology Department, were included in the present
analysis. The study protocol was approved by University of Medicine and Pharmacy Ethics Committee
(approval no. 535/02.09.2009) and all patients signed the informed consent before enrollment. The study
protocol and clinical evaluation was similar to initial RCT [23]. The exclusion criteria were as follows:
the presence of asthma or nasal polyps, acute and chronic upper respiratory infections, administration
of intranasal or systemic corticosteroids or H1 antihistamines in the previous 30 days. The initial
evaluation was performed between February 2009 and November 2011.

2.2. Clinical Evaluation

From anamnesis, we noted the following demographic data: age, sex, living area (urban/rural) and
the duration of allergic rhinitis symptoms prior enrollment. Retrospectively, for 12 h, we evaluated the
allergic rhinitis’ symptoms (rhinorrhea, nasal congestion, sneezing, nasal and ocular itching), and their
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severity on a scale from 0 to 3 (0 = absent, 1 = mild, 2 = moderate, 3 = severe). At the end we calculated
the total symptoms score (TSS). Based on TSS values we differentiated between mild allergic rhinitis
(TSS < 6) and moderate–severe allergic rhinitis (TSS 6).

As we previously mentioned, patients that presented low airways symptoms (dyspnea, cough
and wheezing) associated to specific symptoms of allergic rhinitis were excluded from the present
analysis. The patients also completed an ENT examination to exclude a possible nasal obstruction of
other cause or nasal polyps. Patients with nasal polyps or another ENT disease were also excluded.

After one year, we repeated the clinical evaluation to determine the possible development of
asthma. We noticed the occurrence of asthma symptoms (cough, wheezing, dyspnea) or an asthma
exacerbation that required specific treatment in this period of time.

Spirometry was performed at enrollment in order to exclude a possible impaired lung function
due to asthma presence and after one year. We considered asthma development if one of these clinical
or functional criteria were present in the period of one year.

2.3. Skin Prick Tests (SPT)

The atopy diagnosis was established through a skin prick test at enrollment, according to
international guideline [25]. The skin prick test included the following panel of allergens: house
dust mites (Derm. Pteronyssinus (Der p) and Derm. Farinae (Der f)), pollens (grasses, cereals, birch
and weeds), animal dander (cat and dog) and molds (Alternaria alternata). Standardized allergen
extracts (Hal Allergy, Netherlands) were used. The value in mm was recorded as a medium diameter
wheal size.

2.4. FeNO Measurement

Fractionated exhaled nitric oxide (FeNO) was measured at enrollment, according to international
recommendations [26], using NIOXMINO® (Aerocrine, Sweden). The measured values were expressed
in parts per billion (ppb). A standardized value of 25 ppb was considered as normal upper limit.

2.5. Biological Evaluation

All the biological parameters were determined at the beginning of the study. Total IgE plasma
level was done using the electrochemiluminescence immunoassay method (ECLIA). The obtained
values were expressed as UI/mL, considering a normal value <100 UI/mL. The eosinophils (Eo) were
manually counted from peripheral blood on a slide and their value was expressed as %. We considered
a normal value between 2%–4%.

Plasma levels of adhesion molecules (ICAM-1, VCAM-1 and E-selectin) and cytokines (TNF-α,
IL-6 and IL-8) were determined at the initial visit. Five milliliters of blood sample was collected and
centrifuged within the first hour, followed by serum separation. The obtained serum was stored at
−80 ◦C until the determination was performed. The plasmatic levels of all inflammatory markers were
determined by sandwich ELISA technique using an ELISA reader StatFax 303. All the aforementioned
determinations were done according to the manufacturers’ instructions, using ELISA kits from
Quantikinine R&D system, USA. For each assay, samples were prepared according to instructions and
protein levels were calculated based on four-parameter logistic (4-PL) curve fit.

2.6. Statistical Analysis

Statistical analysis was carried out using the MedCalc Statistical Software version 18.10 (MedCalc
Software bvba, Ostend, Belgium; http://www.medcalc.org; 2018). Quantitative data were evaluated
for normality of distribution and variables with abnormal distribution were characterized by median
and 25–75 percentiles. Qualitative data were expressed as frequency and percent. Comparisons
between groups were performed using the Mann–Whitney (for quantitative data) and chi-square
tests (for qualitative data). Spearman rho coefficient was used for examining the correlation between
variables. ROC curves were used in order to find out cut-off values for quantitative variables that could

http://www.medcalc.org
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discriminate between patients with asthma and those without. A multivariate binary logistic regression
was used for assessment of independent contribution of variables that achieved statistical significance
in univariate analysis for asthma onset. A p value < 0.05 was considered statistically significant.

3. Results

From the entire group of patients with allergic rhinitis to HDM, 21 patients (36.2%) developed
asthma after one year of surveillance.

Patients’ demographic, clinical and biological data are presented in Table 1.

Table 1. Comparison between patients based on asthma diagnosis at one-year follow-up.

Variable Total (n = 58) Patients with
Asthma (n = 21)

Patients without
Asthma (n = 37) p

Age (Years) * 27.5 (23–37) 33 (24.5–40) 26 (22–31) 0.014

Sex ˆ M 50% (29) 57.1% (12) 45.9% (17)
0.5

F 50% (29) 42.9% (9) 54.1% (20)

Living area ˆ U 82.8% (48) 85.7% (18) 81.1% (30) 0.7

R 17.2% (10) 14.3% (3) 18.9% (7)

Onset of AR symptoms (months) * 24 (6–60) 36 (15–66) 12 (3–48) 0.04

Total symptom score * 8.5 (5–11) 9 (5.5–13) 8 (5–11) 0.2

FeNO (ppb) * 24 (16–46) 45 (30.5–68) 19 (16–28) <0.001

Total IgE (UI/l) * 106.5
(44.55–201.5) 118 (35.4–293) 104 (49.8–233) 0.9

Eosinophils * 0.05
(0.026–0.071) 0.05 (0.02–0.08) 0.04 (0.02–0.06) 0.5

E selectin (ng/mL) * 3.28 (2.35–4.69) 3.45 (2.26–4.81) 2.32 (2.43–4.64) 0.9

ICAM (ng/mL) * 21.53
(18.88–26.55) 22.98 (20.02–27.18) 20.87 (18.39–24.32) 0.1

VCAM (ng/mL) * 48.53
(40.95–59.50) 56.38 (41.34–60.55) 46.81 (40.93–55.95) 0.1

TNF-α (pg/mL) * 1.78 (1.22–2.33) 1.62 (1.01–2.11) 1.93 (1.34–2.41) 0.2

IL-6 (pg/mL) * 1.05 (0.75–1.70) 1.25 (0.71–1.84) 1.05 (0.78–1.65) 0.6

IL-8 (pg/mL) * 5.32 (3.33–9.38) 5.05 (2.35–8.20) 5.32 (3.95–9.51) 0.2

Wheal size of Der p allergen at
prick test (mm) 7.23 ± 2.92 7.89 ± 3.24 6.57 ± 2.61 0.052

Data are expressed as * median; 25–75th percentile; ˆ Data are expressed as %, n; Tests used: Mann–Whitney
(for quantitative data) and chi-square tests (for qualitative data); Significance p < 0.05. Abbreviations: AR, allergic
rhinitis; F, female; FeNO, fractional exaled nitric oxide; M, male; R, rural; TSS, total symptoms score; U, urban.

Analyzing demographic data, we noticed that asthma occurrence is correlated with patients’ age,
but not with their gender or living area (see Table 1). More male patients developed asthma compared
to females, but the difference was not statistically significant.

Forty patients (68.9%) presented persistent moderate–severe forms of allergic rhinitis, proved
by an initial TSS over 6 (median 8.5 (5–11)). The development of asthma was not correlated with a
moderate–severe form of allergic rhinitis (p = 0.5), even if more patients with asthma had previously
moderate–severe allergic rhinitis (76.2% vs. 64.9%). Initial TSS of allergic rhinitis was higher in patients
with asthma, but the difference was not statistically significant. Initial was not correlated with the
duration of AR and was not influenced by patients’ sex or living area (p > 0.05). The duration of allergic
rhinitis is significantly higher in patients with asthma after one year of surveillance.
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The markers of allergic inflammation, total IgE and eosinophils were higher in patients with
asthma after one year, compared with patients with allergic rhinitis without asthma, but the differences
were not statistically significant (p > 0.05). We noticed similar results for adhesion molecules (ICAM-1,
VCAM-1 and E-selectin) and IL-6, but not for TNF-α and IL-8. Only FeNO was significantly higher in
patients with allergic rhinitis and asthma compared to those without asthma (see Table 1). The initial
values of biological markers were not influenced by patients’ age, sex and living area, duration or
severity of allergic rhinitis (p > 0.05).

Thirty-seven patients (63.8%) were polysensitized to both indoor and outdoor allergens, but the
symptoms of rhinitis were present after exposure to HDM, while 21 patients (36.2%) were sensitized
only to HDM. All the patients were sensitized to Der p, while 86.20% (50 patients) were sensitized
also to Der f. The wheal size of Der p sensitization was higher in patients who developed asthma
compared with those without asthma. The asthma development was not correlated with number or
type of sensitizations to other allergens, except HDM (p > 0.05).

In patients with allergic rhinitis to HDM, we observed a moderate positive correlation between
baseline values of TNF-α and IL-8 (r = 0.327, p = 0.01), IL-6 and IL-8 (r = 0.437, p = 0.001), weak negative
correlation between VCAM-1 and IL-8 (r = −0.290, p = 0.03) and a weak positive one between TNF-α
and IL-6 (r = 0.260, p = 0.04).

The ROC curve for patients’ age, duration of allergic rhinitis and FeNO were analyzed and the
cut-off values were calculated for these parameters in relation with asthma onset after one year of the
inclusion visit. The cut off values, AUC, sensitivity and specificity are presented in Table 2.

Table 2. ROC curve analysis for asthma diagnosis at 1-year follow-up.

Parameter AUC Cut-Off Value Sensitivity Specificity p

Age 0.696 (95%CI
0.56–0.81) >31 years 61.90% (95%CI

38.4–81.9%)
78.38% (95%CI

61.8–90.2%) 0.007

Duration of AR 0.659 (95%CI
0.52–0.77) >12 months 76.19% (95%CI

52.8–91.8%)
54.05% (95%CI

36.9–70.5%) 0.02

FeNO 0.79 (95%CI
0.66–0.88) >28 ppb 85.71% (95%CI

63.7–97.0%)
78.38% (95%CI

61.8–90.2%) <0.001

Abbreviations: AR, allergic rhinitis; AUC, aria under de curve; CI, interval of confidence; FeNO, fractional exhaled
nitric oxide; parts per billion.

In order to find out which parameter was independently associated with asthma’ occurrence in
patients with allergic rhinitis to HDM, we used a multivariate logistic regression (Table 3). Variables
which achieved statistical significance in univariate analysis were introduced in the regression.
Our model explained 36.2% of asthma prevalence. Age and allergic rhinitis duration were very close
to statistical significance, probably due to the small number of patients. FeNO > 28 ppb was the only
independent variable that predicted the onset of asthma at a one-year follow-up (Table 3).

Table 3. Multivariate analysis for asthma occurrence in patients with allergic rhinitis to HDM.

Variables B p OR
95% C.I. for OR

Min Max

Age > 31 yo 1.321 0.07 3.746 0.860 16.311

Duration of AR > 12 months 1.437 0.07 4.209 0.885 20.008

FeNO > 28 ppb 2.928 <0.001 18.682 3.791 92.057

Constant −0.825 0.04 0.438

Abbreviations: AR, allergic rhinitis; B, CI, interval of confidence; FeNO, fractional exhaled nitric oxide; HDM,
house dust mites; Max, maximum; Min, minimum; male; OR, odds ratio; ppb, parts per billion. Test used: binary
logistic regression.
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4. Discussion

The present study showed a significant association of asthma symptoms in patients with persistent
allergic rhinitis to HDM after one year of surveillance, 36.2% of them presenting asthma. Clinical
(duration, patient age) and biological data (inflammatory markers) may predict asthma development.
FeNO was an independent variable that predicted the onset of asthma at one-year follow-up.

Allergic rhinitis and asthma are considered a single respiratory disease involving two parts of
the airways [2,9]. In the present study, the authors found a prevalence of asthma of 36.2% after a
one-year follow-up. Similar data were already reported in the literature, with a variable prevalence
between 20% and 50% of patients with allergic rhinitis [9,10]. The prevalence found in the present
research was higher compared to the study published in 1998, where the prevalence of asthma in
patients with allergic rhinitis was lower (21.3%) after 23 years of follow up [27]. But Greisner et al. [27]
included all patients with allergic rhinitis at the same age (first year of faculty), not only patients
with persistent forms and different ages. The patients from the present research had a median age of
27.5 year, higher than the age of patients from the Greisner study. A similar prevalence of asthma was
also established in children (30% in 13–14 years group and 35% in 6–7 years group) [28], but they did
not follow prospectively their patient and the prevalence was established retrospectively.

The current diagnose of rhinitis relies on combination of three types of data: historical, clinical
examination, and allergy diagnostic testing, which allows differentiation into three subgroups: allergic,
infectious, and non-allergic non-infectious rhinitis [24,29]. Bronchial hyperreactivity is commonly
present in patients with persistent moderate severe allergic rhinitis and should be suspected if other
risk factors are present (allergen and viral exposures, indoor and outdoor pollution, allergic rhinitis
duration and severity) [30–32]. The validation of some clinical and biological factors will permit to
phenotype and endotype allergic rhinitis in order to find a form of “asthma risk” allergic rhinitis.
Maybe a different approach of allergic rhinitis according to its phenotype and endotype could be done
in order to prevent asthma development.

In this study, the clinical, biological and inflammatory markers that might influence the appearance
of asthma in patients with allergic rhinitis to HDM were evaluated. The authors included only patients
with persistent allergic rhinitis in this study, knowing that duration of symptoms and their severity
are risk factors for asthma development [30,32]. A duration of allergic rhinitis over 12 months was
considered a risk factor for asthma occurrence similar to other previous studies, in both adults and
children [3,27]. The severity of disease was not correlated with asthma occurrence in this research.
In Bousquet et al.’s and del Curvillo et al.’s studies [30,32], the severity of rhinitis was correlated with
asthma development, but they included patients with both intermittent and persistent allergic rhinitis,
while in the present research all the patients had persistent forms.

Rhinitis phenotypes were also described in relationship to sensitization pattern [33]. Sensitization
to HDM is a risk factor for asthma development because they are perennial allergens [9]. In this study,
only patients with sensitization to HDM were included. In addition, the sensitization may influence in
different degree the severity of allergic rhinitis and the evolution to asthma, as Vidal’s study already
mentioned [33]. Vidal et al. reported that severe allergic respiratory disease was associated with
higher levels of both total IgE and specific IgE to HDM. The presence of sIgE to both Der p 1 and Der
p 2 was associated with asthma among HDM-allergic patients [33]. Our results revealed an almost
significant association (p = 0.052) in univariate analysis between the size of the skin prick test to Der p
and the occurrence of asthma. The mean size of wheal to asthmatic patient was 7.89 mm, which may
confirm the presence of clinically manifested symptoms as for both asthma and rhinitis as in Haahtela’s
study [34]. The authors of this research did not determine the level of sIgE to HDM; they confirmed
the sensitization based only on the skin prick test. Probably a large number of patients may give more
information regarding the role of wheal size in assessing rhinitis or asthma symptoms.

An important step in implementing the precision medicine in patients with allergic rhinitis is to
identify possible biomarkers which characterize the endotypes and may guide us to different therapeutic
approaches. In asthma research, the endotypes are already described, based on different biomarkers
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(cytokines, cells). Allergic rhinitis might have complex endotypes and the current understanding of
cellular and molecular processes may lead to identify certain biomarkers that characterize the endotypes,
but studies are still required to confirm them. There are several modulators of endotype expression,
such as environment, microbiome, lifestyle and nasal anatomy. In several studies, the following
endotypes of rhinitis were proposed: type 2 immune response rhinitis, type 1 immune response rhinitis,
neurogenic rhinitis, epithelial dysfunction [26,35,36].

However, in the present study, the authors focused only on type 2 immune response allergic
rhinitis with HDM sensitization alone or with other co-sensitizations. Previous studies revealed that
some markers are increased in patients with allergic rhinitis to HDM: total serum IgE, blood and
intranasal eosinophils, various types of cytokines [18,37] and adhesion molecules [6,38,39]. In this
study, the comparative univariate analysis of patients with allergic rhinitis with or without asthma after
a one-year surveillance showed that mean values of adhesion molecules and IL-6 were increased in the
first subgroup compared to patients without asthma, but the differences did not reach the statistical
significance and, because of this, they were not included in multivariate analysis. The plasmatic values
of cytokines are extremely variable and more patients should be included in order to confirm them
as biomarkers. Additionally, their plasmatic level should be correlated with their level in nasal or
bronchial lavage. A previous study in children reported that a cytokine imbalance predicted asthma
occurrence after three years of surveillance [40], but they concluded that respiratory viral infections
may play a significant role in this imbalance, not only atopy. Therefore, these inflammatory markers
should be evaluated in different population subgroups, adults and children, and in conjunction with
other risk factors, in order to confirm their potential role as biomarkers.

As a biologic marker, only FeNO was significantly higher in patients with allergic rhinitis and
asthma compared to those without asthma. Patients with allergic rhinitis to HDM that developed
asthma have an increased systemic inflammation, which was correlated with subclinical inflammation
in the lower airways. FeNO is a biomarker of atopy and eosinophilic airway inflammation [41].
Previous studies found a correlation of FeNO level and type of sensitization, in both adults and
children. Jouaville et al. found that FeNO level increased with the number of positive skin prick tests
(SPTs) in both asthmatics and non-asthmatic subjects, but in cases of an equal level of positive SPTs
the FeNO was higher in asthmatic than in non-asthmatic, reflecting its role in asthma diagnoses [42].
The exact role of FeNO in the prediction of asthma in patients with allergic rhinitis is still unclear.

In the present study, patients with allergic rhinitis to HDM with continuous symptoms for more
than 12 months and an elevated FeNO at presentation over 28 ppb had 18-fold higher risk for asthma
after one year. Malinovschi et al. used FeNO in evaluation of allergic rhinitis persistence and severity
in general population of adolescents, but the author did not calculate a cut off value which may predict
the persistence of rhinitis [43]. Additionally, they evaluate the persistence of allergic rhinitis symptoms,
not the occurrence of asthma ones. Di Cara et al. found that children with allergic rhinitis and elevated
values of FeNO over 35 ppb developed asthma after five years of monitoring [44]. Similar results were
also reported in children and adults [45,46]. The cut off value in our study was lower than in the Di
Cara study [44], but only adults were included, while the Di Cara study included only children.

The factors that lead to asthma in patients with allergic rhinitis are multiple. Further studies are
still needed to evaluate the evolution of allergic inflammation. However, from the clinical practice point
of view, it is important to evaluate all patients with allergic rhinitis for asthma symptoms [47]. Patients
with allergic rhinitis and other risk factors for asthma should be carefully evaluated for the presence of
subclinical inflammation in the lower airways, which is the substrate for bronchial hyperreactivity.

This study has a strong value because it emphasized the role of FeNO, a marker of lower
eosinophilic inflammation in allergic rhinitis in order to predict the evolution of disease to other
manifestations. There are some limitations of this study. Firstly, a small number of patients were
included in the study. Secondly, the surveillance period is short and some of the investigated markers
may not be able to predict the asthma development so soon. It could be interesting to also evaluate the
modulation of these biological markers under different treatments that are recommended in allergic
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rhinitis. The authors evaluated the markers in patients with rhinitis induced by HDM, but they could
not compare patients with monosensitization with the ones polysensitized because of the small number
of subjects included in the present analysis.

5. Conclusions

Clinical and biological parameters may predict asthma occurrence in patients with persistent
allergic rhinitis to house dust mites. Adult patients with a longer duration of rhinitis symptoms and a
high level of FeNO over 28 have a greater risk to develop asthma. The severity of symptoms and the
serum inflammatory cytokines and adhesion molecules are not correlated with asthma occurrence
after one year of monitoring. FeNO could become a useful biomarker in predicting a specific endotype
of allergic rhinitis with high risk to develop asthma.
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Abstract:  (1) Background: The COVID‐19 pandemic has  resulted  in  the  exacerbation of various 

chronic diseases. Due to the potential impact of SARS‐CoV‐2 on mast cells, we aimed to analyze the 

relevance of COVID‐19 disease on chronic spontaneous urticaria  (CSU) clinical presentation and 

biological  profile.  (2) Methods:  This  study  is  a  retrospective  case  series  of  patients with  CSU 

diagnosed and treated  in the Allergy Department of the Professor Doctor Octavian Fodor RIGH, 

(Cluj‐Napoca, Romania). Patients were assessed for disease activity and  level of control with  the 

weekly urticaria activity score and the visual analogue scale. Results were correlated with COVID‐

19  severity  and  with  nonspecific markers  of  inflammation  during  and  after  the  SARS‐CoV‐2 

infection. (3) Results: SARS‐CoV‐2 impacted a significant proportion (33%) of the CSU patients, of 

which  71%  developed  a moderate‐severe  form  of  COVID‐19. Most  of  the  patients  (68%)  had 

moderate‐severe forms of CSU and 65% took AH1 treatment (one dose, two‐fold dose or four‐fold 

dose).  The  rest  of  them  (35%)  received  the  second‐line  treatment  (40.3%  Omalizumab,  53% 

Prednisolone and 4.8% Cyclosporine). In Omalizumab treated group of UCS patients we observed 

that COVID‐19 disease was not severe. We established a positive correlation between the severity 

of  the  infection  and  that  of  the CSU  clinical presentation, with most  bothersome  symptoms  of 

urticaria being experienced by moderate  to severe COVID‐19 CSU patients  (47%).  Inflammatory 

markers  were  positively  correlated  (p  =  0.01)  with  a  more  severe  clinical  profile  of  CSU,  in 

accordance with our hypothesis that the level of inflammation triggered by COVID‐19 disease has 

a role in CSU exacerbation. The non‐specific inflammatory markers, such as CRP, were positively 

associated with the UAS7 score (R2 = 0.363; p = 0.001). An increased rate of exacerbation of CSU was 

observed in moderate‐severe COVID‐19 infection. 4) Conclusions: COVID‐19 disease can result in 

the  exacerbation  of  chronic  spontaneous  urticaria, more  likely  in moderate  to  severe  forms  of 

infection.   

Keywords: COVID‐19; chronic spontaneous urticaria; SARS‐CoV‐2 infection; mast cells 

 

1. Introduction 

Chronic spontaneous urticaria (CSU) is a disease characterized by the recurrence of 

pruritic wheals,  occurring  on most days  of  the week,  for  longer  than  six weeks,  and 

accompanied by angioedema in more than 50% of the cases. In some patients, angioedema 

is the only clinical feature of the disease [1]. Although CSU is a limited disorder in most 

cases, with an average duration of disease of two to five years, active and/or refractory, 

difficult to treat cases pose a difficult challenge to patients and clinicians alike [1,2]. Active 

chronic spontaneous urticaria is a debilitating disorder, which has a major impact on the 

quality of life of affected individuals and is a substantial global burden [3].   
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The  current CSU  treatment  algorithm  follows  a  stepwise  approach,  starting with 

standard  doses  of  second‐generation  non‐sedative H1  antihistamines  as  the  first  line 

treatment.  Up‐dosing  of  up  to  a  4‐fold  increase  of H1  antihistamines  in  cases  non‐

responsive after 2–4 weeks of  first  line  treatment, or  earlier.  In antihistamine‐resistant 

patients,  treatment  with  Omalizumab  and,  if  this  fails,  Cyclosporine  is  the  current 

guideline‐recommended therapy of choice [1–3]. 

There  are  several  theories  regarding  the  pathogenesis  of CSU, mainly  involving 

autoinflammation and mast cell (MCs) mediator release. MC degranulation  is a central 

event in the development of CSU cutaneous lesions, and histamine levels are elevated in 

biopsy  skin  samples  [3]. MCs  are  strategically  placed  at  sites  that  interface with  our 

external environment such as the skin, lung, and intestines. These locations allow them to 

act as sentinels for tissue damage and pathogen invasion. The association between MCs 

and blood vessels is optimal to enhance the rapid recruitment of effector cells out of the 

bloodstream and into neighboring tissues [4].   

Since the beginning of 2020, severe acute respiratory coronavirus 2 (SARS‐CoV‐2) has 

spread  rapidly  across  the  globe,  causing  the  “coronavirus  disease  2019”  (COVID‐19) 

pandemic,  the worst global public health  crisis. The pathology of  severe COVID‐19  is 

characterized by  elevated  levels of proinflammatory  cytokines, mainly  tumor necrosis 

factor‐alpha  (TNF‐α),  interleukin‐6  (IL‐6),  IL‐1β,  granulocyte‐macrophage  colony‐

stimulating factor (GM‐CSF), and chemokine (C‐C‐motif) ligand 2 (CCL2), many of which 

are produced and released by MCs [4–6]. There is evidence for SARS‐CoV‐2 and MCs’ 

activation.  MCs,  key  effector  cells  in  CSU,  along  with  other  immune  cells  such  as 

basophils, neutrophils, monocytes/macrophages, and natural killer cells are involved in 

cytokine  storms  triggered by SARS‐CoV‐2  severe  infection  [7,8].  In addition, MCs  can 

recognize and respond to viruses through several different receptors, including toll‐like 

receptors,  retinoic  acid–inducible  gene‐I–like  receptors,  FcεRI,  complement,  and  IL‐1 

receptors. Engagement of these receptors results in MCs’ activation and degranulation. 

This process  is  facilitated by  the MCs’  rapid production of proinflammatory  cytokine 

mediators  such  as  TNF  and  IL‐1β  that  activate  endothelium,  leukotrienes  and 

prostaglandins  that  facilitate  vasodilatation,  as  well  as  a  range  of  chemokines  that 

promote  selective  recruitment of  specific  subsets of  effector  cells  [5]. Moreover,  recent 

studies  show  that  human mast  cells  can  be  synergistically  stimulated  by  the  peptide 

substance  P  and  IL‐33  to  release  impressive  amounts  of  vascular  endothelial  growth 

factor, IL‐1β or tumor necrosis factor again without secretion of histamine or tryptase. In 

addition, mast cells express the renin‐angiotensin system, the ectoprotease angiotensin‐

converting enzyme 2 required for SARS‐CoV‐2 binding, and serine proteases, including 

TMPRSS2, required for priming of the corona spike protein [9]. 

Recent  studies  bring  arguments  in  favor  of  CSU  exacerbation  in  the  context  of 

COVID‐19 [10]. Due to the potential impact of the acute respiratory syndrome coronavirus 

2  (SARS‐CoV‐2) on  inflammation  in general and on mast cells,  the key effector cells  in 

chronic spontaneous urticaria (CSU) we analyzed the relevance of SARS‐CoV‐2 infection 

on CSU clinical presentation and biological profile.   

2. Materials and Methods 

2.1. Study Design 

This study is a retrospective case series of patients (n = 218) with CSU diagnosed and 

treated  in  the Allergy Department  of  the  Professor Doctor Octavian  Fodor  Regional 

Institute  of  Gastroenterology  and  Hepatology,  (Cluj‐Napoca,  Romania),  between 

February 2017 and April 2021, since January 2020 this group of patients were evaluated 

for  the presence of COVID‐19 disease and UCS exacerbations. The study protocol was 

approved by the “Octavian Fodor” Institute of Gastroenterology and Hepatology Ethics 

Committee, and all patients signed  the  informed consent before any assessments were 

done. Inclusion criteria were the presence of CSU recent onset or personal history of CSU 
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in the last 5 years. The exclusion criteria were as follows: known food allergies, inadequate 

control  of  chronic  thyroid  diseases  (normal  TSH  level  at  initial  evaluation),  and 

concomitant  chronic  inflammatory  disease:  asthma,  COPD,  systemic  autoimmune 

diseases, chronic infections (e.g., viral B hepatitis, viral C hepatitis which continue to show 

an increased prevalence in Romania) [11]. 

2.2. Patients and Clinical Evaluation 

Diagnosis of CSU was done according to the EAACI/GA2LEN/EDF/WAO guideline. 

Diagnosis was based on history and typically symptoms: wheals and itch associated with 

or  without  angioedema.  Age,  sex,  and  region  (rural/urban)  and  urticaria  related 

symptoms were recorded. Patients were assessed for disease activity, impact, and level of 

control with  the weekly  urticaria  activity  score  (UAS7),  and  the Visual Analog  Scale 

(VAS). Interviews with the patients were made by phone or online and face to face during 

a clinical exam in severe symptomatic patients. 

Urticaria Activity Score  (UAS7) evaluated  the number of wheals and  itching. The 

number of wheals was counted by the patients and analyzed on a scale from 0 to 3 (0 = 

absent, 1 ≤ 20 wheals over 24 h, 2 = 20–50 wheals over 24 h, 3 ≥ 50 wheals over 24 h for), 

for 7 days. Itching was analyzed on a scale from 0 to 3 (0 = absent, 1 = mild, 2 = moderate, 

3 = severe), retrospectively for 24 h, for 7 days. Patients with UAS7 values that were higher 

than 16 were included in the moderate‐severe CSU group. Also, VAS scale was used to 

assess  the QL  (quality of  life), and a VAS value over 7 points  indicated patients with 

moderate/severe  form of CSU. Visits were performed via e‐mail or via  telephone, and 

patients completed  the VAS and UAS7 monthly, at home, and sent  the  results by  text 

message or e‐mail. Some of  the patients  required a  face‐to‐face consultation  following 

COVID‐19 disease, due to CSU severity, to increase the step of CSU treatment.   

2.3. COVID‐19 Disease 

COVID‐19 disease severity was defined by using the scale provided by the World 

Health Organization,  according  to  data  from  previous  presentations  at  the  Infectious 

Disease Hospital  in Cluj‐Napoca. Clinical direct evaluation was performed after  the 14 

days of quarantine required for SARS‐CoV‐2 infection. All the patients were called and 

advised to inform in case they contracted the virus.   

In  all CSU patients who  contracted  the  virus,  the  first  line  of  treatment  for CSU 

consisted of AH1 up to 4‐fold dose and a prolonged course of prednisolone of 2–4 weeks, 

which was sufficient to control the symptoms of CSU, with only one non‐responder, who 

was  introduced  on Omalizumab  300 mg monthly  after  the  4 weeks  of  conventional 

treatment failed to improve/control the disease. This patient responded well to the anti‐

IgE  therapy  and  remission  of CSU was  obtained  4 months  after  the  initiation  of  the 

biological therapy.   

2.4. Biological Evaluation 

Blood  tests  performed  in  all  patients  were:  complete  blood  count,  CRP,  LDH, 

Troponin, TSH. These tests were done in a laboratory with national accreditation. A jeun 

blood  samples were  collected. The  samples were  collected  on days  10  to  15  after  the 

positive SARS‐CoV‐2 rtPCR.   

2.5. Statistical Analysis 

The statistical analysis was performed using Microsoft Excel and SPSS version 21 

(Chicago,  IL, USA). Data were  labeled as nominal,  expressed as  continuous variables. 

Variables with normal distribution were expressed as mean and standard deviation. The 

differences were placed  in groups using  the Wilcoxon  Signed Rank  test  and between 

groups  using  the Mann Whitney  test.  The  Spearman’  coefficient  of  correlation  was 
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calculated to highlight differences between continuous variables. The level of statistical 

significance was set at p < 0.05. 

3. Results 

3.1. Patients’ Demographic Data 

In Table 1 we analyzed demographic data of our patient’s group. Median age was 

48.3 (23–75) years and the sex ratio M:F was 1:3. 68% had moderate‐severe forms of CSU 

and in this group the medium age was significantly higher (p = 0.01). Patients with a UAS7 

score greater than 16 were  included in moderate‐severe forms of CSU. UAS7 and VAS 

were positively associated and statistically significant (R = 0.138, p = 0.01). Also, treatment 

with Omalizumab, Cyclosporine and Prednisone is found only in moderate/severe CSU 

patients. 

Table 1. Demographic characteristics of the patients in our study group. 

Parameter 
Mild CSU 

(n = 69) 

Moderate/Severe CSU (n 

= 149) 
p 

Age *  38.05 ± 6.2  59.89 ± 9.7  0.01 

Sex 
male  34.7% (24)  20.1% (30) 

0.2 
female  65.3% (65)  79.9% (99) 

Living 

area 

urban  78.2% (54)  68.4% (102) 
0.7 

rural  21.8% (15)  31.6% (27) 

CSU onset (months)  124 (3–160)    186 (4.5–268)    0.5 

CSU 

scores 

UAS7  ≤15  ≥16  0.01 

VAS  ≤6  ≥6  0.01 

Treatme

nt 

AH1  10% (7)  2.6% (4)  0.05 

2xAH1  37.6% (26)  5.9% (10)  0.8 

4xAH1  37.6% (26)  36.2% (54)  0.05 

* Omalizumab  0% (0)  16.7% (25)  0.01 

* Cyclosporine  0% (0)  2% (3)  0.01 

* Prednisone  0% (0)  22.1% (33)  0.01 

CSU in 

remissi

on 

No treatment  21.8% (15)  16.7% (25)  0.6 

COVID 

19 

infectio

n 

 

Not present    69.5% (48)  65.7% (98)  0.7 

Present  31.5% (21)  34.3% (51)  0.8 

*Data are expressed as mean ± SD. Significance p < 0.05. 

