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O R I G I N A L 
A R T I C L E

Sensitization to aeroallergens and asthma severity in 
the tropics

Layssa Fabiana Fernandes de Matos1, Gabriela Pimentel Pinheiro das Chagas2 , 
Cinthia Vila Nova Santana2,3 , Aline Carolina Rodrigues Santos1, 
Luiz Henrique Azevedo Silva1, Miquéias Saimon1, Giovana Coletto Segger1, 
Álvaro A. Cruz2 , Jamille Souza Fernandes Chiarelotto1,2

Impact statement

Asthma is a disease with diverse phenotypes. The 
association between sensitization to perennial 

aeroallergens and most specifically A. fumigatus 
with the severity of asthma indicates they may be 
relevant risk factors for severe asthma and should 

inform personalized clinical management.

Introduction

Asthma is a disease that has a chronic inflammatory nature, in gen-
eral, being characterized by narrowing of the airways, thickening 
of the basement membrane, increased production and secretion 
of mucus, and bronchial hyperresponsiveness, which can reduce 
lung function over the years (1, 2). Commonly, the patient with 

asthma presents a clinical history of respiratory symptoms such 
as wheezing, shortness of breath, chest tightness, and cough that 
vary in intensity and over time. Asthma severity can range from a 
mild condition, with almost imperceptible symptoms, to a severe 
condition, with persistent and troublesome symptoms that sig-
nificantly impair the patient’s quality of life.
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Summary
Background. The allergic asthma phenotype is the most extensively investi-
gated. However, few studies have explored the association between sensitiza-
tion to different aeroallergens, asthma severity and blood eosinophil counts, 
an important biomarker of Type 2 inflammation. This study aims to evaluate 
associations between sensitization to aeroallergens, severity of asthma, eosino-
philic phenotypes and age of onset of symptoms. Methods. This was a cross-sec-
tional study involving a tropical urban population sample. We included 450 
individuals with mild asthma (MA) and 441 with moderate to severe asthma 
(MSA). Serum-specific IgE to nine aeroallergens was measured by the Immu-
noCap™. We considered a cut-off point of 0.70 KU/L for mites and 0.35 KU/L 
for all other allergens. Blood eosinophilia was considered if the count was > 
260 cells/mm3, and the age of onset was defined as early (EO < 12 years) and 
late (LO ≥ 12 years). Results. Patients with asthma sensitive to dust mites, 
B. germanica and those with polysensitization are 1.6 to 1.8-fold more likely 
to have MSA, while in cases of sensitization to A. fumigatus this probability 
increases to 3-fold. Regarding the eosinophilic phenotype, individuals with 
MA sensitized to dust mites, B. germanica, dog epithelium and polysensitized 
individuals are more likely to present the eosinophilic phenotype (p < 0.05). 
However, we did not observe any association between sensitization to different 
aeroallergens and age of symptom onset (p > 0.05). Conclusions. We conclude 
that polysensitization or sensitization to mites, B. germanica, and mainly to 
A. fumigatus, are associated with the severity of asthma. Only in individu-
als with MA, sensitization to dust mites, B. germanica, dog epithelium and 
polysensitization is associated with eosinophilic asthma. No sensitization pro-
file was associated with the age of onset of asthma symptoms.

https://orcid.org/0000-0002-6088-2805
https://orcid.org/0000-0002-4019-4693
https://orcid.org/0000-0002-7403-3871
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Despite the diagnosis being mostly clinical and supported by 
lung function measurements, previous studies have reported the 
complexity and heterogeneity of asthma as a disease comprising 
several phenotypes (3). Asthma phenotypes often overlap and 
include atopic asthma, non-atopic asthma, late-onset asthma, 
fixed airflow-limited asthma, asthma with obesity, eosinophilic 
asthma, neutrophilic asthma (1, 3). Because of these phenotypic 
characteristics, it was noted that asthma management should not 
be tailored only to the severity of the disease but individualized 
and modified according to the patients’ response to treatment 
and guided by the inflammatory phenotype alongside with sev-
eral clinical and behavioral traits (4, 5).
The allergic asthma phenotype is the most frequent among the 
phenotypes observed in asthma (6, 7). Its response is predom-
inantly Type 2, with production of IL-4, IL-5, and IL-13 cyto-
kines and specific IgE antibodies. Such molecules will contribute 
to the pathogenesis of the disease with the production of mucus, 
inflammation, bronchoconstriction, and bronchial hyperreactiv-
ity, as reviewed in Lambrecht and Hammad, 2021 (8).
Approximately 65 to 80% of the patients diagnosed with asthma 
have some type of sensitization to aeroallergens, with sensitization 
to indoor aeroallergens being more frequent, such as dust mites, 
dog and cat epithelium, insects (cockroaches), fungi, and some 
rodents (9-11). Furthermore, this sensitization to indoor airborne 
allergens have been associated with greater severity and morbid-
ity of asthma in areas of temperate climate (12, 13).
Thus, our objective was to evaluate the association between sen-
sitization to different aeroallergens with the severity of asthma in 
a tropical environment, to understand which sensitization pro-
file might correlate with the severity of the disease, as well as to 
investigate possible associations between the sensitization profile, 
blood eosinophilia and age of onset of symptoms.

Materials and methods

Study population
This was a cross-sectional study involving a tropical urban popula-
tion conducted between January 2013 and July 2015 at the ProAR 
Central Clinic in Salvador, Bahia, Brazil. We included individuals 
with mild asthma (MA) and moderate to severe asthma (MSA), of 
both sexes, aged between 18 and 60 years. Individuals with MSA 
were part of the Program for Asthma Control in Bahia (ProAR), a 
referral clinic for severe asthma in Salvador, Bahia, Brazil. We did 
not include pregnant women, patients with poor understanding 
and verbal communication, patients with incomplete or incon-
sistent information or data. Furthermore, patients with a history 
of stroke, congestive heart failure, myopathy, pulmonary disease 
(besides asthma), or other diseases that could interfere with the 
assessment of asthma severity and control were excluded, as well 
as those who were over 60 years old. Since aging is associated 
with physiological changes in lung function and a higher preva-

lence of the aforementioned comorbidities, immunosenescence 
might also bias the results of specific IgE measurements (14, 15).
Patients with MSA were classified according to the presence of any 
of the following criteria at their enrollment in ProAR: 1) report 
of daily symptoms, 2) frequent exacerbations or nighttime symp-
toms, 3) limitation in their physical activities, 4) reduced lung 
function (FEV1 or Peak Expiratory Flow ≤ 60%) or variability in 
FEV1 or Peak Expiratory Flow > 30%. At the time of blood col-
lection, at least 6 months after enrollment, all individuals with 
MSA were under treatment and were using a combination of 
medium or high-dose inhaled corticosteroids (800 mcg to 1,600 
mcg of Budesonide or equivalent) and a long-acting beta-2 ago-
nist (12 or 24 mcg of formoterol or 100 mcg of salmeterol daily). 
These individuals with MSA were classified according to the cri-
teria established by GINA 2012 (16). Individuals with MA were 
invited to volunteer through advertisements at health care cen-
ters and public transport and had their diagnosis validated by an 
expert in the field, according to the criteria of GINA 2012 (16). 
They were not under regular treatment with inhaled corticosteroids. 
In addition, the asthma diagnosis of all patients with MSA was 
validated by two specialists, and the opinion of a third specialist 
was also requested in case of disagreement regarding the diagnosis.
A blood sample was also collected from the patients to perform 
the complete blood count and measure specific IgE (sIgE).
The study was approved by the Ethics Committee of Maternidade 
Climério de Oliveira, Federal University of Bahia, Salvador, Bahia, 
Brazil (License Number: CONEP n°15782, CEP 095/2009 and 
095/2012). All individuals who were recruited and agreed to par-
ticipate in the study signed an informed consent form.

Confounding variables
Potential confounding variables considered in this study included 
age, sex, exposure to wood stove smoke, diagnosis of rhinitis, gas-
troesophageal reflux disease (GERD), and obesity. The diagnosis 
of rhinitis and GERD were obtained during a consultation with 
a specialist, considering reports of symptoms and previous medi-
cation use. Obesity was defined by a body mass index (BMI) ≥ 30 
kg/m2 and abdominal circumference measurement (≥ 88 cm for 
women and ≥ 102 cm for men) (17, 18). These variables were col-
lected to account for potential confounding effects in the associ-
ation analyses between asthma and aeroallergen sensitization. Age 
and sex are fundamental demographic variables that may influence 
a wide range of clinical outcomes, including asthma severity and 
specific IgE levels (11, 14, 15). Environmental exposures, such as 
wood-stove smoke, have been associated with airway inflamma-
tion and inadequate asthma control (19). Comorbidities, includ-
ing rhinitis and GERD, are common in asthma patients and may 
contribute to increased disease severity, while obesity is consistently 
associated with poorer asthma control (11, 20). Given these estab-
lished associations, these variables were included in the model to 
minimize confounding effects. It is noteworthy that we did not 
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include tobacco smoke exposure due to the low frequency of active 
and passive smoking in our study population (11, 21).

Measurement of specific IgE (sIgE), definition of eosinophilia 
and age at onset of asthma symptoms
Sensitization to aeroallergens was determined by the presence 
of sIgE in serum by the fluorescence solid phase immunoassay 
(ImmunoCAP™) technique (Thermo Fisher Scientific, Uppsala, 
Sweden). The main aeroallergens evaluated were Blomia tropi-
calis, Dermatophagoides pteronyssinus, Dermatophagoides farinae, 
Aspergillus fumigatus, Penicillium notatum, Periplaneta americana, 
Blatella germanica, dog epithelium, and rat epithelium and urine. 
Cat epithelium was not included in this study because it has sim-
ilar clinical relevance to dog epithelium among adult individu-
als with asthma in Brazil (22), in addition to project cost con-
straints. We considered a cut-off point of 0.70 KU/L for mites 
and 0.35 KU/L for all other allergens, as recommended by the 
manufacturer. The cut-off of ≥ 0.70 kU/L for mites sIgE was cho-
sen because in tropical regions such as Brazil, low levels of dust 
mite-specific IgE may reflect cross-reactivity with helminth anti-
gens rather than true allergic sensitization, thus reducing specific-
ity in the definition of atopy (23-27). Furthermore, Hong et al. 
(2018) demonstrated, using ROC curve analysis, that the opti-
mal point for Dermatophagoides pteronyssinus is approximately 
0.69 kU/L (28), very close to our chosen cut-off.
In the present study, monosensitization was defined as sensitization 
to a single aeroallergen, whereas polysensitization was defined as 
sensitization to two or more aeroallergens, regardless of whether 
they were from different categories (e.g., mites and cockroach) or 

from the same type (e.g., different mite species). The criterion we 
established for eosinophilic asthma was a peripheral blood eosin-
ophil count greater than 260 eosinophils/mm3 (29). Regarding 
the age of onset of asthma symptoms, the 12-year limit was used 
to define the two phenotypes: early age of onset (EO < 12 years) 
and late age of onset (LO ≥ 12 years) (30, 31).

Statistical analysis
Statistical analyses were performed using SPSS 26.0. After per-
forming the Kolmogorov-Sminorv normality test, we noticed 
our data had a non-parametric distribution. Thus, we used the 
Mann-Whitney test to compare two groups. For analysis of cat-
egorical data, we performed Fisher's exact test. Regarding logis-
tic regression, we adjusted for confounding variables such as age, 
sex, exposure to wood stove smoke, diagnosis of rhinitis, GERD, 
and obesity. Moreover, each logistic regression model was built 
including one sensitization variable and adjusted for confounders. 
No simultaneous comparison of all sensitization categories was 
performed. The continuous variables were expressed in median 
(1st quartile – 3rd quartile). All statistical tests were two-tailed and 
a p < 0.05 was considered statistically significant.

Results

Characteristics of the study population
We evaluated 891 individuals, 450 with MA and 441 with MSA, 
of both sexes, aged between 18 and 60 years. Table I shows the 
characteristics of the study population. We observed that the 
median age of individuals with MSA was higher when com-
pared to individuals with MA. Most participants were female, 

Table I - Sociodemographic and clinical characteristics of the study sample.

Mild Asthma (MA)
n = 450

Moderate to Severe Asthma 
(MSA) n = 441 P-value

Age*a 35 (26.0-47.0) 52 (43.0-61.0) < 0.0001

Female sex n (%)** 349 (77.5) 354 (80.3) 0.32

Age of onset of asthma*a 7.0 (1.0-19.0) 10.0 (2.0-26.0) < 0.01

Obesity n (%)**b 106 (23.6) 176 (39.9) < 0.0001

Rhinitis n (%)** 406 (90.2) 416 (94.3) < 0.05

GERD n (%)** 288 (64) 311 (70.5) < 0.05

FEV1 Pre-BD (%)*a 82.2 (72.0-90.8) 61.0 (49.1-71.9) < 0.0001

Total IgE (UI/mL)*a 212.0 (86.2-529.4) 449.3 (144.3-499.3) < 0.01

Eosinophils/mm3*a 235.0 (131.0-394.0) 248.5 (143.0-392.3) 0.21

Eosinophils > 260 cells/mm3 n (%)** 209 (46.4) 203 (46.0) 0.94

*Mann Whitney test; **Fisher's Exact Test; amedian (1st quartile-3rd quartile); bconsidering body mass index (BMI) ≥ 30kg/m2 and measurement of abdominal cir-
cumference (≥ 88 cm for women and ≥ 102 cm for men); bolded results are statistically significant at P-value < 0.05. FEV1 pre-BD, forced expiratory volume in one 
second pre-bronchodilator; GERD: gastroesophageal reflux disease.
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with no difference between groups. Regarding the age of onset 
of asthma symptoms, we noticed that the median was higher in 
individuals with MSA than in individuals with MA. Addition-
ally, the frequency of obesity, rhinitis, GERD and total IgE lev-
els were higher in individuals with MSA than individuals with 
MA. Regarding lung function, analyzed through the assessment 
of pre-bronchodilator forced expiratory volume in the 1st second 
(Pre-BD FEV1), we observed that FEV1 in individuals with MSA 

was lower than in the MA group. We did not observe a signifi-
cant difference in eosinophil counts nor the frequency of eosin-
ophilic asthma in comparison to MA and MSA.

Association between sensitization aeroallergens with asthma 
severity and phenotypes
Table II shows the association between sensitization to relevant 
aeroallergens and asthma severity. Initially, we observed no signif-

Table II - Association between sensitization to the relevant aeroallergens and asthma severity.

MA
(n = 415)

MSA
(n = 396) P-value OR

unadjusted
OR

adjusted*

B. tropicalis 239 (57.6%) 202 (51.0%) 0.06 0.76 (0.58 – 1.01) 1.61 (1.13 – 2.29)

D. pteronyssinus 213 (51.3%) 189 (47.7%) 0.32 0.86 (0.65 – 1.14) 1.76 (1.23 – 2.52)

D. farinae 227 (54.7%) 198 (50.1%) 0.20 0.83 (0.63 – 1.09) 1.74 (1.22 – 2.47)

A. fumigatus 13 (3.1%) 30 (7.6%) 0.007 2.53 (1.30 – 4.93) 3.21 (1.41 – 7.26)

P. notatum 15 (3.6%) 25 (6.3%) 0.10 1.79 (0.93 – 3.45) 1.70 (0.75 – 3.81)

Blatella germanica 113 (27.2%) 125 (31.6%) 0.19 1.23 (0.91 – 1.66) 1.84 (1.26 – 2.67)

Periplaneta americana 67 (16.1%) 60 (15.2%) 0.70 0.92 (0.63 – 1.35) 1.33 (0.83 – 2.12)

Dog epithelium 60 (14.5%) 65 (16.4%) 0.49 1.16 (0.79 – 1.70) 1.44 (0.91 – 2.29)

Rat epithelium and urine 4 (1.0%) 4 (1.0%) 1.00 1.04 (0.26 – 4.21) 0.58 (0.11 – 3.06)

Monosensitization 27 (6.5%) 48 (12.2%) 0.007 1.97 (1.20 – 3.23) 1.55 (0.83 – 2.84)

Polysensitization 244 (59.1%) 222 (56.2%) 0.43 0.88 (0.67 – 1.17) 1.82 (1.27 – 2.60)
*Odds ratio adjusted for the covariates: age, sex, exposure to wood stove smoke, chronic rhinitis, gastroesophageal reflux disease and obesity. Bolded results are sta-
tistically significant at P-value < 0.05. MA: mild asthma; MSA: moderate to severe asthma; monosensitization: sensitization to a single aeroallergen; OR: odds ratio; 
polysensitization: sensitization to two or more aeroallergens.

Table III - Association between sensitization to relevant aeroallergens and mild eosinophilic asthma.

MA Eosinophilic
(n = 188 )

MA Non-
Eosinophilic

(n = 227 )
P-value OR

unadjusted
OR

adjusted*

B. tropicalis 141 (75%) 98 (43.1%) 0.000 3.94 (2.59 – 6.02) 3.39 (2.16 – 5.32)

D. pteronyssinus 128 (68%) 85 (37.4%) 0.000 3.56 (2.37 – 5.35) 2.87 (1.86 – 4.43)

D. farinae 139 (73.9%) 88 (38.76%) 0.000 4.48 (2.94 – 6.87) 3.82 (2.45 – 5.96)

A. fumigatus 8 (4.2%) 5 (2.2%) 0.26 1.97 (0.84 – 7.47) 1.26 (0.37 – 4.26)

P. notatum 10 (5.3%) 5 (2.2%) 0.11 2.50 (0.36 – 1.90) 2.92 (0.85 – 9.96)

Blatella germanica 64 (34%) 49 (21.5%) 0.006 1.87 (1.21 – 2.90) 1.71 (1.08 – 2.71)

Periplaneta americana 36 (19.1%) 31 (13.6%) 0.14 1.49 (0.88 – 2.53) 1.31 (0.75 – 2.27)

Dog epithelium 40 (21.2%) 20 (8.81%) 0.000 2.79 (1.57 – 4.98) 2.58 (1.41 – 4.72)

Rat epithelium and urine 3 (1.59) 1 (0.44%) 0.33 3.68 (0.38 – 35.7) 4.71 (0.43 – 50.5)

Monosensitization 10 (5.3%) 17 (7.5%) 0.43 0.70 (0.31 – 1.57) 0.82 (0.35 – 1.92)

Polysensitization 147 (78.2%) 97 (42.7%) 0.002 5.05 (3.25 – 7.84) 4.27 (2.68 – 6.80)
*Odds ratio adjusted for the covariates: age, sex, exposure to wood stove smoke, chronic rhinitis, gastroesophageal reflux disease and obesity. Bolded results are statistically signifi-
cant at P-value < 0.05. MA: mild asthma; monosensitization: sensitization to a single aeroallergen; OR: odds ratio; polysensitization: sensitization to two or more aeroallergens.
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icant differences in monosensitization to mites in general (such as 
B. tropicalis, D. pteronyssinus, and D. farinae), cockroach (B. ger-
manica), or polysensitization between individuals with MA and 
MSA, nor any association between these sensitizations and dis-
ease severity. However, after adjusting for confounding variables, 
individuals with these sensitization profiles were 1.6- to 1.8-fold 
more likely to have MSA. Conversely, sensitization to A. fumig-

atus was significantly more frequent in the MSA group than in 
the MA group. After adjustment, asthmatic individuals sensitized 
to this fungus had a three-fold higher likelihood of having MSA.
Furthermore, we also assessed associations with eosinophilia and 
age at onset of symptoms. Individuals with MA sensitized to the 
three mites are 3-fold more likely to present the eosinophilic phe-
notype (table III). When sensitized to Blatella germanica and dog 

Table V - Association between sensitization to relevant aeroallergens and early-onset mild asthma.

MA-EO
(n = 255) MA-LO (n = 147) P-value OR

unadjusted
OR

adjusted*

B. tropicalis 156 (61.2%) 76 (51.7%) 0.07 1.47 (0.98 – 2.22) 0.98 (0.62 – 1.55)

D. pteronyssinus 143 (56.1%) 64 (43.5%) 0.017 1.66 (1.10 – 2.49) 1.17 (0.74 – 1.84)

D. farinae 149 (58.4%) 72 (48.9%) 0.07 1.46 (0.97 – 2.20) 1.01 (0.64 – 1.59)

A. fumigatus 8 (3.1%) 5 (3.4%) 1.00 0.92 (0.29 – 2.86) 0.66 (0.19 – 2.29)

P. notatum 9 (3.5%) 6 (4.0%) 0.79 0.86 (0.30 – 2.48) 0.95 (0.29 – 3.09)

Blatella germanica 70 (27.4%) 40 (27.2%) 1.00 1.01 (0.64 – 1.59) 0.85 (0.52 – 1.37)

Periplaneta americana 44 (17.2%) 23 (15.6%) 0.78 1.12 (0.65 – 1.95) 0.84 (0.47 – 1.52)

Dog epithelium 35 (15.5%) 23 (15.6%) 0.66 0.86 (0.48 – 1.52) 0.74 (0.39 – 1.36)

Rats epithelium and urine 1(0.3%) 1(0.3%) 1.00 0.58 (0.36 – 9.29) 0.69 (0.04 – 13.4)

Monosensitization 16 (6.2%) 9 (6.1%) 1.00 1.03 (0.44 – 2.40) 1.15 (0.46 – 2.85)

Polysensitization 157 (61.5%) 80 (54.4%) 0.14 1.37 (0.91 – 2.07) 0.95 (0.59 – 1.51)
*Odds ratio adjusted for the covariates: age, sex, exposure to wood stove smoke, chronic rhinitis, gastroesophageal reflux disease and obesity. Bolded results are statistically sig-
nificant at P-value < 0.05. EO: early onset; LO: late onset; MA: mild asthma; monosensitization: sensitization to a single aeroallergen; OR: odds ratio; polysensitization: sen-
sitization to two or more aeroallergens.

Table IV - Association between sensitization to relevant aeroallergens and moderate to severe eosinophilic asthma.

MSA Eosinophilic
(n = 203)

MSA Non-
Eosinophilic

(n = 234)
P-value OR

unadjusted
OR

adjusted*

B. tropicalis 99 (48.7%) 103 (44%) 0.05 1.49 (1.00 – 2.22) 1.18 (0.77 – 1.82)

D. pteronyssinus 89 (43.8%) 100 (42.7%) 0.31 1.25 (0.84 – 1.86) 0.98 (0.63 – 1.50)

D. farinae 95 (46.7%) 103 (44%) 0.12 1.37 (0.92 – 2.05) 1.05 (0.68 – 1.62)

A. fumigatus 14 (6.8%) 16 (6.8%) 0.84 1.11 (0.52 – 2.35) 1.03 (0.47 – 2.28)

P. notatum 10 (4.9%) 15 (6.4%) 0.83 0.83 (0.36 – 1.90) 0.70 (0.29 – 1.66)

Blatella germanica 59 (29%) 66 (28.2%) 0.44 1.19 (0.78 – 1.82) 0.99 (0.63 – 1.57)

Periplaneta americana 29 (14.2%) 31 (13.2%) 0.48 1.21 (0.70 – 2.11) 1.05 (0.59 – 1.89)

Dog epithelium 36 (17.7%) 29 (12.3%) 0.05 1.71 (1.00 – 2.92) 1.55 (0.88 – 2.71)

Rat epithelium and urine 2 (0.98%) 2 (0.85%) 1.00 1.26 (0.17 – 9.07) 0.72 (0.93 – 5.57)

Monosensitization 16 (7.8%) 32 (13.6%) 0.12 0.59 (0.31 – 1.13) 0.64 (0.33 – 1.25)

Polysensitization 105 (51.7%) 117 (50%) 0.15 1.35 (0.90 – 2.02) 1.06 (0.69 – 1.64)
*Odds ratio adjusted for the covariates: age, sex, exposure to wood stove smoke, chronic rhinitis, gastroesophageal reflux disease and obesity. Bolded results are statistically sig-
nificant at P-value < 0.05. MSA: moderate to severe asthma; monosensitization: sensitization to a single aeroallergen; OR: odds ratio; polysensitization: sensitization to two 
or more aeroallergens.
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epithelium, the chances of presenting this phenotype are 1.7 and 
2.5-fold greater, respectively, while the possibilities increase to 
4-fold more when these individuals are polysensitized.
For individuals with MSA, we did not observe any association 
between sensitization to different aeroallergens and eosinophilia 
(table IV).
Regarding the age of onset of symptoms, there was no signifi-
cant association with sensitization (tables V and VI). Individu-
als with MA sensitized to D. pteronyssinus and individuals with 
MSA sensitized to any of the three mites or polysensitized were 
more likely to have early-onset asthma, but after adjustments for 
confounding variables this association was not statistically signif-
icant (tables V and VI).

Discussion and conclusions

This study explored the relationship between sensitization to rele-
vant aeroallergens and asthma phenotypes in a tropical city. Over-
all, our results indicate that sensitization to aeroallergens was sig-
nificantly associated with asthma severity. Among patients with 
MA, sensitization was related with the eosinophilic phenotype, 
but not with the age of symptom onset.
Initially, we looked for associations between sensitization to 
aeroallergens and severity of asthma. Among the nine aeroaller-
gens evaluated, asthmatic individuals sensitive to dust mites (B. 
tropicalis, D. pteronyssinus, D. farinae) and the Blatella germanica 
cockroach were more likely to present more severe disease. Some 
studies have observed that increased exposure and sensitization to 
aeroallergens such as the D. pteronyssinus mite and cockroaches 

in children diagnosed with asthma may be a factor that contrib-
utes to the severity and increased morbidity associated with this 
disease (32, 33). Li et al. evaluated 3,780 asthmatics between 5 
and 65 years old in China, and they noted that the severity of 
the disease increases as the frequency of sensitization to D. pter-
onyssinus, D. farinae, and B. tropicalis increases (34).
Our study evaluated only adults over 18 years of age, these afore-
mentioned associations were observed only after adjusting for 
confounding variables. Among all tested variables, age was the 
only factor that modified these associations (data not shown). A 
plausible explanation for this finding is that specific IgE levels 
to aeroallergens, particularly to dust mites, tend to decrease sig-
nificantly with increasing age, as previously reported by Tosca et 
al. (2017) (14). This age-related decline in IgE reactivity likely 
attenuated the differences in sensitization to these aeroallergens 
between the MA and MSA groups, which may explain the absence 
of significant differences in the unadjusted analyses. Thus, as 
described in studies with younger populations, adults sensitized 
to dust mites also appear more likely to develop MSA. Further-
more, it is important to highlight that we found a strong associ-
ation between sensitization to A. fumigatus and asthma severity, 
confirming the findings of other studies that found that fungal 
sensitization is indeed associated with asthma severity, mortality, 
and hospital admission (35, 36).
Regarding sensitization to the epithelium of dogs and rats, we 
found no association with asthma severity. Our data agrees with 
Cacheiro-Llaguno et al. (2024) who observed an association 
between sensitization to dog epithelium and the severity of rhi-
nitis symptoms, but not asthma (37). In addition, Schleich et 

Table VI - Association between sensitization to relevant aeroallergens and early-onset moderate to severe asthma.

MSA-EO
(n = 229) MSA-LO (n = 210) P-value OR

unadjusted
OR

adjusted*

B. tropicalis 120 (52.4%) 81 (38.5%) 0.002 1.90 (1.27 – 2.83) 1.31 (0.84 – 2.04)

D. pteronyssinus 114 (49.7%) 75 (35.7%) 0.002 1.92 (1.28 – 2.86) 1.52 (0.97 – 2.38)

D. farinae 118 (51.5%) 79 (37.6%) 0.002 1.92 (1.29 – 2.87) 1.39 (0.89 – 2.18)

A. fumigatus 12 (5.2%) 18 (8.5%) 0.18 0.59 (0.27 – 1.26) 0.63 (0.27 – 1.50)

P. notatum 9 (3.9%) 16 (7.6%) 0.14 0.49 (0.21 – 1.15) 0.48 (0.18 – 1.25)

Blatella germanica 69 (30.1%) 56 (26.6%) 0.38 1.21 (0.79 – 1.85) 1.04 (0.64 – 1.68)

Periplaneta americana 33 (14.4%) 27 (12.8%) 0.67 1.15 (0.66 – 2.01) 1.09 (0.59 – 2.02)

Dog epithelium 35 (15.2%) 30 (14.2%) 0.78 1.09 (0.64 – 1.87) 0.90 (0.50 – 1.63)

Rat epithelium and urine 1 (0.47%) 3 (1.3%) 0.35 0.30 (0.03 – 2.96) 0.31 (0.25 – 4.00)

Monosensitization 24 (10.4%) 24 (11.4%) 0.87 0.92 (0.50 – 1.68) 1.15 (0.59 – 2.23)

Polysensitization 128 (55.8%) 93 (44.2%) 0.006 1.75 (1.17 – 2.62) 1.27 (0.81 – 1.99)
*Odds ratio adjusted for the covariates: age, sex, exposure to wood stove smoke, chronic rhinitis, gastroesophageal reflux disease and obesity. Bolded results are statistically sig-
nificant at P-value < 0.05. EO: early onset; LO: late onset; MSA: moderate to severe asthma; monosensitization: sensitization to a single aeroallergen; OR: odds ratio; poly-
sensitization: sensitization to two or more aeroallergens.
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al. (2023) found a low proportion of sensitization to the epithe-
lium of dogs and rats in individuals with severe asthma, similar 
to our study, and they did not observe an association of this sen-
sitization with the severity of the disease (10).
The number of sensitizations is another relevant aspect to be con-
sidered, since both our study and others have observed a signif-
icant association between polysensitization and asthma severity 
(38, 39). This makes prescribing specific immunotherapy more 
challenging (37, 40), as well as taking care to reduce exposure 
to these aeroallergens.
Atopy is generally associated with the phenotypes of eosino-
philic asthma and early-onset asthma (41). For this reason, we 
also investigated association between sensitization to different 
aeroallergens with eosinophilic phenotypes and age at onset of 
symptoms. We observed that individuals with MA sensitized to 
D. pteronyssinus, D. farinae, B. tropicalis, B. germanica, dog epi-
thelium and those polysensitized are more likely to present an 
eosinophilic phenotype than a non-eosinophilic one. However, 
regardless of the profile and number of sensitizations, in indi-
viduals with MSA, the chances of presenting the eosinophilic or 
non-eosinophilic phenotype are similar.
In relation to the age at onset of symptoms, although atopy is 
generally associated with onset asthma in childhood, our data 
showed no sensitization profile or number of sensitizations (i.e., 
monosensitization or polysensitization) associated with early 
onset, regardless of asthma severity (i.e., MA or MSA). This shows 
that, regardless of the severity of asthma, an individual present-
ing the first asthma symptoms in childhood or adulthood may 
have the same chances of being sensitized to any of the aeroal-
lergens evaluated.
Our study has limitations. We did not perform direct compari-
sons between excluded and included individuals, since excluded 
participants had incomplete or inconsistent data or limited ver-
bal communication, which could have affected the assessment 
of asthma severity and control. The cut-off count used to define 
eosinophilic asthma is arbitrary; however, it has been adopted 
in previous studies (29). Similarly, the definitions of early and 
late onset are also arbitrary, but they have been used by other 
authors (30, 31). Our analysis was not designed to directly com-
pare all sensitization categories, thus the possibility of a Type I 
error cannot be excluded. Additionally, interaction terms were 
not explored, and model fit was not formally assessed, which we 
recognize as limitations to be addressed in future studies. One 
must also remember that being a variable disease, the classifica-
tion of asthma severity is not entirely precise. Any of these lim-
itations or a combination of them, may generate biases that may 
influence the results observed.
As far as we know, this is the first study to evaluate sensitiza-
tion to different aeroallergens and various phenotypes in indi-
viduals with MA and MSA. Furthermore, our study is one of 
the few that provides this more detailed approach to atopy and 

asthma phenotypes in the adult population. Our findings sug-
gest that sensitization to dust mites, B. germanica, A. fumigatus 
and polysensitization may be associated with asthma severity in 
adult asthmatic individuals. In individuals with MA, but not in 
MSA, sensitization to dust mites, B. germanica, dog epithelium 
and polysensitization may be associated with eosinophilic phe-
notype asthma. No sensitization profile was associated with the 
age of onset of asthma. Due to the cross-sectional nature of this 
study in an urban tropical population, these associations of sen-
sitization patterns with asthma severity and phenotypes may not 
have external validity to different populations and environments.

Fundings

Alvaro A. Cruz was awarded a grant to constitute Center for Excel-
lence in Asthma, Federal University of Bahia from CNPq/FAPESB 
(Notice 020/2009 - PRONEX – 6353 – PNX0018/2009). An 
additional grant was obtained by an investigator initiated proposal 
of Alvaro A. Cruz supported by Trust in Science, a GlaxoSmith-
Kline’s program.

Contributions

LFFM, JSFC: conceptualization, formal analysis, methodol-
ogy, writing – original draft. AAC: conceptualization, funding 
acquisition, investigation, supervision, writing – review & edit-
ing. GPPC, CVNS: methodology, writing – review & editing. 
ACRS, LHAS, MS, GCS: formal analysis, methodology.

Conflict of interests

The authors declare that they have no conflict of interests.

Acknowledgments

The authors would like to thank Juliana Viana, Aline Lima, Paula 
Almeida, Givaneide Lima, Valmar Bião, Ila Muniz and Ana 
Tereza Campos for assisting in the recruitment and evaluation 
of patients. Ajax Atta and Isabela Oliveira for the performance 
of the specific IgE by ImmunoCAP.

References

1.	 GINA. Global Initiative for Asthma. Global Strategy for Asthma 
Management and Prevention. 2024. Available at: https://ginas-
thma.org/wp-content/uploads/2024/05/GINA-2024-Strategy-
Report-24_05_22_WMS.pdf.

2.	 Herscher ML, Wisnivesky JP, Busse PJ, Hanania NA, Sheng T, 
Wolf MS, et al. Characteristics and outcomes of older adults with 
long-standing versus late-onset asthma. J Asthma. 2017;54(3):223-
9. doi: 10.1080/02770903.2016.1211141.