3.2. The Treatment in Our Group with CSU.   

The CSU treatment options for patients during the SARS‐CoV‐2 pandemic (February 

2020–April 2021) under our care are presented in Figure 1. Most of the patients (68%) had 

moderate‐severe forms of CSU and 65% took AH1 treatment (one dose, two‐fold dose or 

four‐fold dose). The rest of them (35%) received the second‐line treatment. Treatment with 

omalizumab  and  cyclosporine  is  not  supported  by  the  national  healthcare  system  in 

Romania. Due to high costs, some of the patients who suffer from refractory CSU, and are 

thus non‐responsive to AH1, cannot afford to pay for the therapy. These patients received 

a  prednisone  course.  Patients with  uncontrolled  CSU  during  SARS‐CoV‐2  pandemic 

received  treatment  according  to  the  CSU  guideline  (40.3%  Omalizumab,  53% 

Prednisolone, and 4.8% Cyclosporine). Prednisone was the most frequent drug used in 
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managing CSU flares during SARS‐CoV‐2 pandemic. The dose of Omalizumab was 300 

mg/month  followed by a 6 month course of  treatment. Cyclosporine was given with a 

dose of 3 mg/body weight for 2 months, 2 mg/body weight for 1 month, and 1 mg/body 

weight for 3 months [10], while the Prednisone course started with 0.5 mg/kg for 1 week, 

then  the dose was  tapered with 5 mg/day until a dose of 10 mg/day was reached and 

maintained  for  one week,  followed  by  10 mg  every  2  days  for  a month  or more  in 

nonresponsive  patients who  couldn’t  afford/refused  the  omalizumab  or  cyclosporine 

therapy. 

 

Figure 1. treatment in patients with CSU during SARS‐CoV‐2 pandemic, represented as percent. 

3.3. CSU and COVID‐19 Disease 

Only 33% of patients from the CSU group went through COVID‐19, of which 71% 

developed a moderate‐severe form of disease. During SARS‐CoV‐2 infection, the patients 

were in different states of treatment for CSU: no treatment, single dose of AH1, double 

dose of AH1,  four‐fold dose of AH1 and omalizumab, cyclosporine and prednisone as 

add‐on treatment to four‐fold AH1, as described in Table 2.   

Table 2. CSU treatment during COVID‐19 mild or moderate‐severe type of disease, represented as 

percent and number of patients. 

CSU Treatment 

Mild   

COVID‐19 Infection 

(n = 21) 

Moderate/Severe 

COVID‐19 Infection 

(n = 51) 

Single dose AH1  14.2% (3)  1.9% (1) 

Double dose AH1  42.8% (9)  29.4% (15) 

Four‐fold dose AH1  33.3% (7)  39.1% (20) 

Omalizumab  0% (0)  19.6% (10) 

Cyclosporine  0% (0)  0% (0) 

  Prednisone  0% (0)  3.9% (2) 

No treatment  9.7% (2)  9.1% (5) 

During and after COVID‐19 disease,  the course of CSU symptoms modified, such 

that: 44% of infected patients had an  increased severity of the disease, more frequently 

seen in moderate‐severe COVID infection—47%), but CSU did not influence the severity 

of COVID infection, as described in Table 3. Most likely the high degree of inflammation 

in moderate‐severe COVID‐19 disease plays an important role in CSU exacerbation. 

0% 5% 10% 15% 20% 25% 30% 35% 40%

single dose AH1

doble dose AH1

four‐fold dose AH1

omalizumab

cyclosporine

prednisone

no treatment

Treatment of patients with UCS during SARS‐CoV‐2 

pandemic



Healthcare 2021, 9, 1144  6  of  10 
 

 

Table 3. CSU course during COVID‐19 mild or moderate‐severe infection represented as percent 

and number of patients. 

CSU Course 

Mild   

COVID‐19 Infection 

(n = 21) 

Moderate/Severe   

COVID‐19 Infection 

(n = 51) 

Better  4.7% (1)  9.8% (5) 

No change  61.9% (13)  43.1% (22) 

Worse  33.4% (7)  47% (24) 

The  non‐specific  inflammatory markers,  such  as CRP, were  positively  associated 

with the UAS7 score (R2 = 0.363; p = 0.001), and all the markers were significantly increased 

in moderate‐severe COVID‐19 infection group of patients, as described in Table 4, with 

an increased rate of exacerbation of CSU in moderate‐severe COVID‐19 infection.   

In  the  Omalizumab  group, which  received  4‐fold  dose  AH1  daily  and  300 mg 

Omalizumab monthly; the rate of CSU exacerbation was low: 1 case from the 10 infected 

(1:10). 

In the AH1‐only treatment and no treatment groups the rate of CSU exacerbation was 

28 cases from the 62 infected (1:2). 

Table 4. Inflammation markers in CSU patient during COVID‐19 mild or moderate‐severe infection.   

Parameter 
Mild   

COVID‐19 Infection 

Moderate/Severe 

COVID‐19 Infection 
p 

Leucocytes * 103/μL  7.54 (±9.7)  3.89 (±2.9)  0.03 

CRP* (mg/dl)  2.9 (±6.1)  49.8 (±52.5)  0.01 

Troponin* (μg/L)  0.1 (±0.2)  2.3 (±1.8)  0.02 

LDH* (U/l)  438 (±195.6)  657 (±185.8)  0.05 

UAS7  23 (±5.2)  38 (±3.8)  0.03 

VAS  7 (±1.4)  9 (±0.8)  0.02 

*Data are expressed as mean±SD. 

4. Discussion 

The severe acute respiratory syndrome coronavirus 2, known as coronavirus disease 

2019 (COVID‐19), is associated with high morbidity and mortality mostly in adults, owing 

to  systemic  symptoms as well as  to  the  exacerbation of  several  chronic diseases, CSU 

included [4]. 

CSU is a chronic condition that often comes as a fluctuating disease with activity and 

remissions, negatively impacting the QL of patients. Since more than 50% of the patients 

have  insufficient  treatment response to antihistamines, CSU proves  to be a debilitating 

disease and a challenge to affected individuals and clinicians alike [1,2].   

The pathological findings associated with COVID‐19 seem to result from the release 

of numerous proinflammatory molecular mediators. Mast cells, key effector immune cells 

in the secretion of such cytokines and chemokines, are ubiquitous in the body, especially 

the  skin,  and  are  critical  for  CSU  pathology  [12].  Both  COVID‐19  disease  and  CSU 

triggered an important inflammatory process in the whole organism. 

Mast cells are typically activated by allergic triggers, but they can also be triggered 

by pathogen‐associated molecular patterns via activation of  toll‐like receptors. In CSU, 

MCs mediators’ release has various triggers: acute infections, fever, NSAIDs, histamine 

containing food, physical factors, such as pressure, cold, heat, exercise or sun exposure, 

alcohol, premenstrual or ovulatory phase, to name a few. Thus, symptoms associated to 

mast cell degranulation may also appear in some viral infections [1]. Mast cells (MCs) play 

an important role in the immune response because when they recognize viral products, 

they are activated and synthesize many chemokines and cytokines [13]. In addition, some 
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cytokines secreted by other cells such as T cells, damaged epithelial and endothelial cells 

or even by themselves stimulated MC activation as Hermans et al. suggested (2019) [14]. 

The role of MCs in coronavirus‐induced disease have been discussed since the beginning 

of The Toll‐like receptor 3 detection of viral double‐stranded ribonucleic acid (RNA), viral 

sphingosine‐1‐phosphate (S1P) binding to S1P receptors, and retinoic acid‐induced gene 

I (RIG‐I) recognition of uncapped viral RNA) [6], they also express angiotensin converting 

enzyme 2 (ACE2), now known as the principal receptor for SARS‐CoV‐2, thus defining a 

route by which MCs could also become hosts for this virus [9]. 

It is well known that most SARS‐CoV‐2 positive patients are asymptomatic or have 

mild symptoms. However, increasing evidence suggests that many patients who either 

recovered  from  or  had  mild  symptoms  after  COVID‐19  exhibit  diffuse,  multiorgan 

symptoms months  after  the  infection,  known  as  the  adult multisystem  inflammatory 

syndrome [15]. The clinical picture includes symptoms that vary within wide ranges, from 

malaise, myalgias,  chest  tightness,  brain  fog  to  neuropsychiatric  symptoms  that  are 

similar to those of patients with mast cell activation syndrome. [16]   

The present study aimed to analyze the impact of COVID‐19 disease on CSU patients 

in our care. Our study included a number of 218 patients with CSU found in our care, in 

the context of the SARS‐CoV‐2 pandemic. 18% of our CSU patients were in remission of 

the disease, and those were contacted only for COVID‐19 disease evaluation. Majority of 

our patients were on four‐fold AH1 dose (36%) which differs from other studies where 

sedating AH1 were used and in non‐responsive patients Omalizumab was recommended, 

similarly to AWARE‐study [17].   

During the pandemic, the use of AH1 in our patients is high, and most of the patients 

used those drugs, due to drug availability, as well as reduced access to costly biological 

therapy.  However,  there  was  one  patient  in  whom  we  successfully  administered 

Omalizumab in CSU exacerbated by COVID‐19, which rapidly improved the UAS7 and 

VAS  scores. Recent  studies bring arguments  in  favor of  the clinical benefit of anti‐IgE 

therapy  in  individuals with CSU  exacerbated by COVID‐19  [18–20]. Moreover,  in our 

study,  the most severe exacerbations of CSU were particularly seen  in patients  treated 

with AH1 alone and  in  those who had no  treatment need  for CSU prior  to COVID‐19 

disease (in half of patients in this group CSU was exacerbated by COVID‐19 disease). We 

hypothesize  that  this  is  due  to  an  uncontrolled  subclinical  systemic  inflammation  in 

patients treated with AH1 alone, triggered by infection. Although current data prove that 

AH1 exhibits a mild systemic anti‐inflammatory effect [21], this effect  is too  low  in the 

case of viral infections triggering CSU when short courses of systemic corticosteroids are 

frequently  used,  as  in  our  study.  Also,  systemic  corticosteroids  are  used  in 

moderate/severe COVID‐19 disease  [19], so  that could be  the  reason  for some patients 

feeling better (9.8%) and some having an unchanged course of CSU (43.1%). Although, 

analyzing the main treatment of COVID‐19 infected patients was not our objective for this 

study, we may  hypothesize  that  in  COVID‐19  disease  treated with  systemic  or  oral 

corticosteroids may also improve CSU due to the common anti‐inflammatory mechanism, 

effective in both diseases. 

All these data plead for the complex interplay between the SARS‐CoV‐2 and the mast 

cells  of  the  host,  and probably  only  severe disease will  have  an  augmentation  of  the 

systemic inflammation leading to CSU exacerbation; in our study we observed that 70% 

of patients had a moderate to severe form of COVID‐19 disease.   

According  to our  findings,  the pandemic severely  impaired CSU patient care and 

evolution. Only 33% of the patients from the CSU group went through COVID‐19 disease 

of which 71% developed a moderate‐severe form of disease. During and after COVID‐19 

disease,  a  significant  proportion  of  patients  (44%)  experienced  a more  severe  clinical 

profile of CSU. The severity of CSU did not influence the course of COVID‐19 disease as 

other studies showed [10], despite the treatment of CSU. During SARS‐CoV‐2 infection 

the patients were  in different states of  treatment  for CSU: no  treatment, single dose of 

AH1, double dose of AH1,  four‐fold dose of AH1 and omalizumab,  cyclosporine and 
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prednisone as add‐on treatment to four‐fold AH1, as described in Table 2. Since in our 

COVID‐19 disease patients’ group there was none with cyclosporine treatment, which is 

an important immunosuppressor drug, we cannot make any comments on this situation. 

In  the omalizumab group:  this group  received  four‐fold dose AH1 daily  and  300 mg 

omalizumab monthly; the rate of CSU exacerbation was low: 1 case from the 10 infected 

(1:10). In the AH1‐only treatment and no treatment groups the rate of CSU exacerbation 

was 28 cases from the 62 infected (1:2). We may hypothesize that maybe omalizumab has 

a better effect on inflammation and a protective role for exacerbation in CSU [22,23]. In 

our patients with CSU treated with omalizumab, the course of COVID‐19 disease was not 

observed to be more severe, as described in recent study of Passante M. et al. [24]. 

Moreover, we established a positive correlation between the severity of the infection 

and that of the CSU clinical presentation, with most bothersome symptoms of urticaria 

being  experienced  by moderate  to  severe COVID‐19 CSU  patients  (47%), which was 

proved by the UAS7 scores and VAS values. Although VAS is a tool used for assessing 

the QoL in Allergic Rhinitis corelated with RQLQ (Rhinitis Quality of Life Questionnaire), 

it is very simple to evaluate the impact of a chronic diseases [25] and it could also be an 

efficient tool to assess CSU impact on QoL. In our study UAS7 and VAS were positively 

and statistically significant correlated (R = 0.138, p = 0.01). But to validate VAS as a tool in 

CSU a multicenter study with higher number of patients is necessary. 

In addition, inflammatory markers were positively correlated with the UAS7 score 

in moderate to severe SARS‐CoV‐2 infected group of CSU patients, in compliance with 

our hypothesis that the level of inflammation triggered by COVID‐19 disease has a role in 

CSU  exacerbation.  Inversely,  the  severity  of  CSU  did  not  influence  that  of  COVID 

infection.  No  COVID‐19  death  was  reported  in  our  group  of  CSU  patients.  This  is 

consistent with recent studies showing preponderance for CSU exacerbation in the context 

of COVID‐19 disease [10,26] 

Our study shows  that systemic  inflammation evaluated by nonspecific markers  is 

statistically significantly higher in moderate to severe COVID‐19 than  in mild forms of 

disease. The markers we used were CRP, troponin, LDH, which are involved in urticaria 

exacerbation,  as  shown by other  studies  [27]. CRP was positively  associated with  the 

UAS7 score (R2 = 0,363; p = 0,001), so the more inflammation there is, the more impairment 

of CSU symptoms patients experience. In addition, some data plead for the value of CRP 

as a biomarker that correlates with the activity of CSU, which is consistent with our result.   

Limitations  of  our  study  consist  in  the  fact  that  patients  with  mild  COVID‐19 

infection had inflammatory markers evaluated only after 14 days of quarantine, while in 

severe patients  that had multiple blood samples determinations  from which we  took a 

medium value in this analysis. 

The value of the study results from analyzing the impact of COVID‐19 disease in a 

small group of CSU patients from a region not included in European Analysis. It is the 

first study showing the possibility to use VAS as a QoL measurement in CSU. 

5. Conclusions 

Mast cells, key effector  immune cells  in  chronic  spontaneous urticaria, could also 

contribute  to  the  pathogenesis  of  COVID‐19  and  any  post  infectious  inflammatory 

syndromes through the release of proinflammatory mediators. Thus, COVID‐19 disease 

can result in the exacerbation of chronic spontaneous urticaria, more likely in moderate to 

severe  forms of  infection, which may  lead  to high health and  financial costs associated 

with CSU. Given these data, we plead in favor of blocking mast cells and the action of 

their  mediators  both  prophylactically  and  symptomatically  during  the  COVID‐19 

pandemic in susceptible patients, CSU included.   
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Abstract: Background: School nurses play an important role in coping with food allergy (FA) in
schoolchildren, but in schools with no school nurse, the school personnel should be prepared to
manage health emergencies. This study aimed to evaluate allergy management competences in
primary schools in Cyprus. Methods: The study was conducted September 2016 to May 2017 in
11/13 primary schools, selected by stratified random sampling. Information was collected from a
principal/designated teacher using a questionnaire from the EuroPrevall Project, adapted for Cypriot
teachers. Results: An average of six children with FA per school was reported in the preceding three
years. Protocols for the management of chronic diseases, including allergies, were in place in 8/11
schools. Regarding recognition of FA, 8/11 respondents knew some of the signs and symptoms. In
an allergic emergency, 9/11 would call the child’s parent/caregiver first and 2/11 emergency medical
support. Epinephrine auto-injector (EIA) was reported by 2/11 respondents to be available in the
school, but only one reported training in its use. Conclusions: The preparedness of primary schools
in Cyprus did not meet safety standards regarding the preparedness of school personnel to cope with
an allergic reaction in children with FA, including the use of EIA.

Keywords: food allergy; anaphylaxis; school; school nurses; epinephrine

1. Introduction

Food allergy (FA) is a common pediatric emergency and constitutes a significant con-
cern for the personnel of preschool facilities and schools. Its prevalence varies in different
parts of the world, and in Europe it affects about 6% of primary school children [1–3]. Even
when children with FA are trained to avoid the offending foods, accidental FA reactions
may occur, about 18% of these at school [4–6]. Cow’s milk is the most common allergen
causing reactions in preschool children, and peanuts in schoolchildren, but culprit allergens
are related to the eating habits affected by the varied diets consumed in different coun-
tries [6–8]. FA and anaphylaxis related policy in schools, and the legislation concerning
treatment planning, both vary considerably from country to country, and even from school
to school in the same country [9]. Even though strict avoidance of the offending food is
the main form of management for FA, an individualized emergency plan, including use of
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the epinephrine auto-injector (EAI), is necessary for the treatment of food anaphylaxis [10].
Emergency plans are usually put in place after a confirmed diagnosis of FA by allergists
and pediatricians, both of whom can play an important role in collaboration with school
personnel [11]. Proactive parents train their children to eat only home-provided food, and
they communicate the diagnosis and the emergency plans to the children’s school nurses,
teachers and/or principals. By minimizing the risk of anaphylaxis at school, a normal life
can be offered to the child with FA, with no deprivation of any of the school activities [1].

Unfortunately, the current situation regarding the prevention and management of
anaphylaxis by school personnel is not ideal. Even though school nurses can have an
important role in promoting the health and well-being of school-aged children, they are
not employed in the state schools in most countries [12]. The school personnel are usually
not sufficiently trained to recognize allergic reactions and to help children with FA [13].
The willingness of school personnel to cooperate, to be trained and to acquire confidence
in handling children suffering from FA, and to cope with the legislation framework, are
parameters that need to be cultivated. School personnel are important stakeholders, and
they can and should be prepared to manage health emergencies in children [14]. We
conducted the present study as part of the first epidemiological study on FA in Cypriot
primary school children [2,3], with the purpose of evaluating the allergy management
competences in primary schools in Cyprus, and to explore the knowledge and beliefs of
schoolteachers about FA.

2. Materials and Methods

The study was conducted between September 2016 and May 2017 in 11 of the 13 pri-
mary schools invited to participate, with approximately 300 pupils attending each school.
The selection of the schools was based on the diverse geographical location and number
of local schools, in both urban and rural areas of Cyprus. Schools from the four larger
cities (Nicosia, Limassol, Larnaca and Paphos), and from the provincial areas of both
mountain and coastal villages of the island, were included by stratified random sampling,
as previously described [2]. This investigation was conducted in parallel with a survey on
food-hypersensitivity in the pupils attending the schools under question. The age range of
the schoolchildren in the study schools was 5.5–12 years (mean 8.7 ± 1.7 years) [3]. The
school principal of each school, or a schoolteacher designated by the school principal as the
most appropriate person to provide the required information on the school preparedness
for FA was assigned to participate in the study. The semi-structured questionnaire used
in the EU-funded multidisciplinary Integrated Project EuroPrevall, previously translated
and adapted for use in Greek populations, was used [15]. The study was approved by the
Cyprus National Bioethics Committee (EEBK 2017.01.47) and the Department of Education
of the Cyprus Ministry of Education, Culture, Sport and Youth.

The questionnaire (Table 1) is a comprehensive tool, consisting of 42 questions, mainly
focusing on the awareness of the school personnel of FA reactions and the plans for
the management of medical emergencies in the school where the principal or teacher
is employed. Most of the questions are open-ended and they were addressed to the
respondent as the authorized member of the school personnel. The respondents were
assured of the anonymity of the research data, and the protection of personal details was
ensured by the interviewer.
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Table 1. Questionnaire on food allergy for teachers.

Questionnaire on Food Allergy for Teachers

1. What is your position in the school?
2. How many people work at this school?
3. Do you know if any schoolchildren have presented a food allergic reaction during the past three years?
4. If the previous answer is YES, how many children?
5. Do you know in what food allergic reactions have occurred?
6. Is there a school protocol regarding children with anamnesis of chronic medical conditions, like allergies?
7. How are food-allergic children identified?
8. Do you keep records of them?
9. If the previous answer is YES, who is authorized to access in such information?
10. Do you update the records?
11. What type of data do the records include?
12. Are you familiar with the symptoms of food allergy?
13. If the previous answer is YES, can you list them?
14. Are teachers and the rest of the personnel informed and trained to recognize food allergens and symptoms? Has an

educational program been offered to them?
15. What was the nature of the offered educational program and in how many sessions?
16. What is the school protocol for the treatment of a severe anaphylactic reaction?
17. What would your first action be? (A) contact the parents (B) remain to see how it goes (C) contact child’s family doctor (D)

call emergency (E) administrate Anapen (since Anapen is the only available EIA in Cyprus, the brand name was used)?
18. If you choose more than one of the above actions, can you place them in a row from the first to the last?
19. Do you have Anapen available at school for severe food allergy reactions?
20. If the previous answer is YES, where do you store it?
21. What is your estimation on the percentage of teachers and non-teaching personnel that are familiar with

Anapen’s availability?
22. Does the school personnel know how to use Anapen?
23. Is there a specially trained person to administrate Anapen in the case of anaphylaxis?
24. Has the Cyprus Ministry of Education, Culture, Sport and Youth provided Directions on how to treat anaphylaxis or other

food-related clinical features?
25. Do you have any instructions on children to avoid sharing cutlery, glasses, home-prepared meals or snacks they buy from the

school canteen?
26. If YES, what is your estimation on the percentage of school personnel that know these instructions?
27. Are children trained to follow such instructions?
28. Do the parents know about that school instructions?
29. Do you believe that school rules, forbiting to share things/foods, can negatively affect children’s personality and relationship?
30. Is the school personnel informed on food labels and questionable ingredients?
31. If the previous answer is YES, in what percentage?
32. Do children get informed about food labelling as a part of their school education?
33. Do you consider that you focus a lot on that health issue and thus resulting in a group of foods get excluded?
34. Do you know any food allergy awareness organization?
35. What is its name?
36. Does the school get in contact with that organization?
37. If the previous answer is YES, how much useful is?
38. On a scale of 0 to 100, how much do you worry about the incidence with food allergies at school?
39. If it near 100/or lower of 50, why?
40. Do you give more or less sententiousness compared with other health problems?
41. Do you think that this interview will motivate you to reconsider the risk of food allergy reactions?
42. What type of actions would you propose specialists to offer at your school in order to raise awareness on food allergy?

The data were analyzed with descriptive statistics using SPSS 22.

3. Results

The school principal was the designated interviewee in 8/11 schools, and a teacher
was appointed to be interviewed as school representative in 3/11 schools. Each of the
participating schools had an average of 25 teachers in the personnel.

The majority (10/11) of the participating schools (90.9%) had been informed by parents,
in the preceding three years, that one or more pupils had a medical history of FA. An
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average of six children with FA per school was estimated. Specifically, 68 cases of FA
had been reported, but only 10 of these were reported during the last 3 years. The foods
most commonly listed by the parents as causing the allergic reaction were (Figure 1):
cereals including wheat, barley, rye, maize, rice and oats (43.48%), fruits including orange,
strawberry, cherry and peach (26.09%), egg (8.7%), chocolate (4.35%), tree nuts (4.35%) and
vegetables (4.35%). Protocols for the management of chronic diseases, such as allergies,
were reported to be in place in 8/11 schools, and to be lacking in 3/11.
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Figure 1. Food allergic reactions per food allergen, according to the school medical card, as reported
by parents/carers (N = 68).

Regarding the ways used to identify the children with FA, 8/11 respondents replied
that they were informed through the standard mandatory school child’s medical card,
which is completed yearly by the parents/caregivers [16]. The additional use of medical
identifications (IDs), such as medical alert bracelets worn by children, was reported in one
school. A list of the children with FA, updated every year, recording the medical history
and the culprit allergens, was reported to be kept in 2/11 schools. All members of the
school personnel have access to this list.

Regarding recognition of the signs and symptoms of FA, 8/11 respondents stated that
they know some of the signs of FA. They mentioned seven types of signs and symptoms:
wheals (4/11), itching (2/11), airway obstruction (2/11), wheezing (2/11), dyspnoea (1/11),
abdominal pain (2/11) and oedema (1/11), but 3/11 could not recall any symptom. The
personnel had received training relevant to allergies and allergic symptoms, and were
prepared to manage an allergic reaction in a child, in only 2/11 schools (Figure 2).

In these two schools, relevant educational seminars had been provided for the whole
school personnel, twice in the preceding three years, by an allergist and a dietitian.

The respondents agreed that an emergency protocol, determined by the Cyprus
Ministry of Health, for the provision of first aid by teachers, including the management of
severe allergic reactions in the school environment [16] is vital. As a first step in the case
of an allergic emergency, 9/11 respondents would first call the child’s parent/caregiver
and 2/11 would first call for emergency medical support. EIA (Anapen) was reported to
be available in the school by 2/11 respondents, but they doubted whether all the school
staff knew of the availability of Anapen in the school, and only one stated that any of the
personnel was trained to use EIA.
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Figure 2. Different types of signs and symptoms of FA stated by teachers during an allergic reaction.

Directions issued by the Ministry of Health on how to treat FA and anaphylaxis [16],
were reported in 8/11 schools, but such directions were absent from, or were not used
in 3/11 schools. Only 1/11 school enforced rules restricting the sharing of cutlery, glass
and foods, in order to prevent accidental allergic reactions. All the respondents reported
that most members of the personnel ignore such rules and that, therefore, there is a risk of
accidental exposure to food allergens. All the respondents, however, agreed that such a
protocol would not affect the development of the personality and generosity of children
but, on the contrary, it would raise their awareness of on how severe an allergic reaction
can be.

In 3/11 schools, regular personnel training is provided by an allergist and a dietitian
on food labeling, and the pupils also receive this type of training, integrated into their
school program. In these three schools it was also reported that the rules of allergen labeling
are followed strictly in their cafeterias, and that certain foods had been excluded, because
of the absence of appropriate labeling, with the ingredients not clearly indicated according
to the relevant legislation rules (Regulation EU No 1169/2011).

Of the respondents, 4/11 were greatly concerned about the possibility of food-induced
allergic reactions at school, scoring > 70 on a 0–100 scale. The main reasons for their concern
were their unfamiliarity with the symptoms and severity of food anaphylaxis, and their
lack of confidence in managing such a reaction in the school environment. Almost all
stated the need of an educational program for school staff and parents, aimed at raising
awareness about FA reactions and competence in coping with them, and 5/11 considered
the study interview a motivation to learn more about this medical issue. The different skills
and knowledge of teachers regarding FA children is depicted in Figure 3.
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4. Discussion

Management of FA at school constitutes a challenge to the personnel. It includes
the prompt recognition of the signs and symptoms of an allergic reaction, and rapid
application of the appropriate treatment, following a specified emergency plan and using
the prescribed emergency set [17]. In one relevant study performed in six schools in
Houston, 59% of teachers failed to identify an allergic reaction or to follow an emergency
plan [5]. The prompt recognition of signs of anaphylaxis and the implementation of the
prescribed management plans are crucial. Most of the respondents in the participating
Cypriot primary schools reported knowledge of the symptoms of food allergies. In an
Icelandic study on children in preschool, only 55% of preschool facilities with children
with severe allergy reported that all of their staff members knew the symptoms related to
anaphylaxis [18].

The literature supports the high incidence (16–18%) of FA reactions in the school
environment [6,19]. The preparedness of school personnel for intervention, including the
use of EIA, is indispensable in the case of an anaphylactic reaction in a child at school.
Despite the guidelines provided for the provision of first aid, including for anaphylaxis, by
teachers [16], a gap in the awareness of the use of EIA in Cypriot primary schools emerged
from our study, as has been reported in other studies on the awareness of relevant school
procedures on the part of the school personnel and parents [20].

The Cypriot legislative framework states that providing first aid to children with
chronic diseases that may present an acute exacerbation, is a moral duty of teaching
personnel and a principle of school rules. Teachers should be well informed on the health
problems of pupils and instructed on the steps to be followed in relevant health emergencies.
Medication may be administered by a trained teacher on the physician’s instruction or with
the written consent of the parent (Ministry of Health 21.1.07.2). In spite of the legislation,
we noted lack of access to appropriate medical treatment (i.e., EIA) and/or education in
its administration, and absence of standard protocols on how to react in the case of an
emergency. The respondents in our survey reported that in the event of an allergic reaction
they would contact the parents first, rather than the medical emergency services.

These gaps in the implementation of guidelines at school are common. Parents
were described as the primary drivers of FA guidelines implementation in an Australian
study [21]. In a survey in Japan, school staff members reported attending courses about
FA, but on being questioned before and after the course, only 34.5% of school teachers
and principals knew the indications for using adrenaline in children [22]. An Italian
study reported that while the majority of school teachers and principals (65.4%) knew that
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“adrenaline” is the best medication for anaphylaxis, only 34.5% knew the indications for
using it [23].

Teachers need to know that, in a child with FA, a reaction is probable with even
minimal exposure, so that sharing food with a child who has FA [17], or letting a child
who is allergic to egg use egg-containing finger paints, can be extremely dangerous [24].
Labelling of processed food is crucial, since a hidden or misinterpreted ingredient can
trigger an anaphylactic reaction, which, in combination with the deficiency of knowledge
of EIA of the school personnel can be life-threatening [25]. The majority of the respondents
in our study reported lack of a school policy on avoiding the sharing of cutlery, glasses and
foods, but also lack of training on food labelling.

Educational seminars for school personnel on FA, including first aid courses, part
of which is the treatment of allergic emergencies, are of utmost importance [15]. Such
intervention increases the competence and the confidence of the personnel and can lead
to the timely treatment of allergic reactions in schoolchildren with FA, including the
appropriate use of EIA.

The authors acknowledge the low number of participating schools, but the selection
was random and stratified according to the different areas of the island. Despite this
limitation, our results highlight, for the first time in Cyprus, the lack of compliance with
legislation, and the inconsistencies among the different schools, the absence of standard
protocols in schools for management of anaphylactic episodes, and inadequacy of appro-
priate training of the personnel, particularly in EIA use, but also regarding preventive
measures for FA, such as sharing food and food labelling.

5. Conclusions

According to this study, the preparedness of primary school personnel in Cyprus
did not meet safety standards regarding food-induced allergic reactions in schoolchildren
with FA. The most frequently reported food allergens in schoolchildren were cereals, fruits,
egg, chocolate and nuts, and most commonly recognized symptoms were wheals, itching,
airway obstruction and wheezing. A gap in the knowledge about and the use of EIA
in schools was revealed. There is a need for a written medical protocol to improve the
management of allergic reactions by the school personnel, and training of primary school
personnel in the recognition and management of FA reactions is recommended.
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Abstract: Soluble intercellular adhesion molecule-1 (ICAM-1) and soluble vascular adhesion molecule-
1 (VCAM-1) play important roles in allergic rhinitis (AR). Treatment with H1 antihistamines improves
AR symptoms and in vitro reduces the levels of adhesion molecules. The aim of the study was to
evaluate serum levels of ICAM-1 and VCAM-1 in patients with AR to grass pollen and their response
to different H1 antihistamines. Material and methods: A total of 50 patients with grass pollen AR
were clinically and biologically evaluated. ICAM-1 and VCAM-1 serum levels were evaluated during
pollen season before and after treatment with levocetirizine and desloratadine through the ELISA
method. Results: ICAM-1, VCAM-1, eosinophils, and total IgE were elevated in patients with AR,
compared with healthy subjects. Both antihistamines improved specific symptoms of AR and in-
creased patients’ quality of life during pollen season after one month of treatment. H1 antihistamines
reduced VCAM-1, ICAM-1, and total IgE after one-month treatment but not significantly. Patients
with increased baseline values tend to remain with increased values after one-month AH1 treatment.
Conclusions: ICAM-1 and sVCAM-1 levels are higher in patients with grass pollen-induced AR than
healthy controls during pollen exposure. Their serum levels tend to remain at high values during
pollen season despite antihistaminic therapy.

Keywords: soluble adhesion molecules; pollen allergy; eosinophils; antihistamines

1. Introduction

Allergic rhinitis is a common disease affecting 20–30% of the general population in
industrialized countries. In central Europe, grass pollen is one of the major allergens during
late spring and summer, responsible for symptoms of allergic rhinitis accompanied or
not by allergic conjunctivitis and/or asthma [1–3]. Allergic rhinitis is characterized by an
IgE-mediated immune response due to exposure to pollen and several cells and mediators
could be identified. After allergen exposure, an early phase of allergic inflammation might
occur, releasing immediately specific mediators from mast cells, including histamine. These
mediators generate a specific inflammatory response, activating cellular adhesion molecules
(CAMs) that are involved in eosinophil’s migration in the nasal mucosa [4–7]. Vascular cell
adhesion molecule 1 (VCAM-1) and intercellular cell adhesion molecule 1 (ICAM-1), which
belong to the immunoglobulin superfamily, are expressed on endothelial cells. Adhesion
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molecules are an important part of the inflammatory network in allergic diseases, involved
in persistent inflammation in the upper and lower airways [1–8]. IgE and eosinophils
increase during pollen season, because of continuous allergen exposure [9–11].

H1 antihistamines (AH1) are the most frequent pharmacological agents used in both
intermittent and persistent forms of allergic rhinitis, although more than 50% of the patients
did not respond to monotherapy with AH1 [1]. Their anti-allergic effect is related to the
blockade of H1 receptors. Research from the last two decades found that the second-
generation H1 antihistamines have also an anti-inflammatory effect, decreasing the number
of inflammatory cells accumulated in the nasal mucosa and the expression of CAMs [12–19].

The aim of the study was to evaluate the effect of H1 antihistamines during natural
exposure to grass pollen and their effects on clinical symptoms, biologic markers, and
CAMs. The secondary objective was to identify if there are any differences between 2
commonly used AH1, levocetirizine, and desloratadine.