3.	 Lockey RF. Asthma phenotypes: an approach to the diagnosis and 
treatment of asthma. J Allergy Clin Immunol Pract. 2014;2(6):682-
5. doi: 10.1016/j.jaip.2014.09.008.

https://ginasthma.org/wp-content/uploads/2024/05/GINA-2024-Strategy-Report-24_05_22_WMS.pdf


250 Layssa Fabiana Fernandes de Matos, Gabriela Pimentel Pinheiro das Chagas, Cinthia Vila Nova Santana, et al.

4.	 Bostantzoglou C, Delimpoura V, Samitas K, Zervas E, Kanniess 
F, Gaga M. Clinical asthma phenotypes in the real world: oppor-
tunities and challenges. Breathe (Sheff). 2015;11(3):186-93. doi: 
10.1183/20734735.008115.

5.	 Agusti A, Barnes N, Cruz AA, Gibson PG, Heaney LG, Inoue H, et 
al. Moving towards a Treatable Traits model of care for the manage-
ment of obstructive airways diseases. Respir Med. 2021;187:106572. 
doi: 10.1016/j.rmed.2021.106572.

6.	 Schatz M, Rosenwasser L. The allergic asthma phenotype. J Allergy 
Clin Immunol Pract. 2014;2(6):645-8; quiz 9. doi: 10.1016/j.
jaip.2014.09.004.

7.	 Bakakos P. Asthma: From Phenotypes to Personalized Medicine. J 
Pers Med. 2022;12(11). doi: 10.3390/jpm12111853.

8.	 Hammad H, Lambrecht BN. The basic immunology of asthma. Cell. 
2021;184(6):1469-85. doi: 10.1016/j.cell.2021.02.016.

9.	 Pongracic JA, Krouse RZ, Babineau DC, Zoratti EM, Cohen RT, 
Wood RA, et al. Distinguishing characteristics of difficult-to-con-
trol asthma in inner-city children and adolescents. J Allergy Clin 
Immunol. 2016;138(4):1030-41. doi: 10.1016/j.jaci.2016.06.059.

10.	 Schleich F, Maury E, Bachert C, Hanon S, Michel O, Jansen M, 
et al. Epidemiology of sensitization to perennial aeroallergens in 
adults with severe asthma in Belgium. The BEIgE study. Allergy. 
2023;78(10):2774-7. doi: 10.1111/all.15785.

11.	 Cruz AA, Riley JH, Bansal AT, Ponte EV, Souza-Machado A, Almeida 
PCA, et al. Asthma similarities across ProAR (Brazil) and U-BI-
OPRED (Europe) adult cohorts of contrasting locations, ethnic-
ity and socioeconomic status. Respir Med. 2020;161:105817. doi: 
10.1016/j.rmed.2019.105817.

12.	 Beck AF, Huang B, Kercsmar CM, Guilbert TW, McLinden DJ, 
Lierl MB, et al. Allergen sensitization profiles in a population-based 
cohort of children hospitalized for asthma. Ann Am Thorac Soc. 
2015;12(3):376-84. doi: 10.1513/AnnalsATS.201408-376OC.

13.	 Lombardi C, Savi E, Ridolo E, Passalacqua G, Canonica GW. Is 
allergic sensitization relevant in severe asthma? Which allergens 
may be culprit? World Allergy Organ J. 2017;10(1):2. doi: 10.1186/
s40413-016-0138-8.

14.	 Tosca MA, Silvestri M, Olcese R, Pistorio A, Rossi GA, Ciprandi G. 
The impact of age on serum allergen-specific IgE to inhaled molec-
ular components. Allergol Immunopathol (Madr). 2017;45(3):265-
71. doi: 10.1016/j.aller.2016.10.004.

15.	 De Amici M, Ciprandi G. The Age Impact on Serum Total and 
Allergen-Specific IgE. Allergy Asthma Immunol Res. 2013;5(3):170-
4. doi: 10.4168/aair.2013.5.3.170.

16.	 GINA. Global Strategy for Asthma Management and Prevention. 
Global Initiative for Asthma (GINA) 2012. Available at: https://
ginasthma.org/wp-content/uploads/2019/01/2012-GINA.pdf.

17.	 WHO. Obesity: preventing and managing the global epidemic. 
Report of a WHO consultation. World Health Organ Tech Rep 
Ser. 2000;894:i-xii, 1-253.

18.	 Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P, et al. 
Waist circumference as a vital sign in clinical practice: a Consen-
sus Statement from the IAS and ICCR Working Group on Visceral 
Obesity. Nat Rev Endocrinol. 2020;16(3):177-89. doi: 10.1038/
s41574-019-0310-7.

19.	 Fernandes AGO, de Souza-Machado C, Pinheiro GP, de Oliva 
ST, Mota RCL, de Lima VB, et al. Dual exposure to smoking and 
household air pollution is associated with an increased risk of severe 
asthma in adults in Brazil. Clin Transl Allergy. 2018;8:48. doi: 
10.1186/s13601-018-0235-6.

20.	Jesus JPV, Lima-Matos AS, Almeida PCA, Lima VB, Mello LM, 
Souza-Machado A, et al. Obesity and asthma: clinical and labo-
ratory characterization of a common combination. J Bras Pneu-
mol. 2018;44(3):207-12. doi: 10.1590/S1806-37562017000000034.

21.	 Lima LL, Cruz CMS, Fernandes AGO, Pinheiro GP, Souza-Mach-
ado C, Lima VB, et al. Exposure to secondhand smoke among 
patients with asthma: a cross-sectional study. Einstein (Sao Paulo). 
2020;18:eAO4781. doi: 10.31744/einstein_journal/2020AO4781.

22.	 Souza TMO, Fernandes JS, Santana CVN, Lessa MM, Cruz AA. 
Aeroallergen sensitization patterns among patients with chronic rhi-
nitis with or without concomitant asthma. Braz J Otorhinolaryngol. 
2024;90(2):101351. doi: 10.1016/j.bjorl.2023.101351.

23.	Acevedo N, Caraballo L. IgE cross-reactivity between Ascaris lum-
bricoides and mite allergens: possible influences on allergic sensi-
tization and asthma. Parasite Immunol. 2011;33(6):309-21. doi: 
10.1111/j.1365-3024.2011.01288.x.

24.	Alcantara-Neves NM, Veiga RV, Ponte JC, da Cunha SS, Simoes 
SM, Cruz AA, et al. Dissociation between skin test reactivity 
and anti-aeroallergen IgE: Determinants among urban Brazil-
ian children. PLoS One. 2017;12(3):e0174089. doi: 10.1371/jour-
nal.pone.0174089.

25.	Alcantara-Neves NM, Veiga RV, Dattoli VC, Fiaccone RL, Esquivel R, 
Cruz AA, et al. The effect of single and multiple infections on atopy 
and wheezing in children. J Allergy Clin Immunol. 2012;129(2):359-
67, 367.e1-3. doi: 10.1016/j.jaci.2011.09.015.

26.	Mendonca LR, Veiga RV, Dattoli VC, Figueiredo CA, Fiaccone 
R, Santos J, et al. Toxocara seropositivity, atopy and wheezing in 
children living in poor neighbourhoods in urban Latin Ameri-
can. PLoS Negl Trop Dis. 2012;6(11):e1886. doi: 10.1371/journal.
pntd.0001886.

27.	Lisboa ABP, Alcantara-Neves NM, Aguiar ERGR, Pinheiro CS, 
Pacheco LGC, da Silva ES. Structural Insights on Cross-Reactivity 
of Mite Allergens with Helminth Proteins. Allergies. 2024;4(2):64-
79. doi: 10.3390/allergies4020006.

28.	Hong SD, Ryu G, Seo MY, Jeong JI, Kim HY, Chung SK, et al. Opti-
mal cutoff values of allergen-specific immunoglobulin E to house 
dust mites and animal dander based on skin-prick test results: Anal-
ysis in 16,209 patients with allergic rhinitis. Am J Rhinol Allergy. 
2018;32(1):23-6. doi: 10.2500/ajra.2018.32.4483.

29.	Lima-Matos A, Ponte EV, de Jesus JPV, Almeida PCA, Lima VB, 
Kwon N, et al. Eosinophilic asthma, according to a blood eosino-
phil criterion, is associated with disease severity and lack of control 
among underprivileged urban Brazilians. Respir Med. 2018;145:95-
100. doi: 10.1016/j.rmed.2018.10.025.

30.	Tan DJ, Walters EH, Perret JL, Lodge CJ, Lowe AJ, Matheson 
MC, et al. Age-of-asthma onset as a determinant of different 
asthma phenotypes in adults: a systematic review and meta-analy-
sis of the literature. Expert Rev Respir Med. 2015;9(1):109-23. doi: 
10.1586/17476348.2015.1000311.

31.	 Fernandes JS, Araujo MI, de Almeida T, Andrade LS, Lopes DM, de 
Mello LM, et al. Impaired immunoregulatory network of the CD4 T 
lymphocytes in refractory asthma. Clin Exp Allergy. 2019;49(5):644-
54. doi: 10.1111/cea.13351.

32.	 Camelo-Nunes IC, Sole D. Cockroach allergy: risk factor for asthma 
severity. J Pediatr (Rio J). 2006;82(5):398-9; author reply 9-400. 
doi: 10.2223/JPED.1540.

33.	Adham TM, Tawfik SA. Dermatophagoides in childhood asthma. 
Allergy to dermatophagoides associates more severe childhood asthma 
with a potential role for acaricides. Saudi Med J. 2012;33(3):292-7.



251Aeroallergen sensitization and asthma phenotypes

34.	Li J, Huang Y, Lin X, Zhao D, Tan G, Wu J, et al. Influence of degree of 
specific allergic sensitivity on severity of rhinitis and asthma in Chinese 
allergic patients. Respir Res. 2011;12(1):95. doi: 10.1186/1465-9921-12-95.

35.	 Masaki K, Fukunaga K, Matsusaka M, Kabata H, Tanosaki T, Mochi-
maru T, et al. Characteristics of severe asthma with fungal sensi-
tization. Ann Allergy Asthma Immunol. 2017;119(3):253-7. doi: 
10.1016/j.anai.2017.07.008.

36.	Kao CC, Hanania NA, Parulekar AD. The impact of fungal aller-
gic sensitization on asthma. Curr Opin Pulm Med. 2021;27(1):3-8. 
doi: 10.1097/MCP.0000000000000740.

37.	Cacheiro-Llaguno C, Mosges R, Calzada D, Gonzalez-de la Fuente 
S, Quintero E, Carnes J. Polysensitisation is associated with more 
severe symptoms: The reality of patients with allergy. Clin Exp 
Allergy. 2024;54(8):607-620. doi: 10.1111/cea.14486.

38.	Liu AH, Babineau DC, Krouse RZ, Zoratti EM, Pongracic JA, 
O'Connor GT, et al. Pathways through which asthma risk factors 
contribute to asthma severity in inner-city children. J Allergy Clin 
Immunol. 2016;138(4):1042-50. doi: 10.1016/j.jaci.2016.06.060.

39.	Cruz AA, Bousquet J. Rhinitis Phenotypes Based on Multimor-
bidities. J Allergy Clin Immunol Pract. 2024;12(6):1487-1489. doi: 
10.1016/j.jaip.2024.04.013.

40.	 Bahceciler NN, Yuruker O. Planning and approach to allergen-spe-
cific immunotherapy in polyallergic patients. Immunotherapy. 
2020;12(8):577-85. doi: 10.2217/imt-2019-0182.

41.	 Tran TN, Zeiger RS, Peters SP, Colice G, Newbold P, Goldman M, 
et al. Overlap of atopic, eosinophilic, and TH2-high asthma phe-
notypes in a general population with current asthma. Ann Allergy 
Asthma Immunol. 2016;116(1):37-42. doi: 10.1016/j.anai.2015.10.027.



Vol 58, N.6, 252-262, 2026Eur Ann Allergy Clin Immunol

© 2026 Associazione Allergologi Immunologi Italiani Territoriali e Ospedalieri - AAIITO. Published by Edra Media S.r.l. All rights reserved

O R I G I N A L 
A R T I C L E

Basophil activation test in the diagnosis of drug-
induced hypersensitivity reactions: a retrospective 
study of Slovak patients

Mira Horváthová , Jana Surmová , Nikola Madrová , Michaela Szabová

Impact statement

BAT is a useful complementary tool for diagnosing 
DHRs, predicting and monitoring clinical 

responses to treatment and searching potentially 
non-cross-reactive alternatives.

Introduction

Adverse drug reactions (ADRs) are an important public health prob-
lem and can be life-threatening. ADRs are classified into two main 
types: type A reactions, which are dose dependent and predictable. 
These kinds of reactions constitute 70-80% of ADRs, and type B 
– which are unpredictable – include idiosyncrasy, drug intolerance, 
or drug allergy, and may comprise approximately 10-15% of all 
ADRs. Drug hypersensitivity reactions (DHRs) are unpredictable 

ADRs. Depending on the time passed between the consumption 
of the drug and symptom onset, reactions are classified as sugges-
tive of either immediate hypersensitivity (0-6 h) or non-immedi-
ate hypersensitivity (hours-days). Drug allergy pathogenesis and 
clinical manifestations may vary depending on the culprit drug. 
The optimal approach to the drug allergy should be based on 
the risk stratification, the phenotype of hypersensitivity reaction, 
drug class, and patient’s clinical needs. Hypersensitivity reactions 
are divided into 4 types (I-IV) by the Gell and Coombs classifi-
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Summary
Background. Drug hypersensitivity reactions (DHRs) include allergic, exag-
gerated pharmacologic, and pseudoallergic reactions to medications. The baso-
phil activation test (BAT) using CD63 expression is a sensitive and specific 
complementary tool in the diagnosis of immediate DHRs. Methods. In this 
study we analyzed retrospectively 1,160 patients with history of DHRs cate-
gorized into several subgroups of diagnoses. BAT using CD63 expression was 
performed in the whole blood and results were analyzed by flow cytometry. 
Results. The mean value of CD63 expression was significantly higher for pos-
itive patients than negative/borderline findings (p < 0.001). The highest fre-
quencies of positive BAT were in categories of diagnosis codes D89 (other dis-
orders involving the immune mechanism, not elsewhere classified) and L50 
(urticaria). The percentage values were higher in the group of antibiotics and 
anticoagulants. Comparing individual drugs in vitro, we observed the highest 
prevalence of positive reactions by local anesthetics (Mepivastesin, Mesocain, 
Lidocaine), antibiotics (Amoxiclav, Megamox duo), antirheumatics, anti-
phlogistics and antiuratics (Ibuprofen, Ibalgin). The BAT positivity decreases 
with age, there were significant differences in the CD63 activation between 
old age and children, younger adults, and older adults (p < 0.001, p < 0.05 
and p < 0.01, respectively). No significant differences have been found between 
men and women. Conclusions. BAT is a useful complementary tool to sup-
port the diagnosis of drug hypersensitivity conditions, especially in cases with 
severe reaction where drug challenge is contraindicated. The implementation 
of BAT in clinical practice is valuable in the workup of DHRs and extremely 
useful in the case of life-threatening drug allergies.
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cation. The hypersensitivity Type I reactions follow very quickly 
after contact with the allergen, generally between a few seconds 
to 30 minutes (immediate type). Allergic rhinitis and conjuncti-
vitis, allergic asthma, acute urticaria and IgE-mediated anaphy-
laxis belong to this type. The response times of types II and III 
hypersensitivity reactions are slower than that of type I reactions; 
they typically develop 3-6 h after exposure to antigen. The fourth 
type is considered a delayed hypersensitivity reaction because it 
usually occurs more than 12 hours after exposure to the allergen, 
with a maximal reaction time between 48 and 72 hours. Type IV 
hypersensitivity reactions occur because of T cell response to an 
antigen leading to an inflammatory response. These reactions are 
further subdivided (IVa through IVd) based on the type of T cells 
involved. Common symptoms of type IV hypersensitivity include 
red, itchy, painful rash with blisters, or patches of dry, cracked, 
scaly skin. The clinical presentation is based on the distinct con-
dition that develops. Contact dermatitis is a very common type 
IV hypersensitivity reaction. Symptoms without demonstration 
of being an immunological process are classified as non-immune 
DHRs, and they are generally related to nonspecific histamine 
release, nonspecific complement activation, bradykinin accumu-
lation or induction of leukotriene synthesis in type I hypersensi-
tivity reactions. Non-steroidal anti-inflammatory drugs and anti-
biotics are most often implicated in drug allergies, besides anes-
thetic drugs, latex, insulin, and immunomodulators (1-3).
The mechanisms underlying immunogenic-mediated DHRs 
involve the adaptive immune system and comprise both IgE- 
and non-IgE-mediated mechanisms. In contrast, nonimmuno-
genic-mediated DHRs mechanisms do not involve the adaptive 
immune system. The diagnosis of immune mediated DHRs is 
based on clinical history, immediate-reading skin tests and prov-
ocation tests. Skin prick testing (SPT) provides evidence for sen-
sitization and can help to confirm the diagnosis of a suspected 
type I allergy, the intradermal test (IDT) is used for both imme-
diate and delayed hypersensitivity and may be used when solu-
ble forms of the drugs are available. Skin tests are the most used 
procedure to confirm a sensitization in drug hypersensitivity, they 
have high specificity, but unfortunately, the sensitivity of skin tests 
to most drugs is low (SPT 49% and IDT 73%, respectively) (4, 
5). SPT is widely practiced, carries very low (but not negligible) 
risk of serious side effects to patients. The overall risk of induc-
ing anaphylactic reactions by SPT is less than 0.02%, whereas it 
is slightly increased if drug, food, latex, or hymenoptera venom 
extracts are used. IDT has an increased antigen load to which 
the body is exposed through the skin, and is associated with a 
higher risk of systemic reaction than SPT. There are limitations 
to perform skin tests, e.g. discontinuation of some medications 
before testing, age, needle aversion, serious risk of anaphylaxis, 
skin disease. Therefore, in cases of negative reactions, drug aller-
gies cannot be excluded. The evaluation of DHRs involves three 
main strategies: accurately reviewing the patient’s clinical history, 

conducting diagnostic tests (skin tests and/or in vitro tests) and 
performing drug challenge tests. Challenge tests are currently the 
gold standard for diagnosis, but they often involve significant 
risks, especially in patients who have received multiple drugs in 
the context of an adverse reaction and/or patients with multiple 
comorbidities. In the evaluation, a careful investigation of med-
ical history and laboratorial parameters is extremely important. 
In vitro tests can be used to support this process, and may be con-
sidered as an alternative, particularly in cases with a history of a 
life-threatening reaction. Tests require specialized equipment and 
trained personnel and thus are not broadly available. It is essen-
tial to construct networks of specialized centers to expand the 
knowledge of these techniques and to adequately validate them 
in as many centers as possible (6-10).
The basophil activation test (BAT) is a cell-based functional assay 
for the detection of basophils in whole blood following allergen 
stimulation using flow cytometry. The BAT evaluates activation 
markers (CD63 and/or CD203c) expressed on the cell membrane 
of basophils. CD63 is a membrane-bound molecule, intragran-
ularly expressed, and exposed on the cell surface during degran-
ulation where granular membrane fuses with the cellular mem-
brane. Basophils constitute a minor fraction – less than 1% of 
the circulating white blood cells – and upon IgE cross-linking by 
antigen, can activate and degranulate. They expel the preformed 
content from their granules, as well as de novo synthesized media-
tors. Degranulation of basophils can also result from other mech-
anisms, such as non-IgE-mediated pathways (e.g. cytokines, ana-
phylatoxins, IgG) and/or direct activation (e.g. opioids, iodin-
ate contrast media). BAT could be a predictive test evaluating 
CD63 as a biomarker of basophil activation for the assessment of 
immediate DHRs. BAT is more sensitive and specific than other 
in vitro diagnostic techniques in drug allergy and is essentially 
complementary to skin tests and allergen-specific IgE determi-
nations. Increasing the number of diagnostic tests used to con-
firm a suspected clinical history of allergy can improve diagno-
sis efficiency and accuracy. BAT reduces the need for in vivo pro-
cedures, such as intradermal tests and allergen challenges, which 
can cause allergic reactions of unpredictable severity. It is a very 
important diagnostic tool, less invasive, more comfortable and 
less expensive. The main objective in the management of a DHRs 
is to search for the culprit drug to order instruct future avoid-
ance, when possible, and to clarify tolerance to alternative treat-
ments for the patient (11-13).
The aim of this research is to explore retrospectively a cohort of 
patients recruited from 2020 to 2023 at diagnostic Immunology 
Laboratory of Slovak Medical University in Bratislava and tested 
to DHRs. We evaluated BAT, the expression of activation marker 
CD63, and confounders such as age, gender, diagnostic category 
code and drug class. BAT not only complement culprit identifi-
cation but can also be used to test potentially non-cross-reactive 
alternatives, thereby avoiding drug challenge tests.
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Materials and methods

Study population
We performed a cohort study assessing DHRs on collected clin-
ical data from 1,160 patients (876 women and 284 men). Some 
patients were tested in vitro for more than one type of drug. A 
total of 3,223 laboratory tests were evaluated. The study was retro-
spective and did not require any interaction with the patients. 
Ethical approval was waived by the local Ethics Committee of 
the Slovak Medical University in view of the retrospective nature 
of the study and all the procedures being performed were part 
of the routine care. The participants were referred to Polyclinic 
of Slovak Medical University (SMU Polyclinic) after detailed 
anamnesis and allergological workup performed by clinical aller-
gists/immunologists and dermatologists from Bratislava and sur-
roundings over the years 2020 to 2023. The blood sampling was 
provided in the collection room of SMU Polyclinic and BATs 
were processed in the diagnostic Immunology Laboratory. The 
patients were instructed to stop taking antihistamines, antileu-
kotrienes and glucocorticoids at least 48 hours before sampling. 
Antihistamines and antileukotrienes do not interfere with BAT 
results, the oral administration of these pharmacological sub-
stances may affect others cell function assays that we performed 
(e.g. lymphocyte activation and proliferation – submitted). Blood 
samples were drawn from patients at least 2-4 weeks post-hyper-
sensitivity reaction, collection of whole blood was done in hep-
arin and performed within 4 h of blood collection to maximize 
viability and functionality of basophils.

Basophil activation test (BAT)
For the quantification of immediate DHRs was used BAT, that 
analyses expression of basophil activation marker, CD63. Our 
study was focused on the basophil population at a single cell 
level using flow cytometry. This technique allowed the specific 
examination of basophils in whole blood, that is more physiolog-
ical and more closely resemble the in vivo environment of blood 
basophils, than isolated basophils. Heparinized blood was incu-
bated with or without relevant drugs. The optimization proce-
dure consisted of standardization of drug concentrations, using 
two drug concentrations, dilutions were prepared shortly before 
BAT was performed. Analysis of the CD63 antigen on basophils 
was examined using the BasoFlowEx kit (Exbio, Prague, Czech 
Republic) with a modification for the lyse-no-wash procedure 
(14). Briefly, tubes were prepared for negative control, positive 
control (stimulation control), and samples stimulated with dif-
ferent drug substances. We tested the common commercially 
available drugs used in therapy. The pharmaceuticals were in the 
form of tablets, or injectable preparations. Stock solutions were 
produced by pulverizing if necessary and dissolving the drug in 
10 ml of sterile isotonic saline (NaCl 0.9%), after checking con-
centration of drug solubility in aqueous solutions. The concen-

trations of stock solutions were based on active substance con-
tent of the concerned medicine. In the test, we used two drug 
dilutions, or more as needed, to find conditions in which cell 
activation and survival outweigh cell death. For example, the 
range of final concentration was 0.25-2.5 mg/ml (Amoxicil-
lin and Clavulanic Acid), 0.2-2.0 mg/ml (Metamizole sodium 
salt, Paracetamol), 0.15-1.5 mg/ml (Ibuprofen), 0.1-1.0 mg/ml 
(Mepivacaine hydrochloride), 0.08-0.8 (Lidocaine hydrochlo-
ride), 0.04-0.4 mg/ml (Trimecaine hydrochloride, Propofol), 
0.45-4.5 mg/ml (Nadroparin calcium salt). For hypolipidemic 
category (e.g. Atorvastatin, Simvastatin, Fluvastatin) the range 
0.01-0.3 mg/ml was used. Stimulation Buffer and heparinized 
blood were added into all tubes and incubated at 37 °C for 15 
minutes. Staining reagent (antibody cocktail: anti-CD63-FITC 
+ anti-CD203c-PE) was added, and samples were incubated for 
20 minutes at 2-8 °C. The red blood cells were lysed by lysing 
solution OptiLyse C (Beckman Coulter, Marseille, France) and 
samples were analyzed using clinical flow cytometers (Cytomic 
FC500 and DxFLEX, Beckman Coulter) within two hours after 
staining. Enough basophils for analysis were > 200. Histograms 
of negative control and positive control samples, and drug-stim-

Figure 1 - Example of BAT histograms (negative control, positive 
control, and drug-stimulated basophils).

BAT: basophil activation test. (A) Gating of basophils: basophils were 
identified as CD203+ cells; (B) Negative control sample, CD63 negative 
threshold (P7 = 3.75 %); (C) Positive control sample, value of ≥ 15% activated 
basophils (P7 = 52.23 %); (D) Drug-stimulated sample, CD63 positivity: the 
cut-off value ≥ 5% and stimulation index (SI) ≥ 2 (P7 = 15.07 %).
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ulated basophils are shown in figure 1. We have calculated the 
percentage of activated basophils (CD63+), and individuals are 
considered positive when the percentage of CD63+ exceeds the 
cut-off value ≥ 5% and stimulation index (SI) ≥ 2. The limit 
of borderline range (suspect zone) was < 5% and SI ≥ 2. If the 
positive control sample exhibited a value of ≥ 15 activated baso-
phils, the samples could be evaluated. A positive control sample 
was stimulated using a monoclonal antibody against IgE mole-
cule which mimics the allergen crosslinking process of IgE mol-
ecules on the basophil surface and using a chemotactic peptide 
N-formyl-Met-Leu-Phe (fMLP). The fMLP activates basophils 
through the G-protein coupled fMLP receptors and is often used 
as a non-IgE-mediated positive control. The main limitation of 
BAT was the patient with nonresponder basophils (basophils 
that do not respond to stimulants), rendering BAT uninterpre-
table. Nonresponder and patients with low basophil counts were 
excluded from the study (6%). Non-responsiveness is attributed 
to disturbances in the signalosome of the FcεRI pathway, par-
ticularly failure to express the downstream tyrosine kinase Syk 
(15, 16). In case of positive BAT, it is not necessary to perform a 
provocation test. Negative results could not rule out a suspected 
drug, they may help the allergist manage and ensure availabil-
ity of appropriate drugs for further in vivo test or drug provoca-
tion test. A no-positive answer indicates that patients may not 
actually be allergic to the suspected drug or have the chance to 
use alternative drugs.

Statistical analysis
BAT data was tested for normalized distribution and analyzed 
using the Mann-Whitney test. The expression of CD63 was 
described as median (50th percentile), and statistical significance 
was defined p < 0.05. The median was calculated using descrip-
tive statistics. All statistical analyses were conducted using SPSS 
Statistics, version 27 (IBM, USA). The subjects with unrespon-
sive basophils were eliminated from data analysis.

Results

Subjects were referred to diagnostic testing after experiencing a 
drug-induced hypersensitivity reaction. The time elapsed between 
the reaction and the performance of the test differed in patients, 
on average 3-5 months. The most common clinical symptoms 
were skin reaction, pruritus, rash, urticaria, redness, vomiting, 
heart palpitations, swelling of the face, tongue, difficulty breath-
ing and swallowing, anaphylactic reaction, collapse state. Detailed 
and complete description of clinical symptoms by doctors not 
stated for every patient. Results of skin prick tests or specific IgE 
were not available for those who performed BAT. Patients were 
divided into several groups based on clinical symptoms (e.g. cuta-
neous, respiratory, gastrointestinal, cardiovascular, hypotension, 

confusion), in which we monitored changes in CD63 expression 
and frequency of BAT positivity.
We most often tested the diagnoses indicated by the codes of 
International Classification of Diseases (ICD) (17): L20-L30 
(dermatitis and eczema), J30 (vasomotor and allergic rhinitis), 
T78 (adverse effect, not elsewhere classified), Z88 (personal his-
tory of allergy to drugs, medicaments and biological substances), 
L50 (urticaria) and group of patients with an unspecified diag-
nosis. To process the results, we categorized the probands into 
ten subgroups of diagnoses (figure 2). The group of dermatitis 
and eczema (25% of the total) includes subgroups: L20.8 - other 
atopic dermatitis, L20.9 - atopic dermatitis, unspecified, L24.5 - 
irritant contact dermatitis due to other chemical products, L27.0 

- generalized skin eruption due to drugs and medicaments, L27.1 
- localized skin eruption due to drugs and medicaments, L27.2 - 
dermatitis due to ingested food, L27.8 - dermatitis due to other 
substances taken internally, L27.9 - dermatitis due to unspecified 

Figure 2 - Percentage distribution of patients according to subgroups 
of diagnoses (ICD codes).

Figure 2 
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ICD: International Classification of Diseases; World Health Organization 
(2019). International statistical classification of diseases and related health 
problems (11th ed.). Available at: https://icd.who.int/.
D89 - Other disorders involving the immune mechanism, not elsewhere 
classified. D80 - Immunodeficiency with predominant antibody defects. D81 - 
Combined immunodeficiencies. D83 - Common variable immunodeficiency. 
D84 - Other immunodeficiencies. J30 - Vasomotor and allergic rhinitis. 
J41 - Simple and mucopurulent chronic bronchitis. J45 – Asthma. L20 - 
Atopic dermatitis. L24 - Irritant contact dermatitis. L27 - Dermatitis due to 
substances taken internally. L29 – Pruritus. L30 - Other dermatitis. L50 - 
Urticaria. R22 - Localized swelling, mass and lump of skin and subcutaneous 
tissue. R60 - Edema, not elsewhere classified. T45 - Poisoning by primarily 
systemic and hematological agents, not elsewhere classified. T78 - Adverse 
effects, not elsewhere classified.
T81 - Complications of procedures, not elsewhere classified. T88 - Other 
complications of surgical and medical care, not elsewhere classified. Y48 - 
Anesthetics and therapeutic gases. Y56 - Topical agents primarily affecting 
skin and mucous membrane and ophthalmological, otorhinolaryngological 
and dental drugs. Y57 - Other and unspecified drugs and medicaments. Z88 
- Personal history of allergy to drugs, medicaments and biological substances. 
Z91 - Personal history of risk-factors, not elsewhere classified. E78 - Disorders 
of lipoprotein metabolism and other lipidemias. D30 - Benign neoplasm of 
urinary organs. K52 - Other noninfective gastroenteritis and colitis.
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substance taken internally, L29.9 - pruritus, unspecified, L30.0 
- nummular dermatitis, L30.1 - dyshidrosis (pompholyx), L30.2 
- cutaneous autosensitization, L30.8 - other specified dermatitis, 
L30.9 - dermatitis, unspecified. The group of vasomotor and 
allergic rhinitis (11 % of the total) included J30.1 - allergic rhini-
tis due to pollen), J30.2 - other seasonal allergic rhinitis, J30.3 - 
other allergic rhinitis, J30.4 - allergic rhinitis, unspecified. The 
group of patients with lower airway diseases J41.0 - simple chronic 
bronchitis, J45.0 - predominantly allergic asthma, J45.8 - mixed 
asthma, J45.9 - asthma, unspecified was represented by only 1%.
The age distribution of patients was children (1-17 years; 8%), 
younger adults (18-44 years; 29%), older adults (45-64 years; 
36%), and old age (65-99 years; 27%).
We compared the CD63 marker obtained by flow cytometry 
analysis between groups: a) negative response or borderline (sus-
pect zone) and b) positive response to a drug. The distribution 
data were represented as percentile values (Q1 = 5.9; Q2 = 7.8; 
Q3 = 13.2). The median value of CD63 expression in positive 
BAT response was significantly higher than in negative or border-
line response (1.60 %) (p < 0.001). Of the total number of BAT, 
we recorded about 10% positive drug responses (n = 3,223). BAT 
is expected to be positive for reactions that are clinically type I, 
this functional test measures the degree of basophil degranula-

tion following allergen stimulation. In the case of BAT negativ-
ity, there may be another type of hypersensitivity reaction, a false 
negativity, or another mechanism, such as non-IgE mediated or 
direct basophil activation.
The frequency of BAT positivity decreases with age. The preva-
lence of positive drug responses was as follows: children 23.4% 
of 154 tests, younger adults 10.4% of 838 tests, older adults 9.2% 
of 1,230 tests, and the elderly 7.6% of 1,001 tests. We did not 
observe significant differences in the response to stimulants in 
the positive control between age groups. The difference in fre-
quency of positive basophil activation between men (11.8% of 
738 tests) and women (9.1% of 2,485 tests) was not significant.
Patients with diagnoses a) D89.0 (polyclonal hypergamma-
globulinemia), D89.8 (other specified disorders involving the 
immune mechanism, not elsewhere), D89.9 (disorder involv-
ing the immune mechanism, unspecified), and b) L50.0 (aller-
gic urticaria), L50.6 (contact urticaria), L50.8 (other urticaria), 
L50.9 (urticaria, unspecified) represented the highest frequency of 
positive BAT (13.8% of 94 tests, and 12.6% of 167 tests, respec-
tively) (table I).
The most frequently tested drug classes were anesthetics and 
antibiotics, as shown in figure 3. The highest frequency of BAT 
positivity was for antibiotics (16.2% of 464 tests) and anticoag-

Table I - Frequency of BAT positive responses.