2. Materials and Methods
2.1. Study Design

In total, 50 patients with grass pollen allergic rhinitis (median age 27.3 (23–37) years
and sex ratio M:F = 1:1) that were evaluated in the Allergology Department, were included
in the present study. In addition, 30 healthy volunteers were also included in the control
group. The first evaluation was carried out in the middle of grass pollen season in Romania,
from 15 May to 15 June (2012–2015). The study protocol was approved by the University
of Medicine and Pharmacy “Iuliu Haţieganu” Ethics Committee (Approval No. 535/2
September 2011), and all patients signed the informed consent before enrollment. The
study protocol and clinical evaluation were performed according to the initial RCT [19], but
only allergic patients to grass pollen were included in the present analysis. The intranasal
eosinophils were used as a local marker of inflammation. The exclusion criteria were
nasal polyps, acute and chronic upper respiratory infections, other systemic inflammations,
autoimmune diseases, cardiovascular diseases, administration of intranasal, inhaled, or sys-
temic corticosteroids or H1 antihistamines within the previous 30 days, and administration
of immunosuppressive agents.

2.2. Patients’ Clinical Evaluation

Diagnosis of AR was conducted according to the ARIA guideline [1], based on history,
typically symptoms at pollen exposure, and skin prick test (SPT). From clinical history, the
following demographic data were recorded: age, gender, and living area (rural/urban),
symptoms (presence and severity). The severity of AR was assessed using the total symp-
toms score (TSS) and visual analog scale (VAS). Total symptoms score included rhinorrhea,
nasal congestion, sneezing, nasal, and ocular itching, the severity of which symptom was
assessed on a scale from 0 (absent) to 3 (severe), retrospectively, for 12 h before presentation.
TSS was calculated by adding the score for each symptom. It was considered mild rhinitis
if TSS was below 6, while a TSS ≥ 6 represents a moderate-to-severe form of the disease.
VAS scale was also evaluated in order to assess the quality of life (QL), VAS value over
6 points meaning patients with a moderate-to-severe form of AR.

After the baseline evaluation, patients were randomly divided into two groups using
adaptive biased-coin randomization. In total, 26 patients formed the first groups, and they
were treated with levocetirizine 5 mg/day, while the second group of 24 patients received
desloratadine 5 mg/day. The treatment was recommended for 4 weeks, until the end of the
pollen season in Romania. The second clinical and biological evaluation was performed at
the end of the four weeks of treatment.

The presence of asthma symptoms was assessed after 1.5 years, as previously de-
scribed [19].
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2.3. Skin Prick Tests (SPTs)

Diagnosis of allergy was established through skin prick test, according to international
guidelines [20]. The allergen panel included international recommendations and particular-
ities of exposure to allergens in Romania: Dermatophagoides pteronyssinus, Dermatophagoides
farinae, grass pollens mix (Agrostis stolonifera, Anthoxanthum odoratum, Dactylis glomerata,
Lolium perenne, Arrhenatherum elatius, Festuca rubra, Poapratensis, Secale cereale, Holcus lanatus,
Phleum pretense), cereals pollen, birch pollen, hazel pollen, Artemisia vulgaris, and Ambrosia
elatior, cat and dog dander, and Alternaria Alternata. Standardized allergen extracts (Hal
Allergy, The Netherlands) were used. SPTs were performed at the beginning of the study.

2.4. Biological Evaluation

All the biological parameters were determined before and after 1 month of treatment
with H1 antihistamines. The plasmatic level of total IgE was analyzed using the electro-
chemiluminescence immunoassay method (ECLIA). The obtained values were expressed
as UI/mL. A value below <100 UI/mL was considered normal. The intranasal and plas-
matic eosinophils (Eos) were manually counted from a slide using May–Grunwald Giemsa
staining, and their value was expressed as %. We considered a normal value less than 10%
in nasal secretion and less than 4% in the blood.

The serum levels of ICAM-1 and VCAM-1 were determined by the ELISA technique
(Quantikinine R&D system, USA). Five ml of blood sample was collected in a tube without
anticoagulant and centrifuged within the first hour, followed by serum separation. All the
determinations were carried out according to the manufacturers’ instructions.

All blood samples were taken on fasting between 8 a.m. and 11 a.m.

2.5. Statistical Analysis

The statistical analysis was performed using SPSS version 21 (Chicago, IL, USA). Data
were labeled as nominal, expressed as a percentage, and used continuous variables. The
normal distribution for continuous variables was achieved using Kolmogorov–Smirnov
test. The influence of different parameters on the evolution of CAM after 1 month was
investigated using the ANOVA test for repeating measurements. The Spearman coefficient
of correlation was calculated to highlight differences between continuous variables. The
level of statistical significance was set at p < 0.05.

3. Results

Patients’ demographic data are presented in Table 1. There were no statistically
significant differences between the two treatment groups.

Table 1. Demographic data.

Parameter Desloratadine
(n = 24)

Levocetirizine
(n = 26) p

Age * 28.05 ± 6.32 29.89 ± 12.17 0.031

Sex ˆ
male 50% (12) 46.1% (12)

0.263female 50% (12) 63.9% (14)

Living area ˆ urban 87.5% (21) 88.5% (23)
0.770rural 12.5% (3) 11.5% (3)

Onset of AR (months) ◦ 24 (6–60) 36 (7.5–68) 0.532
Sensitization ˆ to

grass pollen
monosensitization 29.2% (7) 23.1% (6)

0.258polysensitization 70.8% (17) 76.9% (20)

Severity ˆ mild 25% (6) 23.1% (6)
0.465moderate-to-severe 75% (18) 76.9% (20)

Personal history of allergy 46% (11) 73% (19) 0.5
Familial history of allergy 29.2% (7) 42.3% (11) 0.774

* Data were expressed as mean and standard deviation. ˆ Data were expressed as percentage. ◦ Data were
expressed as median and percentiles. Significance p < 0.05.
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In patients with AR to grass pollen plasmatic levels of ICAM-1 and VCAM-1 were
significantly increased compared with the control group during pollen season (p < 0.001,
respectively p < 0.001). Additionally, total IgE, blood, and intranasal eosinophils were
increased at baseline towards healthy volunteers (Table 2).

Table 2. Nasal and blood eosinophils, plasmatic values of total IgE and adhesion molecules in healthy
volunteers and patients with AR.

Parameter Healthy Volunteers (n = 30) Patients with AR (n = 50)
Baseline p

Total IgE (UI/l) <100 255.8 (56.3–599) <0.001
Nasal Eo (%) <10 24 (10–46) <0.001
Blood Eo (%) <4 8 (2–15) 0.003

ICAM-1 (ng/mL) 111.21 (100–206.3) 235.11 (209.1–276.6) <0.001
VCAM-1 (ng/mL) 557 (249–891) 996.19 (832.8–1098.2) <0.001

Significance p < 0.05.

Genetic predisposition for allergic diseases and asthma was evaluated using the
accurate family history of the patients. Overall, 19 patients reported a positive familial
history of allergy (asthma, allergic rhinitis, or atopic dermatitis). Patients with a family
history of asthma had higher values of inflammatory markers, such as blood eosinophils
(median value: 5.5% vs. 9%) than patients with no asthma history, but the group of patients
was too small to calculate a statistical significance.

Both investigated H1 antihistamines significantly improved all symptoms of AR and
increased patients’ quality of life during pollen season after one month of treatment. TSS
significantly decreased after treatment (median 8.5 (5–12) vs. median 4.2 (0–6), p = 0.01),
with no differences between levocetirizine and desloratadine (p = 0.571) (Table 3). A similar
reduction was noticed for VAS. The one-month evaluation revealed a reduction in total
IgE level (p = 0.08), but this was not statistically significant. The reduction in total IgE was
not influenced by the type of treatment, patients’ age, sex, living area, or duration of AR
(p > 0.05).

Table 3. Nasal and blood eosinophils, plasmatic values of total IgE and adhesion molecules initially
and after 1 month of AH1 treatment in patients with AR.

Parameter Patients with AR Baseline
(n = 50)

Patients with AR after 1
Month-AH1 Treatment (n = 50) p

Total IgE (UI/l) 255.8 (56.3–599) 198.7 (49.5–482) 0.08
Nasal Eo (%) 24 (10–46) 18 (10–29) 0.03
Blood Eo (%) 8 (2–15) 5.5 (1–7) 0.03

ICAM-1 (ng/mL) 235.11 (209.1–276.6) 195.42 (124.45–239.89) 0.06
VCAM-1 (ng/mL) 996.19 (832.8–1098.2) 783.19 (689.7–1005.3) 0.09

TSS (score) 8.5 (5–12) 4.2 (0–6) 0.001
VAS (cm) 8.9 (5–10) 3.8 (0–7) 0.001

Significance p < 0.05.

The same pattern was also observed after a four-week treatment with H1 antihis-
tamines for plasmatic levels of ICAM-1 (p = 0.06) and VCAM-1 (p = 0.09), compared with
basal values, without reaching the level of statistical significance. The reduction in ICAM-1
and VCAM-1 was observed in 42% and 40%, respectively, while in 14 patients (28%), their
levels increased despite the treatment.

There was no difference between levocetirizine and desloratadine in the reduction
in CAM plasmatic levels. We observed a significant reduction in VCAM-1 and ICAM-
1 levels in patients with moderate-to-severe forms, compared with patients with mild
rhinitis (p = 0.03, p = 0.01, respectively). The reduction in CAM levels was not influenced
by patients’ age, sex, and type of sensitization. Patients with increased values at baseline
tend to remain with increased values after 1-month AH1 treatment (p = 0.01).
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Intranasal and blood Eo, were significantly reduced after 1-month treatment with AH1
(p = 0.03). The reduction in Eo was not influenced by the type of treatment, patients’ age,
sex, environment, or duration of AR (p > 0.05).

After 1.5 years, 10 patients (20%) had asthma symptoms. The evolution of ICAM-1 and
VCAM-1 was also retrospectively assessed in these patients. Nine patients had an increased
or stationary evolution of ICAM-1 and VCAM-1 during treatment with H1 antihistamines.

4. Discussion

The present study showed a mild anti-inflammatory role of second-generation H1
antihistamines as monotherapy for four weeks of treatment, demonstrated by a reduction
in intranasal eosinophils but not on the CAM plasmatic levels in patients with AR to grass
pollen during the pollen season. Both desloratadine and levocetirizine improved nasal
symptoms and patients’ quality of life if they were administered during pollen season
in patients with AR. Both TTS and VAS significantly decreased after treatment, with no
differences between the investigated drugs.

AR to grass pollen is characterized by the presence of inflammation in the nasal mu-
cosa during the pollen season under allergen exposure. Allergen exposure induces mast
cells degranulation and the release of mediators such as histamine, which are responsi-
ble for producing the characteristic symptoms of AR (sneezing, nasal and ocular itching,
rhinorrhea, and nasal obstruction) [21,22]. In addition to histamine, other mediators are
released from mast cells, such as interleukins 4 and 5 (IL-4, IL-5), leukotriene D4, and E4
(LTD4 and LTE4) [23,24]. Those mediators stimulate infiltration of the nasal mucosa with
inflammatory cells, mainly eosinophils, which migrate via CAM in the nasal mucosa [25].
The pattern of chronic allergic inflammatory response is represented by eosinophils in-
filtration in nasal mucosa [17,26]. Commonly, patients with grass pollen allergy have
also other types of sensitization (other types of pollens, house dust mites, molds, animal
dander), which may induce also an IgE triggered inflammation outside of grass pollen
season, maintaining a minimal specific inflammation in the airway. These cells continue to
produce other inflammatory mediators, such as cytokines, chemokines leading to persistent
symptoms and tissue damages with structural changes [27–29]. Thus, rhinitis persistence
and aggravation become more dependent on mediators, which promote infiltration of cells,
such as eosinophils and TH2 lymphocytes [21]. AR to grass pollen is a risk factor for asthma
development and may appear before or after asthma onset, or during thunderstorm-related
asthma [1,2,30–32]. In the present study, 20% of the patients developed asthma symptoms
within the next 1.5 year follow-up.

Adhesion molecules such as ICAM-1 and VCAM-1 are surface molecules with
immunoglobulin-like structure, involved in intercellular adhesion through interaction
with the B2 integrin LFA-1. Their importance resides due to cell-to-cell interaction and
eosinophil migration in the nasal mucosa in pollen allergic patients [33,34]. In our study,
we evaluated the soluble CAM in patients with AR to grass pollen. In grass pollen allergic
patients, the inflammation assessed by CAM is higher than in healthy individuals. After the
4-week treatment, H1 antihistamines decreased the plasmatic levels of ICAM-1 compared
to basal values, but the reduction was not significant. Similar results were noticed in
patients with perennial allergen exposure to house dust mites [35]. The reduction was not
significant probably because traces of pollen remained in the atmosphere even if the 4-week
evaluation was performed at the end of the pollen season. Grass pollen is the most common
pollen encountered in the temperate area where the center is located. The most abundant
allergenic grass pollen in many temperate regions originates from tall grasses, such as
Phleum pratense, Dactylis glomerata, and Arrhenatherum elatius [36,37]. It is well known
the allergenic cross-reactivity between the members of the Pooideae subfamily grasses
of temperate regions (Lolium perenne, Phleum pratense, Poa pratensis). A study published
by a research group from the same country reported an increased level of grass pollen in
the air in May, June, and mid of July in some years [38], while the peak of the season for
ragweed and mugwort pollens is noticed in late summer and autumn in Romania [39]. The
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patients were evaluated in the middle of grass pollen in Romania, and according to the
previous measurement of pollen level in the air, the symptoms corresponding to allergic
inflammation were generated by exposure to grass pollen, not to other pollen allergens that
are not encountered in the air in the same period of time.

The reduction in CAMs followed the same pattern as in perennial exposure to house
dust mites, as Lee et al previously described [35]. Indeed, the treatment that modified
pathological mechanism of disease, including the levels of ICAM-1 and VCAM-1 during
pollen season is allergen immunotherapy, not H1 antihistamines, which are more symp-
tomatic and pathogenic therapy than an etiologic one [25]. However, long-term treatment
with AH1 might contribute to reducing nasal inflammation through inhibition of cytokines
and adhesion molecules production and functions. Treatment with H1 antihistamines
for one month in this study during the two-month grass pollen season in Romania may
not be sufficient in duration to see a statistically significant change in plasma ICAM and
VCAM levels. Patients with increased basal values during pollen season tend to remain
with increased values despite AH1 treatment, as long as the allergen exposure persists.

There was no difference between investigated compounds, levocetirizine, and deslo-
ratadine in the reduction in CAM plasmatic levels. In the present study, CAMs’ reduction
was more significant in patients with moderate-to-severe AR, compared with patients with
mild rhinitis. Other studies that investigated the role of AH1 in other forms of AR in-
duced by mite allergy, showed a decrease in mediators released by systemic and intranasal
eosinophils after levocetirizine treatment, but CAM levels were not evaluated [34].

Although CAMs are involved in cells migration, including eosinophils to the site of
inflammation, the values of intranasal Eo did not correlate with the serum levels of ICAM-1
and VCAM-1 in the present study. Similar to previous studies [40,41], we found that
treatment with H1 antihistamines significantly decreased intranasal eosinophils. Due to
difficulty obtaining intranasal CAMs, our study focused on plasmatic CAMs as a proxy [27].
Further studies are needed to investigate levels of CAMs in the nasal mucosa and correlate
these levels with local infiltration of Eo.

IgE is the primary molecule in the pathogenesis of allergic diseases. Its synthesis and
its level are increased after sensitization and it binds to high-affinity Fcε1 specific receptors
expressed on mast cells. Part of it remains free in the serum and can be determined.
Total serum IgE is increased in a variety of diseases, and in allergic subjects may remain
also normal. In different clinical studies, IgE levels did not correlate with inflammatory
markers such as ICAM-1 or TNF-α values, which are higher in asthmatics but not in
those with AR [29]. Usually, IgE also increased during pollen season, and decreases
after the season, if the patient is not sensitized to perennial allergens. The bound IgE is
responsible for recurrent symptoms and inflammation during the pollen season. In the
present study, patients with clinical manifestations induced by grass pollen were included,
even if some of them were sensitized to several allergens. The inflammatory response in
pollen allergy may differ toward house dust mite allergic patients, due to different aspects
of the allergens (perennial, dimensions, enzymatic properties) [42–45], but this hypothesis
needs further investigation. Another reason for the low reduction in total IgE could be
related to polysensitization of the patients, even if they did not report clinical manifestation
during the grass pollen season.

The main strength of the present study resides in investigating both clinical and patho-
physiological effects of two antihistamines in patients with AR, during natural exposure to
an elicited allergen. There are also some limitations of this study. Firstly, a small number
of patients were included in the study. Secondly, the count of pollens was not performed
in the investigated area, and the level of inflammatory markers could not be correlated
with the level of exposure. The third limitation resided in the lack of CAM analysis in the
nasal secretion, a determination that could not be accomplished due to technical reasons. It
might be interesting to correlate the effect of H1 antihistamines on both nasal and blood
CAM and eosinophils.
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5. Conclusions

Patients with AR to grass pollen, during the pollen season, have high intranasal
eosinophils levels and high serum levels of ICAM-1 and VCAM-1. H1 antihistamines
improve symptoms of AR and reduce intranasal eosinophils. Baseline values of CAMs tend
to remain higher during pollen exposure and they were not changed significantly despite
AH1 treatment.
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Abstract: Aim: The present study analyzed clinical and biological factors that might predict achieve-
ment of tolerance in patients with IgE-mediated cow milk allergy (CMA). Method: Seventy patients
with IgE-mediated CMA (44.24 ± 24.16 months) were included in the study. The patients were
evaluated clinically through skin prick test and sIgE to whole milk, casein, beta-lactoglobulin and
alpha-lactalbumin. An eviction diet of 6 months was established, followed by oral food challenge test
(OFC) and oral immunotherapy (OIT) with baked milk for 6 months. The tolerance was assessed
after 2 years follow up. Results: Thirty percent of patients presented anaphylaxis of different degrees
of severity as first manifestation of CMA. Sixty-two patients followed OIT or an accelerated reintro-
duction of milk. Ten patients (14.28%) did not obtain tolerance to milk within 2 years. A larger wheal
in SPT and higher sIgE to milk, casein and betalactoglobulin were noted in patients with positive
OFC. A basal level of <2.5 kU/l for sIgE to milk and <11.73 kU/l for sIgE to caseins predicted the
occurrence of tolerance in patients with all types of clinical manifestations, including anaphylaxis.
Conclusion: Basal levels of sIgE to milk and casein may help to identify patients that could become
tolerant to milk.

Keywords: casein; cow milk allergy; oral immunotherapy; oral tolerance

1. Introduction

Cow milk allergy (CMA) is the most common food allergy in children, with an es-
timated prevalence of 0.5% to 3% in the pediatric population below 1 year old [1]. Self-
reported incidence of CMA is much higher than confirmed allergy in both children and
adults [2]. The incidence of self-reported allergy varies between 1.2% to 17%, while the rate
of prevalence for milk allergy confirmed by an oral food challenge test is lower, between
0% and 3% [3]. The sensitization to milk is less than 1% in the general population, varying
throughout Europe, [4,5]. When the confirmation of the allergy is obtained through skin
prick test and specific IgE, the prevalence of CMA is between 2–9% [4–6].

The term cow milk allergy refers to an immune-mediated reaction induced by exposure
to cow milk and includes three categories of diseases: IgE-mediated, non-IgE-mediated and
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combined (produced by IgE and non-IgE mechanisms). An IgE-mediated cow milk allergy
is a type I hypersensitivity reaction, and the clinical manifestations occur within minutes to
2 h after milk ingestions. This form represents almost 60% of CMA cases, but this estimation
could vary according to patient age and geographical area [1,7].

The clinical manifestations are variable from acute urticaria or exacerbation of atopic
dermatitis to the most severe presentation, which is anaphylaxis [1]. CMA is responsible
for 10–19% of all food-induced anaphylactic cases, being the third cause of anaphylactic
reactions induced by foods, after peanuts and tree nuts [8]. A positive diagnosis algorithm
starts with a careful clinical evaluation, followed by skin prick test and laboratory find-
ings [8]. Skin prick test with fresh milk or standardized extract represents a fast method
to detect sensitization but not the allergy [9]. Measurement of specific IgE to cow milk
through ELISA, RAST or CAP-FEIA technique is a diagnostic approach with high sensitiv-
ity, but sometimes, it may deliver false positive results; thus, they should be analyzed in
the clinical history context. A basophil activation test is another useful diagnostic tool for
CMA in combination with sIgE, especially in children with atopic dermatitis [10], but it is
not frequently used in clinical practice. There are still no equal test assay systems for serum
sIgE, which makes for a difficult comparison between studies and techniques. Several
studies have tried to describe the predictive values of IgE levels for clinical reactivity [8],
but the differences are quite significant mainly due to various selection criteria, age of the
patient or different criteria for analyzing the clinical reactivity [9,11,12].

The first measure in the management of CMA is allergen avoidance. A diet without
milk and dairy products is recommended until clinical tolerance is induced [2,6,13]. The oral
tolerance to cow milk is reached in almost half of the patients by an age of 5 years, increasing
the rate up to 75% until teenage years [6,14], but some patients remain with persistent
CMA [13,15]. However, the experience of the last 20 years has shown that the natural
history of food allergy is changing and that less individuals become tolerant and that a
longer time to resolution is needed [13].

Oral immunotherapy (OIT) has shown some promising results in improving patients’
quality of life in CMA. It is a therapeutic method that can also be used in young children.
Adverse reactions including anaphylaxis may occur during OIT, especially during the
escalation phase. The rate of desensitization is variable, with 20–30% of patients remaining
with persistent CMA despite OIT [6]. The tolerance to cow milk induced by OIT or
achieved naturally may vary from country to country, and it is influenced by the genetic
inheritance and the microbiota from the gut [16]. OIT may permit achievement of a
rapid tolerance to milk, which allows the children to have normal activities without any
restrictions. Standardized protocols of OIT with validated optimal dose and ideal duration,
data regarding degree of protection, safety, and efficacy in different ages and populations
need to be established [17–19]. There is also an urgent need to establish standardized
outcome measures to be applied in food allergy studies, for both prediction of tolerance
and for monitoring of OIT [20]. This may allow for a better harmonization of data resulting
from different clinical trials.

The aim of the present study was to identify possible clinical and biological predictive
factors for achievement of tolerance after OIT in a cohort of patients with IgE-mediated
CMA. The second objective was to establish the effectiveness of a modified protocol for
oral immunotherapy to milk in obtaining oral tolerance.

2. Materials and Methods
2.1. Patients and Study Design

The study was an analytic, transversal study. The present research analyzed clinical
and biological factors that might predict the occurrence of tolerance in patients with cow
milk protein allergy.

Seventy-six patients with milk-induced reactions presented for allergological evalua-
tion. The patients were evaluated at the Allergology Department of Regional Institute of
Gastroenterology and Hepatology “Prof. Dr. Octavian Fodor” in Cluj Napoca and at the
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Almedo Clinic in Cluj Napoca between January 2013–November 2021. Only patients with
an unequivocal positive immediate allergic reaction after contact with cow milk as well as
documented evidence of sIgE to cow milk protein by blood tests and/or a skin prick test
were included. The exclusion criteria were: non-IgE-mediated hypersensitivity reactions
induced by cow milk, patients without a definitive positive diagnosis of CMA, patients that
refused to sign the informed consent, and patients for which follow up was not performed.
Based on these criteria, six patients were excluded from the final analysis.

Seventy patients with IgE-mediated CMA that had presented for allergological eval-
uation were included in the study. The mean age was 44.24 ± 24.16 months when the
patients were included in the evaluation, and the sex ratio was M:F = 1.41. Diagnosis of
IgE-mediated CMA was established according to international guidelines, based on history,
clinical evaluation, skin prick test (SPT) and sIgE to milk and components.

The study protocol was approved by the University Ethics Committee of the University
of Medicine and Pharmacy (293/28 July 2013), according to the principles from Declaration
of Helsinki. Each patient signed the informed consent before the study began.

2.2. Allergological Evaluation

Clinical evaluation was performed at the beginning, when the patients were included
in the study (see Figure 1). From anamnesis, the following demographic and clinical data
were recorded: age, gender, living area (urban/rural) and clinical picture of the first allergic
reaction, onset of disease, duration until first allergological diagnosis, family history of
atopy, and other allergic diseases associated.

Skin prick of milk protein mix was performed. Skin prick tests were positive if the
wheal diameter was ≥3 mm compared to the negative control. Standardized allergen
extracts (Hal Allergy, Netherlands) were used. The value in mm was recorded as a medium
diameter wheal size.

Serological tests implied determination of total Ig, specific IgE for cow milk (whole
extract) and casein, beta-lactoglobulin and alpha-lactalbumin. Laboratory test results were
obtained through electrochemiluminescence immunoassay method (ECLIA).

The atopy diagnosis was established through skin prick test at enrollment, according to
international guidelines [21]. The skin prick test included the following panel of allergens:
house dust mites (Derm. Pteronyssinus and Derm. Farinae), pollens (grasses, cereals,
birch and weeds), animal dander (cat and dog) and molds (Alternaria alternata). After the
positive diagnosis was established, a diet without milk or dairy products was recommended
for 6 months. After 6 months, the remission of symptoms or an accidental exposure to milk
were assessed. An oral challenge test with milk 3.5%, baked for 30 min was performed in 62
of patients. The positivity of OFC was established if the patient had a clinical manifestation
and if the quantity of milk that induced the reactivity was noted. Simple-blind OFC was
not performed in patients if the parents refused to sign the informed consent. The simple
blind OFC protocol included 4 steps:

1. 2 mL rice milk (commercially available) as placebo;
2. 0.25 mL baked cow milk plus 1.75 mL of rice milk;
3. 0.5 mL baked cow milk plus 1.5 mL of rice milk;
4. 1 mL baked cow milk plus 1 mL of rice milk.

All the doses were given at 30 min time intervals. The OFC was considered positive
if the patient presented clinical manifestations in the aforementioned 4 steps. The OFC
was considered negative if the patients tolerated 1 mL milk. If the patients tolerated 1 mL
milk during OFC, they continued with an accelerated reintroduction of baked milk (see
Figure 1 and Table 1) to reach, in 48 h, the maintenance dose of milk that was used in the
protocol of oral immunotherapy. The rapid reintroduction of baked milk was performed in
the allergological department under medical supervision until the maintenance dose of
200 mL was reached.
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Table 1. Protocol of rapid reintroduction of milk and oral immunotherapy to milk.

Phases
Rapid Reintroduction of Baked Milk Oral Immunotherapy

Interval of Time
between Dose

Escalation
Amount of Baked Milk

Interval of Time
between Dose

Escalation
Amount of Baked Milk

Build up phase

30 min 1 mL 30 min 0.05 mL

30 min 2 mL 30 min 0.1 mL

30 min 4 mL 30 min 0.2 mL

30 min 8 mL 30 min 0.4 mL

30 min 16 mL 30 min 1 mL

24 h 25 mL 30 min 2 mL

48 h 50 mL 24 h 4 mL

48 h 8 mL

36 h 16 mL

1 week 25 mL

2 weeks 50 mL

Maintenance
dose 1 week 100 mL 1 month 100 mL

1 week 200 mL 3 months 200 mL

2.3. Oral Immunotherapies

A group of patients (18 patients) underwent open oral immunotherapy (see Figure 1).
The procedure consisted of the administration of progressively increasing amounts of baked
milk 3.5% to induce tolerance and to reduce the allergic symptoms until disappearance.
Small amounts of baked milk were administered sublingually initially, with an increasing
amount administered orally according to tolerance (build up phase period), to a dose that
was given daily (maintenance period) continuously. The initiation of immunotherapy was
performed in a specialized allergology unit with existing facilities for emergency assistance
if the patients developed adverse reactions. The protocol started with 0.05 mL baked milk,
and the maintenance dose of 50 mL was supposed to be reached in 3 weeks. In some
patients, the induction phase lasted more than 6 months until the maintenance dose was
reached. When the patients were in the maintenance phase, they were allowed to introduce
milk substitutes such as yoghurt, cream or ice cream. The protocol of updosing is presented
in Table 1. The acquisition of tolerance was established after 2 years follow up.

2.4. Statistical Analysis

Statistical analysis was carried out using the MedCalc Statistical Software version
18.10 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; (accessed on
20 November 2021). Quantitative data were evaluated for normality of distribution using
the Kolmogorov–Smirnov test. They were characterized by median and 25–75 percentiles.
Qualitative data were expressed as frequency and percentages. Comparisons between
groups were performed using the Mann–Whitney or chi-square tests whenever appropriate.
The correlation between variables was established using Spearman’s correlation. ROC
curves were used in order to find cut-off values for quantitative variables that could
discriminate between patients with a tolerance to milk and those without. A p value of
<0.05 was considered statistically significant.

3. Results

Seventy patients with IgE-mediated CMA were evaluated (Table 2). Most of the
patients (62 patients, 88.6%) followed a rapid reintroduction of milk or OIT for milk.

http://www.medcalc.org
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Ten patients (14.28%) did not obtain tolerance to milk within 2 years after the first evaluation
and positive diagnosis of cow milk allergy. Only two patients (11.1%) from the group that
followed OIT did not gain oral tolerance in this interval of time.

Table 2. Demographic data of patients with cow milk allergy.

Parameter CMA (n = 70) Patients without
Tolerance (n = 10)

Patients with
Tolerance (n = 60) p

Gender M 41 (58.6%) 8 (80%) 33 (55%)
0.178

F 29 (49.4%) 2 (20%) 27 (45%)

Family history of atopy 29 (41.4%) 2 (6.9%) 27 (83.1%) 0.166

Personal history of respiratory allergy 21 (30%) 3 (30%) 18 (30%) 0.918

Personal history of food allergy 20 (28.6%) 3 (30%) 17 (28.6%) 1

Living area Urban 62 (88.6%) 10 (100%) 52 (83.9%)
0.591

Non-urban 8 (11.4%) 0 8 (13.3%)

Demographic data are presented in Table 2.
CMA was noted more frequently in boys than in girls, and more females obtained

tolerance after OIT than males (93.1% vs. 80.5%), but the difference was not statistically
significant. Twenty-nine patients (41.4%) had a positive family history of atopy, but this did
not influence the induction of tolerance compared to patients without a family history of
allergy. Personal history of respiratory and/or food allergy were noted in almost one-third
of the patients, without any influence in obtaining tolerance. Twelve patients (60%) with
other food allergies tested positive to egg, followed by peanuts and other nuts.

The average duration of disease from the onset of the symptoms until the positive
diagnosis of CMA was 20 (6.5–40.75) months, and a longer time was noted in patients with
persistent allergies compared to those with a tolerance to milk (43.5 (21.5–112.5) vs. 18
(4.5–36), p = 0.027). The family or personal history of allergy or the severity of first clinical
presentation did not accelerate the presentation to a specialist for evaluation of CMA.

3.1. Clinical Manifestations

The analysis of clinical manifestations revealed that the symptoms occurred, on aver-
age, at the age of 9 months (9.72 ± 4.66 years, minimum 1 month, maximum 24 months).
The age of onset was higher in patients with persistence of CMA.

Thirty percent of the patients (21 pts) presented anaphylaxis of different degrees of
severity. Most of the patients (65.7%) presented cutaneous manifestation such as acute
urticaria or aggravation of atopic dermatitis or both (Table 3). The clinical manifestation at
the onset of the allergy did not predict the occurrence of tolerance to milk.

Table 3. Primary clinical manifestation of CMA.

Parameter Patients without
Tolerance (n = 10)

Patients with
Tolerance (n = 60) p

Age of symptoms onset (months) * 9 (6–18) 9 (6–11.5) 0.060

M
an

if
es

ta
ti

on
s Anaphylaxis 3 (14.3%) 18 (85.7%)

0.916

Acute urticaria 2 (12.5%) 14 (87.5%)

Atopic dermatitis 3 (13%) 20 (87%)

Digestive symptoms 1 (33.3%) 2 (66.7%)

Urticaria + atopic dermatitis 1 (14.3%) 6 (85.7%)

* Data are expressed as median and percentile.
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3.2. Skin Prick Test and sIgE

Skin prick test and specific IgE to milk and major proteins were performed in all cases.
The size of the wheal was higher in patients with persistent allergy, but the difference did
not reach the level of statistical significance. Basal median values of specific IgE to milk
and to casein were significantly higher in patients without oral tolerance (Table 4).

Table 4. Basal results of skin test and laboratory values in patients with cow milk allergy.

Parameter. Patients without Tolerance (n = 10) Patients with Tolerance (n = 60) p

Size of wheal (SPT) 8 (4.75–15.75) 5 (4–8) 0.08

sIgE to milk 12.77 (4.10–86.88) 3.2 (0.6–13.5) 0.039

sIgE to casein 14.3 (1.5–45.72) 0.96 (0.35–5.45) 0.01

sIgE to alpha-lactalbumin 2.3 (0.35–28.02) 2.1 (0.48–7.88) 0.926

sIgE to beta-lactoglobulin 2.42 (0.35–14.9) 1.5 (0.35–5.14) 0.755

Data are expressed as median and 25–27 percentiles.

The basal results of skin prick test and laboratory values were also analyzed in relation
to clinical reactivity after OFC. The oral food challenge test was performed after a period
of 6 months of eviction diet in order to establish the opportunity of oral immunotherapy.
OFC was performed in 62 patients (88.57%), and it was positive for 18 of them (Table 5).
The clinical reactivity during OFC was more frequently noted in patients with persistent
CMA (p = 0.003).

Table 5. Results of oral food challenge test and correlation with acquired tolerance.

Parameter Patients without Tolerance (n = 10) Patients with Tolerance (n = 60) p

OFC
Negative 1 (10%) 43 (71.67%)

0.003Positive 2 (20%) 16 (26.66%)

Not done 7 (70%) 1 (1.66%)

The patients with positive OFC had significantly higher values of specific IgE to milk
(p = 0.017), casein (p = 0.006), and beta lactoglobulin (p = 0.011), but not to alpha-lactalbumin
(p = 0.083) compared to patients with negative OFC. The size of the wheal at skin prick test
was also significantly higher in those patients (p = 0.002).