Diagnosis (ICD codes classification)
Frequency of 

BAT positivity 
(%)

Total 
number 
of BAT

D89 - Other disorders involving the immune mechanism, not elsewhere classified 13.8 94

D80 - Immunodeficiency with predominantly antibody defects, D81 - Combined immunodeficiencies, D83 - 
Common variable immunodeficiency, D84 - Other immunodeficiencies

7.3 96

J30 - Vasomotor and allergic rhinitis 9.5 380

J41 - Simple and mucopurulent chronic bronchitis, J45 – Asthma 11.4 44

L20 - Atopic dermatitis, L24 - Irritant contact dermatitis, L27 - Dermatitis due to substances taken internally, 
L29 - Pruritus, L30 - Other dermatitis,

9.1 821

L50 - Urticaria 12.6 167

R22 - Localized swelling, mass and lump of skin and subcutaneous tissue, R60 - Edema, not elsewhere classified 10.1 159

T45 - Poisoning by primarily systemic and hematological agents, not elsewhere classified, T78 - Adverse effects, 
not elsewhere classified, T81 - Complications of procedures, not elsewhere classified, T88 - Other complications 
of surgical and medical care, not elsewhere classified, Y48 - Anesthetics and therapeutic gases, Y56 - Topical 
agents primarily affecting skin and mucous membrane and ophthalmological, otorhinolaryngological and dental 
drugs,Y57 - Other and unspecified drugs and medicaments

9.8 328

Z88 - Personal history of allergy to drugs, medicaments and biological substances, Z91 - Personal history of risk-
factors, not elsewhere classified

6.2 210

E78 - Disorders of lipoprotein metabolism and other lipidemias, D30 - Benign neoplasm of urinary organs, K52 
- Other noninfective gastroenteritis and colitis

10.2 924

Values in bold indicate the highest frequencies of positive BAT responses, which are further detailed in the text. ICD: International Classification of Diseases. World 
Health Organization (2019). International statistical classification of diseases and related health problems (11th ed.). Available at: https://icd.who.int/.
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ulants (12.6% of 143 tests). Negative tests predominated in the 
classes of diagnostics (87.3% of 158 tests), hypotension (85.3% 
of 204 tests) and anesthetics (83.3% of 491). By comparing indi-
vidual drugs, we found that the most frequent positivity of BAT 
in vitro belongs to 1) the antibiotics Amoxiclav, Megamox duo 
(Amoxicillin and Clavulanic acid), 2) among the local anesthet-
ics Mepivastesin (Mepivacaine hydrochloride), Mesocain (Trime-
caine hydrochloride), Lidocaine (Lidocaine hydrochloride), 3) the 
general anesthetic Propofol), 4) the class of antirheumatic drugs, 
antiphlogistics and antiuratics Ibalgin (Ibuprofen) and Ibuprofen, 
5) anticoagulant Fraxiparine (Nadroparin calcium salt), and 6) 
analgesics, antipyretics Novalgin (Metamizole sodium salt) and 
Paralen (Paracetamol) (table II).
We recorded a positive response to at least two drugs in 4.5% of 
the total number of patients, 2% were drugs of the same group 
(especially antibiotics) and 0.25 % were drugs with the same 
substance.
Children, younger adults, and older adults had a high frequency 
of positive BAT responses to antibiotics. In old age, the positiv-

ity of hypolipidemic drugs dominated, but the drug representa-
tion for this category of drugs was very low (< 5% of total BAT). 
There were significant differences in CD63 expression between the 
elderly and other groups, namely children, younger adults, and 
older adults (p < 0.001, p < 0.05, and p < 0.01, respectively) (fig-
ure 4). CD63 expression was not significantly different between 
men and women.
The patients were analyzed also according to presenting symp-
toms, most of them presented more symptoms. There were no 
differences between clinical manifestations of drug allergies (e.g. 
cutaneous, respiratory, gastrointestinal, cardiovascular, hypoten-
sion) and CD63 marker expression or BAT positivity frequency. 
No significant differences were found when comparing the fre-
quency of positive BAT between patients with and without ana-
phylactic reaction.

Table II - Drugs with the most frequent BAT positivity.

Commertial name of drug Effective drug substance Drug class

Amoxiclav, Amoxixlav syrup, Megamox duo Amoxicillin and Clavulanic acid Antibiotics

Mepivastesin Mepivacaine hydrochloride Local anesthetics

Mesocain Trimecaine hydrochloride Local anesthetics

Lidocain Lidocaine hydrochloride Local anesthetics

Propofol Propofol General anesthetics

Ibuprofen, Ibalgin Ibuprofen Antirheumatics, antiphlogistics, antiuratics

Fraxiparine Nadroparin calcium salt Anticoagulants

Novalgin Metamizole sodium salt Analgesics, antipyretics

Paralen Paracetamol Analgesics, antipyretics

Figure 4 - Distribution of CD63 expression in different age groups.Figure 4 
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Discussion and conclusions

DHRs induced by small molecule drugs include a broad spectrum 
of ADRs with heterogeneous clinical presentations and mecha-
nisms. A high number of unconfirmed and/or self-reported DHRs 
is a frequent problem in daily clinical practice with impact on 
future prescription choices and patient health. The in vitro BAT 
can serve as a quick, reliable, and safe diagnostic tool, that can 
provide information about diagnostic algorithms for the man-
agement of DHRs. The utility of BAT is in patients with imme-
diate DHRs, whom in vivo testing was considered high risk or 
when commercial antigens were not available (18, 19).
Assays which assess the activation of basophils by the changes 
in cell surface markers (CD63, CD203c) are now in routine 
use. CD203c has been identified as specific for basophils and is 
expressed on resting cells at low levels, and its expression is rapidly 
up-regulated following activation. The activation is transient and 
more rapid than expression of CD63, so assays which use only 
CD203c require careful consideration of the timing for detection, 
but the selectivity of this marker for basophils (among all circulat-
ing leukocytes) make this an attractive marker of activation (20).
Several factors may influence the quality of the results, these include 
sampling conditions, relevant allergens, basophil-gating strate-
gies, markers for detection of activated cells, drug concentrations, 
time that elapses between the reaction and blood sampling, med-
ications used by the patient who is being tested. It is important 
for the clinician to understand the potential promise of in vitro 
tests for confirming or ruling out a diagnosis of DHRs. A positive 
response will lead to an increase in the probability that a diagno-
sis of DHRs is present and to subsequent drug avoidance. A neg-
ative test response should reduce the probability of an association 
between the test drug and DHRs and preclude avoidance of the 
suspect drug or further diagnostic testing. There is a need for char-
acterization of a larger numbers of exposed control subjects (21, 22).
DHRs are a burden for patients and health systems, not only due 
to the increasing prevalence (10-20% of hospitalized patients and 
up to 25 % of outpatients), but also to the complexity and sever-
ity of the reactions (23). Our study confirmed 1/10 of positive 
results from the total numbers of laboratory tests, CD63 expres-
sion in positive patients was significantly higher than in nega-
tive and/or borderline (suspicious) responses. Currently, several 
endophenotypic categories of DHRs are defined, such as type I 
IgE/non-IgE, cytokine release, mast-related G-protein coupled 
receptor X2 and cyclooxygenase-1 (COX-1). A proper knowledge 
of endotypes based on specific biomarkers will permit discrimi-
nating patients within the same phenotype. For diagnostic pur-
poses, the fact that positive basophil responses cannot distinguish 
between sIgE-FcεRI cross-linking and alternative mechanisms is 
not a disadvantage. BAT can help to deepen our understandings 
in mechanistic endotypes of immediate DHRs, benefit identifi-
cation of antibody recognition sites, expand our understanding 

of desensitization and tolerance induction strategies, and predict 
natural disease courses and prognosis. The mechanisms responsi-
ble for the immediate DHRs, without prior exposure and with 
low opportunity for prior sensitization to the drug, may raise 
hypothesis of non-IgE-mediated pathways, such as complement 
activation with release of anaphylatoxins, or direct activation of 
basophils and mast cells (24-26).
Anesthetics and antibiotics are the most common classes of drug 
tested in our laboratory. When comparing different drugs, we 
observed the highest frequency of positive results with antibiotics 
Amoxiclav, Megamox duo (Amoxicillin, Clavulanic acid), among 
local anesthetics Mepivastesin (Mepivacaine hydrochloride), Meso-
cain (Trimecain), Lidocaine (Lidocaine chloride monohydrate). 
Positive reactions in vitro also include general anesthetic Propo-
fol, anticoagulant Fraxiparine (calcium salt of Nadroparin), anti-
rheumatic, antiphlogistic and antiuratic drugs (Ibuprofen, Ibal-
gin - Ibuprofen) and analgesics, antipyretics (Novalgin - Metam-
izole sodium, Paralen - Paracetamol).
Most studies from allergy centers and clinics reported that the 
common culprit drugs among DHRs were antibiotics, radiocon-
trast media and antineoplastic drugs. Drug-specific cofactors for 
DHRs are diseases such as obesity and atopic dermatitis, knowl-
edge of which may improve risk calculation in drug challenge tri-
als (27-30). Amoxiclav is currently the most frequently reported 
beta-lactam in Europe. Another component, the Clavulanic acid, 
has been recently identified as prevalent triggers in perioperative 
anaphylaxis. The high positive predictive value of BAT to clavu-
lanic acid shows its potential value as a complementary tool to 
the allergological workup of patients with immediate allergic reac-
tions after amoxicillin-clavulanic acid treatment. Importantly, the 
assay should be done within the first 12 months after the reac-
tion to reduce false-negative results (31-34).
The immediate allergic reactions to amide local anesthetics are 
considered very rare. However, the frequency of allergic reactions 
to them has recently increased, probably due to the preferential 
use of these anesthetics. The formulation of propofol (general 
anesthetic) contains other ingredients, such as refined soybean 
oil, medium chain triacylglycerols, injectable egg phospholipids, 
glycerol, and sodium oleate. Drug hypersensitivity in in vitro test 
might be to propofol or to one of the other components of the 
composition of the commercial preparation (35, 36). Zuo et al. 
(37) investigated the risk of true allergy to local anesthetics, they 
introduced only 6 from 68 patients with a suspected DHRs to 
local anesthetics and demonstrated positive results in skin tests 
and/or BAT. The authors conclude that skin tests and BAT may 
be reliable methods for investigation and diagnosis of true aller-
gies to local anesthetics in clinical practice.
Anticoagulants belong to the most widely used drugs, all of them 
may provoke hypersensitivity reactions based on various patho-
genetic pathways, different clinical manifestations and degrees of 
severity. We found a high percentage of positive BAT with these 
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drugs. Hypersensitivity reactions were formerly attributed to 
preservatives and contaminants, such as proteins of animal ori-
gin. Low molecular weight heparins cause especially a delayed-
type, non-IgE-mediated hypersensitivity response. Among vari-
ous types of skin reactions, immediate hypersensitivity reactions 
may be caused by chondroitin sulphate of the incomplete hepa-
rin purification. Nadroparin calcium is a heterogeneous combina-
tion of sulphated polysaccharide glycosaminoglycan chains. Hep-
arins may possibly bind to multiple cell surface proteins (38-40). 
Previous studies have shown that heparin promotes both de-novo 
generation and activation of T regulatory (Treg) cells, which do 
not suppress rather induce activation of basophils (41, 42). The 
experimental results indicated that heparin may potentiate CD63 
expression, potentially influencing exosome functions. Heparin 
may increase white blood cell counts and can bind a variety of 
signaling molecules such as growth factors, cell surface proteins 
of pathogens and most notably, cell adhesion molecules. These 
signaling molecules are involved in cell communication, acting as 
ligands, receptors and second messengers. The noncovalent inter-
actions of sulphated polysaccharides with proteins effect changes 
in protein conformation, facilitate protein-protein interaction, 
and sequester proteins at the cell surface. Long-term nadroparin 
calcium injections can cause localized and generalized cutane-
ous ADRs, an increasing number of cutaneous ADRs have been 
reported (43-47). It is speculated that the hypersensitivity to nad-
roparin calcium may be related to its special antigenic determi-
nants. Ebo et al. (48) presented a case of combined immediate and 
delayed type of hypersensitivity reaction to nadroparin calcium 
in a patient tolerant for unfractionated heparins and dalteparin.
Ibuprofen is a commonly used antipyretic and analgesic nonsteroi-
dal anti-inflammatory drug (NSAID). The ingestion of lipid trans-
fer proteins (plant-food allergens) alongside NSAIDs (commonly 
ibuprofen) can trigger anaphylaxis, urticaria, and angioedema. 
ADRs to NSAIDs can be caused by specific immunological mech-
anisms (allergic reactions) or by biochemical processes linked to 
arachidonic acid metabolism, e.g. nonallergic hypersensitivity or 
cross-intolerance reactions. The precise patient phenotyping and 
pharmacogenetics information will improve the understanding 
and management of DHRs (49, 50). BAT, based on the detection 
of CD63 upregulation induced by NSAIDs, has been described. 
Positive tests were more frequent among patients having a severe 
hypersensitivity (grade II) contrasting to patients suffering from 
NSAID hypersensitivity restricted to cutaneous reaction (grade I). 
BAT is useful for the in vitro diagnosis of NSAID hypersensitivity, 
providing good specificity and positive predictive value and diag-
nostic reliability in the assessment of NSAID intolerance (51, 52).
Metamizole belongs to the category of non-opioid analgesics, and 
as for other NSAIDs such as acetylsalicylic acid, diclofenac, or 
ibuprofen, both isoforms of cyclooxygenase (COX-1 and COX-2) 
are inhibited. IgE-mediated allergic reactions are found in only a 
small proportion of patients suffering from early onset reactions 

(53, 54). BAT has a good correlation with skin test results to 
metamizole and may be a useful diagnostic tool in patients with 
severe immediate allergic reactions to pyrazolones (55).
Paracetamol allergy is not common, and many of the reactions 
are related to the pharmacological action of COX-1 inhibi-
tion. Selective and IgE-mediated hypersensitivity reactions are 
rare. Cross-intolerance to NSAIDs was observed among 25% of 
patients with paracetamol hypersensitivity (56, 57). Bergeret et 
al. (58) reported a rare case of immediate allergic hypersensitiv-
ity to paracetamol with positive intradermal test and BAT. The 
authors concluded that BAT correlated with the relevant clini-
cal history and can be a reliable tool to identify the culprit drug.
We pointed out that antibiotics dominated in children, younger 
adults and older adults, in old age a positive response to hypo-
lipidemics prevailed. Our data contrast with Accarino et al. (59) 
who show that the number of reported allergies to antibiotics 
increases with age, and that older adults have an increased risk of 
negative effects associated with alternative antibiotic use. BAT is 
an advantage from a clinical point of view, especially for a geriat-
ric patients, who are often affected by multiple diseases.
Statins exhibit pleiotropic effects potentially affecting several 
immune response properties including immune cell activation, 
migration, cytokine generation, immune metabolism, and sur-
vival. They are derived from two origins: biological – extracted 
from Penicillium and Aspergillus fungal metabolites (e.g. Simvas-
tatin), and synthetic (e.g. Atorvastatin, Fluvastatin, Rosuvastatin), 
and may upregulate proinflammatory cytokine production (60, 
61). Kolawole et al. (62) demonstrated that Fluvastatin modu-
late basophils degranulation in vitro. Simvastatin was found to 
modulate the secretion of exosome from various cell types, CD63 
decreased in dose-dependent manner (63).
We recorded a very low amount of positivity for hypolipidemic 
drugs; however, a higher frequency of positive response was detected 
in old age group. The CD63 and CD81 markers have been identi-
fied as indicators of biological aging. Exosomes play a significant 
role in cellular communication and significantly impact the aging 
process. Apoptosis is involved in aging and age-related diseases. In 
addition to inhibiting proliferation, Simvastatin was also found 
to promote cell cycle arrest and induce apoptosis. Statins primed 
apoptosis through its intrinsic pathway involving the mitochon-
dria, the apoptotic pathway was presumably regulated by altered 
prenylation of cell signal transduction such as Ras and RhoA. The 
selective analysis of apoptotic versus nonapoptotic cells proved that 
both the increased expression of the tetraspanin CD63 and the loss 
of CD62L were restricted to the apoptotic subpopulation (64-69).
Our study confirms a decreasing trend with age in the frequency of 
BAT positivity. Elderly patients had 7.6% positive responses and 
significantly differed in CD63 expression from all other groups, 
showing reduced expression of the receptor. DHRs may be less 
frequent and/or less severe in elderly possibly due to the invo-
lution of the immune system typical of this period of life. Ven-
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tura et al. (70) report a rate of DHRs in the elderly of 30%, and 
the much higher activity explain by the fact that many affected 
patients were not referred for examination by a specialist. Poly-
pharmacy is more common in the geriatric population as they suf-
fer from multiple co-morbidities. Bielen et al. (71) have demon-
strated that drug hypersensitivity was most common in young 
women aged 18-29 years, and the incidence of suspected drug 
hypersensitivity lowered with increasing age.
We found no gender differences in CD63 expression, in agree-
ment with Koumaki et al. (22). We established the highest fre-
quency of BAT positivity in some groups classified according to 
the ICD, D89 (other disorders involving the immune mechanism, 
not elsewhere classified) and L50 (urticaria). Mechanisms trig-
gering the pathogenesis of chronic spontaneous urticaria (CSU) 
have been identified as type I autoallergic (which is associated 
with IgE antibodies against autoantigens) and type IIb autoim-
mune (which is driven by autoantibodies to FceR1 and/or IgE). 
NSAIDs have been found to exacerbate urticaria (NSAID-exac-
erbated urticaria) in 10% to 30% of patients with CSU (72, 73). 
Netchiporouk et al. (74) show that positive CD63 BAT are com-
mon in autoimmune CSU and are associated with high disease 
activity, children with CSU showed significantly increased BAT 
values compared to healthy controls.
Some controversies about classification of DHRs persist due to over-
lapping reactions and the appearance of similar symptoms, which 
may be caused by quite different immune and even non-immune 
mechanisms. We observed no differences between clinical mani-
festations of drug allergies (e.g. cutaneous, respiratory, gastrointes-
tinal, cardiovascular, hypotension, confusion) and the activation 
marker CD63 and/or frequency of BAT positivity (data not shown).
ADRs represent a major impact on society, increase morbidity, 
mortality, and healthcare costs. Considerable progress has been 
made in understanding the mechanisms of DRs, the physicochem-
ical properties of drugs, the identification of risk compounds, and 
the specific characteristics of patient populations (75).
In conclusion, BAT is useful tool for diagnosing DHRs, predict-
ing and monitoring clinical responses to treatment. This in vitro 
flow cytometric method eliminates the need for in vivo proce-
dures that can cause unpredictable and severe reactions. BAT is 
a rapid and safe diagnostic tool for patients with drug-induced 
anaphylaxis. Further research is needed to standardize drug allergy 
phenotypes, endotypes and biomarkers.
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Allergy evaluation in hypersensitivity to platinum 
compounds and taxanes: a 5-year experience

David Longhino , Caterina Sarnari, Gloria Andriollo, Arianna Aruanno , 
Angela Rizzi , Eleonora Nucera , Alessandro Buonomo

Impact statement

In this paper, we report our comprehensive 
experience of allergological evaluation by skin tests 
in 276 patients who experienced a hypersensitivity 
reaction to platinum compounds and/or taxanes.

Introduction

Platinum compounds (PC) and taxanes (TX) are drugs frequently 
administered for the treatment of several cancers. In recent years, 
their increased use has been accompanied by a relatively high 
prevalence of hypersensitivity reactions (HSRs). When such an 
event occurs, the clinician is faced with the dilemma of choosing 
whether to continue the treatment, exposing the patient to the 
risk of further reactions, or whether to interrupt it and replace 
it with alternative drugs. Three PC are most frequently used in 
oncological patients: carboplatin, cisplatin and oxaliplatin. They 
can cause heterogeneous reactions (from mild skin reactions to 

severe cardiovascular anaphylaxis) and are usually observed after 
multiple administrations. Pathogenesis can result from type I 
(IgE- and non-IgE-mediated mechanisms), cytokine release and 
mixed reactions. The incidence of PC-HSRs ranges from 12% 
to 17%: carboplatin is the main culprit with an incidence up 
to 46% in patients who received seven administrations, while 
oxaliplatin can induce HSRs in about 10-19%, and cisplatin in 
about 5-20% (1, 2).
TX are antineoplastic agents used for the treatment of several can-
cers; they include paclitaxel, docetaxel, nab-paclitaxel, and caba-
zitaxel. In most patients, cutaneous signs (most commonly flush-
ing) and back pain occur. Cardiovascular, respiratory and gas-
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Summary
Background. Platinum compounds (PC) and taxanes (TX) are drugs fre-
quently administered for the treatment of several cancers. In recent years, their 
increased use has been accompanied by a relatively high prevalence of hyper-
sensitivity reactions (HSRs). In this study, we report our comprehensive expe-
rience of allergy skin test (ST) evaluation in 276 patients who experienced 
HSRs to PC and/or TX.
Primary objectives were to determine the clinical characteristics of HSRs, and 
to assess the role of STs in the diagnosis and prevention of HSRs in order to 
address the subsequent treatments. Secondary objective was to evaluate any 
cross-reactivity between PC (cisplatin, oxaliplatin and carboplatin) and 
among TX (paclitaxel and docetaxel). Methods. A monocentric, retrospective, 
observational, cohort study including patients who experienced one or more 
HSR during PC and/or TX chemotherapy was conducted from May 2018 to 
July 2023 in the Allergy and Clinical Immunology Unit at the “Fondazione 
Policlinico Universitario A. Gemelli” IRCCS, Rome. Results. A total of 114 
patients with positive ST were identified: 102 for PC, 11 for TX and one for 
both. 162 patients were tested negative. Patients with HSR to PC were found 
to be allergic in 64%, compared to 9.9% of patients with HSR to TX (p < 
0.0001). Patients who experience more serious reactions have a higher chance 
to have a positive result on STs (p < 0.01). Conclusions. STs to investigate 
sensitization to TX or PC is a highly valuable diagnostic tool in selecting the 
appropriate therapy when a hypersensitivity reaction occurs.
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trointestinal symptoms may also happen. Pathogenesis of these 
reactions can result from type I IgE-mediated mechanism, direct 
activation of basophils, and IgG-mediated complement activa-
tion. Solvents for TX, Cremophor EL for paclitaxel and poly-
sorbate 80 for docetaxel, can activate mast-cells by an IgE-medi-
ated mechanism or through direct complement activation. The 
reported incidence of immediate TX-HSRs is between 10% to 
70%, typically at first or second exposure (3-5).
Skin prick tests (SPT) and intradermal tests (IDT) are the main 
diagnostic tools for the identification of PC- and TX-HSRs. 
Skin tests (STs) concentrations and procedures are standardized 
and defined in accordance with the ENDA/EAACI recommen-
dations (6).
According to guidelines (7, 8), allergy testing should be per-
formed between 6 weeks and 6 months following the reaction. 
STs reported sensitivity is 66% for cisplatin and 100% for carbo-
platin and oxaliplatin, with a negative predictive value of 92% for 
PC and 100% for TX (2). Several cases of cross-reactivity between 
molecules of the same family were also highlighted, especially to 
cisplatin and oxaliplatin in patients who reacted to carboplatin, 
while less cross-reactivity has been highlighted between cispla-
tin and other PC (9, 10).
Regarding the diagnostic role of patch testing, it is not rec-
ommended; the study of delayed reactions can be carried out 
through delayed reading (24 hours, 48, up to 7 days) of intra-
dermal reactions (11).
In this study, we report our comprehensive experience of allergy 
STs evaluation in 276 patients who experienced HSRs to PC 
and/or TX.

Materials and methods

Study design and objectives
A monocentric, retrospective, observational, cohort study includ-
ing patients who experienced one or more HSR during PC and/
or TX chemotherapy was conducted from May 2018 to July 2023 
and was approved by the local ethical committee (“Comitato Etico 
Territoriale Lazio Area 3 - approval number: 3883). STs were 
conducted in the Allergy and Clinical Immunology Unit at the 

“Fondazione Policlinico Universitario A. Gemelli” IRCCS, Rome.
Primary objectives were:
a)	 to determine the clinical characteristics of HSRs;
b)	to assess the role of STs in the diagnosis and prevention of 

HSRs in order to address the subsequent treatments.
Secondary objective was to evaluate any cross-reactivity between 
PC (cisplatin, oxaliplatin and carboplatin) and among TX (pacl-
itaxel and docetaxel).

Materials and allergy evaluation
The patients were identified based on clinical symptoms that were 
compatible with immediate HSRs according to the criteria set 

by the ENDA/EAACI Interest Group on Drug Hypersensitivity 
(6). Clinical data were collected, and the HSRs were reviewed 
and classified by an Allergy specialist according to Brown’s clas-
sification (12).
Inclusion criteria were age ≥ 18 years and a clinical history of 
immediate HSR after the administration of PC (carboplatin, 
oxaliplatin or cisplatin) or TX (paclitaxel or docetaxel).
Exclusion criteria were instead a clinical history of delayed HSR 
and a diagnosis of previous Stevens-Johnson syndrome (SJS), 
toxic epidermal necrolysis (TEN), acute generalized exanthem-
atous pustulosis (AGEP), Drug Rash with Eosinophilia and Sys-
temic Symptoms (DRESS).
An allergist gathered a detailed history of the patients’ HSR, and 
STs were performed at least 3 weeks after the reaction. Histamine 
and saline solutions were used as positive and negative controls, 
respectively. Both procedures were performed on the volar sur-
face of the forearm. Firstly, SPTs were performed and, if nega-
tive, IDTs were carried out till the maximum non-irritant concen-
tration (table I). STs were read according to EAACI guidelines.

Sample size
For calculation of the sample size, we considered: 1) a popula-
tion of 276 patients with a HSR to PS and/or TX; 2) a margin 
error of 10%; and 3) a chosen sampling confidence level of 90%.

Statistical analysis
The sample was described in its clinical and demographic char-
acteristics through descriptive statistics techniques. The qualita-
tive variables are represented by tables of absolute frequencies 

Table I - STs Concentration for PC and TX.

SPT concentration IDT concentration

Carboplatin 10 mg/ml 1 mg/ml

5 mg/ml

10 mg/ml

Cisplatin 1 mg/ml 0.01 mg/ml

0.1 mg/ml

1 mg/ml

Oxaliplatin 5 mg/ml 0.05 mg/ml

0.5 mg/ml

5 mg/ml

Paclitaxel 6 mg/ml 0.1 mg/ml

1 mg/ml

Docetaxel 10 mg/ml 0.1 mg/ml

1 mg/ml
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and percentages. Qualitative variables have been summarized 
with mean and standard deviations. The normality of data has 
been verified with the Kolmogorov-Smirnov test, and the pro-
portions were compared applying the Chi-square test. A P-value 
of less than 0.05 was considered statistically significant. All the 
statistical analyses have been performed with Statistical Pack-
age for the Social Sciences (SPSS) statistical software (Released 
2017, IBM SPSS Statistics for Windows, Version 25.0; IBM 
Corp., Armonk, NY).

Results

Patient characteristics
Over 5 years, 276 female patients with a clinical history of at 
least one HSR to PC and/or TX were enrolled. 155 patients pre-
sented a reaction with PC, 115 with TX, 6 patients with both 
drugs. Patients’ ages ranged from 27 to 87 years (mean, 59 years). 
The most common malignancies were ovarian (69.6%), endome-
trial (10.5%) and cervical (9%), follow by mammal and rectum. 
105 patients were treated for primary cancers, 166 were treated 
for recurrent cancers, and for 5 patients no data were available. 
The most common agent responsible for hypersensitivity was car-
boplatin in 146 (51.8%) patients, followed by paclitaxel in 121 
(42.9%), cisplatin 11 (3.9%), and oxaliplatin 4 (1.4%).

HSRs characteristics
224 patients had only one reaction (81.1%), 43 patients had 
two (15.6%), 8 patients had three (2.9%) and only one patient 
had four. A mild reaction was experienced by 32.6% of patients, 
43.8% of patients presented a moderate reaction and 23.6% expe-
rienced a severe reaction.
The most common symptoms were cutaneous, respiratory, gas-
trointestinal, neurological, and cardiovascular.

Platinum compounds HSRs
A total of 161 patients had reactions with at least one platinum 
compound: 146 with carboplatin, 11 with cisplatin and 4 with 
oxaliplatin.
The HSRs to PC were recorded mainly during the II-III cycle of 
therapy, but it is important to underline that most of the reac-
tions occurred during the second therapeutic line, therefore 
identifying the eighth or ninth administration of the drug. The 
main symptoms were cutaneous (erythema) and respiratory (dys-
pnea). Of all the reactions, 29.8% were mild, 42.3% moderate 
and 27.9% were severe.

Taxanes HSRs
All 121 patients reacted after the exposure to paclitaxel, and the 
majority (92.5%) reacted to the first or second exposure despite 
the use of premedication. 80% of the patients were at their first 
therapy line.

The main symptoms were cutaneous (erythema), respiratory (dys-
pnea) and neuromuscular (back pain). Of all the reactions, 36.4% 
were mild, 45.5% moderate and 18.1% were severe.

Taxanes and platinum compounds HSRs
Six patients had reactions with both types of chemotherapy. In 
all these patients, carboplatin and paclitaxel were involved, and 
the reactions occurred during separate infusion sessions.

Skin test results
All patients with HSRs to PC and TX underwent ST (SPT and 
IDT) with the culprit drug and with cross-reacting drugs. The 
time interval between the reaction and the allergological eval-
uation was conducted between 3 weeks following the reaction 
(in 94 patients) up to over a year (38 patients), as summarized 
in table II.
A total of 114 patients with positive ST were identified: 102 for 
PC, 11 for TX and one for both. 162 patients were tested negative. 
Patients with HSR to PC were found to be allergic in 64%, com-
pared to 9.9% of patients with HSR to TX (p < 0.0001) (table III).

Skin test for platinum agents
Skin reactions were positive for at least one platinum salt in 
103/161 patients (64%), while 58/161 patients (36%) had nega-
tive STs. 76 patients tested positive for only 1 agent, 22 patients 
tested positive for 2 platinum agents, while 5 patients tested pos-
itive for all 3 molecules.

Table II - Weeks between the HSR and the allergological exam.

Time interval between ST and reaction n patients (%)

3 weeks 94 (34.05%)

4 weeks 60 (21.8)

5 weeks 25 (9.05%)

6 weeks 11 (3.98%)

6 weeks - 6 months 38 (13.76%)

6 months - 1 year 10 (3.62%)

>1 year 38 (13.76%)

Table III - Comparison between HSRs.

PC 
HSRs

TX 
HSRs

PC + TX 
HRSs P-value

STs Positive 102 11 1

Negative 53 104 5

Total 155 115 6 < 0.0001
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In total, 22 patients had positive ST for cisplatin, 100 for carbo-
platin and 13 for oxaliplatin. Of the 22 cisplatin-positive patients, 
only 6 had a history of HSR with this drug: of the remaining, 
15 had reacted to carboplatin and 1 to oxaliplatin. Of the 100 
patients who presented a positive allergy test for carboplatin, this 
was implicated in 99 reactions, while in only one patient the cul-
prit drug was oxaliplatin. 13 patients had positive STs for oxal-
iplatin, but only in 2 occasions this drug was responsible for the 
HSR. Over 48 patients with grade 1 reaction, 23 had positive 
ST (47.9%), while over the 68 patients with moderate (grade 2) 
reaction we found 44 positivity (64.7%), and among 45 patients 
with grade 3 reactions, 37 were positive (82.2%), meaning that 
patients with more severe reactions have a higher possibility of 
being positive compared to patients with minor reactions (p < 
0.01) (table IV).

Skin test to taxanes
STs were positive for at least one taxane agent in 12 patients over 
121 (9.9%), while were negative in 109 patients. All patients 
reacted to paclitaxel and all of them presented a positive ST to 
this agent. In 9/12 patients (75%), the allergological exam tested 
positive also for docetaxel. Over 44 patients with grade 1 reac-
tion, only 1 had positive ST (2.3%), while over the 55 patients 
with moderate (grade 2) reaction we found 2 positivity (3.6%). 
Indeed among 22 patients with severe HSRs, ST were positive 
in 9 (40.9%), meaning that patients who experience more seri-
ous reactions have a higher chance to have a positive result on 
ST (P-value < 0.01) (table V).

Discussion and conclusions

HSRs to PC occurred mainly in patients already chemo-treated 
(91% of patients) during the II-III cycle of therapy, which in the 
re-treated patients corresponds to the VIII-IX cycle. These data 
are in agreement with studies in the literature which highlight 
how the risk of developing an adverse reaction to PC increases 
with the progressive number of exposures; in detail, for cispla-
tin and carboplatin a significant increase in the risk of reac-
tion is described after a median of 8 cycles, particularly during 
re-treatment for relapse, with a risk of HSR up to 100% at the 
third treatment (1). Furthermore, in accordance with literature 
data (13), reactions of moderate severity (grade 2 according to 
Brown's classification) mainly occurred (approximately 42.2%) 
and the most common manifestations were skin symptoms and 
dyspnea. Although the severity of the reaction is statistically cor-
related with the ST result, 47.9% of patients who had a grade I 
reaction to a PC were found to be allergic; this high percentage 
indicates that an allergological evaluation would also be indi-
cated in these patients in order to avoid more severe reactions in 
subsequent infusions.
HSRs to TX occurred in almost all cases (92.5%) during 
administration of the first infusions (I-II) with moderate 
severity (45.5% grade 2 reactions); this timing of onset can 
be explained by the fact that the underlying pathogenetic 
mechanism is rarely immune-mediated, but often induced by 
complement activation or direct degranulation of mast cells 
and/or basophils.
In contrast, the high number of ST positivity in the PC-treated 
patients is indicative of a frequent underlying IgE-mediated mech-
anism; in fact, of 161 patients with HSRs to PC, 103 tested pos-
itive (64%), while of the 121 patients with HSRs to TX, only 12 
(9.9%) tested positive (P-value < 0.0001). This result is compa-
rable to those reported in the literature, in which a greater fre-
quency of IgE-mediated reactions due to PC is found (14).
STs were performed within an average of five weeks from the time 
of the adverse reaction. Moreover, we found that 71 patients who 
tested positive underwent the allergological work-up before the 6 
weeks defined by the guidelines and 40/71 already presented pos-
itive tests 3 weeks after the reaction. This could certainly acceler-
ate the resumption of chemotherapy, but could also lead to false 
negative tests (8). Therefore, these patients, after receiving a new 
infusion of the same drug via a desensitization protocol, could 
be retested; in fact, some patients tend to become positive after 
re-exposure to the drug (15).
Patients who remain negative may undergo a challenge, if they 
are low grade in the risk stratification estimated by the allergist. 
This procedure could also be used in patients who are tested 6 
months after the reaction, as it has now been demonstrated that 
STs tend to become negative over time with a significant decrease 
in sensitivity (16).

Table IV - ST positivity according to the type of reaction in patients 
treated with PC.

Grade of reaction according to 
Brown’s classification (n patients) STs positivity, n (%)

I (48) 23 (47.9%)

II (68) 44 (64.7%)

III (45) 37 (82.2%)

Table V - ST positivity according to the type of reaction in patients 
treated with TX.