3.3. Analysis of Patients with Anaphylaxis Induced by Cow Milk Proteins

Twenty-one patients with CMA presented anaphylaxis grade 2 to 4 of severity, from
which three patients (14.28%) had a persistent allergy to cow milk. The anaphylaxis as a
primary manifestation of CMA was not correlated with a personal history of allergy to
other foods or respiratory allergens (p = 1, respectively p = 0.74) and to a familial history of
atopy (p = 1). Oral immunotherapy was performed in 18 patients, and all of them obtained
tolerance compared to those patients that had a persistent form of CMA and did not follow
OIT (p = 0.001). The severity of initial anaphylactic reactions did not predict de-occurrence
of oral tolerance (p = 0.792) after OIT.

Specific IgE to milk and casein wase significantly higher in patients with anaphylaxis
and persistent allergy to cow milk compared to those who obtained oral tolerance (Table 6).

The ROC curves for basal values of specific IgE for milk and casein were analyzed,
and the cut-off values were calculated for these parameters in relation to the presence of tol-
erance after 2-year follow up after the onset of OIT. The cut off values, AUC, and sensitivity
and specificity are presented in Table 7.



Nutrients 2022, 14, 494 8 of 13

Table 6. Basal results of skin test and laboratory values in patients with anaphylaxis induced by
cow milk.

Parameter Patients without Tolerance (n = 3) Patients with Tolerance (n = 18) p

Size of wheal (SPT) 15 (5) 7 (5–9) 0.185

sIgE to milk 91.66 (20) 5.3 (1.12–13.1) 0.019

sIgE to casein 74.3 (22.4) 2.3 (0.45–8.87) 0.017

sIgE to alpha-lactalbumin 78.2 (0.9) 2.1 (0.8–8.12) 0.221

sIgE to beta-lactoglobulin 21.8 (0.2) 0.58 (0.35–6.7) 0.534

Data are expressed as median and 25–27 percentiles.

Table 7. ROC curve analysis for oral tolerance at 2-year follow up.

Parameter AUC Cut-Off Value Sensitivity Specificity p

sIgE to milk 0.705 (95% CI 0.550−0.860) 2.5 kU/l 45.7% (95% CI 32.7−59.2) 100% (95% CI 69.2−100.0) 0.012

sIgE to casein 0.755 (95% CI 0.581−0.93) 11.73 kU/l 93% (95% CI 83.8−98.2) 60% (95% CI 26.2−87.8) 0.005

During OIT, no severe reactions were noted. Few patients presented mild skin erup-
tions or perioral contact dermatitis with spontaneous remission or after administration of
H1 antihistamines. None of the patients presented bronchospasm, diarrhea or anaphylactic
reactions that needed administration of epinephrine.

4. Discussion

The present study assessed the clinical and biological changes in patients with IgE-
mediated CMA, showing that both sIgE to milk and casein basal levels could predict the
occurrence of oral tolerance after OIT or after rapid reintroduction of milk. The study also
demonstrated the efficacy of a modified protocol for oral immunotherapy in inducing oral
tolerance to milk.

Cow milk allergy is a common allergy in the pediatric population, being the first
food allergy described in the allergic march [2,22]. It may be over- or underdiagnosed,
depending on the type of evaluation. Some health care professionals, but especially par-
ents, confuse CMA with lactose intolerance, leading to inappropriate diets. Even if true
CMA is diagnosed, the type of elimination diet, substitutive products and the duration
of such elimination are not always logical. Complete elimination of cow milk without an
appropriate substitution can lead to growth impairment, malnutrition, and deficiencies
in nutrients with long term consequences [22]. Food allergies negatively affect quality of
life for children and their parents, with a significant disruption in family life and social
interactions [23–25]. Both physicians and parents should understand the multifaceted
clinical and biological aspects of CMA to know how to manage further diets.

In the present study, the onset of CMA was noted in the first year of life in few patients,
with the first symptoms being described afterward, but no later than the age of 2 years.
CMA is mostly a disease of infancy and early childhood. Most of the studies reported
that affected children presented symptoms within the first 6 months of life and sometimes
earlier, usually before 1 month of age and often within 1 week after the introduction of
cow milk proteins to their diet [15,22,26]. In the present study, the average onset of CMA
was 9 months, later than in the previous studies [27,28], but all of the patients had clinical
manifestations within 2 years of life. Boys were more affected by CMA than girls, similar
to the EuroPrevall study [29]. The family history of atopy was reported in more than 40%
of the patients, as in the EuroPrevall study [29], but the percentage reflects global atopy in
mothers and fathers and is not separated by gender.

Eight patients from the countryside are not enough to make proper conclusions about
a difference in CMA between patients living in the cities and those living in the countryside.
For future studies, an overall online database should be created for doctors from different
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departments in order to introduce patients with CMA, especially when small sample sizes
are present. Nevertheless, a long period from the first symptoms until the first allergological
consultation occurs (median 20 months) is unacceptable. It shows that neither doctors nor
the parents are aware of food-induced allergies or comorbidities commonly associated
with CMA (e.g., acute urticaria, atopic dermatitis, anaphylaxis, and GERD), and further
efforts are needed in order to improve the situation in Romania. Mainly, pediatricians and
family doctors must be aware of this topic and should refer probable cases to an allergology
department for further evaluation. It is especially important for severe cases presenting
clinically with anaphylactic reaction to have proper management and to prevent further
acute episodes. Patients with anaphylaxis had earlier presentation to an allergologist
(median 10 months), showing that a severe reaction may increase the anxiety of both
children and parents and may make them aware of a potential risk. The specialist visit
should occur as soon as possible in order to reduce the sequelae, an improper diet, and in
order to provide a proper treatment regimen as well as possible oral immunotherapy
for patients.

The majority of children with CMA had one or more symptoms that involved one
or more organs, mainly the gastrointestinal tract and/or skin. More than half of the
patients had skin manifestations (acute urticaria, aggravation of atopic dermatitis, contact
dermatitis) as the first manifestation of CMA. Digestive symptoms alone were described
only in three patients (4.2%), which is less frequent than in other studies, but digestive
symptoms are more common in non-IgE-mediated reactions to milk [29]. Anaphylaxis as
the first manifestation was present more frequently in the present analysis (30% of children)
compared to previous data [1,8]. An anaphylactic reaction might increase anxiety in the
family, allowing parents to be more aware of the risk of a severe reaction. Patients with
milder skin reactions probably skip evaluation in the allergology department and are thus
treated by a generalist, pediatrician or dermatologist, which may also explain the lower rate
of cutaneous manifestations described in this cohort compared to previous data [8,22,29].

Following the ESPGHAN algorithm [30] for the evaluation of children with suspicion
of CMA, a simple-blind OFC test was performed in 88.57% of the patients to establish if the
patients obtained a tolerance to milk and to assess the opportunity of OIT. OFC should be a
part of the routine workup [2,30] along with detailed anamnesis, diagnostic elimination
diets, skin prick tests, and sIgE. Lack of OFC in all patients is explained by patients’ refusal
to partake in it. When cow milk is the only suspected allergen and the only food in the diet,
the diagnosis is simpler than in cases where they are already ingesting a variety of foods
and OFC could not be a standard procedure. An oral food challenge test was performed in
children with more than one food in their diet to confirm a positive diagnosis directly before
initiation of OIT. Patients with negative OFC were actually patients with mild CMA that
followed a rapid reintroduction of baked milk with an accelerated induction of tolerance.

Oral immunotherapy is a therapeutic method that permits the induction of tolerance
and a normal diet after completion of it. OIT to milk is similar to peanut OIT regarding
effectiveness in inducing clinical desensitization to the culprit allergen, but with a lower
risk of allergic reactions during OIT. Clinical trial data are more limited, and there are
no approved formulations for OIT. A significant challenge in determining the efficacy of
several therapies for milk and egg allergies is that the natural rate of resolution of these
allergies is much higher than for peanuts. In a 2012 meta-analysis of five trials that analyzed
milk OIT (including 218 children), milk OIT increased the likelihood of developing full
tolerance to milk by 10-fold compared to children without interventions. [17].

The quality of the allergen is critical for both OFC and OIT and may vary in commercial
products; thus, it is hard to standardize this method [31]. In the present study, 88.6% of
patients followed this procedure with a good response (only 11.1% of them had persistent
CMA after 2-year follow up). More patients with an eviction diet who did not follow
OIT presented persistent CMA at the end of the follow up period. Garcia-Ara et al. [32]
also reported a high successful rate of desensitization after 1-year follow up (88–100%),
depending on basal sIgE to milk. In the present study, the patients were not stratified
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according to basal evaluation of SPT and sIgE. A lower rate response was also mentioned
by Kuitunen et al. (72%) after 6 months of OIT [33]. In another study from Denmark and
Australia, patients achieved tolerance in a variable rate (28–77%) at the age of 2 for cow
milk, without any interventions [34,35]. This difference could be explained by different
inclusion criteria, duration of OIT, or a non-interventional attitude. The present analysis
included all the patients with a positive diagnosis of CMA who presented for allergological
evaluation. Increasing the duration of OIT and follow up may increase the success rate of it.
We did not find associations between tolerance to milk and gender or other food allergies,
in accordance with other published results [36,37]. This study sustained the role of OIT in
obtaining tolerance, which may permit a normal diet independent from personal or familial
history of allergy or from patient gender.

The reported rate of success and the less adverse events of OIT could be explained
through a modified protocol of OIT, which used baked milk instead of raw milk until
tolerance was induced. The children that obtained tolerance to baked milk after 6–9 months
of OIT also tolerated dairy products as a component of the normal diet, or raw milk
without any reactions after they switched from heated to unheated milk. Similar results
were also reported by Esmaeilzadeh H et al. [38], who demonstrated that introducing baked
milk products into the diet of patients with a milk allergy can accelerate the tolerance of
unheated milk, but basal sIgE could not predict the success of OIT. Many concerns are
raised regarding milk OIT because, unlike most other allergenic foods, milk is typically
consumed in diverse forms several times per day, and a total daily dose that could be high
may be not tolerated, especially in the presence of anaphylaxis co-factors [39]. Cow milk
tolerance can spontaneously occur in the first years of life; thus, the faster tolerance we
observed in most of the patients could be a consequence of both immune modulations
via OIT with baked milk or may be due to a milder phenotype of CMA. However, this
strategy induced a good rate of response to OIT in patients with anaphylaxis as a primary
manifestation in the present study; thus, we may suppose that baked milk may accelerate,
in a safe manner, the induction of tolerance to milk.

A double-blind placebo0controlled food challenge (DBPCFC) remains the gold stan-
dard for a positive diagnosis of CMA, but it is time consuming, expensive, can only be
performed under medical guidance, only in specialized clinics, and it has a high risk of
inducing severe anaphylactic reactions [9,30]. In addition, the quality of life of patients is
affected when they experience a positive challenge test, and for this reason, may refuse
to follow an OFC or oral immunotherapy [40]. Development of molecular biology in the
last 10 years has permitted an increase in the accuracy of the diagnosis without referring
the patient to a DBPCFC. Measurement of sIgE to different allergenic proteins from milk
permits an identification of patterns of sensitization in complex polysensitized patients and
is useful in identifying different phenotypes of CMA [41].

The present study showed that high levels of sIgE to milk and casein may predict
the persistence of CMA despite oral immunotherapy. Previous data showed that patients
with persistent CMA have higher values of sIgE to milk than those that can respond to oral
immunotherapy [33,42,43], and it may predict the long-term outcome of milk OIT [20,42].
Kuitunen et al. also [33] demonstrated that high basal levels of sIgE to casein, alpha-
lactalbumin and betalactoglobulin before the start of OIT were associated with a lower
maintenance dose reached at the end of OIT. In addition, Savilahti EM et al. [44] reported
that a high level of sIgE to milk and casein could predict a failure to achieve desensitization
in milk OIT. It is also important to identify a value of sIge that might predict the resolution
of CMA. We calculated a cut off value of 2.5 kU/L for sIgE to milk with 45.76% sensitivity
and 100% specificity, but the size of the wheal in the skin prick test was not a predictive
marker for OIT outcome. Yavuz ST et al. [45] reported that children with sIgE to milk below
6 kU/L outgrew CMA earlier than those with higher levels. In our cohort, the cut off value
for sIgE was lower, but the outcome was to predict the resolution and not the interval of
time after which we obtained it.
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Component-resolved diagnostics before OIT can help to identify children with a lower
probability of a successful OIT outcome. sIgE to casein over 11.73 kU/L predicted a failure
of achieving tolerance after OIT, with a sensitivity of 93% and a specificity of 60% in the
present study. Kuitunen et al. [33] also reported that sIgE to milk allergens might have
a better role in predicting resolution of CMA after OIT compared to other markers. It is
essential to establish the role of these markers in order to identify candidates for OIT with
a good resolution rate. Patient data derived from modern technology, in combination
with a classical approach through the patient’s history, can be translated into patient-
tailored interventions.

The main strength of the paper is that it presents a clinical and biological analysis
of a cohort of patients with IgE-mediated CMA in Romania. The present study offers
information from basal evaluation of patients with CMA that might predict the success
of a medical intervention in those patients, allowing them to have a better quality of life.
The study identifies some aspects that could be improved in the management of CMA.
There are also some limitations of the study. First, OFC was not performed in all the patients
to measure the exact amount of milk that produces clinical reactivity, and because of this
reason, the OIT started in the same way in all included patients. Second, the evaluation of
the children was performed at different ages not immediately after the onset of CMA. Most
of the parents postponed the evaluation of their children until the moment of entrance
in kindergarten or in school to see if they had a risk for severe reactions if an accidental
exposure to milk might occur. Third, there was no control group in the present study.
It would be interesting to have the possibility to evaluate the patients with mild forms
of CMA and to compare the natural resolution of CMA with the active intervention (oral
immunotherapy or rapid reintroduction of baked milk). Patients with mild forms of
CMA were under pediatrician surveillance, and they followed an eviction diet, which is
sometimes a long-term attitude, and they do not benefit from an active intervention.

5. Conclusions

Anaphylaxis with only skin and mucosal involvement represents one of the most
frequent manifestations in children with IgE-mediated CMA, although severe anaphylaxis
may be present as an initial manifestation of CMA. Basal values of sIgE for milk and casein
predict the occurrence of tolerance to milk after 2-year follow up in patients with CMA,
including those with anaphylaxis as the first manifestation. OIT, or a rapid reintroduction
with baked milk, may be used as an approach for CMA with IgE-mediated mechanisms,
and it may result in the induction of tolerance faster and in a higher percentage of patients,
allowing for a normal diet without any restrictions.
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Abstract 

Background  During the Covid-19 pandemic patients suffering from asthma raised many concerns regarding the 
outcome ofthe impact of COVID-19 disease on their preexisting condition. The 2021 GINA report indicates that peo-
ple with asthma do not appear to be at increased risk of a severe form of COVID-19.

Method  This study is a retrospective study of patients (n = 163) median age = 27.8 years, M:F = 1:1.26, with asthma 
evaluated using ACT (asthma control test) and VAS (visual analog scale) before and after COVID-19 disease. An ACT 
score over 20 points placed patients in the controlled asthma group.

Results  The overall evaluation for COVID-19 in our asthma patients revealed that 22.7% of the studied group had the 
COVID-19 disease (21.5% in the controlled asthma group and 24.5% in uncontrolled asthma group). Asthma disease 
history was longer in the uncontroled asthma group (128 ± 96.8 months vs. 296 ± 59.7 months, p = 0.05). Asthma 
treatment was conducted according to the GINA guideline, and 18.4% (30 pts) of the patients were on allergen immu-
notherapy treatment. Significantly more uncontrolled patients were significantly more in Step 1 and 5 of treatment 
(p = 0.05 and p = 0.03). During the COVID-19 pandemic, patients in the GINA step 5 of treatment experienced a wors-
ening of asthma, often twice as severe as compared to patients with asthma in GINA step 1–4. In these patients, even 
mild COVID-19 disease led to worsened asthma symptoms, while severe COVID-19 led to a severe asthma impairment 
measured by ACT score (p = 0.03) and VAS scale (p = 0.02), with increased oral corticosteroids consumption.

Conclusion  Maintaining optimal asthma control should be able to reduce risk of severe outcomes after COVID-19 
disease. Communication via phone with the specialist involved in their asthma care was very comforting for patients, 
thus confirming the necessity to include phone calls, smart phone’s application or online evaluations and counseling 
in long-term care of chronic diseases.

Keywords  Asthma, COVID-19 pandemic, Chronic diseases, Long-term care, SARS-CoV-2 infection

Background
Asthma is a heterogenous disease, usually characterized 
by chronic inflammation of the airways. It is defined by 
the history of respiratory symptoms such as wheeze, 
shortness of breath, chest tightness, cough that may vary 
over time and in intensity, together with the variable 
airflow limitation [1]. During the Covid-19 pandemic, 
patients suffering from asthma raised concernes and 
raised many questions regarding their increased risk in 
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case of SARS-CoV2 infection [2]. The 2021 GINA report 
and the recent metanalysis indicate that people with 
asthma do not appear to be at increased risk of acquiring 
the SARS-CoV2 infection or having a severe form of dis-
ease or an increased death rate due to the COVID-19 [1, 
2]. The risk of death is related to the recent course of oral 
corticosteroids administered for uncontrolled asthma [3].

The COVID-19 disease is an acute respiratory syn-
drome that emerged in the city of Wuhan and rapidly 
spread throughout the world causing a global pandemic. 
The Center for Disease Control and Prevention as well as 
the American Academy of Allergy, Asthma & Immunol-
ogy consider asthma a risk factor for severe COVID-19 
[4]. Coronaviruses are among the top 5 viruses isolated 
during acute asthma exacerbations, with a higher preva-
lence in adults [5]. The COVID-19 disease presents res-
piratory symptoms, from mild to severe, and a significant 
percentage of patients develop acute respiratory distress 
syndrome (ARDS) with the Delta variant of the virus and 
less with Omicron. Severe symptoms are associated with 
a true cytokine storm, in particular elevation of IL-6, hav-
ing death as one of the outcomes [6]. Old age and under-
lying morbidities, such as cardio-vascular diseases, in 
particular hypertension and metabolic disorders (obesity 
and diabetes), have been identified as significant risk fac-
tors for COVID-19 morbidity and mortality [7, 8]. Unlike 
asthma, which is not included in the common comorbidi-
ties for COVID-19, COPD is considered a risk factor for 
worse outcomes when infected with SARS-CoV-2. There-
fore, COPD is one of the most common comorbidities 
worldwide, besides other important comorbidities such 
as chronic kidney diseases (CKD) under conservative 
treatment or renal replacement therapy (RRT) [9, 10]. 
The real impact of SARS-CoV-2 on asthma control is still 
unclear and may be variable in different countries and 
subgroups of patients.

The current understanding of the interactions between 
SARS-CoV-2 and asthma is still in the early stages, while 
observational and experimental data are still awaited 
to elucidate the relationship between COVID-19 and 
asthma [11]. Considering the relatively high prevalence 
of asthma, it is reasonable to hypothesize that asthmatic 
individuals are relatively resistant to COVID-19 because 
of the disease characteristics and/or the conventional 
treatment for asthma. Those patients also protected 
themselves more using social distancing and facial mask, 
thus experienced less asthma exacerbations due to dis-
tinct viruses [1–4]. The aim of this paper is to assess how 
asthma patients managed their disease during the pan-
demic, being monitored by their specialist through based 
on phone calls or emails and to evaluate the impact of the 
SARS-CoV-2 virus infection on asthma outcome.

Methods
Study design
This study is a retrospective study of patients (n = 163) 
with asthma diagnosis treated in a public institution: 
Allergy Department of the Professor Doctor Octavian 
Fodor Regional Institute of Gastroenterology and Hepa-
tology, (Cluj-Napoca, Romania), between February 2017 
and January 2022. The study protocol was approved 
by the “Octavian Fodor” Institute of Gastroenterol-
ogy and Hepatology Ethics Committee (Approval no. 
364/11.01.2021), and all the patients signed the informed 
consent before any assessments were done. Inclusion 
criteria was the diagnosis of asthma according to the 
GINA guideline, for at least 1 year. The exclusion criteria 
were as follows: COPD, systemic autoimmune diseases, 
chronic infections (e.g., viral B hepatitis, viral C hepatitis 
which continue to be widespread in Romania) [12].

The total number of patients in our Allergy clinic 
exceeds 2500 patients/year (outpatient and hospitalized) 
in the Allergy Department. In 2020 due to the pandemic 
restrictions there were only 1700 patients. The preva-
lence of asthma patients among our patients, during the 5 
years of evaluation was 1.4%. In Romania the prevalence 
of asthma according to the ISAAC study was over 15% in 
school age children, with no data available in adults [13].

Patients and clinical evaluation
Asthma was diagnosed according to the GINA guideline 
based on, history of typical symptoms: wheeze, short-
ness of breath, chest tightness, cough, and spirometry 
with a positive bronchodilator test of 12% and 200 ml 
increased of FEV1. All the asthma patients over 5 years 
old were included in this retrospective study. The stud-
ied group included 1% of allergic asthmatic children, but 
the main target patients were adults and adolescents over 
12. Patients were from urban areas, but the social-eco-
nomic status or the environmental exposure to allergen 
or tobacco smoke was not evaluated in the present study.

The asthma diagnosis was made at least 1 year before 
the date of the inclusion in the present study. The diag-
nosis included a previous spirometry with positive bron-
chodilator test when FEV1 was under 85% from the 
predicted value. Since spirometry was considered a nebu-
lization method which may increase viral particle spread-
ing, in asthmatic patients who were monitored during 
COVID-19 pandemic, performing spirometry was not 
in accordance with international recommendations. Age, 
sex, and residence (rural/urban), sensitization for inhaled 
allergen and asthma related symptoms were recorded. 
Patients were assessed for asthma control monthly 
using Visual Analog Scale (VAS) for QoL (quality of life) 
assessment, which was a simple and easy to understand 
method. Interviews with the patients were by phone or 
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online as well as face to face duringclinical examina-
tion in severe symptomatic patients. In all patients with 
asthma the stepwise treatment used was according to the 
GINA guideline [14].

The Asthma Control Test (ACT) is a friendly and accu-
rate asthma control evaluation tool for adults and chil-
dren. Based on their ACT results patients were included 
in 2 groups: controlled (ACT ≥ 20 points) and uncon-
trolled (ACT < 20 points) [15]. Also, VAS scale was used 
to assess the QoL, in Allergic rhinitis, though it can be 
used in various chronic diseases [16].

Patients evaluation during the pandemic
All the patients were called or e-mailed, and asked 
tocomplete VAS and ACT forms, monthly, at home as 
showed in Table  1. They later sent the results by text 
message or e-mail. Some of the patients required a face-
to-face consultation following the COVID-19 disease, 
due to asthma severity, to step-up asthma treatment 
according to GINA recommendations. The asthma out-
comes used in the present study were based on subjective 
methods like the ACT questionnaire and the VAS scale. 
’Improvement’ was defined by a 3-points ACT increase, 
‘unchanged’ was defined as a ± 2-point ACTchange, and 
’worsening’ or ‘exacerbation’ corresponded to a 3 points 
ACT decrease or in case when hospitalization for respir-
atory symptoms was required.

Skin prick tests (SPT)
The diagnosis of allergy was established through a skin 
prick test, according to international guidelines [17]. 
The allergen panel included international recommen-
dation and particularities of exposure to the following 
allergens in Romania: Dermatophagoides pteronyssinus, 
Dermatophagoides farinae, grass pollens, cereals pollen, 
birch pollen, hazel pollen, cat and dog dander, Alternaria 
Alternata, Artemisia vulgaris and Ambrosia elatior. SPT 

was performed at the beginning of the study using stand-
ardized allergen extracts (Hal Allergy, Netherlands).

The COVID‑19 disease evaluation
COVID-19 disease severity was defined by using the scale 
provided by the World Health Organization (SpO2 < 94% 
on room air at sea level, PaO2/FiO2 < 300 mm Hg, a res-
piratory rate > 30 breaths/min, or lung infiltrates > 50%) 
[18]. In our clinic we just evaluated the asthma after the 
infection, the Covid-19 severity diagnosis was taken from 
medical fies. All the patients with asthma who had Covid-
19 disease symptoms were diagnosed using PCR for 
COVID-19, laboratory tests and CT-scans in a COVID-
19 Department at the Infectious Disease Hospital from 
Cluj-Napoca, not in our Department of Allergology. We 
analyzed the data from patient’s files only retrospectively, 
calling or emailing the patients to obtain data and the 
medical documents they received after the evaluation 
in the COVID-19 Department at the Infectious Disease 
Hospital. Laboratory tests (complete blood count, CRP, 
e.g.) were evaluated in our department after 14 days of 
quarantine, though it was not possible to get tests for all 
the patients because some with mild forms did not go to 
hospital, as only GPs evaluated and diagnosed them. All 
the patients were called and were advised to inform our 
office if they suspected SARS-CoV-2 infection.

Biological evaluation
The blood tests results obtained à jeun in all patients 
were: complete blood count including eosinophils by 
using the SYSMEX-XN-1000 analyzer and CRP, LDH, 
Troponin tests by using the COBAS PRO C 503/E 
801analyzer. The lab test values were obtained from 
patient’s files between day 10 and day 15 after the posi-
tive SARS-CoV-2 RT-PCR was confirmed or by the direct 
evaluation of 30 patients with mild forms of COVID-19 
disease on the 15th day.

Table 1  Questions asked during online or phone consultation

Question Response

ACT​ 1–5 points

1. In the last 4 weeks, how much of your time did your asthma keep you from getting as much done at work, at school or at work?

2. In the last 4 weeks, how often have you had shortness of breath?

3. In the last 4 weeks, how often did your asthma symptoms (wheezing, coughing, shortness of breath, chest tightness) wake you up at 
night or earlier than usual in the morning?

4. In the last 4 weeks, how often have you used your rescue inhaler or nebulizer medication (salbutamol/formoterol + ICS)?

5.How did you rate your asthma control during the past 4 weeks?

VAS 0–10 points

How much has your asthma had bothered you (0- no bothersome to 10- extremely bothersome)

Presence of COVID-19 disease in the last month Yes/No
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Statistical analysis
The statistical analysis was performed using the SPSS ver-
sion 21 (Chicago, IL, USA) and Microsoft Excel. Data was 
labeled as nominal, expressed as percentages, and con-
tinuous variables. The differences were assessed within 
groups by the Wilcoxon Signed Rank test and between 
groups by the Student t test. The Spearman’ coefficient 
of correlation was calculated to highlight differences 
between continuous variables. The level of statistical sig-
nificance was set at p < 0.05.

Results
Patients’ demographic data are presented in Table 2. The 
treatment data of the studied group of asthma patients 
during SARS-CoV-2 pandemic (February 2020–April 
2021) are presented in Fig. 1. All the asthmatic patients 
aged over 5 years were included in this study. The Median 
age was 27.8 (5–85) years, and the sex ratio M:F was 
1:1.26. The 73 patients who had ACT score equal or 
greater than 20 were included in the controlled asthma 
group and 90 patients (55.2%) were included in uncon-
trolled asthma group. All patients had undergone SPT for 
inhaled allergens during their initial evaluation, accord-
ing to the international guidelines. Of the total number 
of patients, there were only 9.8% non-atopic, lower than 
the reported 40% non-atopic ones in the Step-5 GINA 
guideline.

Asthma treatment was administered according to 
GINA guideline, and 18.4% (30 pts) of the patients were 
on allergen immunotherapy treatment (AIT) of which 
80% for house dust mites and 20% for other allergens 
(cat, pollens). In Romania, AIT is not reimbursed by the 
National Insurance System, so just few of the allergic 
patients afforded to pay for the treatment, due to socio-
economic status. No impairment in asthma symptoms 
was registered in patients with AIT who had COVID-19 
disease.

The COVID‑19 disease in Asthma Patients
The overall evaluation for COVID-19 disease in our 
asthma patients showed that only 22.7% of the studied 
group were infected (21.5% in the controlled asthma 
group and 24.5% in uncontrolled asthma group). Of the 
COVID-19 cases, 80% were mild. No asthma exacerba-
tion was observed in allergen immunotherapy group 
was observed.

The inflammatory markers in COVID-19 of asthma 
patients are described in Table  3, showing significant 
statistical differences between mild and moderate/
severe forms of disease.

Three patients in omalizumab group and one patient 
in benralizumab group presented SARS CoV-2 infec-
tion, with a mild to moderate form of disease and one 

hospital admission (non-vaccinated patient) in omali-
zumab group. The non-vaccinated 80 years old patient 
died 6 months later due to stroke, and this was the only 
death reported in our asthmatic patients group. All the 
patients experienced a worsening of asthma symptoms 
and received a 2–3-week course of oral corticosteroids 
or a step up if they were in step 1–4.

We use phone consultation to evaluate the patients 
and all our patients had an emergency kit for asthma 
exacerbation at home containing oral corticosteroids, 
and, in hospitalized patients a phone contact with the 
doctor involved in the case was maintained.

Patients in the GINA step 5 of treatment experienced a 
worsening of asthma, often twice as severe as compared 
to patients with asthma in GINA step 1–4. In patients 
with mild COVID-19 the worsening of asthma was 
treated with step-up treatment according to GINA. Mod-
erate/severe COVID-19 cases were treated according to 
WHO recommendation in infectious clinic diseases, the 
treatment including oral corticosteroids, antibiotics, and 
oxygen. Asthma course developments during COVID-
19 disease is described in Tables  4 and 5. Due to simi-
lar symptoms of asthma exacerbation and COVID-19, 
such as dyspnea, cough and chest tightness, worsening 

Table 2  Demographic data of the patients

Statistical significance is at p ≤ 0.05

Parameter Controlled 
asthma 
(n = 73)

Uncontrolled 
asthma (n = 90)

p

Age 21.05 ± 10.2 29.59 ± 19.7 0.6

Sex

 Male 61.6% (45) 30% (27) 0.01

 Female 38.4% (28) 70% (63) 0.01

Living area

 Urban 78.2% (62) 68.4% (69) 0.7

 Rural 21.8% (11) 31.6% (21) 0.8

Asthma duration (months) 128 ± 96.8 296 ± 59.7 0.05

Rhinitis present 80.8% (59) 77.7% (70) 0.9

Asthma scores

 ACT​ 22 ± 2 13 ± 5 0.01

 VAS 8 ± 2 3 ± 4 0.01

Asthma GINA steps treatment

 Step 1 9.6% (7) 36.6% (33) 0.05

 Step 2 19.2% (14) 12.2% (11) 0.8

 Step 3 34.2% (25) 6.8% (6) 0.04

 Step 4 27.4% (20) 21.1% (19) 0.9

 Step 5 5.6% (4) 23.3% (21) 0.03

COVID 19 infection

 No present 79.5% (58) 75.5% (68) 0.9

 Present 21.5% (15) 24.5% (22) 0.6
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of asthma symptoms was hard to evaluate. No asthma 
related deaths were reported in this group. Patients in 
GINA step 5 of treatment (high dose ICS with/without 
biologicals) were 80% vaccinated, and 20% non-vacci-
nated. In the non-vaccinated group there was a non-
asthma related death 6 months after COVID-19 infection 
and none in vaccinated group.

Discussion
Asthma is a heterogenous disease with an important 
social impact and increased costs. Many factors, mainly 
viral infections, can lead to asthma exacerbations. [1, 19]. 
The main goals of asthma management are to optimize 
control of asthma symptoms and to reduce the risk of 
asthma exacerbation and hospitalization, while minimiz-
ing medication adverse effects, especially referred to oral 

corticosteroids [20]. Asthma is not included in the risk 
factors for severe COVID-19, but the impact of SARS-
CoV-2 virus and its variants on asthma is still being stud-
ied, some of the available research showing that asthma 
may complicate the COVID-19 and conversely [21].

Coronaviruses respiratory infection may lead to asthma 
exacerbation. It is still unclear how and if SARS-CoV-2 
influences the outcome of asthma patients. [10, 20, 21]. 
Currently, the patients with underlying moderate to 
severe asthma are a risk group for severe COVID-19 and/
or asthma exacerbation [22] mainly evaluated in Delta 
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Fig. 1  Pharmacological treatment use for asthmatic patients according to GINA guideline. x-axis (%): number of patients on mentioned type of 
medication; y-axis (type of medication): (1) as needed ICS and LABA/SABA, (2) ICS low-dose or montelukast, (3) ICS low-dose and LABA, (4) ICS 
medium-dose and LABA, (5) ICS high-dose and LABA, (6) ICS high-dose and LABA and LAMA, (7) ICS high-dose and omalizumab, (8) ICS high-dose 
and benralizumab

Table 3  Covid-19 disease in asthma patients’ group

Data are expressed as mean ± SD. Statistical significance is at p ≤ 0.05

Parameter Mild
COVID-19 
infection n = 30

Moderate/severe 
COVID-19
infection n = 7

p

Leucocytes 103/µL 10.54 (± 9.4) 4.59 (± 2.1) 0.03

CRP (mg/dl) 4.2 (± 5.1) 68.7 (± 42.6) 0.01

Troponin (µg/L) 0.1 (± 0.2) 2.3 (± 1.8) 0.04

LDH (U/l) 538 (± 175.6) 757 (± 195.8) 0.04

Eosinophils 103/µL 0.35 (± 0.2) 0.26 (± 0.21) 0.06

ACT​ 19 (± 5.2) 12 (± 3.8) 0.03

VAS 9 (± 0.8) 7 (± 1.4) 0.02

Table 4  Asthma course influenced by COVID-19 disease

Asthma course Mild COVID-19 
disease
(n = 30)

moderate/severe 
COVID-19 disease
(n = 7)

Improvement 1 0

No change 13 0

Uncontrolled/Exacerbation 16 7

Table 5  Asthma in step 5 GINA treatment course influenced by 
COVID-19 disease

Asthma in step 5 GINA course mild COVID-
19 disease
(n = 19)

moderate/severe 
COVID-19 disease
(n = 5)

Improvement 0 0

No change 6 0

Uncontrolled/Exacerbation 13 5
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variant of the virus and less in Omicron. For patients 
with asthma there was an overlap with the symptoms 
of COVID-19, including cough, shortness of breath and 
chest tightness, consequently it was difficult to distin-
guish these from those of severe asthma exacerbation 
[23].

The role of mast cells (MCs) in coronavirus-induced 
disease have been discussed since the beginning of the 
Toll-like receptor 3 detection of viral double-stranded 
ribonucleic acid (RNA), viral sphingosine-1-phosphate 
(S1P) binding to S1P receptors, and retinoic acid-induced 
gene I (RIG-I) recognition of uncapped viral RNA). Mast 
cells express angiotensin converting enzyme 2 receptor 
(ACE2), now known as the principal receptor for SARS-
CoV-2, thus defining a route by which mast cells could 
also become one of the hosts for this virus, and exacer-
bate mast-cell related diseases [21–23]. Some researchers 
claim that allergic diseases could be protective in terms 
of infection severity from COVID-19, which could be 
explained by the evidence that ACE-2 receptor is down-
regulated in allergic patients, including allergic asthmat-
ics [24, 25]. On the other hand, some epidemiological 
studies indicate that asthma and allergies are comorbidi-
ties for severe COVID-19 forms [10]. Another question 
raised in asthmatic patients was the possible protective 
role of eosinophils in terms of SARS-COV-2 infection. 
Patients with asthma may be at a reduced risk of poor 
outcomes from COVID-19 infection. Eosinophilia, both 
in those with and without asthma, may be associated 
with reduced mortality risk, as Ho et al. showed in their 
study. But in severe asthmatics, defined by oral corticos-
teroid use in the previous year, it has been observed a 
slightly increased hazard ratio of mortality despite eosin-
ophilia. [26] In our asthma patients’ group there were 6 
patients treated with add-on benralizumab, which is an 
eosinophil depleting biologic treatment. Only one patient 
in this group had a mild form of COVID-19 disease, with 
no need of oral corticosteroids course, similar to another 
case described in the literature [27].

From our group of asthma patients only 22.4% pre-
sented COVID-19 disease which is similar with other 
studies [26]. In the group with uncontrolled asthma, 
24.5% of the patients had COVID-19, and there were 
no statistical differences in terms of getting the infec-
tion between controlled and uncontrolled asthmatics. 
However, it is still important to maintain good asthma 
control, as poorly controlled asthma may lead to a more 
complicated COVID-19 course, and some studies have 
found a higher rate of intubation and prolonged mechan-
ical ventilation in adults with asthma [21]. All the asthma 
drugs should be available, including inhaled glucocorti-
coids, long-acting bronchodilators, oral glucocorticoids, 
and biological agents approved for asthma, and should 

be continued to be administered during the COVID-19 
pandemic [3, 20–23]. Maintaining good asthma control 
helps minimize the risk of asthma exacerbation as other 
studies have shown [23, 28]. The group of uncontrolled 
asthma patients in our study representing 55.2%, was 
probably due to persistent inflammation in the lower air-
ways even before symptoms appeared [29]. Preexisting 
airway inflammation may lead to exacerbation during a 
viral respiratory infection or in presence of other triggers, 
as other studies showed inflammatory diseases exacerba-
tions during and after COVID-19 [1, 30]. This could be 
due to failure to acknowledge the asthma symptoms or 
secondary to minimizing them. Another problem was the 
high cost of medication without reimbursement, due to 
logistical problems in long-term care of chronic diseases 
during the pandemic.

Despite respecting the recommendations accord-
ing to GINA guidelines, only 44.8% patients from our 
group were controlled, with ACT score over 20 points. 
There were more controlled asthma patients in GINA 
Step 2 and Step 4 and less in GINA Step 1, 3 and 5 there 
were less controlled. We may hypothesize that in Step 1 
of treatment with only as needed medication (low dose 
ICS/formoterol or salbutamol followed by low ICS dose) 
patients tend to reduce medication use due to underesti-
mation of their symptoms. Poor asthma control is a risk 
factor for greater severity of viral-induced exacerbation 
[1]. Asthma control is difficult to achieve in Step 5 which 
includes a high ICS dose and different add-on therapies, 
including biologicals. In their study Racine et al. showed 
that uncontrolled asthma, smoking, and psychological 
distress are risk factors for asthma exacerbation [31].

The influence of COVID-19 on asthma in our group 
showed a worsening of asthma course in 62.1% of 
infected asthmatics, because even mild COVID-19 could 
lead to asthma exacerbation, needing a step-up treat-
ment according to GINA guidelines. In our group of 
patients with severe COVID-19, we observed that there 
was a statistically significant increase of inflammatory 
markers correlated with decrease of control evaluated by 
ACT score and decrease in QoL evaluated by VAS scale. 
Therefore, maintaining optimal asthma control should be 
able to reduce the risk of severe outcomes in COVID-19, 
like Jackson et al. showed in their study since 2015 [32]. 
Even though over half of the patients included in our 
study had uncontrolled asthma, no COVID-19 related 
deaths were reported.

The clinical evaluation and spirometry were difficult 
to maintain in our country during the pandemic, only 
patients that underwent a biological treatment or sub-
cutaneous AIT were evaluated monthly (omalizumab) 
or at 2  months (benralizumab after the first 3  months). 
The possibility of maintaining phone contact with the 
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specialist involved in their asthma care was very comfort-
ing for patients with asthma. This may lead to the neces-
sity to include phone-calls, smart phone’s application or 
online evaluations and counseling in asthma patient’s 
care [33]. In our study all asthma patients had the pos-
sibility to reach their physician by phone or e-mail. The 
patients were educated to recognize and to self-manage 
their asthma exacerbation using ICS/formoterol treat-
ments, salbutamol and ICS or OCS as stated in the GINA 
guideline recommendations are [1].

Another problem raised during pandemic was the 
influence of inhaled cortico-steroids on COVID-19 dis-
ease. There is no solid evidence that inhaled glucocor-
ticoids, or the biological agents used for asthma, which 
do not have a systemic immunosuppressive effect, have 
an adverse effect on the course of COVID-19 [33–35]. In 
our study, we noticed that patients in GINA Step 1 with 
as needed treatment experienced more often asthma 
exacerbations than patients with daily intake of ICS, 
which shows a protective effect for asthma exacerba-
tion. The results from two studies indicate that individu-
als with nonallergic asthma have a higher risk for severe 
outcome of COVID-19 than those with allergic asthma 
[21, 25]. In our study we mainly included patients with 
allergic asthma, thus probably influencing the good out-
come (no death reported after COVID-19 disease) could 
be influenced by atopic status or genetic polymorphisms, 
which are not studied in our population.

In the allergen immunotherapy (AIT) group, no asthma 
exacerbation was noted, since AIT was not discontin-
ued according to international recommendation [36]. 
Therefore, asthma was controlled in this patients’ group, 
raising no concerns, as was the case in similar groups of 
asthma phenotypes [37]. Patients with severe asthma, 
uncontrolled in step 5 GINA treatment are at higher risk 
for severe outcome, those patients experienced a wors-
ening of asthma symptoms twice as often compared to 
asthma patients in GINA step 1–4. From our infected 
patients’ group, 64.8% were in Step 5 GINA treatment, 
which support other study findings proving that severe 
asthma is influenced by COVID-19 [38]. No death was 
reported in the severe asthma patients’ group even when 
they had a severe impairment of the lung function. In 
the omalizumab group which also included also an un-
vaccinated old patient, there was a protection despite 
the severe COVID-19, as other studies showed regarding 
the use of omalizumab in allergic diseases showed [39, 
40]. Biological treatment may act protectively via sev-
eral pathways. Omalizumab prevents IgE from binding 
to its receptor on plasmacytoid dendritic cells, leading to 
lower IFN-1 production by cross-linking of IgE [41]. In 
conjunction with asthma and COVID-19 severity, it was 
suggested in other studies that those with more severe 

asthma who require high dose of inhaled corticosteroids 
(Step 5 GINA) to maintain asthma control may be at risk 
for worse prognosis from COVID-19 [1, 22, 37].

As a first limitation of this study we should mention 
that the laboratory tests, SpO2 values and imaging of 
asthma patients before COVID-19 were not available, so 
it was not possible to evaluate those parameters before 
and after COVID-19. The second limitation was the dif-
ficulty to discriminate respiratory symptoms such as 
dyspnea, cough, and chest tightness due to worsening 
of asthma from those caused by COVID-19. Another 
limitation of our study is the subjectivity of the outcome 
measures, given that during the pandemic spirometry 
was not recommended, being considered a nebulization 
method which might increase the viral particle spreading. 
Another limitation is that we had a retrospective study, 
which is also less powerful than other types of studies, 
such as prospective studies. Strength of our study con-
sists in a large group of asthma patients diagnosed and 
monitored before the COVID-19 disease who were eval-
uated with asthma control test questions during the pan-
demic. Although, the COVID-19 immunization through 
vaccination was not our study’s topic, patients with 
asthma are recommended to receive the COVID-19 vac-
cination [42]. In our group of asthmatics only one death 
was reported in a non-vaccinated patient, that was a non-
asthma related death 6 months after COVID-19 infec-
tion and none in the vaccinated group, but no conclusion 
can be drawn due to the small sample size. According to 
the current information we cannot estimate if there was 
a selection bias for survival among this asthma patient 
population especially because the study is a retrospective 
one.

Conclusion
We conclude in our study that the influence of COVID-
19 on asthma may lead to the worsening of symptoms 
mainly in moderately severe COVID-19 cases and in 
uncontrolled asthma. Therefore, in asthmatic patients, 
besides every effort that should be made to avoid expo-
sure to the SARS-CoV-2 virus, all regular medications 
necessary to maintain asthma control should be available 
and be used. Maintaining optimal asthma control should 
be able to reduce risk of severe outcomes in COVID-19 
disease, therefore asthma even uncontrolled is not a risk 
factor for COVID-19 related fatalities in allergic asthma 
patients. The possibility of phone contact with the spe-
cialist involved in their asthma care was very comfort-
ing for patients, thus confirming the necessity to include 
phone calls, smart phone’s applications or online evalu-
ations and counseling in long-term care of chronic 
diseases.



Page 8 of 9Muntean et al. BMC Pulmonary Medicine           (2023) 23:22 

Acknowledgements
Not applicable.

Author contributions
Conceptualization, IAM and DD methodology, IAM, ICB and PML; software, 
IAM; validation, IAM, ICB and DD; formal analysis, PML, IP and CTD; investiga-
tion, IAM, IP and CTD; resources, IAM, PML, IP and DD; data curation, IAM, ICB 
and PML; writing—original draft preparation, IAM, IP, CTD and PML writing—
review and editing, IAM and DD; visualization IAM; supervision, DD; project 
ad-ministration IAM, PML, IP and DD; funding acquisition—not applicable. All 
authors have read and agreed to the published version of the manuscript.

Funding
Not applicable.

Availability of data and materials
Data are available at Allergology Department, Octavian Fodor” Institute of 
Gastroenterology and Hepatology, Cluj-Napoca.

Declarations

Declarations
All the patients or parents for patients under 16 years old signed the informed 
consent before any medical data were collected for the study according to the 
Declaration of Helsinki.

Ethics approval and consent to participate
The study protocol was approved by the “Octavian Fodor” Institute of Gastro-
enterology and Hepatology Ethics Committee (Approval no. 364/11.01.2021).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 3 September 2022   Accepted: 3 January 2023

References
	1.	 Ginasthma.org. (2022).  https://ginasthma.org/wp-content/

uploads/2022/05/GINA-Main-Report-2022-FINAL-22-05-03-WMS.pdf. 
Accessed 22 June 2022

	2.	 Liu S, Cao Y, Du T, Zhi Y. Prevalence of Comorbid Asthma and related out-
comes in COVID-19: a systematic review and Meta-analysis. J Allergy Clin 
Immunol Pract. 2021;9(2):693–701. https://​doi.​org/​10.​1016/j.​jaip.​2020.​11.​
054.

	3.	 Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, Curtis 
HJ, Mehrkar A, Evans D, Inglesby P, et al. Factors associated with COVID-
19-related death using OpenSAFELY. Nature. 2020;584(7821):430–6. 
https://​doi.​org/​10.​1038/​s41586-​020-​2521-4.

	4.	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, 
et al. Clinical features of patients infected with 2019 novel coronavirus 
in Wuhan, China. Lancet. 2020;395(10223):497–506.  https://​doi.​org/​10.​
1016/​S0140-​6736(20)​30183-5. Erratum in: Lancet. 2020 Jan 30; PMID: 
31986264; PMCID: PMC7159299.

	5.	 Lovinsky-Desir S, Deshpande DR, De A, Murray L, Stingone JA, Chan A, 
Patel N, Rai N, DiMango E, Milner J, et al. Asthma among hospitalized 
patients with COVID-19 and related outcomes. J Allergy Clin Immunol. 
2020;146(5):1027-1034e4.

	6.	 Morais-Almeida M, Pité H, Aguiar R, Ansotegui I, Bousquet J. Asthma and 
the Coronavirus disease 2019 pandemic: a literature review. Int Arch 
Allergy Immunol. 2020;181(9):680–8. https://​doi.​org/​10.​1159/​00050​9057.

	7.	 Halpin DMG, Faner R, Sibila O, Badia JR, Agusti A. Do chronic respiratory 
diseases or their treatment affect the risk of SARS-CoV-2 infection. Lancet 

Respir Med. 2020;8(5):436–8. https://​doi.​org/​10.​1016/​S2213-​2600(20)​
30167-3.

	8.	 Fang L, Karakiulakis G, Roth M. Are patients with hypertension and 
diabetes mellitus at increased risk for COVID-19 infection? Lancet Respir 
Med. 2020;8(4):e21. https://​doi.​org/​10.​1016/​S2213-​2600(20)​30116-8. Erra-
tum in: Lancet Respir Med. 2020 Jun;8(6):e54. PMID: 32171062; PMCID: 
PMC7118626.

	9.	 Shi C, et al. Predictors of mortality in patients with coronavirus 
disease 2019: a systematic review and meta-analysis. BMC Infect Dis. 
2021;21(1):663.

	10.	 Gao YD, et al. Risk factors for severe and critically ill COVID-19 patients: a 
review. Allergy. 2021;76(2):428–55.

	11.	 Liu S, Zhi Y, Ying S. COVID-19 and asthma: reflection during the pandemic. 
Clin Rev Allergy Immunol. 2020;59(1):78–88. https://​doi.​org/​10.​1007/​
s12016-​020-​08797-3.

	12.	 Paquet C, Babes VT, Drucker J, Sénémaud B, Dobrescu A. Viral hepatitis in 
Bucharest. Bull World Health Organ. 1993;71(6):781–6.

	13.	 Asher MI, Montefort S, Björkstén B, Lai CK, Strachan DP, Weiland SK, 
Williams H. Worldwide time trends in the prevalence of symptoms of 
asthma, allergic rhinoconjunctivitis, and eczema in childhood: ISAAC 
Phases One and Three repeat multicountry cross-sectional surveys. 
Lancet. 2006;368(9537):733–43. https://​doi.​org/​10.​1016/​S0140-​6736(06)​
69283-0. Erratum in: Lancet. 2007 Sep 29;370(9593):1128. PMID: 
16935684.

	14.	 Ginasthma.org. (2020). https://​ginas​thma.​org/​wp-​conte​nt/​uploa​ds/​2020/​
04/​Main-​pocket-​guide_​2020_​04_​03-​final-​wms.​pdf. Accessed 22  June 
2022

	15.	 Jia CE, Zhang HP, Lv Y, Liang R, Jiang YQ, Powell H, Fu JJ, Wang L, Gibson 
PG, Wang G. The Asthma control test and Asthma control questionnaire 
for assessing asthma control: systematic review and meta-analysis. J 
Allergy Clin Immunol. 2013;131(3):695–703.

	16.	 Bousquet J, Bedbrook A, Czarlewski W, Onorato GL, Arnavielhe S, Laune 
D, Mathieu-Dupas E, Fonseca J, Costa E, The Lourenço O, MASK study 
group. Guidance to, et al. good practice: ARIA digitally-enabled, inte-
grated, person-centred care for rhinitis and asthma. Clin Transl Allergy. 
2018;2019(9):16. https://​doi.​org/​10.​1186/​s13601-​019-​0252-0. Erratum in: 
Clin Transl Allergy. 2019 Oct 9;9:52. PMID: 30911372; PMCID: PMC6413444.

	17.	 Heinzerling L, Mari A, Bergmann KC, Bresciani M, Burbach G, Darsow U, 
Durham S, Fokkens W, Gjomarkaj M, Haahtela T, et al. The skin prick test: 
European standards. Clin Transl Allergy. 2013;3(1):3. https://​doi.​org/​10.​
1186/​2045-​7022-3-3.

	18.	 https://www.​who.​int/​publi​catio​ns/i/​item/​covid-​19-​thera​peutic-​trial-​
synop​sis

	19.	 Expert Panel Working Group of the National Heart, Lung, and Blood Insti-
tute (NHLBI) administered and coordinated National Asthma Education 
and Prevention Program Coordinating Committee (NAEPPCC), Cloutier 
MM, Baptist AP, Blake KV, Brooks EG, Bryant-Stephens T, DiMango E, Dixon 
AE, Elward KS, Hartert T, Krishnan JA et al. 2020 Focused Updates to the 
Asthma Management Guidelines: A Report from the National Asthma 
Education and Prevention Program Coordinating Committee Expert 
Panel Working Group. J Allergy Clin Immunol. 2020;146(6):1217–1270.  
10.1016/j.jaci.2020.10.003. Erratum in: J Allergy Clin Immunol. 2021 
Apr;147(4):1528–1530. PMID: 33280709; PMCID: PMC7924476.

	20.	 Lupia T, Scabini S, Mornese Pinna S, Di Perri G, De Rosa FG, Corcione S. 
2019 novel coronavirus (2019-nCoV) outbreak: a new challenge. J Glob 
Antimicrob Resist. 2020;21:22–7. https://​doi.​org/​10.​1016/j.​jgar.​2020.​02.​
021.

	21.	 Mahdavinia M, Foster KJ, Jauregui E, Moore D, Adnan D, Andy-Nweye AB, 
Khan S, Bishehsari F. Asthma prolongs intubation in COVID-19. J Allergy 
Clin Immunol Pract. 2020;8(7):2388–91. https://​doi.​org/​10.​1016/j.​jaip.​
2020.​05.​006.

	22.	 Chhiba KD, Patel GB, Vu THT, Chen MM, Guo A, Kudlaty E, Mai Q, Yeh 
C, Muhammad LN, Harris KE, et al. Prevalence and characterization of 
asthma in hospitalized and nonhospitalized patients with COVID-19. J 
Allergy Clin Immunol. 2020;146(2):307-314e4.

	23.	 Zhu Z, Hasegawa K, Ma B, Fujiogi M, Camargo C, Liang L. Association of 
asthma and its genetic predisposition with the risk of severe COVID-19. J 
Allergy Clin Immunol. 2020;146(2):327-329e4.

	24.	 Jackson DJ, et al. Association of respiratory allergy, asthma, and 
expression of the SARS-CoV-2 receptor ACE2. J Allergy Clin Immunol. 
2020;146(1):203–206e3.

https://doi.org/10.1016/j.jaip.2020.11.054
https://doi.org/10.1016/j.jaip.2020.11.054
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1159/000509057
https://doi.org/10.1016/S2213-2600(20)30167-3
https://doi.org/10.1016/S2213-2600(20)30167-3
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1007/s12016-020-08797-3
https://doi.org/10.1007/s12016-020-08797-3
https://doi.org/10.1016/S0140-6736(06)69283-0
https://doi.org/10.1016/S0140-6736(06)69283-0
https://ginasthma.org/wp-content/uploads/2020/04/Main-pocket-guide_2020_04_03-final-wms.pdf
https://ginasthma.org/wp-content/uploads/2020/04/Main-pocket-guide_2020_04_03-final-wms.pdf
https://doi.org/10.1186/s13601-019-0252-0
https://doi.org/10.1186/2045-7022-3-3
https://doi.org/10.1186/2045-7022-3-3
http://www.who.int/publications/i/item/covid-19-therapeutic-trial-synopsis
http://www.who.int/publications/i/item/covid-19-therapeutic-trial-synopsis
https://doi.org/10.1016/j.jgar.2020.02.021
https://doi.org/10.1016/j.jgar.2020.02.021
https://doi.org/10.1016/j.jaip.2020.05.006
https://doi.org/10.1016/j.jaip.2020.05.006


Page 9 of 9Muntean et al. BMC Pulmonary Medicine           (2023) 23:22 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	25.	 Scala E, Abeni D, Tedeschi A, Manzotti G, Yang B, Borrelli P, Marra A, Giani 
M, Sgadari A, Saltalamacchia F, Asero R. Atopic status protects from severe 
complications of COVID-19. Allergy. 2021;76(3):899–902. https://​doi.​org/​
10.​1111/​all.​14551.

	26.	 Ho KS, et al. The relationship between asthma, eosinophilia, and 
outcomes in coronavirus disease 2019 infection. Ann Allergy Asthma 
Immunol. 2021;127(1):42–8.

	27.	 Renner A, Marth K, Patocka K, Pohl W. COVID-19 in a severe eosino-
philic asthmatic receiving benralizumab: a case study. J Asthma. 
2021;58(9):1270–2.

	28.	 Yang JM, Koh HY, Moon SY, Yoo IK, Ha EK, You S, Kim SY, Yon DK, Lee SW. 
Allergic disorders and susceptibility to and severity of COVID-19: a nation-
wide cohort study. J Allergy Clin Immunol. 2020;146(4):790–8.

	29.	 Muntean IA, Bocsan IC, Vesa S, Miron N, Nedelea I, Buzoianu AD, Deleanu 
D. Could FeNO predict asthma in patients with house dust mites allergic 
rhinitis? Medicina (Kaunas). 2020;56(5):235. https://​doi.​org/​10.​3390/​medic​
ina56​050235.

	30.	 Muntean IA, Pintea I, Bocsan IC, Dobrican CT, Deleanu D. COVID-19 dis-
ease leading to chronic spontaneous urticaria exacerbation: a Romanian 
retrospective study. Healthcare (Basel). 2021;9(9):1144. https://​doi.​org/​10.​
3390/​healt​hcare​90911​44.

	31.	 Racine G, Forget A, Moullec G, Jiao T, Blais L, Lemiere C. Predictors of 
asthma control and exacerbations: a real-world study. J Allergy Clin 
Immunol Pract. 2021;9(7):2802-2811.e2. https://​doi.​org/​10.​1016/j.​jaip.​
2021.​04.​049.

	32.	 Jackson DJ, Trujillo-Torralbo MB, del-Rosario J, Bartlett NW, Edwards MR, 
Mallia P, Walton RP, Johnston SL,. The influence of asthma control on the 
severity of virus-induced asthma exacerbations. J Allergy Clin Immunol. 
2015;136(2):497-500.e3.

	33.	 Akenroye AT, Wood R, Keet C. Asthma, biologics, corticosteroids, and 
coronavirus disease 2019. Ann Allergy Asthma Immunol. 2020;125(1):12–
3. https://​doi.​org/​10.​1016/j.​anai.​2020.​05.​001.

	34.	 Saeed H, Abdelrahim ME, Rabea H, Salem HF. Impact of advanced patient 
counseling using a training device and smartphone application on 
asthma control. Respir Care. 2020;65(3):326–32. https://​doi.​org/​10.​4187/​
respc​are.​06903.

	35.	 Choi JC, Jung SY, Yoon UA, You SH, Kim MS, Baek MS, Jung JW, Kim WY. 
Inhaled corticosteroids and COVID-19 risk and mortality: a nationwide 
cohort study. J Clin Med. 2020;9(11):3406. https://​doi.​org/​10.​3390/​jcm91​
13406.

	36.	 Pfaar O, Agache I, Bonini M, et al. COVID-19 pandemic and allergen 
immunotherapy-an EAACI survey. Allergy. 2021;76(11):3504–16. https://​
doi.​org/​10.​1111/​all.​14793.

	37.	 Myers LC, Parodi SM, Escobar GJ, Liu VX. Characteristics of hospitalized 
adults with COVID-19 in an integrated health care system in California. 
JAMA. 2020;323(21):2195–8. https://​doi.​org/​10.​1001/​jama.​2020.​7202.

	38.	 Kow CS, Capstick T, Hasan SS. Are severe asthma patients at higher risk of 
developing severe outcomes from COVID-19? Allergy. 2021;76(3):959–60. 
https://​doi.​org/​10.​1111/​all.​14589.

	39.	 Poddighe D, Kovzel E. Impact of anti-type 2 Inflammation biologic 
therapy on COVID-19 clinical course and outcome. J Inflamm Res. 
2021;14:6845–53. https://​doi.​org/​10.​2147/​JIR.​S3456​65.

	40.	 Leru PM, Anton VF. Real-life benefit of omalizumab in improving 
control of bronchial asthma during COVID-19 pandemic. Cureus. 
2021;13(8):e17268. https://​doi.​org/​10.​7759/​cureus.​17268.

	41.	 Bakakos A, Bakakos P, Rovina N. Unraveling the relationship of asthma 
and COVID-19. J Pers Med. 2021;16(12):1374. https://​doi.​org/​10.​3390/​
jpm11​121374.

	42.	 https://www.​asthma.​org.​uk/​advice/​trigg​ers/​coron​avirus-​covid-​19/​
what-​should-​people-​with-​asthma-​do-​now/

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/all.14551
https://doi.org/10.1111/all.14551
https://doi.org/10.3390/medicina56050235
https://doi.org/10.3390/medicina56050235
https://doi.org/10.3390/healthcare9091144
https://doi.org/10.3390/healthcare9091144
https://doi.org/10.1016/j.jaip.2021.04.049
https://doi.org/10.1016/j.jaip.2021.04.049
https://doi.org/10.1016/j.anai.2020.05.001
https://doi.org/10.4187/respcare.06903
https://doi.org/10.4187/respcare.06903
https://doi.org/10.3390/jcm9113406
https://doi.org/10.3390/jcm9113406
https://doi.org/10.1111/all.14793
https://doi.org/10.1111/all.14793
https://doi.org/10.1001/jama.2020.7202
https://doi.org/10.1111/all.14589
https://doi.org/10.2147/JIR.S345665
https://doi.org/10.7759/cureus.17268
https://doi.org/10.3390/jpm11121374
https://doi.org/10.3390/jpm11121374
http://www.asthma.org.uk/advice/triggers/coronavirus-covid-19/what-should-people-with-asthma-do-now/
http://www.asthma.org.uk/advice/triggers/coronavirus-covid-19/what-should-people-with-asthma-do-now/


Citation: Dobrican-Bărut,a, C.-T.;
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Abstract: (1) Background: This study aimed to evaluate the implications of interleukin-31 (IL-31) in the
pathogenesis of chronic spontaneous urticaria (CSU) and to assess the differences that occur between
its serum values compared to controls. Additionally, the serum IL-31 levels were measured along-
side other clinical and paraclinical parameters that were identified in the patients to understand its
immunological importance in this skin disease and to determine if it could potentially serve as a
therapeutic target in CSU in the future. (2) Methods: The serum levels of IL-31 were estimated in
50 patients diagnosed with CSU according to the accepted international guidelines. Additionally,
38 controls who had not experienced any episodes of urticaria during their lifetime were included.
(3) Results: Significantly elevated serum IL-31 levels were observed in CSU patients compared to
the controls (p < 0.0001). Although no direct correlations were found between IL-31 and inflam-
matory markers (erythrocyte sedimentation rate (ESR), C-reactive protein (CRP)), eosinophils, or
total immunoglobulins E (IgE), significant differences in IL-31 levels were identified based on CSU
severity, quality of life impact, itch intensity, and response to histamine H1 receptor antagonists
(H1 antihistamines) (p < 0.05 for all). (4) Conclusions: Our findings underscore that IL-31 is not
directly associated with general inflammation, eosinophilic response, or atopy in CSU. Nevertheless,
its expression is influenced by key disease characteristics: severity, pruritus, and H1 antihistamine
response. This investigation provides essential insights into CSU pathogenesis, potentially leading to
novel therapeutic interventions. An enhanced understanding of these mechanisms is crucial due to
the limitations of current treatment modalities in terms of fully managing CSU symptoms.

Keywords: IL-31; CSU; UAS-7; pruritus; inflammation; atopy; IgE; eosinophils

1. Introduction

Chronic urticaria, characterized by a persistent rash and intense pruritus lasting
over six weeks, involves complex pathogenetic mechanisms that remain incompletely
understood [1,2]. The roles of mast cells, basophils, and eosinophils in the disease’s patho-
genesis are well-known, leading to the release of vasoactive mediators, including histamine,
proinflammatory compounds, and newly synthesized cytokines [1,2]. Cytokine-mediated
inflammation, particularly alarmins such as interleukin-33 (IL-33), interleukin-25 (IL-25),
and thymic stromal lymphopoietin (TSLP), originating from mast cells, play significant
roles in inflammation [3–5]. Additionally, interleukin-31 (IL-31), which is produced by vari-
ous immune cells including T helper 2 (Th2) cells, mast cells, macrophages, and dendritic
cells, has some importance in pruritus and inflammatory responses [6–8].
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Current therapies for chronic spontaneous urticaria (CSU) include second-generation
H1 antihistamines, omalizumab, ciclosporin, and corticotherapy [1]. However, many pa-
tients continue to suffer from uncontrolled symptoms, necessitating the exploration of
novel biological treatments [6]. Notably, CSU shares intense pruritus in common with other
autoimmune and allergic skin diseases, such as bullous pemphigoid (BP), psoriasis, and
atopic dermatitis (AD) [7–9]. While histamine and neuropeptides have traditionally been
linked to pruritus, recent evidence highlights IL-31, known as the pruritogenic cytokine, as
a pivotal factor in the itch mechanism [7–9]. Initially attributed to activated T helper cells, re-
cent studies reveal eosinophils as significant IL-31 sources, implying their role in mediating
itch severity [2,10–12]. IL-31, besides inducing itching, exerts potential immunomodulatory
functions in supporting Th2-type immunity, contributing to the autoimmune diseases asso-
ciated with IgE, including chronic urticaria [9,10,13–15]. Recognizing IL-31’s implication in
pruritus and its relevance in AD and other allergic conditions has fostered its consideration
as a therapeutic target [7,8,10]. However, the precise implications of IL-31 in CSU, encom-
passing disease severity, itch intensity, and quality of life impact, remain incompletely
elucidated. To address this gap, our study aims to unravel the correlations between serum
IL-31 levels and diverse clinical and paraclinical parameters in CSU patients. By unveiling
these associations, our investigation seeks to provide novel insights into CSU’s underlying
mechanisms and potentially establish IL-31 as a promising therapeutic focus.

Distinguishing itself from prior research centered on IL-31’s role in pruritus, inflamma-
tion, and immune modulation, our study specifically delves into IL-31’s involvement within
the context of CSU [6–8]. Through these intricate associations, our research offers a fresh
perspective on IL-31’s significance in CSU and sets the stage for future research directions.

Within this manuscript, we present our findings, highlighting the elevated IL-31 levels
found in CSU patients compared to controls. We delve into the correlations between IL-31 and
disease severity, itch intensity, and treatment responsiveness. Furthermore, we investigate how
IL-31 levels relate to the impact on patients’ quality of life. By illuminating these multifaceted
connections, our study enriches our understanding of IL-31’s role in CSU and establishes a
foundation for potential therapeutic advancements. The prospect of blocking IL-31 receptors
through therapeutic approaches, exemplified by Nemolizumab, emerges as a potential strategy
for treating disorders involving IL-31, including CSU [16–18].

In summary, this study endeavors to uncover IL-31’s distinctive contribution to CSU,
highlighting the novel connections between this cytokine and disease manifestations. With
IL-31 as our focal point, we aspire to pave the way for therapeutic interventions that
alleviate the burden of CSU for affected individuals.

2. Materials and Methods

This research undertakes a retrospective, analytical approach to a study conducted
at the Allergology Department of the Regional Institute of Gastroenterology and Hepa-
tology in Cluj-Napoca (IRGH), Romania. The study encompassed 50 patients rigorously
diagnosed with CSU in accordance with international consensus guidelines [1]. These
guidelines define CSU as the recurrence of a specific maculopapular rash, optionally ac-
companied by angioedema, manifesting at least twice a week for a period exceeding six
weeks [1,2]. To draw a meaningful comparison, a control group was assembled from
38 Institute staff members. Therefore, the inclusion criteria for patients required a diagnosis
of CSU in accordance with the referenced guidelines [1]. Notably, patients were required to
lack systemic illnesses concurrent with urticaria, such as systemic mastocytosis, Schnitzler
syndrome, and urticarial vasculitis, which were considered exclusion criteria for this study.
The exclusion criteria for patients also included renal, hepatic, psychiatric, and infectious
diseases that may be accompanied by cutaneous eruptions or itching. Conversely, the
inclusion criteria for control subjects mandated a complete absence of urticaria episodes
throughout their lifetimes. The exclusion criteria for the control group incorporated individ-
uals with a history of acute or chronic urticaria episodes from any etiology, as well as those
with systemic conditions characterized by urticaria, wheals, or other cutaneous exanthems,
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along with pruritus, either individually or in combination, as concurrent symptoms. These
systemic conditions encompass renal and hepatic disorders, psychogenic pruritus, other
psychiatric conditions, infectious diseases, and malignancies. This study was approved
by the Ethics Committee of the “Iuliu Hatieganu” University of Medicine and Pharmacy
(UMF), Cluj-Napoca, Romania (AVZ270/10.10.2022) and by the IRGH (12637/11.10.2022).
Informed consent was obtained from all participants.