Grade of reaction according to 
Brown’s classification (n patients) STs positivity, n (%)

I (44) 1 (2.3%)

II (55) 2 (3.6%)

III (22) 9 (40.9%)
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There is no unanimous consensus in the literature on the con-
centrations to be used for STs; in our Centre, we use the same 
concentrations as those proposed by Alvarez-Cuesta et al. (17). 
Pradelli et al. found an excellent negative predictive value of ST 
(92% for PC and 100% for TX) using, for PC, the same concen-
trations as ours (for both SPT and IDT) while, for TX, a more 
concentrated dilution for IDT (the same as the highest concen-
tration used for SPT) (2).
Pagani et al. suggested instead a more diluted maximum concen-
tration for IDT with carboplatin, more concentrated for SPT with 
cisplatin, the same concentration for oxaliplatin, more diluted 
for IDT with paclitaxel and more diluted for both IDT and SPT 
with docetaxel (14). We could not follow those concentrations 
because our study started before its publication, however our 
concentrations did not deviate too much from those utilized in 
the literature and, in our experience, minimize the risk of false 
positives and false negatives.
In this work, possible cross-reactivity between drugs belonging 
to the same family was also evaluated: a cross-reactivity between 
all three PC was highlighted, since a positive allergy test was 
recorded for oxaliplatin in 10 patients and for cisplatin in 15 
patients with IgE-mediated allergy to carboplatin and negative 
history for the other two molecules. Furthermore, in a patient 
with a positive history of reaction to oxaliplatin, the skin reac-
tions were also positive for cisplatin. 5 patients tested positive 
for all 3 molecules, 4 of them had experienced an HSR to car-
boplatin and one to oxaliplatin. As regards TX, the recorded 
cross-reactivity was 75% as out of 12 patients with IgE-medi-
ated hypersensitivity to paclitaxel, 9 had positive STs also for 
docetaxel in the absence of adverse reactions to this molecule 
(table VI).
Finally, when an IgE-mediated reaction occurs, a rapid drug desen-
sitization (RDD) protocol is indicated to allow patients who have 

no other treatment option to continue their therapy. Numerous 
cases of patients successfully treated with a 12-RDD protocol are 
described in the literature, but this is beyond the scope of this 
article and certainly deserves to be analyzed in future works (18).
HSRs to chemotherapy are an increasingly widespread prob-
lem that requires correct management. STs to investigate sensi-
tization to TX or PC in patients undergoing these therapies is a 
highly valuable diagnostic tool in selecting the appropriate ther-
apy when a hypersensitivity reaction occurs, particularly for PC. 
With regard to TX, however, since STs were positive in only 9.9% 
of patients who experienced an HSR, it would be more appro-
priate to assess the severity of the reaction presented, despite the 
negativity of the STs, before selecting the subsequent therapy.
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Summary
Background. Identifying factors influencing adherence, such as patients’ 
beliefs about medication, is essential for effective asthma management. This 
study aims to assess and gain insight into the beliefs of patients with asthma 
regarding inhaled medication. Methods. This is a secondary analysis of the 
INSPIRERS studies. Patients aged ≥ 13 y.o., with persistent asthma and a pre-
scription for inhaled controller were recruited from 60 primary and second-
ary care centers in Portugal from 2017 to 2020. Demographic and clinical 
characteristics were collected in a face-to-face visit. The Specific-Beliefs about 
Medicine Questionnaire was administered 1-week later by telephone inter-
view. Mann-Whitney U and Kruskal-Wallis tests were used to explore rela-
tions between patients’ beliefs and characteristics. Results. A total of 552 par-
ticipants (mean 32.8 ± 17.3 y.o.; 64.5% female) were analyzed. The Necessity 
score (Median 19 [p25-p75 16,22]) was significantly higher than the Concerns 
score (15 [16,22], p < 0.001), resulting in a positive Necessity-Concern differ-
ential (Median 4 [0,7]). Acceptance (high necessity, low concerns) character-
ized 61% of participants, while 19% were ambivalent (high necessity, high 
concerns). Adolescents exhibited lower Necessity (Median 16 vs 20; p < 0.001) 
and Concerns scores (Median 11 vs 15; p = 0.002) than adults. In primary 
care setting, patients had significantly lower Necessity (Median 18 vs 19; p = 
0.027) and Concerns (Median 14 vs 15; p = 0.05) compared to the secondary 
care. Conclusions. A predominantly positive perception of inhaled asthma 
medication necessity was found, although ambivalence or indifference exists 
in about 1/5 of patients. Our findings highlight the importance of personal-
ized approaches to address beliefs and optimize patient education.
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Introduction

Asthma is a chronic respiratory disease that affects approximately 
262 million people worldwide (1). It is a major noncommunica-
ble disease that is associated with premature death and reduced 
quality of life, ranking 24th among the leading causes of years 
lived with disability. Asthma also represents a significant source 
of global economic burden, which can be reduced through strat-
egies to improve access and adherence to evidence-based ther-
apies (1, 2).
Adherence to inhaled controller medication is critical for effec-
tively managing patients with asthma (3). However, adherence 
rates reported are highly variable, ranging from 2-63% (4, 5). 
Medication adherence has been described as particularly dimin-
ished in adolescents (6). Non-adherence to asthma therapy at any 
age leads to poor disease control, increasing the risk for asthma 
exacerbations, reducing quality of life, and raising healthcare 
utilization, resulting in high healthcare costs (4, 5, 7-10). There-
fore, identifying and understanding the factors that contribute 
to poor adherence is essential for effective asthma management.
Adherence to long-term treatments for chronic diseases such as 
asthma is influenced by several factors that need to be consid-
ered when addressing adherence. These factors include not only 
social and economic aspects, the health care system, and the dis-
ease itself, but also patient-related characteristics. These include 
the patient’s knowledge, expectations, perceptions, attitudes and 
beliefs (4). It is known that patients’ beliefs and concerns about 
asthma and asthma medications are related to their medication-tak-
ing behavior and adherence to treatment (3-5, 11-13). Patients 
may have specific beliefs about the need for treatment to main-
tain the disease controlled, but also concerns about the adverse 
effects of adherence to such medications (14, 15). Patient’s motiva-
tion to adhere to chronic medication is influenced by the balance 
between what they perceive to be a personal need or concern (15).
The Beliefs about Medicine Questionnaire-Specific (BMQ-Spe-
cific) is a commonly used patient-reported outcome measure to 
assess beliefs about medicines and has been shown to relate to 
non-adherence in patients with chronic illnesses, including asthma 
(16). Using the BMQ-Specific, previous studies have shown that 
patients’ beliefs and concerns can be used to define different 
attitudinal groups associated with different levels of medication 
adherence (17, 18). Thus, understanding patients’ beliefs about 
their inhaled medication is key to shared decision-making and 
to improving adherence. With this knowledge, healthcare pro-
fessionals can intervene more effectively (12).
The existing literature describing the beliefs about medicines in 
patients with asthma is heterogeneous, often with small sample 
sizes and mostly recruited from a single setting (17-20). A recent 
study conducted in a large real-world adult population from the 
United States and five European countries concluded that, in line 
with previous studies, higher perceived necessity and lower con-

cerns about medication were associated with better adherence in 
patients with asthma (21). It should be noted that Portugal was 
not included in this study and, to our knowledge, there is no real-
world data available on the beliefs of Portuguese patients with 
asthma. While previous studies have explored the beliefs about 
medication in adults (14, 15, 17, 18, 21) and, to a lesser extent, 
in adolescents (19, 22), no studies have compared these beliefs 
in the two age groups.
The aim of this study is to assess and gain insight into the beliefs 
of adolescent and adult patients with asthma regarding inhaled 
medication.

Materials and methods

Study design
This study presents a secondary, cross-sectional analysis of four 
prospective multicenter observational studies conducted as part 
of the Inspirers project. The project aimed to improve adher-
ence to asthma inhalers among patients with persistent asthma 
(23). Between November 2017 and October 2020, patients were 
recruited from 60 primary and secondary (allergy, pulmonology 
and pediatric) care centers in Portugal using convenience sam-
pling. This study was conducted in accordance with the Declara-
tion of Helsinki and corresponding ethical standards. The study 
protocol was approved by the ethics committees of all participat-
ing centers. Written informed consent was provided by all partic-
ipants and/or legal representatives prior to enrolment in the study. 
Adolescents also signed a written informed assent. The study is 
reported according to STROBE (Strengthening the Reporting of 
Observational Studies in Epidemiology) guidelines (24).

Population
Patients were included in the analysis if they had a previous med-
ical diagnosis of persistent asthma, were at least 13 years old (13-
17 years adolescents; ≥ 18 years adults) and had an active prescrip-
tion for inhaled controller medication for asthma. All inhaled 
controller treatments were permitted, and no changes were made 
to any prescribed medication in relation to participation in these 
studies. Exclusion criteria included a diagnosis of a chronic lung 
disease other than asthma or any other significant chronic con-
dition that could potentially interfere with the study’s objectives.

Data collection
During the initial face-to-face visit, data were collected from both 
physicians and patients. Socio-demographic data (age, gender, 
education level, marital status, current occupation, civil parish, 
postal code) and clinical data (weight, height, smoking habits, age 
of asthma diagnosis, exacerbations) were collected from patients. 
Additionally, socioeconomic level was defined as the Portuguese 
Ecological Deprivation Index (EDI), extracted from the patient 
residence information (civil parish/postcode), and categorized 
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into 5 quintiles (Q1 = least deprived to Q5 = most deprived) (25). 
Information on the healthcare setting (primary, secondary) was 
obtained based on the center where the patients were recruited.
Two questionnaires were used to assess asthma control: the Global 
Initiative for Asthma (GINA) assessment of symptoms control 
(3), completed by the physician, and the Control of Allergic Rhi-
nitis and Asthma Test (CARAT) (26), completed by the patient. 
CARAT is a widely used self-administered questionnaire in clini-
cal practice and research, adapted in over 27 languages (26). This 
questionnaire contains 10 questions, each rated on a 4-point 
Likert scale, with a total score ranging from 0 to 30 points. A 
score > 24 indicates good disease control (27). In addition, phy-
sicians also reported on the patients’ current asthma treatment.
Approximately one week later, a telephone interview was con-
ducted to administer the BMQ-Specific, the Morisky Medication 
Adherence Scale (MMAS-4) and a 1-100 numerical scale simulat-
ing a Visual analogue scale (VAS) of adherence to inhaled con-
troller medication (28-30).
The study used the Portuguese version of the BMQ-Specific ques-
tionnaire to measure specific beliefs about inhaled medication (29). 
This patient-reported outcome measure had been previously applied 
by telephone (31). The BMQ-Specific consists of two subscales: 
Specific-Necessity and Specific-Concerns. The Necessity subscale 
contains five items and the Concerns subscale contains six items. 
Participants rated each item on a 5-point Likert scale, resulting 
in a total score ranging from 5 to 25 for the Necessity sub-scale 
and 6 to 30 in the Concerns subscale. A necessity-concerns differ-
ential was calculated by subtracting the Concerns subscale scores 
from the Necessity subscale scores, such that higher differential 
scores indicate higher perceived necessity and/or lower concerns, 
thereby representing lower likelihood of intentional non-adher-
ence (29). Four attitudinal groups can be distinguished: skepti-
cal (low necessity, high concerns), indifferent (low necessity, low 
concerns), ambivalent (high necessity, high concerns) and accept-
ing (high necessity, low concerns) (17). Using Cronbach’s alpha 
coefficient, the internal consistency of the total BMQ-Specific 
in this study was 0.723, while Cronbach’s alphas for the Neces-
sity and Concerns subscales were 0.779 and 0.719, respectively.
The MMAS-4 consists of four questions with yes (0) or no (1) 
response. The item scores are summed to determine three levels 
of adherence: 0 (high adherence), 1-2 (medium adherence), and 
3-4 (low adherence) (32, 33). Additionally, patients reported their 
global adherence to asthma control inhalers during the previous 
week using a VAS, ranging from 0 (worst) to 100 (best). The 
VAS scores were grouped into three categories: low (0-50 mm), 
medium (51-80 mm) and high (81-100 mm). These categories are 
commonly used to differentiate adherence groups (30, 34, 35).

Statistical analysis
Descriptive statistics were used to characterize the sociodemographic 
and clinical characteristics of the sample and the BMQ-specific 

scores. Absolute and relative frequencies were used to character-
ize categorical variables. Means and standard deviation (SD) or 
medians and 25th-75th percentiles (p25-p75) were used, accord-
ing to data distribution, to characterize the continuous vari-
ables. Normality of each variable was investigated with Kolmog-
orov-Smirnov tests and visual analysis of histograms. To explore 
relations between beliefs (necessity, concerns, necessity-concerns 
differential) and sociodemographic and clinical characteristics, 
Mann-Whitney U tests and Kruskal-Wallis tests were used. The 
level of significance considered was 0.05. Statistical analyses were 
performed using IBM SPSS Statistics V.29.0 (IBM Corporation, 
Armonk, New York, USA).

Results

Participants
A total of 589 participants were included in the study, but 37 
did not answer the 1-week telephone interview and had no 
BMQ-Specific data. The analysis was conducted on 552 par-
ticipants with asthma with a mean (±SD) age of 32.8 ± 17.3 
(range 13-82) years old. Sixty-four percent (n = 356) of partici-
pants were women. About 41.7% (n = 230) of patients lived in 
deprived areas. Regarding healthcare setting, most patients (n = 
426; 77.2%) were recruited in secondary care. According to the 
GINA assessment of symptom control, almost half of the partic-
ipants had well-controlled asthma (n = 273; 49.5%) and about 
51.4% (n = 284) had at least one exacerbation in the last year. 
Table I summarizes the socio-demographic and clinical charac-
teristics of the participants.

Beliefs about inhaled medication
The median Necessity score (19 [16,22]) was significantly higher 
than the median Concerns score (15 [12,18], p < 0.001). The 
Necessity-Concerns differential was positive, with a median 
score of 4 [0,7]. Overall, patients had a high perception of the 
necessity of inhaled medication. Specifically, 94% of patients 
agreed that the inhaler protects them from getting worse, and 
74% believed that their health depends on medication (figure 
1A). However, almost half of the patients reported being wor-
ried about long term effects of medication (48%) and becom-
ing too dependent on the inhaler (42%) (figure 1B). Figure 1 
shows the frequency of participants agreeing with the items of 
both BMQ subscales.
The patients were categorized in four groups for attitudinal anal-
ysis, as shown in figure 2. Most patients (61%; n = 338) demon-
strated acceptance of their inhaled medication (high necessity, low 
concerns) and 19% (n = 261) exhibited ambivalence, reporting 
high necessity and high concerns regarding their inhaler. Only 
3% of participants belonged to the skeptical group (low neces-
sity, high concerns), while 17% of participants were indifferent 
towards their medication (low necessity, low concerns). In the 
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adolescents’ group, the indifferent group was larger than the 
ambivalent group (22% vs 12%).

Beliefs and patients’ characteristics
Table II summarizes the distribution of the Necessity, Concerns 
and Necessity-Concerns differential scores according to patient 

characteristics. Adolescents had significantly lower Necessity 
(Median [p25-75] 15.5 [18,20] vs 20 [17,22]; p < 0.001) and 
Concerns (Median 11 [14,17] vs 15 [12,18]; p = 0.002) scores 
compared to adults. Female patients had significantly higher 
Necessity scores (19 [16,22] vs 19[16,21]; p = 0.037) compared 
to male patients.

Table I - Socio-demographic and clinical characteristics of the participants (n = 552).

Characteristic

Age (years) M ± SDa 32.8 ± 17.3

Age group n (%)

Adolescent 153 (27.7)

Adult 399 (72.3)

Gender n (%)

Female 356 (64.5)

Male 196 (35.5)

Educational level n (%)b

No education completed 2 (0.4)

Primary school 36 (6.5)

Lower secondary education 191 (34.6)

Upper secondary education 161 (29.2)

Qualification above high school (but not university) 19 (3.4)

University or higher 134 (24.3)

Other 1 (0.2)

Marital status n (%)c

Single 311 (56.3)

Married/Living as a couple 199 (36.1)

Separated/divorced 30 (5.4)

Widowed 11 (2)

Current occupation n (%)d

Employed 259 (46.9)

Student 211 (38.2)

Unemployed 35 (6.3)

Retired 35 (6.3)

Other 8 (1.4)

Socioeconomic levele

Q1-Q2 (least deprived) 154 (27.9)

Q3 105 (19.0)

Q4-5(most deprived) 230 (41.7)

Characteristic  (Continued)

BMI Kg/m2, M ± SDf 24.8 (5.4)

Smoking Status n (%)d

Never smoker 413 (74.8)

Ex-smoker 94 (17)

Current smoker 41 (7.4)

Setting n (%)

Secondary care 426 (77.2)

Primary care 126 (22.8)

Age of asthma diagnosis (years) M ± SDg 16.5 ± 15.1

GINA assessment of symptom control n (%)h

Well controlled 273 (49.5)

Partly controlled 173 (31.3)

Uncontrolled 101 (18.3)

CARAT n(%)

Controlled 147 (26.6)

Uncontrolled 405 (73.4)

Exacerbations in the last year n (%)i

None 253 (45.8)

At least one 284(51.4)

Inhaler prescribed n (%)d

1 190 (34.4)

>1 358 (64.9)

MMAS-4 level n (%)j

High 59 (10.7)

Medium 321 (58.2)

Low 172 (31.2)

VAS adherence level n(%)k

High 241 (43.7)

Medium 150 (27.2)

Low 78 (14.1)

BMI: body mass index; CARAT-T: Control of Allergic Rhinitis and Asthma Test total score; GINA: Global Initiative for Asthma; M: Mean; MMAS-4: Morisky 
Medication Adherence Scale; SD: Standard Deviation; VAS: Visual analogue scale. a6 missing values. b7 missing values. c 1 missing value. d4 missing values. e63 
missing values; f25 missing values. g18 missing values. h5 missing values. i15 missing values. j37 missing values. k83 missing values.
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Regarding socioeconomic level, patients living in least-deprived regions 
(had significantly higher Necessity scores (20 [17,23] vs 19 [16,21]; p 
= 0.010) and Necessity-Concerns differential (5 [1,8] vs 3 [0,6]; p = 
0.04) than those from most deprived regions. Patients recruited in 
primary care setting had significantly lower median scores for Neces-
sity (18 [16,21] vs 19 [17,22]; p = 0.027) and Concerns (14 [11,17] vs 15 
[12,18], p = 0.05) than those recruited in the secondary care setting.