Demographic data and the baseline characteristics of all participants were recorded,
including age, sex, and serum IL-31 levels. In patients with CSU, additional data were
collected, such as the duration of the disease, the severity of the disease, and the pres-
ence or absence of atopy, proven by a positive skin-prick test to environmental allergens.
Complementary paraclinical tests were also performed, including a complete blood count,
an analysis of inflammatory parameters such as ERS and CRP, coproparasitological ex-
amination, and total serum IgE. All laboratory analyses were performed at the hospital’s
central laboratory.

Venous blood samples were taken from all these participants and the samples were
centrifuged. The serum was later frozen and kept at −80 degrees Celsius. IL-31 con-
centrations in the serum were assessed using a commercially available enzyme-linked
immunosorbent assay (ELISA), following the manufacturer’s instructions (Human IL-31
ELISA Kit, BioLegend, 8999 BioLegend Way, San Diego, CA 92121, United States).

The urticaria activity score over 7 days (UAS7) is an internationally authorized tool
used to assess the severity of CSU. It combines the scores for hives and itch severity over a
continuous period of 7 days, with scores ranging from 0 to 42. The hives score ranges from
0 to 3, indicating the level of hives: 0 represents no hives, 1 indicates mild hives (fewer
than 20 hives in 24 h), 2 corresponds to moderate hives (20–50 hives in 24 h), and 3 signifies
severe hives (more than 50 hives in 24 h or a large confluent area of hives). Likewise, the
itch severity score ranges from 0 to 3, reflecting the intensity of itchiness: 0 signifies no
itch, 1 indicates a mild itch (present but not bothersome), 2 represents a moderate itch
(troublesome but not disrupting normal daily activities or sleep), and 3 indicates a severe
itch (interfering with normal daily activities or sleep). Based on the UAS7 scores, the
patients’ chronic spontaneous urticaria severity is categorized into three disease activity
states: scores from 0 to 15 are classified as mild, scores from 16 to 27 are categorized as
moderate, and scores from 28 to 42 are considered severe [19,20].

Additionally, the weekly itch severity is also grouped into three levels: scores from
0 to 7 are considered mild, scores from 8 to 14 are classified as moderate, and scores from
15 to 21 are categorized as severe.

The dermatology life quality index (DLQI) is a widely used tool to assess how CSU
affects a person’s quality of life. It consists of ten questions, each scored from 0 to 3, with
higher scores indicating a more significant impact. The total DLQI score can range from
0 to 30, and the scoring breakdown is as follows: 0 to 1—no impact on quality of life,
2 to 5—small impact, 6 to 10—moderate impact, 11 to 20—very large impact, and 21 to
30—extremely large impact [21,22].

Statistical Analysis

The data were reported as the median, along with the interquartile range, unless
specifically mentioned otherwise. To assess the normality of the data distribution, the
Shapiro–Wilk test was conducted. For comparisons between the study groups, the Mann–
Whitney U test or the Kruskal–Wallis test was utilized, depending on the nature of the
data. The Mann–Whitney U test was chosen when comparing two independent groups,
such as the serum IL-31 levels between healthy controls and urticaria patients. This
test is suitable for non-normally distributed continuous data and allows us to assess
whether there are significant differences in the central tendencies of the two groups. To
provide a comprehensive understanding of the practical significance of these findings, we
calculated the effect size measures. Effect size measures help elucidate the magnitude of
observed differences beyond statistical significance. Thus, in our analysis, we included
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effect size measures using the Rosenthal coefficient (R) for the Mann–Whitney test, which
quantifies the practical significance of the differences observed between these two groups.
We calculated this coefficient manually, based on the U statistic and sample sizes. To avoid
confusion between the traditional notation “r” for the Rosenthal coefficient and the “r”
notation for the Pearson correlation coefficient, we have chosen to represent the effect
size coefficient, Rosenthal’s, as “R” in our study. Conversely, the Kruskal–Wallis test was
employed when comparing IL-31 levels among more than two independent groups or
when dealing with ordinal data. This test extends the Mann–Whitney U test to multiple
groups and examines whether there are significant differences in the medians of these
groups. In our study, it was used to compare IL-31 levels among patients with different
disease severities. To assess the practical significance of the Kruskal–Wallis test results, we
calculated the effect size using the epsilon-squared (ε2) method. This approach provides a
measure of the proportion of variability in the dependent variable that can be attributed to
group differences, helping us interpret the practical significance of the findings.

Categorical data were compared using Pearson’s chi-squared test, which is appro-
priate for analyzing the associations between categorical variables. This test helped us
to determine whether there were significant differences in the categorical variables, such
as atopic status, between groups. The relationships between different parameters were
determined using Spearman’s correlation, a non-parametric measure suitable for assess-
ing non-linear associations between variables. This analysis enabled us to examine the
strength and direction of correlations between IL-31 levels and other clinical parameters.
To investigate whether IL-31 could discriminate between healthy controls and urticaria
patients, the receiver operating characteristics (ROC) curve for IL-31 was analyzed, and
the area under the curve (AUC) was calculated. This analysis allowed us to assess the
diagnostic performance of IL-31 in differentiating between the two groups. GraphPad
Prism 9.0 software (GraphPad Software Inc., San Diego, CA, USA) was used for conducting
the statistical analyses and generating graphs. Statistical significance was set at a p-value
of <0.05, indicating that results with p-values lower than this threshold were considered
statistically significant. The choice of these specific tests and methods aimed to comprehen-
sively analyze the relationships and differences in IL-31 levels and the associated clinical
parameters within the context of CSU.

3. Results
3.1. Clinical Data

We meticulously collected the foundational clinical characteristics of the study subjects.
A comprehensive synthesis of these characteristics is presented in Table 1 for detailed review
[Table 1].

Table 1. Characteristics of the study participants. Note: F, female; M, male. Age is presented as mean
± standard deviation (SD).

Characteristic CSU Patients Controls

Number, n 50 38
Sex (F/M) 36/14 26/12
Age, yrs. 50.14 ± 16.10 44.32 ± 9.23

Atopy (Atopic/Non-atopic) 14/36 10/28

3.2. Serum IL-31 Levels in UCS Patients and Controls

The statistical analysis showed a highly significant difference in serum IL-31 levels
between patients and controls, with IL-31 being significantly higher in patients (p < 0.0001).
The median IL-31 level in patients was 121.5, while in the controls, it was 29.21 (Figure 1).
We utilized the Rosenthal coefficient (R) as an effect size measure in conjunction with the
Mann–Whitney U test to evaluate the clinical significance of the IL-31 level differences.
The computed Cohen’s r value was approximately 0.485, indicating a moderate degree
of practical relevance. In essence, this suggests that the observed increase in IL-31 levels
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among patients compared to controls transcends statistical significance, underscoring its
substantial clinical implications.
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Figure 1. IL-31 serum levels in CSU patients versus (vs.) controls; IL-31—interleukin 31,
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In our study, ROC analysis was also performed to evaluate the levels of IL-31 between
patients with CSU and the control subjects. The AUC was calculated to be 0.9039, with a
standard error (SE) of 0.03220 and a 95% confidence interval ranging from 0.8408 to 0.9671
(Figure 2).
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Figure 2. Receiver operating characteristics (ROC) curve of IL-31 in CSU compared with healthy
controls; IL-31—interleukin 31, CSU—chronic spontaneous urticaria, p < 0.0001, AUC—area under
the curve = 0.9039, and SE—standard error = 0.03220.
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3.3. Serum IL-31 Levels in Relation to Other Paraclinical Parameters: Eosinophils, Inflammation
Markers, and Total IgE Serum Level

There were no significant correlations between IL-31 levels and other paraclinical
parameters, such as serum eosinophils, or inflammatory markers, such as ESR or CRP, as
well as total IgE levels. The Pearson correlation coefficient (r) for the serum level of IL-31
and serum eosinophils is −0.06714, indicating a weak negative correlation between the
two variables. However, this correlation was not statistically significant (p = 0.6432) as
the p-value was greater than 0.05. The analysis was based on 50 XY pairs, and the results
suggested that there was no significant relationship between serum interleukin-31 levels
and serum eosinophil levels in patients (Figure 3). Using the same statistical analyses,
correlations between IL-31 and ESR, CRP, and total IgE levels were investigated, but no
statistically significant associations were found between them.
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Figure 3. Correlation of serum IL-31 and eosinophils. IL-31—interleukin 31, CSU—chronic sponta-
neous urticaria, p = 0.6432; r—the Pearson correlation coefficient for the serum level of IL-31 and
serum eosinophils is −0.06714 (r = −0.06714).

3.4. Serum IL-31 Levels in Relation to Atopy

Another objective of our study was to examine potential variations in serum IL-31
levels in relation to atopic status, specifically contrasting these levels between atopic and
non-atopic CSU patients. Statistical analysis conducted using the Mann–Whitney test
yielded a non-significant p-value of 0.2491, thus indicating that there was no statistically
significant difference in serum IL-31 levels between these subgroups (Figure 4). The Rosen-
thal coefficient (R) for the comparison between non-atopic and atopic groups regarding
IL-31 levels is approximately −0.214. This result suggests a small or negligible effect. In
other words, the observed difference between the two groups in terms of IL-31 levels is not
clinically or practically significant since the coefficient is close to zero.



J. Clin. Med. 2023, 12, 5957 7 of 17
J. Clin. Med. 2023, 12, x FOR PEER REVIEW 8 of 18 
 

 

 
Figure 4. IL-31 serum levels in atopic vs. non-atopic patients; IL-31—interleukin 31, CSU—chronic 
spontaneous urticaria, ns—non-significant, and p = 0.2491. 

3.5. Serum IL-31 Levels in Relation to Clinical Tools 
3.5.1. Serum IL-31 Levels in Relation to UAS7 

According to UAS7, which, as explained in materials and methods, divides patients 
into three categories of disease severity, our patients fell into the moderate and severe 
forms, with no patient having the mild form of the disease. Thus, we divided the patients 
into two categories: moderate and severe, and evaluated whether there are differences in 
IL-31 levels between them. The examination of statistical relationships revealed a signifi-
cant positive correlation (r = 0.5673, p < 0.0001) between IL-31 serum levels in CSU patients 
and UAS7 scores, underscoring the finding that individuals with higher UAS7 scores ex-
hibited elevated IL-31 levels (Figure 5). Furthermore, the investigation encompassed a 
comparison of IL-31 levels within distinct disease severity groups using the Mann–Whit-
ney U test. For patients with moderate disease, the mean IL-31 level stood at 106 (standard 
deviation 42), with a median of 94 (range: 80 to 127). Conversely, patients with severe 
disease exhibited a mean IL-31 level of 200 (standard deviation 156), accompanied by a 
median of 163 (range: 77 to 282). The utilization of the Mann–Whitney U test demon-
strated a significant differentiation between these two groups (p = 0.0026). Specifically, IL-
31 levels were notably higher in patients grappling with severe disease compared to those 
with moderate disease presentation (Figure 6). The Rosenthal coefficient (R) for the com-
parison between the “moderate form” and “severe form” groups in terms of IL-31 levels 
was approximately 0.327. This result suggests a moderate effect size. It indicates that there 
is a moderate practical significance associated with the difference in IL-31 levels between 
these two groups. In other words, the observed difference in IL-31 levels is not only sta-
tistically significant but also carries meaningful clinical implications. Notably, the analysis 
incorporated data from 21 patients with a moderate disease form and 29 patients with a 
severe manifestation of the condition. 

atopic non-atopic

0

100

200

300

400

IL
-3

1 
CS

U 
(p

g/
m

L)

ns
P = 0.2491

Figure 4. IL-31 serum levels in atopic vs. non-atopic patients; IL-31—interleukin 31, CSU—chronic
spontaneous urticaria, ns—non-significant, and p = 0.2491.

3.5. Serum IL-31 Levels in Relation to Clinical Tools
3.5.1. Serum IL-31 Levels in Relation to UAS7

According to UAS7, which, as explained in materials and methods, divides patients
into three categories of disease severity, our patients fell into the moderate and severe forms,
with no patient having the mild form of the disease. Thus, we divided the patients into
two categories: moderate and severe, and evaluated whether there are differences in IL-31
levels between them. The examination of statistical relationships revealed a significant
positive correlation (r = 0.5673, p < 0.0001) between IL-31 serum levels in CSU patients
and UAS7 scores, underscoring the finding that individuals with higher UAS7 scores
exhibited elevated IL-31 levels (Figure 5). Furthermore, the investigation encompassed a
comparison of IL-31 levels within distinct disease severity groups using the Mann–Whitney
U test. For patients with moderate disease, the mean IL-31 level stood at 106 (standard
deviation 42), with a median of 94 (range: 80 to 127). Conversely, patients with severe
disease exhibited a mean IL-31 level of 200 (standard deviation 156), accompanied by a
median of 163 (range: 77 to 282). The utilization of the Mann–Whitney U test demonstrated
a significant differentiation between these two groups (p = 0.0026). Specifically, IL-31 levels
were notably higher in patients grappling with severe disease compared to those with
moderate disease presentation (Figure 6). The Rosenthal coefficient (R) for the comparison
between the “moderate form” and “severe form” groups in terms of IL-31 levels was
approximately 0.327. This result suggests a moderate effect size. It indicates that there is
a moderate practical significance associated with the difference in IL-31 levels between
these two groups. In other words, the observed difference in IL-31 levels is not only
statistically significant but also carries meaningful clinical implications. Notably, the
analysis incorporated data from 21 patients with a moderate disease form and 29 patients
with a severe manifestation of the condition.
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Figure 6. The Mann–Whitney U test, showing the level of serum IgE in moderate and severe forms of
CSU, where p = 0.0026; IL-31—interleukin 31, CSU—chronic spontaneous urticaria, UAS7—urticaria
activity score per 7 days, and p = 0.0026.

3.5.2. Serum IL-31 Levels in Relation to the Severity of the Pruritus

Additionally, as shown in the second subtitle of this paper, the severity of itch was also
quantified separately by summing the scores over 7 days, and patients were divided into
three categories, based on the intensity of the pruritus. Scores from 0 to 7 were considered
mild, scores from 8 to 14 were classified as moderate, and scores from 15 to 21 were
categorized as severe (Figure 7).
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The statistical analysis used the Kruskal–Wallis test to examine the association between
different forms of pruritus. The test resulted in a highly significant p-value of less than
0.0001, indicating that there were statistically significant differences between the groups
with different forms of pruritus. The p-value summary is denoted by ****, confirming the
high significance of the result. The test also revealed that the medians of the pruritus scores
vary significantly (p < 0.05) among the three groups. The Kruskal–Wallis statistic value
is 26.79, which further supports the evidence of significant differences in pruritus scores
among the groups (Figure 8). The effect-size epsilon-squared (ε2) value for the Kruskal–
Wallis test using the epsilon-squared method is approximately 0.149. This suggests a
moderate effect size, indicating that around 14.9% of the variability in the dependent
variable can be attributed to the differences between the groups. In other words, there are
meaningful differences among the groups in our study.
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Figure 8. Correlation of serum IL-31 levels in CSU patients and pruritus score per 7 days;
IL-31—interleukin 31, CSU—chronic spontaneous urticaria, p < 0.0001, and the Pearson correla-
tion coefficient—r = 0.6668.
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3.5.3. Serum IL-31 Levels in Relation to DLQI

The impact of CSU on patients’ quality of life was assessed using the dermatology life
quality index (DLQI), as explained in the Materials and Methods (Section 2). The results
revealed that patients in the “very important impact” group (n = 33) had a mean IL-31
level of 104 (SD = 47), with a median of 93, ranging from 70 to 127 pg/mL. On the other
hand, the “extremely important impact” group (n = 16) exhibited a significantly higher
mean IL-31 level of 276 (SD = 170) with a median of 244, ranging from 160 to 351 pg/mL.
Additionally, it is worth noting that there was one patient with a “moderate” impact on
quality of life, as per the DLQI, who had an IL-31 level of 79.635 pg/mL. These findings
suggest that higher IL-31 levels may be associated with a more pronounced impact on the
quality of life in patients with the disease (Figures 9 and 10).
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Figure 9. Serum IL-31 levels in CSU patients experiencing a moderate impact, very large impact, and
extremely large impact on quality of life, according to the DLQI; IL-31—interleukin 31, CSU—chronic
spontaneous urticaria, DLQI—dermatology life quality index, and p = 0.0002.
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Figure 10. Correlation of serum IL-31 levels in CSU patients and DLQI score; IL-31—interleukin
31, CSU—chronic spontaneous urticaria, DLQI—dermatology life quality index, p < 0.0049, and the
Pearson correlation coefficient—r = 0.3918.
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3.6. Serum IL-31 Levels in Relation to Response to Antihistamines AH1

The IL-31 levels in CSU patients and their response to the maximum recommended
dose of second-generation h1 antihistamines [1] were compared, dividing the patients
into two groups, as follows: those who responded to AH1—“YES”; those who did not
respond to AH1 requiring the following therapeutic steps—“NO”. The Mann–Whitney
test resulted in a p-value of 0.0290, indicating a statistically significant difference in the
treatment response between the two groups. The “p-value summary” denoted by one
asterisk (*) confirms a significance at the alpha level of 0.05. The test used a two-tailed
p-value, considering both higher and lower values. The sum of ranks in the “YES” and
“NO” groups was 256.5 and 1019, respectively, with a Mann–Whitney U value of 151.5. The
difference between the medians of the two groups was 46.06 (actual difference) or 43.56
(the Hodges–Lehmann estimate). This suggests that the group with a negative response to
the treatment (“NO”) had a higher median value of serum IL-31 levels (136.9) compared to
the group with a positive response (“YES”) with a median of 90.86 (Figure 11).
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We obtained an effect size coefficient, Rosenthal’s coefficient (R) of approximately 0.295.
This value indicates a moderate level of practical significance. In essence, it signifies that the
difference in response to AH between the “YES” and “NO” groups is not only statistically
significant but also carries meaningful clinical implications. This means that beyond the
statistical significance observed in our Mann–Whitney test, the practical importance of the
difference in AH responses between these two groups is underscored by the calculated
effect size.

4. Discussion

CSU is a debilitating skin disease that has a considerable impact on the daily life of
affected patients, not only through the characteristic lesions but especially through itching.
It affects approximately 1% of the global population and represents a substantial socioe-
conomic burden, with absenteeism from the workplace and high costs for the necessary
treatments [23–26]. Thus, there is an urgent need to better understand the pathogenesis
of CSU to develop improved diagnostic and treatment approaches [2,6,27,28]. Despite
this need, there has been less focus on pruritus in the specialized literature that studies
chronic urticaria, the symptom being more pathognomonic for atopic dermatitis, which
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is why IL-31 was also studied further in the context of this condition [7,9,29]. Based on
these considerations, our study aimed to investigate the correlation between the cytokine
attributed to pruritus and the severity scores of the urticaria, the intensity of the itch, and
the impact on the quality of life of affected patients. Our findings revealed a significant
association between IL-31 levels in CSU patients and pruritus intensity, disease severity,
and quality of life. Additionally, we observed that patients who responded to the first steps
of treatment, up to the maximum dose of H1 antihistamines, had lower serum levels of
IL-31 than those who did not respond to these drugs and required other therapeutic steps.
Among these therapeutic options, anti-IL-31 therapy could also be considered, as has been
considered for other itchy skin conditions [7,9,29].

IL-31 plays a significant role in cutaneous inflammation and has been extensively
studied for its involvement in tissue homeostasis, inflammation, immune defense, neu-
roimmune circuits, and pruritus [7,29–33]. It belongs to the IL-6-derived cytokine family
and is associated with proinflammatory characteristics. While its physiological function is
not fully understood, it has been implicated in various inflammatory disorders in humans,
such as AD, inflammatory bowel disease, and asthma [9,16,17,29–32]. IL-31 is produced by
TH2 cells and immature dendritic cells, activating neurons and keratinocytes through its
receptors, IL31RA/OSMRβ. The intradermal application of IL-31 induces itching, further
illustrating its ability to activate target neurons [34,35]. In our study, we found signifi-
cantly increased levels of IL-31 in patients with CSU compared to healthy controls, which
is consistent with observations from other studies [4,5,30]. We also computed the effect
size coefficients, which revealed a moderate to large level of significance. In essence, the
statistical analysis demonstrated not only a highly significant difference in serum IL-31
levels between patients and controls but also conveyed that this difference holds practical
importance in the context of our study. It highlights the potential clinical relevance of ele-
vated IL-31 levels in patients, which may warrant further investigation and consideration
in the management of CSU.

We also conducted an ROC analysis to assess the discriminatory ability of IL-31 in
distinguishing between individuals with CSU and those without the condition (control
subjects). The AUC value that we obtained was 0.9039. This value indicates a high degree
of accuracy in distinguishing between the two groups using the IL-31 parameter. The
analysis showed that IL-31 is quite effective in making this distinction, with a high degree
of certainty. The numbers we provided give us confidence in the accuracy and reliability of
our results. This finding supports the inclusion of urticaria in the category of pruritogenic
inflammatory skin diseases, along with the others mentioned above.

During the course of our study, we meticulously scrutinized the foundational clinical
characteristics of both the CSU patient group and the carefully matched control cohort.
Strikingly, no statistically significant disparities emerged in these pivotal attributes, such
as age and sex, underscoring the meticulous selection process that aimed to eliminate
potential confounders arising from these fundamental demographics. Surprisingly, we also
noticed the absence of correlations between the serum levels of IL-31 and eosinophils in
our patients, despite prior theoretical assumptions suggesting an association between IL-31
and eosinophils [2,10–12]. This discrepancy between IL-31 and eosinophils suggests that
while IL-31 may contribute to certain aspects of allergic inflammation, its role might not
be as straightforward as previously assumed. Intriguingly, our findings regarding serum
IL-31 levels in relation to atopic status present a complex picture that challenges our initial
expectations. While previous research has suggested a potential link between IL-31 and
atopic conditions [9,16,17,29–32,35,36] such as AD, the non-significant difference in IL-31
levels between atopic and non-atopic CSU patients, as indicated by the Mann–Whitney
test (p-value = 0.2491), adds a layer of complexity to our understanding. Furthermore, no
significant correlations were identified between non-specific inflammatory markers, such
as ESR and CRP, and the serum levels of IL-31. These findings strengthen the notion that
IL-31 may not primarily function as a non-specific pro-inflammatory cytokine. Rather, it
appears to exhibit distinct characteristics that are intricately connected to the pruritogenic
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mechanism, as indicated by the observed positive correlations. These correlations, as
detailed in the results section and elaborated upon in the subsequent paragraphs of this
discussion, underscore the connections we identified between serum IL-31 levels and the
specific clinical impacts of pruritus, assessed through the presented scoring systems.

We observed significant correlations between the level of IL-31 and the severity of
CSU, as quantified through the UAS7 assessment. These findings align with previous
investigations that have also reported associations between IL-31 serum levels and disease
severity in patients suffering from CSU [4], atopic dermatitis [36], and uremic pruritus [37].
Notably, a relatively recent study from 2020 demonstrated contrasting results since it found
no correlations between IL-31 levels in CSU and psoriasis patients with varying degrees of
disease severity, as evaluated by UAS7 and psoriasis area and severity index (PASI) scores,
respectively [5]. The correlations observed in our study, corroborating previous research,
bolster the prominence of IL-31 in the realm of pruritic skin ailments, particularly CSU. The
robust associations between IL-31 and clinical severity scores underscore the significance
of this cytokine in the complex tapestry of pruritic pathophysiology. The noteworthy
discordant findings in the context of psoriasis and CSU severity further emphasize the
need for comprehensive investigations to unravel the multifaceted role of IL-31 in diverse
pruritic conditions. It is evident that our findings, along with other pertinent research,
lay the groundwork for a deeper understanding of IL-31’s involvement in pruritic skin
disorders, particularly CSU. The substantial correlations uncovered in this study contribute
to the growing body of evidence highlighting IL-31’s potential as a key player in pruritus
etiology and severity. Nonetheless, further exploration and nuanced studies are essential
to elucidate the exact mechanisms that underlie the observed correlations, thereby paving
the way for potential therapeutic interventions targeting IL-31 to ameliorate pruritus and
enhance the quality of life for affected individuals.

In line with contemporary investigations, other studies have emphasized the signifi-
cance of this cytokine in the pathogenesis of various conditions, including autoimmune
skin diseases, atopic dermatitis, and other atopic skin inflammation, as well as in its impact
on the quality of life of patients afflicted by these conditions [7,9,29]. Following the lead of
these studies, we aimed to investigate whether there exists a correlation between serum
IL-31 levels and the impact on the lives of patients with CSU through the utilization of
the DLQI score. Thus, we have demonstrated that IL-31 levels in CSU exhibit a direct
proportionality with the impact on patients’ quality of life. This finding aligns with the out-
comes reported by authors in studies referenced earlier [7,9,29], which similarly encompass
conditions marked by pruritus, elevated serum IL-31 levels, and a substantial impact on
quality of life. Collectively, these observations underscore a salient association between
serum IL-31 levels and their implications for individuals grappling with pruritic disorders.
Nevertheless, to solidify and enhance the comprehensiveness of the relationship between
IL-31 levels and their impact on quality of life, further investigations involving a larger
cohort are imperative.

Past investigations have unveiled alterations in IL-31 levels following targeted ther-
apeutic interventions. For instance, in individuals afflicted by psoriasis, levels of IL-31
in serum exhibited a significant reduction following exposure to narrowband ultraviolet
radiation [38]. Furthermore, the efficacious administration of omalizumab to patients
grappling with CSU led to noteworthy declines in serum IL-31 concentrations [39]. Addi-
tionally, a study involving CSU patients who displayed positive responses to omalizumab
elucidated a substantial correlation linking ameliorated clinical symptoms with diminished
IL-31-secreting T cells [40]. Although the present study did not explicitly assay IL-31
levels after specific interventions, it was observed that patients who were unresponsive to
antihistamine treatment during the initial treatment stages exhibited elevated IL-31 values.
In other words, those who solely responded to H1 antihistamines, the primary treatment
tier in CSU, demonstrated lower serum IL-31 levels compared to those requiring more
intricate therapeutic regimens. These findings, strengthened by effect size coefficients,
emphasize the potential clinical relevance of the observed disparities in antihistamine



J. Clin. Med. 2023, 12, 5957 14 of 17

responses and call for further exploration and consideration in clinical practice. Subsequent
investigations aimed at quantifying IL-31 levels contingent on diverse treatment modalities
and correlating them with cytokine profiles warrant consideration. Such endeavors hold
the potential to unravel the nuanced implications of IL-31 in the disease’s pathogenesis,
progression, and therapeutic responses.

Strengths and Limitations of the Study

The present investigation encompasses a range of strengths that enhance its scientific
significance within the realm of CSU research. By comprehensively exploring the intricate
relationships between serum IL-31 levels and various clinical parameters, as well as the
nuanced impact on quality-of-life indicators, this study contributes to a deeper understand-
ing of the potential implications of IL-31 in the context of CSU. Moreover, the meticulous
examination of multifaceted aspects such as disease severity, itch intensity, and therapeutic
responsiveness bolsters the study’s comprehensive nature.

The strategic inclusion of a control group within the study design further substantiates
the validity of the findings by allowing for meaningful comparisons against a reference
baseline. Employing well-established diagnostic criteria and employing standardized
methodologies, the study demonstrates methodological rigor, ensuring the reliability and
reproducibility of results. Additionally, the judicious application of diverse statistical
analyses adds a layer of robustness to the interpretation of observed associations.

Notwithstanding these strengths, the study does bear certain limitations that warrant
acknowledgment. The relatively constrained sample size could potentially limit the extrap-
olation of findings to broader populations, necessitating circumspection when considering
the broader implications. The inherent cross-sectional nature of the study design precludes
the establishment of causal relationships between IL-31 levels and the clinical parameters
explored. To unveil the temporal dynamics and elucidate potential causal mechanisms,
prospective longitudinal investigations are imperative.

The single-center setting, while providing a controlled environment, introduces the
possibility of selection bias and may restrict the generalizability of the findings to more
heterogeneous populations. Collaborative endeavors encompassing multiple centers could
mitigate this limitation and enhance the external validity of the study outcomes.

In conclusion, while this study substantively enriches our understanding of the in-
tricate interplay between IL-31 and CSU, it is important to underscore that the strengths
and limitations outlined herein underscore the necessity for continued research. Ongoing
endeavors with larger and more diverse cohorts, encompassing various settings and em-
ploying longitudinal designs, are poised to refine and substantiate the current findings,
culminating in a more nuanced comprehension of the intricate interrelationships governing
IL-31’s role in the clinical context of CSU.

5. Conclusions

In conclusion, our study offers valuable insights into the multifaceted interactions
between IL-31 and CSU, shedding light on the complex role of this cytokine in pruritic skin
disorders. The significant associations that we observed between serum IL-31 levels and
pruritus intensity, disease severity (UAS7), and quality of life (DLQI) underscore IL-31’s
potential as a key player in the pathophysiology of CSU. Moreover, the correlation between
lower IL-31 levels and a positive response to initial H1 antihistamine treatment highlights
the potential relevance of IL-31 as a therapeutic target.

The intricate web of relationships that we have unveiled underscores the intricate
nature of pruritus etiology and severity and supports the need for further investigation
into the underlying mechanisms. As IL-31 emerges as a potential biomarker for disease
severity and therapeutic response, future studies with larger, more diverse cohorts and
prospective longitudinal designs will provide a deeper understanding of IL-31’s temporal
dynamics and causal relationships.
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While our study advances our understanding of IL-31’s involvement in CSU, it is
essential to acknowledge the study’s limitations, such as the sample size and single-center
setting, which call for continued research in more diverse settings. Collectively, the find-
ings presented here contribute to the ongoing pursuit of improved diagnostic tools and
therapeutic approaches for individuals grappling with the burden of CSU.
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Abstract: Background: The use of biological agents in the treatment of various inflammatory and
malignancy conditions has expanded rapidly. However, these agents can induce hypersensitivity
reactions, posing significant clinical challenges. Methods: We conducted a retrospective study that
included nine patients with severe asthma who experienced hypersensitivity reactions to biological
agents (omalizumab, benralizumab and dupilumab). Results: Hypersensitivity reactions to biologi-
cals in severe asthma were observed in 9 of 68 patients treated. In five cases, treatment was stopped or
changed to another available biological, and for four patients administered under close surveillance,
titrated provocation or desensitization was applied. Successful desensitization was achieved in three
of the patients, allowing them to continue therapy without adverse reactions. Improvements in
asthma control were observed post-desensitization, leading to the reduced need for systemic steroid
treatments and an increase in quality of life. Conclusions: This study highlights the importance of
recognizing hypersensitivity reactions to biologicals to have an appropriate approach for patients
with severe asthma. As an effective approach for patients experiencing hypersensitivity reactions to
biological agents, desensitization allows treatment continuation.

Keywords: asthma; monoclonal antibodies; biologic therapy; hypersensitivity; desensitization

1. Introduction

In recent years, there has been a rapid increase in the number of biological agents
approved by pharmaceutical agencies across the globe for treating various inflammatory
and malignancy conditions. As the use of these agents continues to expand, despite their
therapeutic potential, their mechanism of action exposes them to the risk of immune-
mediated effects, which can have significant implications [1,2].

To gain a deeper understanding of adverse reactions related to biological agents, it
is essential to consider key differences between them and conventional drugs. Unlike
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most drugs, which are generally small molecules with molecular weights below 1 kDa
(kilodaltons), biological agents are large-sized proteins designed to structurally resemble au-
tologous proteins and have much larger molecular weights exceeding 1 kDa. Furthermore,
drugs are chemically synthesized, while biological agents are produced using molecular
genetic techniques and purified from genetically modified cells. Most biological agents
require parenteral administration to avoid gastrointestinal degradation, whereas drugs
can often be administered orally or parenterally and undergo metabolism. While drug
metabolism can sometimes generate immunogenic intermediaries, biological agents are
subject to processing but not metabolism. Ultimately, biological agents exhibit intrinsic
immune-mediated effects because they originate from non-self proteins, a characteristic
usually associated with smaller synthetic compounds in drugs [1].

Due to these differences, efforts have been made to categorize adverse reactions to
biological agents using classification systems that emphasize their immune-target effects.
In 2006, Pichler proposed such a classification scheme, which was later elaborated by
Haussman and his colleagues [1–3]. This classification assigns Greek letters (alpha, beta,
gamma, delta and epsilon) to various types of reactions (Table 1).

Table 1. Adverse reactions to biological agents [1,2].

Type Example Reaction (Causative Drug)

α: Overstimulation Cytokine release syndrome (cytokine storm)
(muromunab, TGN1412)

β: Hypersensitivity Common acute infusion reactions (rituximab), delayed infusion reactions (etanercept,
adalimumab), anaphylaxis (muromunab, cetuximab, omalizumab)

γ: Cytokine of immune imbalance

Immunodeficiency Increased risk of tuberculosis—anti-TNF (tumor necrosis factor) agents
Hypogammaglobulinemia (rituximab)

Autoimmunity Systemic lupus erythematosus or vasculitis: IFN-γ(interferon gamma)

Atopic disorders Atopic dermatitis (anti-TNF agents)

δ: Cross-reactivity Acne from anti-EGFR (epidermal growth factor receptor): cetuximab, panitumumab

ε: Nonimmunological side effects Neuropsychiatric side effects including confusion or depression (IFN-α)

Beta-type reactions to biological agents involve hypersensitivity reactions, which can
manifest as immediate or delayed responses. Factors that influenced these reactions include
the type of immune response triggered: IgE (immunoglobulin E) mediated complement
activation or immune complexes disease. Also, in the immune response towards biologicals,
the degree of humanization of the monoclonal antibody and the presence of adjuvants
or excipients should also be considered in the assessment of the reaction. Immediate
reactions may involve the production of IgE antibodies targeting non-self peptide sequences,
although immediate IgE-mediated hypersensitivity reactions are not commonly the primary
cause of these reactions. Many patients can tolerate the same agent when administered
at a slower rate or with premedication, such as antihistamines and steroids. However,
IgE-mediated anaphylactic reactions have been reported with several biological agents,
including infliximab, omalizumab and cetuximab, which were available early on the market,
but also in new agents such as benralizumab and checkpoint inhibitors (nivolumab and
ipilimumab). Studies have shown that IgE-mediated anaphylactic reactions to cetuximab
are associated with pre-existing IgE antibodies against galactose-α-1,3-galactose. Common
acute infusion reactions, largely comprising predictable and mild symptoms, represent most
reactions to monoclonal antibodies. The underlying mechanism is not fully understood but
may involve the release of proinflammatory cytokines [4–9].

Complement activation is also considered to play a role in immediate hypersensitivity
reactions, as C3a (complement component 3 activated) and C5a (complement component
5 activated) cleavage products can directly stimulate mast cells and trigger mast cell ac-
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tivation independent of IgE. The degree of humanization of monoclonal antibodies has
evolved, with fully humanized and human monoclonal antibodies having reduced im-
munogenicity compared to antibodies derived from mice. However, even humanized
monoclonal antibodies contain non-self peptide sequences that can lead to the formation
of anti-human antibodies. The consequences of these antibodies are usually delayed and
involve the production of IgG antibodies, which can lead to drug inactivation but not nec-
essarily severe symptoms. Complement is also believed to play a role in delayed reactions
through the formation of immune complexes and serum sickness-like reactions. Some case
reports have suggested T-cell-mediated hypersensitivity causing delayed maculopapular
exanthems [3–5].

In severe asthma, there are different biological therapies available, as detailed in
Table 2, such as anti-immunoglobulin E (anti-IgE) therapy (omalizumab), anti-interleukin-5
(anti-IL-5) (mepolizumab, reslizumab), anti-alpha subunit-IL-5 receptor (benralizumab), an
anti-alpha subunit of the IL-4 receptor/IL-13 receptor (dupilumab) or anti-thymic stromal
lymphopoietin (TSLP) (tezepelumab). The recommendation for a specific biological action
depends on several factors such as their age, serum total IgE level, eosinophils level and
the presence of type-2 asthma phenotype. The selection of treatment is also performed
according to national protocols and availability of them in each country [10,11].

Table 2. Biologicals available for severe asthma in Europe in 2023 (alphabetical order) [11].

Generic Name Trade Name Target

Benralizumab Fasenra® alpha subunit of the IL5R
Dupilumab Dupixent® alpha subunit of the IL-4R and the IL-13R

Mepolizumab Nucala® IL5
Omalizumab Xolair® IgE
Reslizumab Cinqair® IL5

Tezepelumab Tezspire® TSLP

It is important to note that hypersensitivity reactions, including IgE-mediated ones,
can present symptoms that overlap with common infusion reactions (such as gastroin-
testinal symptoms, dyspnea, transient skin redness, back pain) and symptoms of the
underlying disease. Symptoms suggestive of hypersensitivity reactions may include ur-
ticaria with/without angioedema, wheezing, frequent cough, severe rash or anaphylactic
symptoms. Hypersensitivity reactions to biological agents appear to be less common and
have been reported for various agents, including omalizumab, natalizumab, rituximab,
dupilumab and cetuximab [4,12–18].

Desensitization, as a management strategy for hypersensitivity reactions to biological
agents, has emerged as an option, mainly when other biologicals are not available, but has
yielded varying results [3,4].

In this study, we evaluated the hypersensitivity reactions to biological recommended
for severe asthma that were available in our country in 2023; reactions were evaluated in
three clinical settings specialized in severe asthma treatment.

2. Materials and Methods

We present a case series of adverse reactions to monoclonal antibodies (MoAb) used in
severe asthma. From a group of 68 patients with severe asthma (treated in the Pneumology
Department, the Allergology Department, Almedo Clinic), we evaluated 9 patients with
adverse reactions requiring hospitalization or emergency room visits.

Out of the nine patients, three underwent successful desensitization to biologicals
used in the treatment of severe asthma: two to omalizumab and another to dupilumab. For
data collection, we reviewed the electronic and physical medical records.

Our study received approval from the Institutional Review Board at our facility (no.
10577/09.12.2021), and we obtained informed consent from all patients before proceeding
with any investigation. The desensitization procedures took place between 2019 and 2022
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at the Allergology Department of IRGH Cluj-Napoca, a specialized unit for treating allergic
drug reactions.

3. Results

Of 68 patients with severe asthma under biologicals (from 2016 to 2023 in all three
centers), 14 patients (20.5%) are treated with omalizumab, 16 patients with dupilumab
(23.5%) and 38 patients (56%) with benralizumab. Hypersensitivity reactions are described
below for each patient and summarized in Table 3.

Table 3. Summary of investigations in 9 cases of MoAb (monoclonal antibodies) adverse reactions.

Patient Age (y)/Sex Index Reaction to
MoAb Drug Cause SPT IDT Follow-Up Attitude

1 60 F AFX/UNK Dupilumab
UD

negative

1:1000
negative

Desensitization/itrated
provocation with

successful continuation
of treatment

1:100
negative

1:10
negative

2 31 F AFX Omalizumab UD
positive ND

Desensitization with
successful continuation

of treatment

3 40 M AFX/UNK Omalizumab UD
negative

1:10
negative

Titrated provocation with
successful continuation

of treatment

4 53 M AR Benralizumab ND ND Successful continuation
of treatment

5 48 M AFX Omalizumab ND ND Treatment cessation

6 30 F SS Omalizumab ND ND Treatment cessation

7 50 F Severe adverse
reaction Omalizumab ND ND Treatment cessation

8 47 F AFX/UNK Benralizumab

UD
negative 1:10

negative Treatment cessation
1:10

negative

9 68 F

Delayed
hypersensitivity

(maculopapular rash
with arthralgias and

abdominal pain)

Dupilumab UD
negative

1/10
negative Treatment cessation

AFX, anaphylaxis; F, female; M, male; UD, undiluted; ND, not done; SS, serum sickness; UNK, unknown;
AR, adverse reaction.

3.1. Patient 1

A 60-year-old female with a history of severe persistent asthma since childhood had a
moderate obstructive pattern in baseline spirometry with significant reversibility (FEV1
(Forced Expiratory Volume in the 1st second) = 57%, with an 18% bronchodilator response).
After experiencing multiple ICU admissions and exacerbations necessitating oral steroids,
she was started dupilumab 200 mg, resulting in significant improvement in asthma control
after the first month of treatment. However, 2 h after the third dose of dupilumab, she
developed a systemic hypersensitivity reaction to dupilumab. This reaction included facial
edema and paresthesia with an extended local reaction at the site of administration in the
absence of significant lung function impairment (FEV1 = 55%). While under the care of
the Leon Daniello Pneumology Hospital, she was treated with hydrocortisone, salmeterol
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and diphenhydramine, with slow remission of symptoms during the following three days.
Dupilumab was stopped, and OCS (oral corticosteroids) were added.

Two months later, she was referred to our center for testing and possible desensiti-
zation to dupilumab. Skin prick testing with undiluted dupilumab (200 mg/mL) yielded
a weak irritation reaction (wheal of 2–3 mm in the absence of erythema or pruritus), and
intradermal testing with concentrations starting from 0.2 mg/mL to 20 mg/mL (1:1000,
1:100, 1:10) were all negative (Table 3). Desensitizing was attempted with progressive
administration of dupilumab diluted in saline solution every 30 min, according to Table 4.
However, after receiving the fifth dose (40 mg, total dose of 70 mg), she developed un-
dereye edema; desensitization was paused, and the patient was monitored for further
developments. The next day, we continued desensitization according to Table 4 up to a
cumulated dose of 200 mg dupilumab, which she tolerated. The protocol was completed
without further complications, and she has since continued receiving 200 mg dupilumab
every two weeks without any hypersensitivity reactions. She was able to taper off systemic
steroids, and her asthma was well controlled.

Table 4. Proposed dupilumab desensitization protocol/titrated provocation.

Day Dose Solution Concentration
(mg/mL)

Dosage
(mg)

1

1 2 0.2
2 20 0.4
3 200 10
4 200 20
5 200 40

Cumulative dose (mg) 70.00

2

6 200 20
7 200 40
8 200 80
9 200 40

Cumulative dose (mg) 200

3.2. Patient 2

A 31-year-old female had severe, persistent asthma and a history of two episodes of
severe anaphylaxis to tree nuts, with baseline spirometry revealing a moderate obstructive
pattern with significant reversibility (FEV1 = 63%, with a 21% bronchodilator response).
She exhibited sensitivity to house dust mite allergens, various pollens and molds with a
total IgE level of 487 IU/mL. Her asthma required daily prednisone in addition to high-
dose inhaled corticosteroids combined with long-acting beta-agonists for control. After
starting omalizumab, she was able to discontinue daily oral corticosteroids. However, after
3 months of omalizumab therapy, she presented an episode of grade II anaphylaxis [19]:
generalized urticaria, facial edema, shortness of breath and extended local reaction at the
site of administration immediately after injection.

She was referred to our center for testing and possible desensitization to omalizumab.
Our target dose for desensitization was 300 mg out of her regular dose of 450 mg per
month. Skin prick testing with undiluted omalizumab (150 mg/mL) was positive (Table 3).
The desensitization was performed according to the protocol detailed in Table 5 over the
course of two days. She completed the protocol without complications and has continued
monthly treatments without further reactions. Her asthma has improved, allowing her to
discontinue administration of oral corticosteroids (OCS).

3.3. Patient 3

A 40-year-old man with severe uncontrolled persistent asthma had baseline spirometry
revealing mild restriction and moderate obstructive pattern without significant reversibility
(FEV1 = 68%, with a 9% bronchodilator response). He also presented NSAID (non-steroidal
anti-inflammatory drugs) exacerbated respiratory disease and chronic rhinosinusitis with
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nasal polyposis. He exhibited sensitivity to house dust mite allergens and grass pollen and
had a history of grade II food-related anaphylaxis (peanuts, shrimp and pumpkin seeds).
The total IgE level was 1434 IU/mL. His asthma required high-dose inhaled corticosteroids
combined with long-acting beta-agonists and leukotriene receptor antagonists, and it was
still uncontrolled. After the first dose of omalizumab, within 20 min, he experienced
dyspnea, wheezing, angioedema and conjunctivitis; omalizumab was stopped.

Table 5. Omalizumab desensitization protocol.

Day Dose Solution Concentration
(mg/mL)

Dosage
(mg)

1

1 1.5 0.15
2 15 1.5
3 150 4.5
4 150 22.5
5 150 37.5

Cumulative dose (mg) 66.15

2

6 150 15
7 150 22.5
8 150 37.5
9 150 75

Cumulative dose (mg) 150

He was referred to our center for testing and possible desensitization to omalizumab.
Our target dose was 300 mg out of his regular dose of 450 mg per month. Skin prick
testing with undiluted omalizumab (150 mg/mL) and intradermal testing with diluted
omalizumab in saline (15 mg/mL, 1:10) were all negative (Table 3). Since skin prick tests
were negative, we began the titrated provocation protocol detailed in Table 6. He completed
the protocol without complications, and he has continued monthly treatments with the
indicated dose without further reactions. His asthma has improved, allowing him to
discontinue administration of oral corticosteroids (OCS).

Table 6. Omalizumab titrated provocation (minimal risk patients, negative skin tests).

Day Dose Solution Concentration
(mg/mL)

Dosage
(mg)

1

1 150 15
2 150 30
3 150 45
4 150 60
5 150 150

Cumulative dose (mg) 300

3.4. Patient 4

A 53-year-old man with severe, persistent asthma: baseline spirometry revealed mild
restriction and moderate obstructive pattern without significant reversibility (FEV1 = 61%,
with a 7.5% bronchodilator response) and chronic rhinosinusitis with nasal polyposis. His
asthma required high-dose inhaled corticosteroids combined with long-acting beta-agonists
for control. Treatment was initiated with benralizumab 30 mg/month. One hour after
the first dose, the patient experienced severe headache, hypertension (200/120 mmHg),
tachycardia (120 bpm) and, later that evening, associated arthralgia and myalgia. Following
emergency cardiological investigations, the patient started treatment with antihypertensive
medication. Biological treatment with benralizumab was continued a month later without
any further adverse effects.
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3.5. Patient 5

A 48-year-old male with severe, persistent asthma with baseline spirometry revealing
moderate–severe obstructive pattern with significant reversibility (FEV1 = 54%, with a 20%
bronchodilator response) had presented grade III anaphylaxis to a bee sting and grade IV
anaphylaxis to penicillin and ampicillin [19]. His asthma remains uncontrolled despite
treatment with high-dose inhaled corticosteroids combined with long-acting beta-agonists
and leukotriene receptor antagonists, as well as frequent courses of high-dose oral steroids.
Treatment was initiated with omalizumab (300 mg q2wk). Five years of omalizumab treat-
ment was tolerated. In the 5th year of treatment, 20 min after administration, the patient
exhibited severe headache, vertigo, severe arterial hypotension and wheezing, interpreted
as a grade III/IV anaphylactic reaction. Symptoms remitted after epinephrine adminis-
tration, and he was hospitalized (for a total of 1000 mcg, epinephrine i.m.). Omalizumab
was stopped, and OCS were added again for 6 months until dupilumab treatment was
initiated when it was approved in Romania. The patient received dupilumab and tolerated
the treatment with cessation of OCS.

3.6. Patient 6

A 30-year-old female with severe, persistent asthma presented baseline spirometry,
revealing a moderate obstructive pattern with significant reversibility (FEV1 = 64%, with a
13% bronchodilator response) during asthma initial evaluation. She exhibited sensitivity
to house dust mites and dog dander. Her asthma was still uncontrolled (FEV1 = 68%,
ACT (asthma control test) = 10 maximum points) despite treatment with high-dose inhaled
corticosteroids combined with long-acting beta-agonists and leukotriene receptor antago-
nists, as well as frequent courses of high-dose oral steroids. Treatment was initiated with
omalizumab (300 mg q2wk). Three days after the first injection of omalizumab, the patient
exhibited flu-like symptoms: myalgia, arthralgia and painful laterocervical adenopathy
with generalized urticarial lesions, which needed a course of 4 weeks of OCS until remis-
sion. Subsequent attempts at continuing biological treatment with half of the dose led to
the same outcome. The pattern of symptoms was interpreted as serum sickness due to
omalizumab; thus, cessation of treatment was chosen.

3.7. Patient 7

A 50-year-old female with severe, persistent asthma and baseline spirometry revealing
a moderate obstructive pattern with significant reversibility (FEV1 = 68%, with an 18%
bronchodilator response) exhibited sensitivity to bees and yellow jacket venom. Her asthma
required high-dose inhaled corticosteroids combined with long-acting beta-agonists and
leukotriene receptor antagonists for control, as well as frequent courses of high-dose oral
steroids. Treatment was initiated with omalizumab (300 mg q2wk). Two days after the
second injection of omalizumab, the patient exhibited intense asthenia, nausea and dyspnea,
which persisted for 3 weeks and made her unable to attend work; an OCS course for 2 weeks
was helpful for her asthma and asthenia. The pattern of symptoms was interpreted as an
adverse reaction to omalizumab. Other neurologic, rheumatologic or infectious diseases
were excluded. No other biologic agent was initiated, despite the aggravation of her asthma,
and several courses of OCS were needed.

3.8. Patient 8

A 47-year-old female with severe, persistent asthma and baseline spirometry revealing
a moderate obstructive pattern with significant reversibility (FEV1 = 56%, with a 20%
bronchodilator response) exhibited sensitivity to grass pollen. Her asthma required high-
dose inhaled corticosteroids combined with long-acting beta-agonists and leukotriene
receptor antagonists, as well as frequent courses of high-dose oral steroids, and still was
uncontrolled. Treatment was initiated with benralizumab (30 mg q8wk). Five minutes after
the eighth dose of benralizumab, the patient exhibited loss of consciousness (30 s), same-
level fall, snoring and diaphoresis. After 24 h, she also develops mild urticaria. She was
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admitted to the ER, and the neurological assessment excluded an underlying neurological
pathology. Symptoms remitted after systemic corticosteroids and supportive treatment.

Skin prick testing with dilute and undiluted benralizumab (30 mg/mL, 1:1; 3 mg/mL,
1:10) as well as intradermal testing with a concentration of dilute benralizumab in saline
(3 mg/mL, 1:10), were performed, and all were negative (Table 3). Twenty-four hours
after skin prick and intradermal tests, she developed generalized urticaria that ceased in
twenty-four hours without treatment. Benralizumab was stopped.

3.9. Patient 9

A 68-year-old female with severe allergic asthma has had multiple allergen sensi-
tizations since she was 20 years old (house dust mites, cat, grass pollen, birch pollen,
cockroaches), with also two episodes of anaphylaxis in the last 5 years from nuts and
banana. At 40 years old, baseline spirometry revealed a moderate obstructive pattern with
significant reversibility (FEV1 = 62% from predicted, with a 14% bronchodilator response).
Her asthma required high-dose inhaled corticosteroids combined with long-acting beta-
agonists and leukotriene receptor antagonists, as well as frequent courses of high-dose
oral steroids in the last year, and despite this treatment, asthma was still uncontrolled
(FEV1= 67% from predicted, ACT test under 15 points 6 months before biological treatment
initiation). Treatment was initiated with dupilumab (200 mg q2wk) with improvement in
asthma control and lung function after the first doses and continuing 1 year after. After
the 11th month of treatment, the patient developed large local reactions at the injection site
(erythema, itch, edema around 5 mm). Forty-eight hours after the dose of dupilumab in the
15th month, the patient exhibited maculopapular rash (as shown in Figure 1), arthralgias,
bloating, shivers and abdominal pain. She was presented in the ER; lab tests were per-
formed for infectious disease screening, and inflammatory status showed no abnormalities.
The dermatological evaluation was performed to exclude other dermatological diseases,
but drug-induced maculopapular rash was confirmed. Symptoms remitted after systemic
corticosteroids, antihistamines and supportive treatment. Dupilumab was stopped, and an
allergy work-up was made after 4 weeks.
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Skin prick testing with undiluted dupilumab after 4 weeks (200 mg/mL, 1:1) and
intradermal testing with a concentration of dilute dupilumab in saline (20 mg/mL, 1:10)
were performed and were all negative (Table 3). The patient tolerated several courses with
vitamins from group B with Polysorbate 80 as an excipient. It is necessary to evaluate the
risk/benefit ratio in order to purchase the titrated provocation; because severe asthma was
controlled after dupilumab, we obtained informed consent and began the provocation test.
This type of delayed hypersensitivity does not always present with a positive skin test, and
provocation is the gold standard diagnosis method. The patient followed step 1 (day 1)
from Table 3 at a cumulative dose of 20 mg dupilumab; after 2 h, the patient presented
with shivers, lingual edema, metallic taste and a decrease in arterial tension (30 mmHg
difference from baseline value); thus, the provocation test was stopped. Symptoms re-
mitted after epinephrine, antihistamines, saline solution and systemic i.v. corticosteroids
(8 mg dexamethasone).

4. Discussion

Biologicals in the treatment of severe asthma were introduced in Romania in 2016 (oma-
lizumab), 2019 (benralizumab) and 2022 (dupilumab), with an increase in quality of life for
those patients. This treatment is “life changing” for severe asthma patients, so the appear-
ance of adverse reactions as hypersensitivity reactions could lead to important problems.

Although monoclonal antibodies have demonstrated their efficacy in clinical studies
for severe asthma, several factors must be considered when initiating and monitoring
biological treatment in severe asthma. In this clinical decision process, the risks/benefits of
biologic therapy need to be understood to adequately counsel patients and appropriately
monitor for potential adverse events. Also, because biologicals in severe asthma improve
the level of control and quality of life, cessation should be considered as a last resort,
especially when no other biological therapy is available, and desensitization protocols
should be carefully implemented [20–26].

Omalizumab has been associated with an increased risk of anaphylaxis, and the
product label includes a black box warning from the FDA for anaphylaxis, so an emergency
kit with epinephrine is mandatory for users. The diagnosis of anaphylaxis is often difficult
in severe asthma patients. Also, asthma increases the risk of severe anaphylaxis. On the
other hand, omalizumab is useful in the treatment of severe IgE-mediated anaphylaxis,
and it is used in desensitization protocols for other drugs or pre-treatment in allergen
immunotherapy [20–27].

Risk factors for developing anaphylaxis to omalizumab include a prior history of
anaphylaxis, which was present in the clinical history of our three patients with omalizumab
anaphylaxis [28,29].

Diagnostic hypersensitivity reactions to monoclonal antibodies are difficult; testing
for IgE-mediated hypersensitivity reactions may involve skin and intradermal tests, but
it is crucial to determine non-irritating concentrations for drug testing. Omalizumab is
the only biological agent for which non-irritating concentrations have been systematically
established, but there are unmet needs to establish non-irritating concentrations for other
biologicals. Various dilutions of omalizumab for skin and intradermal tests were studied in
2010 to ensure safety and interpretable results for immediate IgE-mediated hypersensitivity
reactions. It was found that dilutions in sterile water caused irritant reactions, leading
to the subsequent use of saline dilutions. An established non-irritant concentration for
omalizumab testing with saline dilution is 1:100,000 (equivalent to a concentration of
1.25 mg/mL). However, the utility of omalizumab skin testing and additional data on
positive and negative predictive values remain unknown [30,31].

Desensitization is a procedure performed only by specialized centers, where patients
receive increasing doses of a drug to which they had previously experienced a hypersen-
sitivity reaction until the target therapeutic dosage is achieved. The exact mechanism by
which desensitization occurs is not entirely understood but involves temporary tolerance
of mast cells and basophils to the drug involved in the hypersensitivity reaction. Successful
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desensitization protocols have been published for other monoclonal antibodies, especially
for omalizumab, which has a high rate of anaphylaxis [29–31]. In patients with a negative
skin test or minimal risk, we chose a titrated provocation, which leads to a rapid increase
in the amount of drug up to the therapeutical dose.

Several case reports describe the onset of adverse events like arthralgia after use of
omalizumab. Specifically, serum sickness-like reactions have been described, as we also
reported in our communication [26,32,33].

Benralizumab is mainly indicated in eosinophilic severe asthma; hypersensitivity
reactions (urticaria, polyangiitis, and even anaphylaxis in one case) were reported in
placebo-controlled trials. In our patient in whom we suspected anaphylaxis to benral-
izumab, serum tryptase was not evaluated immediately after the reaction, which could be
helpful, but it is not a common attitude in ER (emergency room) because it is not available.
In this case, due to the increased severity of the reaction, benralizumab was ceased. Several
case reports describe the development of inflammatory disorders in patients receiving
benralizumab, including cytokine-release reaction, which we also described in one patient,
but with the disappearance of the symptoms as we continued the treatment. Also, we
described possible anaphylaxis to benralizumab; only another case was reported, so we
considered that anaphylaxis is rare [26,29,34].

Dupilumab is newly introduced in our country, but hypersensitivity reactions occur
in less than 1% of patients, including generalized urticaria, serum sickness, rash, erythema
nodosum and anaphylaxis. Generally, dupilumab is well tolerated, but eosinophilia and
conjunctivitis are reported more commonly [26,29,35]. Diagnosis of hypersensitivity re-
actions is difficult. Non-irritating concentrations for dupilumab skin tests have not yet
been established, although some case series with a limited number of patients determined
concentrations of undiluted dupilumab (150 mg/mL) for skin prick test and a dilution of
1:10 in saline for intradermal testing [32]. Since, for many patients, treatment continuation
is particularly important for severe asthma management, in low-risk patients such as our
case, we can safely readministered the drug.

Excipients are used as drug preservatives in many products, like polysorbate 80 from
omalizumab and dupilumab, which may induce allergic reactions, which is a problem that
needs to be discussed. Of course, patients with multiple hypersensitivity reactions to drugs
containing polysorbate 80 are the candidates for this type of allergy work-up, but there is
still no standard evaluation or commercial test substance for skin tests. Drug provocation
with two different drugs containing polysorbate 80 should be considered in these patients,
but it is time consuming and has a high cost and risks for patients [35,36].

In general, biologicals are well tolerated in patients with severe asthma, but real-life
experiences are still published. New studies showed that there is an increased risk of
adverse events related to the drugs for patients with biologicals in severe asthma [10,36,37].
Omalizumab presents an increased risk for anaphylaxis, as we observed among our patients.
We need a good surveillance system in adverse events reporting that is voluntary and easy
to manage, which is not accurately described in the literature.

We share our experience with successful desensitization or titrated provocation in
three patients with severe, previously steroid-dependent asthma who experienced hyper-
sensitivity reactions to biologicals. They have continued therapy for at least 12 months
post-desensitization without experiencing adverse reactions. Following successful desensi-
tization, all patients showed significant improvements in asthma control and were able to
discontinue or reduce oral steroids.

One limitation of our study is that none of the patients had their serum tryptase levels
checked after their reactions, which could have supplied additional evidence of mast cell
degranulation in immediate-type hypersensitivity reactions. Moreover, we did not perform
skin testing for excipients, for example, polysorbate 80, an excipient in both omalizumab
and dupilumab, known to cause hypersensitivity reactions, as they are not commercially
available for testing. There are studies that reveal these problems and the necessity to make
registries for harmonized reports of hypersensitivity reactions to biological therapies [37,38].
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Another limitation of our study is the small sample size since the treatments are still recently
introduced in clinical practice, and severe asthma is observed in a small percentage of
asthmatic patients [10].

5. Conclusions

In conclusion, it is important to report adverse events and follow up with patients
with severe asthma under biological treatment to make a correct decision. Desensitization
or titrated provocation emerges as a crucial therapeutic choice for managing patients who
exhibit hypersensitivity reactions to biologicals because, in many cases, biologicals are “a
life-changing” treatment inducing asthma remission. This approach can lead to substantial
enhancements in asthma control and quality of life while reducing the necessity for systemic
steroid treatments.
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Abstract: This study delves into the critical role of alarmins in chronic spontaneous urticaria (CSU),
focusing on their impact on disease severity and the quality of life (QoL) of patients. We investigated
the alterations in alarmin levels in CSU patients and their correlations with the Urticaria Activity Score
(UAS7) and the Dermatology Life Quality Index (DLQI). We analyzed serum levels of interleukin-
25 (IL-25), interleukin-33 (IL-33), and thymic stromal lymphopoietin (TSLP) in 50 CSU patients,
comparing these to 38 healthy controls. The study examined the relationship between alarmin
levels and clinical outcomes, including disease severity and QoL. Elevated levels of IL-33 and TSLP
in CSU patients (p < 0.0001) highlight their potential role in CSU pathogenesis. Although IL-25
showed higher levels in CSU patients, this did not reach statistical significance (p = 0.0823). Crucially,
IL-33’s correlation with both UAS7 and DLQI scores underscores its potential as a biomarker for
CSU diagnosis and severity assessment. Of the alarmins analyzed, IL-33 emerges as particularly
significant for further exploration as a diagnostic and prognostic biomarker in CSU. Its substantial
correlation with disease severity and impact on QoL makes it a compelling candidate for future
research, potentially serving as a target for therapeutic interventions. Given these findings, IL-33
deserves additional investigation to confirm its role and effectiveness as a biomarker and therapeutic
target in CSU.

Keywords: alarmins; IL-33; IL-25; TSLP; CSU; urticaria; skin; mast cells; UAS7; DLQI

1. Introduction

Chronic spontaneous urticaria (CSU), historically known also as chronic idiopathic
urticaria (CIU), is a condition that has garnered increased attention in the realm of dermato-
logical research due to its rising global prevalence. The current medical discourse, guided
by the EAACI/GA2LEN/EDF/WAO guidelines, predominantly utilizes the term CSU to
describe this disorder characterized by unprovoked wheals, angioedema, or both, persist-
ing for more than six weeks. The distinctiveness of CSU lies in its extended duration and
spontaneous symptom onset, setting it apart from other types of urticaria and highlighting
the complexity of its pathogenesis [1,2].

The escalation in the global incidence of CSU has coincided with an evolving under-
standing of its etiological factors [2]. This condition intricately intertwines immunological
and non-immunological elements, such as stress, pseudoallergens, autoimmunity, infection,
and inflammation [3,4]. The recent COVID-19 pandemic has further spurred investigations

Int. J. Mol. Sci. 2024, 25, 2026. https://doi.org/10.3390/ijms25042026 https://www.mdpi.com/journal/ijms

https://doi.org/10.3390/ijms25042026
https://doi.org/10.3390/ijms25042026
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0001-7147-5642
https://orcid.org/0000-0002-1724-5915
https://orcid.org/0000-0002-7447-4925
https://orcid.org/0000-0002-4738-5775
https://doi.org/10.3390/ijms25042026
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms25042026?type=check_update&version=1


Int. J. Mol. Sci. 2024, 25, 2026 2 of 17

into the potential links between viral infections, including SARS-CoV-2, and the onset or
aggravation of CSU [5]. Over the years, the exploration of CSU has progressively unveiled
the involvement of a broad spectrum of immune cells in its pathophysiology. Initially,
significant attention was directed towards the roles of eosinophils and basophils [6–8] in
the development and perpetuation of the disease. However, recent advancements in im-
munological research have shifted this focus, highlighting mast cells as the central figures
in the initiation and propagation of CSU’s pathogenic mechanisms. This paradigm shift un-
derscores the complexity of immune cell interactions in CSU, particularly emphasizing the
critical role of mast cells in orchestrating the inflammatory responses [3,9–11]. Concurrent
with the intensified scrutiny of mast cells in CSU, a broad array of cytokines associated
with these cells has come under the research spotlight. This includes pro-inflammatory
cytokines like IL-1 beta and IL-6, which are instrumental in driving the inflammatory
cascade [12–14]. Additionally, IL-17, often implicated in autoimmunity, and IL-31, com-
monly referred to as the” pruritus cytokine”, have been identified as having significant
implications in the pathogenesis and clinical manifestation of CSU [15,16]. These findings
have expanded our understanding of the complex interactions between various cytokines
and mast cells in the pathogenesis of CSU. Ultimately, this has led to a heightened interest
in alarmins—cytokines originating from mast cells that initiate Th2 responses. Assessing
the dynamics of these alarmins, including IL-25, IL-33, and TSLP, is now recognized as a
critical step in understanding their role in CSU [17]. The role of mast cells extends beyond
CSU, serving as essential mediators in various skin diseases through their interaction with
cytokines such as alarmins [3,9–11]. These interactions are pivotal in the development of
skin inflammation, as demonstrated by studies indicating that IL-33 can induce skin inflam-
mation with mast cell and neutrophil activation, suggesting a broad immunological role of
IL-33 in conditions like psoriasis and atopic dermatitis [18]. Similarly, the neurobeachin-
like 2 protein has been identified as a regulator of mast cell homeostasis, affecting their
differentiation, proliferation, and cytokine production, which is crucial for understanding
mast cell functions in allergic reactions and skin diseases [19]. Furthermore, the IL-33 and
IL-37 axis elucidates the balancing act between pro-inflammatory and anti-inflammatory
responses in skin and allergic diseases, highlighting the therapeutic potential of targeting
these pathways [20]. Moreover, the initiation of vascular responses to contact allergens
by mast cells, as mediated by cell stress signals, emphasizes the significance of mast cells
and alarmins in immediate and chronic inflammatory responses [21]. Despite the growing
interest in alarmins, their exact roles in the pathogenesis of CSU remain underexplored.
Our study aims to fill this knowledge gap by investigating the dynamics of serum alarmin
levels in CSU patients and their correlations with disease severity and impact on QoL.
By assessing the levels of IL-25, IL-33, and TSLP in CSU patients and comparing them
with those in healthy controls, we seek to elucidate the contribution of these cytokines
to the pathophysiology of CSU. Furthermore, a deep understanding of the correlation
between alarmins and the clinical impact of CSU, as quantified by assessment tools like
the UAS7 and the DLQI, is crucial in refining therapeutic strategies. These assessment
tools are indispensable in gauging the severity and the QoL implications of CSU, thus
guiding treatment approaches. This line of investigation is particularly relevant in the
context of the current focus on biologic therapies and monoclonal antibodies aimed at
cytokines involved in allergic and autoimmune diseases. Currently, omalizumab is the only
monoclonal antibody approved for CSU, yet there exists a subset of patients who do not
respond adequately to this treatment [1,2,22]. This scenario underscores the pressing need
for continued research into the mechanisms of treatment resistance and factors influencing
treatment response in CSU [23–25]. The exploration of alternative therapeutic targets and
the development of novel monoclonal antibodies are pivotal in addressing these challenges
and improving patient outcomes.
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2. Results
2.1. Collection and Presentation of Clinical and Paraclinical Data

In this study, we meticulously gathered and analyzed essential clinical data from all
participants, including demographic information and significant clinical characteristics.
Additionally, we evaluated a comprehensive set of laboratory parameters and paraclinical
metrics for both control subjects and CSU patients. Table 1 provides a comparative analysis
of the characteristics between the two groups, presenting key demographics such as the
total number of participants, gender distribution, average age (with standard deviation),
and atopy status. Furthermore, the table includes critical paraclinical parameters, including
IL-25, TSLP, IL-33, total IgE, Eos, RF, ESR, and CRP. This integrated approach allows for a
comprehensive exploration of both clinical and laboratory aspects, shedding light on the
nuanced differences between control and CSU groups.

Table 1. Overview of participant characteristics.

Characteristics Controls CSU Patients p-Values
(Mann–Whitney U)

Total Participants (n) 33 50 N/A
Average Age (yrs. ± SD) 44.32 ± 9.23 50.14 ± 16.10 N/A

Gender Distribution (F/M) 26/12 36/14 N/A
Atopy Status

(Atopic/Non-atopic) 10/28 14/36 N/A

IL-25 (pg/mL ± SD) 105.03 ± 89.21 140.27 ± 100.16 0.0823
TSLP (pg/mL ± SD) 434.57 ± 169.43 1200.42 ± 1348.36 <0.0001
IL-33 (pg/mL ± SD) 21.70 ± 22.68 220.67 ± 201.17 <0.0001

Total IgE (IU/L ± SD) 41.23 ± 27.08 168.63 ± 178.99 <0.0001
Eos (×1000 cells/µL ± SD) 0.163 ± 0.102 0.495 ± 0.704 0.1015

RF (IU/mL ± SD) 10.75 ± 2.82 14.02 ± 1.58 <0.0001
ESR (mm/h ± SD) 12 ± 6.71 14.29 ± 9.89 0.8074
CRP (mg/dL ± SD) 0.36 ± 0.33 0.36 ± 0.27 0.7408

Note: CSU, chronic spontaneous urticaria; n, number; yrs, years; F, female; M, male; IL-25, interleukin-25;
TSLP, thymic stromal lymphopoietin; IL-33, interleukin-33; pg/mL, picograms per milliliter; total IgE, total
immunoglobulin E; IU/L, international units per liter; Eos, absolute eosinophil count; cells/µL, cells per microliter
of blood; RF, rheumatoid factor; IU/mL, international units per milliliter; ESR, erythrocyte sedimentation rate;
mm/h, millimeters per hour; CRP, C-reactive protein; mg/dL, milligrams per deciliter. Age, IL-25, TSLP, IL-33,
total IgE, Eos, RF, ESR, and CRP are presented as mean ± standard deviation (SD). p-values indicate the statistical
significance of differences between CSU patients and controls, with p < 0.05 considered significant. N/A, not
applicable, is used where statistical comparison was not relevant or was not conducted, such as for total participant
count, average age, atopy status, and gender distribution.

2.2. Serum Alarmin Levels and ROC Analysis in CSU Patients versus Controls

Our analysis revealed a markedly significant disparity in the serum levels of alarmins
(IL-25, IL-33, and TSLP) between CSU patients and control subjects.

2.2.1. Analysis of IL-25, IL-33, and TSLP Serum Levels in CSU Patients and
Healthy Controls

In our detailed assessment of serum alarmin levels comparing CSU patients to controls,
the Mann–Whitney U test revealed distinct patterns for IL-25, IL-33, and TSLP. Specifically
for IL-25, CSU patients exhibited median levels of 125.9 pg/mL against 61.94 pg/mL in
controls, a difference that is not statistically significant (p = 0.0823) (Figure 1a). In contrast,
the levels of IL-33 and TSLP in CSU patients significantly surpassed those in controls, with
median levels of 160.8 pg/mL for IL-33 and 551.4 pg/mL for TSLP, sharply deviating from
the control medians of 10.98 pg/mL and 396.2 pg/mL, respectively, both with p-values of
<0.0001 (Figure 1b,c). These visual summaries present clearly different profiles for alarmin
levels, providing valuable insights into their diagnostic relevance in CSU.
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Figure 1. Serum alarmin levels in CSU patients and controls: (a) IL-25—interleukin 25, CSU—chronic
spontaneous urticaria, ns—non-significant, p = 0.0823; (b) IL-33—interleukin 33, CSU—chronic
spontaneous urticaria, **** = p < 0.0001; (c) TSLP—thymic stromal lymphopoietin, CSU—chronic
spontaneous urticaria, **** = p < 0.0001.

2.2.2. Diagnostic Performance of Serum Alarmins in CSU: ROC Curve Assessment

Receiver operating characteristic (ROC) analysis was conducted to evaluate the di-
agnostic performance of serum IL-25 levels in differentiating CSU patients from controls.
The area under the ROC curve (AUC) was calculated to be 0.6511, with a standard error
of 0.06018. The 95% confidence interval for the AUC ranged from 0.5331 to 0.7690. The
analysis yielded a statistically significant p-value of 0.0156, indicating a discriminative
capacity of serum IL-25 levels between the two groups (Figure 2).
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Figure 2. Receiver operating characteristics (ROC) curve of IL-25 in CSU compared with healthy
controls; IL-25—interleukin 25, CSU—chronic spontaneous urticaria, p = 0.0156, AUC—area under
the curve = 0.6511, and SE—standard error = 0.06018.

In parallel assessments, the diagnostic capacities of serum IL-33 and TSLP levels were
examined through ROC curve analyses. For IL-33, the AUC was 0.9658, indicative of a high
discriminative ability to distinguish CSU patients from controls, supported by a significant
p-value of less than 0.0001 (Figure 3a). The analysis denotes IL-33 as a robust biomarker,
with a narrowly defined standard error of 0.01623 and a 95% confidence interval between
0.9340 to 0.9976. Similarly, TSLP demonstrated a notable diagnostic accuracy, with an AUC
of 0.7600, a standard error of 0.05048, and a 95% confidence interval from 0.6611 to 0.8589,



Int. J. Mol. Sci. 2024, 25, 2026 5 of 17

also yielding a highly significant p-value of less than 0.0001 (Figure 3b). These analyses
collectively underscore the potential of serum IL-33 and TSLP levels in the diagnostic
stratification of CSU patients.
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Figure 3. ROC curve analysis of serum IL-33 and TSLP in CSU: (a) Receiver operating characteristics
(ROC) curve of IL-33 in CSU compared with healthy controls; IL-33—interleukin 33, CSU—chronic
spontaneous urticaria, p < 0.0001, AUC—area under the curve = 0.9658, SE—standard error = 0.01623.
(b) Receiver operating characteristics (ROC) curve of TSLP in CSU compared with healthy controls;
TSLP—thymic stromal lymphopoietin, CSU—chronic spontaneous urticaria, p < 0.0001, AUC—area
under the curve = 0.7600, SE—standard error = 0.05048.

2.3. Inter-Alarmin Correlations in Serum

Within the scope of our analysis, a detailed examination of potential correlations
between the serum levels of the alarmins—IL-25, IL-33, and TSLP—was conducted. This
investigation included pairwise comparisons among these cytokines to identify any inter-
dependencies or associative patterns. However, our findings revealed that none of these
inter-alarmin correlations reached statistical significance. All of the observed relationships
yielded p-values exceeding the threshold of 0.05, indicating a lack of meaningful associ-
ation. Furthermore, the correlation coefficients for these comparisons also presented as
statistically non-significant, further substantiating the absence of notable interrelations
among these alarmin levels in our study cohort.

2.4. Correlation Analysis of Serum Alarmin Levels with Inflammatory Markers in CSU

Subsequently, our investigation extended to assess correlations between each of these
alarmins and various inflammatory markers, including ESR, CRP, RF, and serum eosinophil
counts. Additionally, potential associations between these alarmins and clinical markers of
atopy, as well as serum IgE levels in CSU patients, were explored. In all of these instances,
the correlation analyses did not reveal any statistically significant relationships. The
Pearson correlation coefficients obtained in these analyses were not indicative of significant
correlations, affirming the absence of meaningful associations between alarmin levels and
the aforementioned inflammatory and atopic markers (Figure 4).
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Figure 4. Correlation matrix of alarmin and inflammatory markers in CSU; CSU—chronic sponta-
neous urticaria, IL-25—interleukin-25, TSLP—thymic stromal lymphopoietin, IL-33—interleukin-33,
Eo—eosinophil count, IgE—immunoglobulin E, ESR—erythrocyte sedimentation rate, CRP—C-
reactive protein, RF—rheumatoid factor.

An exception to these findings was observed in the case of TSLP. A clinically significant
direct correlation between serum TSLP levels and CRP was identified, as indicated by a
p-value of 0.0045 and a Pearson correlation coefficient (r) of 0.3954. The details of this
correlation are graphically represented in Figure 5, providing a visual interpretation of the
relationship between TSLP and CRP in the context of CSU.
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Figure 5. Correlation of serum TSLP and CRP in CSU; TSLP—thymic stromal lymphopoietin,
CRP—C-reactive protein, CSU—chronic spontaneous urticaria, p = ** = 0.0045; r—the Pearson corre-
lation coefficient for the serum level of TSLP and CRP is 0.3954 (r = 0.3954).

2.5. Correlation between Clinical Tools (UAS7 and DLQI) in CSU

In evaluating the relationship between the urticaria activity score over 7 days (UAS7)
and the dermatology life quality index (DLQI), a Pearson correlation analysis was con-
ducted among patients with CSU. The analysis yielded a Pearson correlation coefficient
(r) of 0.8176, indicating a strong positive correlation between the two clinical instruments.
This suggests that as the severity of urticaria symptoms increases, as measured with the
UAS7, there is a concomitant and proportional impact on the patients’ QoL, as reflected
by the DLQI scores. The strength of this association is further underscored by a highly
significant p-value of less than 0.0001. The 95% confidence interval for the correlation
coefficient extends from 0.6981 to 0.8928, reinforcing the reliability of this strong correla-
tion. Additionally, the R squared value of 0.6685 implies that approximately 66.85% of the
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variability in the DLQI scores can be explained by the variability in the UAS7 scores among
the CSU patient cohort. These findings highlight the interdependence of symptom severity
and QoL in patients with CSU, and validate the use of UAS7 and DLQI as complementary
tools in clinical assessments (Figure 6).
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Figure 6. Correlation between UAS7 and DLQI in CSU; UAS7—Urticaria Activity Score over 7 days,
DLQI—Dermatology Life Quality Index, CSU—chronic spontaneous urticaria, p = **** < 0.0001;
r—the Pearson correlation coefficient for the UAS7 and DLQI is 0.8176 (r = 0.8176).

2.6. Correlation between Serum Alarmin Levels and UAS7 in CSU
2.6.1. Analysis of Serum IL-25 and TSLP Levels and Their Correlation with UAS7

Pearson correlation analyses for serum IL-25 and TSLP levels against UAS7 scores
in CSU patients were performed. The correlation for IL-25 levels (Figure 7a) yielded an r
value of 0.1629, with a 95% confidence interval from −0.1210 to 0.4221, and a p-value of
0.2584, indicating a minimal and non-significant correlation. Similarly, serum TSLP levels
(Figure 7b) showed an r value of −0.01836 with a 95% confidence interval between −0.2952
to 0.2613, and a p-value of 0.8993, also suggesting no significant association. The R squared
values for IL-25 and TSLP were 0.02653 and 0.0003369, respectively, underscoring the lack
of predictive value for UAS7 scores in this CSU patient cohort.
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Figure 7. Correlation of serum IL-25 and TSLP levels with UAS7 in CSU: (a) Serum IL-25 levels and
UAS7 in CSU; IL-25—interleukin-25, UAS7—Urticaria Activity Score over 7 days, CSU—chronic
spontaneous urticaria, p = ns (not significant) = 0.2584; r—the Pearson correlation coefficient for
serum IL-25 levels and UAS7 scores is 0.1629 (r = 0.1629). (b) Serum TSLP levels and UAS7 in CSU;
TSLP—thymic stromal lymphopoietin, UAS7—Urticaria Activity Score over 7 days, CSU—chronic
spontaneous urticaria, p = ns (not significant) = 0.8993; r—the Pearson correlation coefficient for
serum TSLP levels and UAS7 scores is −0.01836 (r = −0.01836).
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2.6.2. Analysis of Serum IL-33 Levels and Their Correlation with UAS7

This investigation probed for a correlation between serum IL-33 levels and UAS7
scores in CSU. The Pearson correlation coefficient (r) was determined to be 0.7510, denoting
a strong positive correlation, with a highly significant p-value of less than 0.0001. The
95% confidence interval for this correlation extends from 0.5976 to 0.8514, indicating a
high degree of precision in the relationship between these variables. Additionally, an R
squared value of 0.5640 suggests that approximately 56.40% of the variability in UAS7 can
be explained by the variability in serum IL-33 levels (Figure 8).
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UAS7—Urticaria Activity Score over 7 days, CSU—chronic spontaneous urticaria, p = **** < 0.0001;
r—the Pearson correlation coefficient for serum IL-33 levels and UAS7 scores is 0.7510 (r = 0.7510).

2.7. Correlation between Serum Alarmin Levels and DLQI in CSU
2.7.1. Analysis of Serum IL-25 and TSLP Levels and Their Correlation with DLQI

In the correlation studies of serum alarmin levels and DLQI in CSU, IL-25 levels
displayed a low positive but non-significant correlation with DLQI, yielding an r value
of 0.2595, a p-value of 0.0688, and explaining minimal variance in DLQI (R2 = 0.06734)
(Figure 9a). Concurrently, serum TSLP levels showed a very weak and negative correlation
with DLQI, denoted by a Pearson r of −0.1457 and a non-significant p-value of 0.3128,
indicating no substantial correlation with the QoL in the study population (R2 = 0.02122)
(Figure 9b).
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Figure 9. Correlation of serum IL-25 and TSLP levels with DLQI in CSU: (a) Correlation between
serum IL-25 levels and DLQI in CSU; IL-25—interleukin-25, DLQI—Dermatology Life Quality Index,
CSU—chronic spontaneous urticaria, p = ns (not significant) = 0.0688; r—the Pearson correlation
coefficient for serum IL-25 levels and DLQI scores is 0.2595 (r = 0.2595). (b) Correlation between
serum TSLP levels and DLQI in CSU; TSLP—thymic stromal lymphopoietin, DLQI—Dermatology
Life Quality Index, CSU—chronic spontaneous urticaria, p = ns (not significant) = 0.3128; r—the
Pearson correlation coefficient for serum TSLP levels and DLQI scores is −0.1457 (r = −0.1457).
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2.7.2. Analysis of Serum IL-33 Levels and Their Correlation with DLQI

A Pearson correlation assessment revealed a significant positive relationship between
serum IL-33 and DLQI scores (r = 0.7981, p < 0.0001), indicating a substantial association in
CSU patients. The 95% confidence interval for the correlation coefficient spans from 0.6683
to 0.8808, with an R squared value of 0.6370, reflecting that over 63% of the variability in
DLQI is accounted for by changes in IL-33 serum levels (Figure 10).
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Figure 10. Correlation between serum IL-33 Levels and DLQI in CSU; IL-33—interleukin-33,
DLQI—Dermatology Life Quality Index, CSU—chronic spontaneous urticaria, p = **** < 0.0001;
r—the Pearson correlation coefficient for serum IL-33 levels and DLQI scores is 0.7981 (r = 0.7981).

Given the robust correlation between serum IL-33 levels and DLQI impact, further
statistical analysis was warranted. Subsequently, the Kruskal–Wallis test, a non-parametric
method suitable for comparing medians across multiple groups, was employed. This test
yielded a p-value of 0.1216, indicating no significant median differences among the groups
(Figure 11a). This suggests that categorization into these specific groups does not reveal
significant disparities in how serum IL-33 levels affect the DLQI scores. While the Pearson
correlation indicated a significant individual-level predictor of QoL, the Kruskal–Wallis
test did not reflect these differences across the grouped categories. This juxtaposition of
findings highlights that IL-33 levels correlate with QoL on a continuous scale, but such
associations may not be as apparent when examining group medians, possibly due to the
loss of nuanced data in group categorization.

Expanding upon the correlations identified through the Pearson correlation and the
Kruskal–Wallis test, further analysis was conducted using the Mann–Whitney U test for
more focused pairwise comparisons between DLQI impact categories. Although no sig-
nificant difference in serum IL-33 levels was found between the moderate and important
categories (p = 0.1876), a significant distinction was observed when comparing the moderate
and very important categories (p = 0.0299) (Figure 11b,d). This outcome elucidates a signifi-
cant disparity in IL-33 levels that aligns with the varying impact on QoL, reinforcing the
association identified by the Pearson correlation. This granular approach through pairwise
comparisons reveals nuances of the data, demonstrating that significant differences in IL-33
levels emerge when considering specific pairs of DLQI impact categories, even though such
differences may not be apparent across a broader comparison of all categories together.
Slight elevations in IL-33 serum levels were observed in the important category compared
to the very important category. These differences are particularly pronounced due to the
presence of outliers, as indicated in Figure 11a,c, rather than differences in group medians.
This pattern reinforces the presence of significant statistical differences just between the
groups at the extremes. Patients with a very important impact of the disease on their QoL
exhibit significantly higher serum IL-33 levels than those with a moderate impact, as clearly
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demonstrated in Figure 11d. These findings further substantiate the role of IL-33 levels as a
marker reflective of the disease’s impact severity on patient QoL.
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Figure 11. Serum IL-33 levels by DLQI classes in CSU patients; IL-33—interleukin-33,
DLQI—Dermatology Life Quality Index (the DLQI classes are demarcated as moderate, important,
and very important, illustrating the gradation of urticaria’s impact on patients’ lives), CSU—chronic
spontaneous urticaria. (a) Moderate, important, and very important DLQI classes, p = ns (not signifi-
cant) = 0.1216. (b) Moderate and important DLQI classes, showing no significant difference in serum
IL-33 levels, with a p value of ns (not significant) = 0.1876. (c) Important and very important DLQI
classes, p = ns (not significant) = 0.8614. (d) Moderate and very important DLQI classes, revealing a
significant difference in serum IL-33 levels, with a p value of 0.0299 (* indicates statistical significance).
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3. Discussion

The pivotal role of mast cells in the pathogenesis CSU is well-established and under-
scored by numerous recent studies [3,9–11,15,17]. This recognition justifies and heightens
the scientific interest in focusing our attention on the cytokines that activate these cells,
namely alarmins (IL-25, IL-33, and TSLP). The involvement of such cytokines in mast
cell activation and their potential to exacerbate CSU has been increasingly illuminated by
research [3,9–11,15,17]. This divergence emphasizes the critical contribution of alarmins to
the mechanism of the disease.

The potential for targeting these cytokines to mitigate the symptoms of CSU represents
an intriguing and scientifically promising avenue for exploration. While the effectiveness
of such therapeutic interventions has yet to be definitively proven, the development of
biologic therapies aimed at these pathways, including tezepelumab (anti-TSLP), etokimab,
and itepekimab (both targeting IL-33), as well as astegolimab and GSK3772847 (targeting
the ST2 subunit of the IL-33 receptor), are currently undergoing clinical evaluation [26,27].
This innovative therapeutic strategy marks a significant shift in the approach to managing
CSU, offering the potential to transform patient outcomes by addressing the underlying
mechanisms of the disease directly. The exploration of these biologics in the clinical setting
is poised to advance our understanding and treatment of CSU, reflecting a novel paradigm
in our therapeutic arsenal against this challenging condition.

This study examined the serum levels of alarmins to elucidate their association with
the clinical severity of CSU and its impact on patient QoL. Our analysis indicates that IL-33
levels are notably higher in CSU patients, correlating with increased disease severity and
diminished QoL as reflected by the UAS7 and DLQI scores. These observations suggest that
IL-33’s influence in CSU extends beyond that of a biomarker, acting as a pivotal mediator
in the disease’s pathogenesis and affecting both clinical outcomes and patient well-being.
The significant correlation between IL-33 with the UAS7 and DLQI scores underlines
the necessity for developing IL-33-targeted therapeutic approaches, especially for patient
subgroups inadequately managed by current treatments, such as omalizumab [26,27]. The
findings by Manti et al. [28] support this approach, emphasizing the potential of monoclonal
antibodies in enhancing CSU management.

Consistent with the insights provided by Puxeddu et al. [29] and further elaborated
in reviews by Cayrol and Girard [30], our results confirm IL-33’s essential role in the im-
munological cascade of CSU, highlighting its extensive biological relevance across various
immunological conditions. Trier et al. [31] have identified IL-33’s capacity to aggravate
histaminergic itch, a prevalent CSU symptom, suggesting a potential interaction with
sensory pathways that exacerbates itch severity. This underscores IL-33’s dual functionality
in both immunological responses and neurosensory processes, expanding its potential as a
therapeutic target in CSU and similar pruritic conditions [32].

Furthermore, the review by Murdaca et al. [33] on the IL-33/IL-31 axis sheds light
on the multifaceted nature of IL-33, proposing its dual role as a novel biomarker and
therapeutic target for Th2-driven diseases. These perspectives are particularly relevant
considering our data, which corroborates IL-33’s critical involvement in CSU. By integrating
these findings, our research not only supports but also expands upon the existing literature,
reinforcing the argument for IL-33-targeted therapies as a promising avenue to transform
CSU management and patient outcomes.

In our investigation, IL-25’s elevated presence in the serum of CSU patients, while
notable, did not translate into a significant statistical impact, presenting an intriguing facet
in the complex tapestry of CSU pathogenesis. This contrast in our findings could indicate a
nuanced role for IL-25 in CSU, potentially contributing to the condition in a less direct or
potent manner than the pronounced effects seen with IL-33. The interplay of IL-25 in the
context of CSU may involve intricate immune interactions that attenuate its measurable
impact on disease severity and patient-reported QoL.

The nuanced role of IL-25 within the immune system reflects the complex intercellular
signaling regulated by alarmin cytokines, pivotal for skin homeostasis and implicated
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in allergic inflammation processes. The analysis by Hasegawa et al. [34] positions IL-25
as crucial in both promoting allergic skin inflammation and facilitating wound healing,
underscoring its intricate function in skin disorders. Additionally, Stanbery et al. [35]
expand the scope of IL-25’s impact, illustrating its involvement in a broader spectrum of
immune responses, including those against viral infections and in cancer, thus highlighting
IL-25’s versatility as a cytokine affecting diverse immune mechanisms.

This broader understanding suggests that the serum IL-25 levels observed in our CSU
study, while not showing a direct statistical correlation, contribute to a more comprehensive
narrative. Documented increased IL-25 expression in lesional skin by Kay et al. [17], in
conjunction with the regulatory roles of type 2 alarmin cytokines in skin immunity, as
outlined by Hasegawa et al. [34] and the varied functions of IL-25 in tissue immunity
highlighted by Stanbery et al. [35], suggest IL-25’s nuanced involvement in CSU. This
prompts further investigation into IL-25’s specific contributions to CSU pathophysiology
and symptomatology.

Moreover, our research adds to the ongoing dialogue on the identification of effective
biomarkers for CSU, with IL-33 demonstrating significant potential as indicated by ROC
curve analysis. Conversely, IL-25’s weaker performance, despite its statistical relevance,
hints at a more limited role when considered in isolation, emphasizing the need for a
multifaceted approach in biomarker development and the utility of these cytokines in
clinical assessments.

In our study, we observed elevated levels of TSLP in CSU, aligning with findings from
other studies such as those reported by Hoy et al. [36]. This observation underscored TSLP’s
role in the inflammation associated with CSU, although its direct correlation with disease
severity and patient QoL, as measured by DLQI and UAS7 indices, remained minimal, as
discussed by Wang and Zuo [37]. The association between TSLP and CRP highlighted its
involvement in generalized inflammatory responses, without a clear link to specific CSU
severity or QoL outcomes.

The development and approval of tezepelumab, an anti-TSLP monoclonal antibody,
underscored by Damask et al. [38], marked a pivotal advancement in targeting this cy-
tokine for CSU treatment, offering new hope for patients who are unresponsive to standard
treatments. Further research by Hashimoto et al. [39] suggested TSLP’s involvement in
CSU’s pruritic symptoms through basophil activation, extending its impact to sensory
mechanisms within the disease. Observations by Treudler and Simon [40] on emerging bio-
logics targeting TSLP indicated potential for broader therapeutic applications in addressing
allergic and immunological facets of CSU.

However, contrasting evidence by Metz et al. [41] regarding TSLP levels in CSU
necessitated additional research to resolve discrepancies in cytokine profiles and their
implications for clinical manifestations and QoL in CSU patients. Collectively, these
insights [36–41] called for an integrated approach to CSU therapy that considered TSLP’s
multifaceted role in the immune response, advocating for refined strategies in patient care
and management.

The absence of inter-alarmin correlations suggests independent pathways of action
for these cytokines in CSU pathogenesis. This is particularly notable, as it challenges the
notion of a synergistic alarmin network and prompts further inquiry into these cytokines’
discrete roles. Alarmin cytokines, such as IL-25, IL-33, and TSLP, are secreted by various
immune and epithelial cells in response to tissue damage, infection, or inflammation. While
they are known to play critical roles in immune responses, the exact order and mechanisms
of their secretion within the immune cascade remain a subject of ongoing investigation.

The correlation between clinical tools—UAS7 and DLQI—demonstrates a robust link
between symptom severity and QoL, affirming the interdependence of these measures in
CSU. This strong correlation is especially significant, as it validates the clinical relevance of
these tools in both research and practice.

While CSU and atopic dermatitis (AD) can be clinically distinguished by specialist
clinicians, they share significant similarities in their inflammatory mechanisms, partic-
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ularly in the role of pro-inflammatory cytokines like IL-4, IL-5, IL-13, and IL-31. This
intersection underscores the necessity of mentioning this second condition here, allowing
for a comparative and parallel overview to enhance our understanding of their shared
pathophysiological features in an academic context. These cytokines, implicated in the
onset of pruritus—a common symptom in both conditions—underscore the potential for
a unified approach to therapy. Biologics such as dupilumab, targeting the IL-4 receptor
to block type-2 inflammation, mepolizumab against IL-5, and tezepelumab and etokimab
targeting TSLP and IL-33, respectively, alongside nemolizumab, which focuses on the IL-31
receptor crucial for mediating itch, represent pivotal advancements. These developments
offer targeted relief from the inflammatory and pruritic aspects of AD and CSU [42].

By engaging with these existing contributions to the field, our study not only corrob-
orates the established narratives, but also expands upon them, suggesting new avenues
for research and potential therapeutic interventions that leverage the systemic nature of
alarmin activity. It is within this expanded, complex framework that our study positions
itself, aiming to bridge the gaps in current knowledge and inspire a forward momentum in
both research and clinical practice.

Strengths and Limitations

This study’s exploration into the serum levels of IL-25, IL-33, and TSLP offers valuable
insights into CSU pathophysiology. One of the main strengths is the detailed examination
of the correlation between these cytokines and both CSU severity and QoL outcomes,
which enhances our understanding of the disease’s underlying mechanisms. The inclusion
of a control group adds robustness to our findings, and the rigorous statistical analyses
employed substantiate the strength of the observed associations.

However, there are limitations to consider. The cross-sectional nature of the study
precludes the establishment of causality, and does not capture the longitudinal dynamics
of cytokine levels. While IL-33’s elevation in CSU patients suggests a significant role, the
absence of a corresponding increase in TSLP levels in relation to QoL measures points to
the complex interplay of cytokines in CSU.

The study’s sample size, though sufficient for our analysis, may not reflect the full
spectrum of the CSU population, and the single-center design limits the generalizability of
the results. This highlights the necessity for larger, multi-center studies to confirm these
findings across a more diverse patient cohort.

In conclusion, our findings provide a solid foundation for the potential targeting of
IL-33 in CSU management, given its strong correlation with disease severity and QoL. Yet,
the intricate web of cytokine interactions and their impact on CSU remains an area ripe for
further investigation. Future research, ideally involving multi-center longitudinal studies
with larger participant pools, is essential to advance our comprehension of cytokine activity
in CSU and to guide therapeutic interventions.

4. Materials and Methods

This retrospective, analytical study was carried out at the Allergology Department
of the Regional Institute of Gastroenterology and Hepatology, Cluj-Napoca, Romania.
It involved a cohort of 50 CSU patients, diagnosed according to the latest international
guidelines [1]. These guidelines describe CSU as a recurrent, maculopapular rash that may
include angioedema, appearing at least bi-weekly for over six weeks [1,2]. For comparative
analysis, 38 healthy staff members from the institute were selected as a control group. The
CSU patients met diagnostic criteria as per the guidelines [1], and were free from concurrent
systemic illnesses such as systemic mastocytosis, Schnitzler syndrome, and urticarial
vasculitis. Additional exclusion criteria included patients with renal, hepatic, psychiatric,
or infectious conditions presenting with cutaneous manifestations or itching. The control
group, with same distribution by age and gender, was strictly composed of individuals
with no history of urticaria and excluded those with systemic diseases causing urticaria
or pruritus. This study received ethical approval from the “Iuliu Hatieganu” University
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of Medicine and Pharmacy, Cluj-Napoca, Romania (AVZ270/10.10.2022), and the IRGH
(12637/11.10.2022). Informed consent was obtained from all participants. Demographic
information and baseline characteristics such as age, sex, and serum levels of the alarmins
IL-33, IL-25, and TSLP were recorded for all participants. For CSU patients, additional data
including disease duration, severity, and presence or absence of atopy were collected. This
was defined by a positive skin-prick (SPT) test to environmental allergens. Complementary
tests included complete blood counts, ERS and CRP analysis, coproparasitological exams,
and total serum IgE measurements, all conducted at the hospital’s central laboratory.
Venous blood was collected from the participants and centrifuged, and the serum was
stored at −80 ◦C. The levels of IL-33, IL-25, and TSLP in the serum were determined using
specific ELISA kits, following the manufacturer’s instructions (Elabscience, 14780 Memorial
Drive, Suite 108, Houston, TX, 77079, USA).

The Urticaria Activity Score over 7 days (UAS7) is a comprehensive, globally rec-
ognized metric for evaluating the severity of CSU [43,44]. This tool captures the extent
and impact of urticarial symptoms over a week, quantifying both hive formation and itch
intensity. The UAS7 incorporates two distinct subscores, one for hives and the other for itch
severity, each evaluated daily. Hive Score: This is assessed on a scale from 0 to 3, where 0
denotes the absence of hives, 1 signifies mild hives (less than 20 hives in a 24-hour period),
2 indicates moderate hives (between 20 and 50 hives), and 3 reflects severe hives (over
50 hives or extensive confluent areas). Itch Severity Score: Similar to the hive score, itch
severity is measured on a scale from 0 to 3. A score of 0 indicates no itching, 1 represents
mild itching (noticeable but not bothersome), 2 is for moderate itching (disturbing but
not interfering significantly with daily activities or sleep), and 3 signifies severe itching
(severely disruptive to daily activities and sleep). The total UAS7 score is the sum of these
daily assessments, with a maximum potential score of 42. The cumulative score categorizes
CSU severity into three levels: mild (0–15), moderate (16–27), and severe (28–42), enabling
a nuanced understanding of the disease’s impact on the patient.

The Dermatology Life Quality Index (DLQI) is a widely employed instrument to
gauge the impact of CSU on a patient’s QoL [45,46]. This index consists of ten questions,
addressing various aspects of daily life that may be affected by the condition. Each question
is scored from 0 to 3, based on the degree of impact. The questions cover a broad spec-
trum of life domains, including symptoms and feelings, daily activities, leisure, work or
school performance, personal relationships, and treatment-related issues. The cumulative
score from these questions provides a total DLQI score, ranging from 0 (no impact) to
30 (extremely large impact). This total score is further broken down into five categories:
0–1 (no impact), 2–5 (small impact), 6–10 (moderate impact), 11–20 (very large impact),
and 21–30 (extremely large impact). Thus, the DLQI offers an insightful, patient-centered
perspective on how CSU affects various facets of an individual’s life, complementing the
clinical severity assessed using the UAS7.

Statistical Analysis

Our data are presented predominantly as medians and interquartile ranges. We
employed the Shapiro–Wilk test to evaluate the normal distribution of the data. For
group comparisons, the study utilized the Mann–Whitney U test or the Kruskal–Wallis
test, based on the data characteristics. Specifically, the Mann–Whitney U test was applied
for comparing two distinct groups, such as the serum levels of IL-25, IL-33, and TSLP
between healthy controls and CSU patients. This test is particularly suited for non-normally
distributed continuous data and facilitates the assessment of significant differences in the
groups’ central tendencies.

For comparisons involving more than two independent groups or ordinal data, the
Kruskal–Wallis test was the method of choice. This test extends the Mann–Whitney U test
to multiple groups, and assesses if there are significant differences in their medians. In
our research, it was particularly useful for analyzing IL-25, IL-33, and TSLP levels across
various disease severity groups.
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Categorical data comparisons were conducted using Pearson’s chi-squared test, suit-
able for examining associations between categorical variables. Correlations between various
parameters were examined using Spearman’s correlation, a non-parametric measure ideal
for assessing non-linear relationships.

Furthermore, we explored the diagnostic potential of IL-25, IL-33, and TSLP using
receiver operating characteristic (ROC) curve analysis. The area under the curve (AUC)
for these cytokines was calculated to determine their effectiveness in distinguishing CSU
patients from healthy controls.

All statistical analyses and graph generation were conducted using GraphPad Prism
9.0 software (GraphPad Software Inc., San Diego, CA, USA). A p-value of <0.05 was set as
the threshold for statistical significance. This comprehensive selection of tests and methods
was aimed at thoroughly analyzing the interrelationships and disparities in IL-25, IL-33,
and TSLP levels and their clinical correlates within the context of CSU.

5. Conclusions

Our research into the alarmin cytokines IL-25, IL-33, and TSLP has identified a notable
elevation of IL-33 in CSU patients, correlating significantly with both UAS7 and DLQI
scores, thereby substantiating its role in disease severity and patient QoL impact. In
contrast, the elevated serum levels of IL-25 did not correspond with significant clinical
correlations, suggesting a more intricate role within the cytokine interplay of CSU. Elevated
TSLP levels, while indicative of its involvement in allergic and immunological pathways,
did not show a direct correlation with symptom severity or patient QoL in CSU. The
study acknowledges the recent approval of tezepelumab, an anti-TSLP therapy, for other
allergic and immunological disorders, which may inform future therapeutic strategies in
CSU management. The discrepancies in cytokine profiles, particularly concerning TSLP,
underscore the imperative for continued research to elucidate their roles in CSU. Overall,
these findings advocate for further exploration into cytokine-modulating treatments, with
IL-33 presenting a viable target. Future research, ideally through larger, multi-center
longitudinal studies, is essential to deepen our understanding of cytokine dynamics in CSU
and optimize therapeutic interventions.
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