In terms of disease control, the Necessity and Concerns scores 
were similar in participants with controlled and uncontrolled 
asthma, as determined by the GINA assessment of symptom 
control, CARAT or exacerbations in the last year. Patients pre-
scribed with more than one inhaler had significant higher Neces-
sity scores (Median 20 [17,22] vs 19 [16,21]; p = 0.007) compared 
to those prescribed with only one inhaler.

Figure 1 - Frequency of patients agreeing with Necessity items and Concern items (n = 552).
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When considering the MMAS-4, median Concerns scores were 
significantly different across the three adherence groups, being 
higher when adherence was lower. When considering VAS, the 
Necessity score of patients with higher adherence was signifi-
cantly higher than patients with the lower adherence (Median 
20 [17,22] vs 18 [14,21]; p = 0.008).

Discussion and conclusions

This study found that most patients with persistent asthma had a 
positive Necessity-Concern score differential, indicating that their 
need for medication outweighed their concerns. This highlights 
an overall positive perception of the need for inhaled medication 
among patients with asthma. On the other hand, almost half of 
the patients showed ambivalence towards their inhaled medica-
tion, with high levels of both necessity and concern.
Our findings are consistent with Van Steenis et al., who reported 
that, on average, patients give a higher importance to the need 
for their asthma medication than to their concerns (18). Similar 
to previous studies (21, 36), the most reported concerns about 
inhaled medication were about their long-term effects, the general 
use of medication and becoming too dependent on their inhaler.
Looking at the attitudinal groups, the accepting group (61%), 
consisting of patients with high necessity and low concerns and 
the ambivalent group (19%), with both high necessity and high 
concerns, were the most represented. Accepting and ambiva-
lent groups were also the most represented in a study including 
adults with asthma from 5 European countries (37) and both 
adolescents and adults with asthma from Spain and France (21). 

It was previously described that patients in these two attitudinal 
groups, holding stronger necessity beliefs, exhibit higher adher-
ence to medication (13, 17, 21). In our study, however, following 
the accepting group, the indifferent was the one with higher fre-
quency in adolescents (22%). Previous studies have shown that 
the accepting group is predominant in adults (17, 18, 21), while 
the indifferent group predominates in adolescents (19, 22). As 
in previous articles, the proportion of patients in the skeptical 
group (low necessity, low concerns) was small (3%) (17, 18, 21). 
When evaluating patients with asthma, it is essential to address 
their concerns and educate them to improve their understand-
ing of medication, which can be achieved by demystifying fears 
and misconceptions (36). Personalized care strategies can help 
to improve medication-taking behavior and adherence to treat-
ment. Policymakers and health systems together with communi-
ty-based and patient and public involvement organizations can 
also play a role in improving asthma health literacy by develop-
ing and disseminating linguistically and culturally appropriate 
materials using different tools (written materials, videos, e-health 
tools) and outreach strategies (38).
In this study, the Necessity and Concerns scores were significantly 
lower in adolescents compared to adults. We did not find stud-
ies comparing beliefs among these two age groups, but the scores 
found in adolescents are consistent with findings in the literature 
(19, 22). This age group typically shows low levels of concern and 
necessity, despite taking the responsibility for taking their own 
medication. It is important to note that adolescence is a unique 
period of personal development, during which various factors may 

Figure 2 - Frequency of patients with asthma in each attitudinal group based on their Necessity and Concerns scores (n = 552).
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influence adherence and disease control (6). As a child grows into 
adolescence, autonomy and responsibility in taking asthma medi-
cation increases over time. By the age of 15 years old, approximately 
75% of adolescents with asthma take responsibility for their con-
troller medication (39). In this age group, adherence to asthma 
treatment may be influenced by factors such as social stigma or 
parental involvement, in addition to the patients’ personal beliefs 
(40, 41). By showing that there are differences between adult and 
adolescent beliefs, this study highlights the need for personalized 
interventions and sheds light on the importance of understand-
ing the unique factors that influence adherence in adolescents.
Women had a greater need for inhaled medication than men, a 
trend that has been observed in other countries (37). While liter-
ature on gender differences in medication adherence is inconclu-
sive, it has been suggested that women may have a better under-
standing of the disease and therefore adhere to medication more 
effectively (42). It was found that patients living in least deprived 
areas had significantly higher Necessity scores. This could be 
attributed to the fact that these patients have probably easier access 
to healthcare resources and are more aware of the importance of 
their medication. But future studies collecting direct socio-eco-
nomic data (e.g., family income) are needed to validate this pre-
liminary finding. Patients recruited in primary care had signifi-
cantly lower Necessity and Concern scores, while still maintain-
ing a positive Necessity-Concerns differential. In a previous study 
comparing beliefs across specialties, no differences were observed 
for the necessity score, but for the concerns score the results are 
consistent with our study, with patients recruited by primary care 
physicians showing lower concerns (21). This may be because pri-
mary care settings often deal with less severe or better controlled 
cases of asthma, where patients may have milder symptoms or 
more stable conditions. The Portuguese primary care system has 
been found to manage chronic conditions more effectively than 
other countries, being among the ones with lowest rates of hos-
pital admission for asthma in the European Union (43). Con-
versely, patients with more severe or uncontrolled asthma are typ-
ically treated in secondary care settings. Patients referred to sec-
ondary care settings may have already encountered challenges 
with asthma management in primary care. This prior experi-
ence could impact on their beliefs about medication, potentially 
leading to higher concerns or a stronger perception of necessity. 
Although asthma control and associated impact on the patients’ 
daily lives could influence their perceptions of the necessity and 
concerns regarding medication, there were no differences found 
in the Necessity and Concerns scores regarding GINA, CARAT 
scores or exacerbations history.
The latest GINA guidelines recommend using a single inhaler for 
both maintenance and reliever therapy in adolescents and adults, 
containing long-acting beta2 agonist (LABA) and low-dose inhaled 
corticosteroid (ICS) (3). This approach is more effective than using 
separate inhalers for maintenance and reliver therapy. This study 

Table II - Beliefs (necessity, concerns, necessity-concern differential) 
and patient characteristics (n = 552).

Necessity Concerns
Necessity-
Concerns 
differential

Age group

Adolescents 16 [8,20]* 11 [14,17]* 4 [0,7]

Adults 20 [17,22] 15 [12,18] 4 [0,8]

Gender

Female 19 [16,22]* 15 [12,18] 4 [0,8]

Male 19 [16,21] 15 [12,18] 3 [0,7]

Socioeconomic level

Q1-Q2 (least deprived) 20 [17,23]* 15 [12,18] 5 [1,8]*

Q3 19 [17,22] 14 [12,19] 4 [0,9]

Q4-5(most deprived) 19 [16,21] 15 [12,18] 3 [0,6]

Setting

Secondary care 19 [17,22] 15 [12,18] 4 [0,7]

Primary care 18 [16,21]* 14 [11,17]* 4 [1,7]

GINA

Well/Partly controlled 19 [16,22] 15 [12,17] 4 [0,8]

Uncontrolled 19 [16,22] 15 [12,19] 4 [0,7]

CARAT

Controlled 19 [16,21] 14 [12,17] 5[0,8]

Uncontrolled 19 [16,22] 15 [12,19] 4 [0,7]

Exacerbations 
in the last year

None 19 [16,22] 15 [12,18] 4 [0,7]

At least one 19 [16,22] 15 [12,18] 4 [0,7]

Inhaler prescribed

1 19 [16,21]* 15 [12,18] 4 [0,7]

>1 20 [17,22] 15 [12,19] 4 [0,8]

MMAS-4

High 19 [15,23] 14 [11,18]* 5 [2,7]

Medium 19 [17,22] 14 [12,18] 4 [0,8]

Low 19 [16,22] 16 [13,19] 3 [-1,6]

VAS adherence

High 20 [17,22]* 15 [12,18] 4 [1,8]

Medium 19 [16,22] 15 [12,18] 4 [-1,7]

Low 18 [14,21] 16 [13,19] 2 [-3,6]
Data are presented as median [p25-p75]. CARAT-T: Control of Allergic Rhini-
tis and Asthma Test total score; GINA: Global Initiative for Asthma; MMAS-
4: Morisky Medication Adherence Scale; VAS: Visual analogue scale. *p < 0.05
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found that patients prescribed with more than one inhaler had 
significantly higher Necessity scores than patients using only one 
inhaler. Although, in our analysis, it is not specified what kind of 
inhaler is used (short-acting beta2 agonist (SABA) or ICS/LABA 
or other) and future studies could clarify this link. It might be the 
case that patients with asthma may be more aware of the neces-
sity of medication when treatment regimens are more complex or 
when their asthma is more severe. However, complexity of treat-
ment can also impact patient adherence. Healthcare profession-
als should address this topic and aim to simplify treatment regi-
mens, by following the most recent guidelines.
Previous studies have shown that, while patients with strong 
beliefs about necessity of medication are more likely to be com-
pletely adherent, patients who have higher levels of concern are 
more likely to have lower adherence to medication (13, 14, 44, 
45). The notably higher Necessity scores observed in individu-
als classified as highly adherent by the VAS align with previous 
research. Horne et al. reported that patients with strong neces-
sity beliefs were 1.7 times more likely to exhibit adherence to 
asthma medication (13). However, regarding concerns, we were 
able to find differences using MMA but not the VAS on medi-
cation adherence. This may be explained by the simplicity of the 
self-reported questionnaires used in our study in comparison with 
more complex patient-reported outcome measures, such as the 
eight item Morisky Medication Adherence Scale and the Med-
ication Adherence Rating Scale, that try to identify the circum-
stances/situations related to adherence behavior (44). It is known 
that self-reported questionnaires may also lead to overestimation 
of true adherence by respondents. This can also be attributed to 
the telephone application of questionnaires, which differed from 
the data collection strategy in previous studies (mostly, self-re-
port in paper versions). In paper self-reports respondents typi-
cally have a greater sense of anonymity and may feel less pres-
sure to provide socially desirable responses.
Our study holds several strengths that should be acknowledged. 
Firstly, it is a multicenter investigation that enrolled participants 
across various age groups, including and comparing both adults 
and adolescents with asthma, which is not found in previous 
articles. Secondly, the inclusion of a large and diverse sample 
recruited from both primary and secondary care settings in real-
world practice enhances the prominence of this study, providing 
insights into the beliefs of patients encountered in routine clin-
ical practice. The use of a validated tool, such as the BMQ-Spe-
cific allows for a multifaceted evaluation of patients’ beliefs. This 
study has also some limitations that should be acknowledged. 
The study included a large percentage of patients with self-re-
ported uncontrolled asthma (assessed with CARAT), and con-
cerns and beliefs about medication may be perceived differently 
by this group. Therefore, the findings from this analysis may 
not be directly applicable to individuals who have good asthma 
control. Nevertheless, it should be noted that the studied popu-

lation was obtained through a convenience sample, which may 
limit the generalizability of the results, as it only includes patients 
seeking medical care, who therefore may have higher concerns 
or poorer disease control. Future analysis could include a con-
secutive patient sample and investigate the role of disease dura-
tion and severity. Another limitation can be the fact that beliefs 
were collected through telephone interview, which may introduce 
bias, as respondents may provide socially desirable or inaccurate 
information unconsciously In addition, this is a cross-sectional 
analysis, which can be limiting given that beliefs about treatment 
and adherence patterns are subject to evolution over time. Our 
study may not fully capture the dynamic nature of these factors 
and their interplay, but it can be done in future research through 
longitudinal investigations.
This study contributes to the understanding of patients’ beliefs 
about inhaled medication for asthma in a large, real-world popu-
lation in Portugal. A predominantly positive perception of inhaled 
asthma medication necessity was found, although ambivalence or 
indifference exist in about 1/5 of patients. By addressing age-spe-
cific disparities and considering patient-related factors, the find-
ings pave the way for targeted interventions and improved patient 
outcomes in asthma care. Future research should include longi-
tudinal analysis and adherence objective measures to provide a 
more dynamic understanding of medication adherence, treat-
ment beliefs, and asthma control over time.
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Transitioning from nonspecific therapy to berotralstat 
in hereditary angioedema type I: real world data from 
three patients within the same family

Denis Vincent1, Arije Ghanam2

To the Editor

hereditary angioedema (HAE) is a rare disorder characterized 
by recurrent episodes of edema affecting primarily subcutane-
ous tissues (face, upper or lower extremities, genitals), abdom-
inal organs (stomach, intestines, bladder), and upper airways 
(larynx, tongue) (1, 2). The edema can be life threatening when 
affecting the upper airways.
The majority of HAE cases are caused by variants of the gene 
SERPING1 encoding for C1 inhibitor (C1INH), resulting in defi-
ciency or dysfunction of C1INH (HAE-C1INH-Type 1 or 2 respec-
tively). In HAE-C1INH, angioedema is mediated by dysregula-
tion of the kallikrein-kinin system, resulting in localized overpro-
duction of bradykinin, causing increased vascular permeability.
Disease management is based on the following triad: on-demand 
treatment of crises, short-term prophylaxis, and long-term pro-
phylaxis (LTP) (3). Historically, non-specific treatments have 
been employed for LTP such as danazol that promotes increased 
hepatic synthesis of C1INH, associated with numerous adverse 
effects (weight gain, hypertension, dyslipidaemia, acne, irregular 

menstrual cycles, increased CPK enzymes and decreased libido), 
or tranexamic acid (TXA), an antifibrinolytic agent inhibiting 
plasmin production that showed limited efficacy (4).
Recently, specific plasma kallikrein inhibitors demonstrated their 
effectiveness in reducing HAE attacks, 2 of them being indicated 
as first-line LTP(3), namely lanadelumab, a humanized mono-
clonal antibody administered subcutaneously every 2-4 weeks, 
and berotralstat, an oral plasma kallikrein inhibitor adminis-
tered once daily (5).
Due to the recent availability of berotralstat and the rarity of the 
disease, real-world data remain limited. Moreover, the transition 
modalities from previous therapies to berotralstat have not yet 
been precisely described: in clinical studies, patients underwent 
a wash-out period before initiating berotralstat therapy (5). In 
this case series, we describe the transition process in a real-world 
clinical setting.
Three patients from the same family were transitioned to beros-
traltat at the same hospital. Written consent was obtained prior 
to data collection. Clinical monitoring was done during outpa-
tient clinic visits during which number of attacks, possible side 
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effects, quality of life, and therapeutic compliance using the 
8-item Morisky Medication Adherence Scale (MMAS-8) (6) 
were recorded.
The 3 patients (2 women and 1 man) had been diagnosed with 
HAE-C1INH-Type I 9 years ago, with various disease pheno-
types as regards frequency and severity of crises (table I). Patients 
1 and 2 had been treated with danazol as LTP for 3 years. Con-
cerns regarding long-term tolerability and/or persistence of severe 
attacks led to the decision to switch to berotralstat (table I). More-
over, Patient 1 wished to avoid injectable treatments. Patient 3 
was treated with TXA as on-demand treatment of attacks without 
LTP. However, its effectiveness had been decreasing since puberty 
(occurrence of severe attacks requiring icatibant).
Switching modalities are detailed in figure 1.
For Patient 1, switch to berotralstat occurred over a brief period (1 
month) since the patient was already receiveing the lowest possi-
ble dosage of danazol (200 mg/week). The one-month overlapping 
period was implemented to reach the berotralstat’s steady-state, 
which typically ranges from 6 to 12 days (7). Patient 2, being on 
a higher danazol dosage, required a 3-month tapering of danazol 
while initiating berotralstat concurrently, at the end of which 
danazol were completely discontinued. Patient 3, solely treated 
with on-demand treatments, did not require a transition period.
After switch, no attack was reported during 6 (Patient 3) to 9 
months (Patients 1 and 2) of follow-up, which was associated to 
improved patients’ satisfaction. Berotralstat exhibited superior 
tolerability compared to danazol, with no reported side effects. 
All patients achieved a MMAS-8 score of 8, reflecting a high level 
of adherence to treatment.
Androgens and TXA are no longer recommended for LTP due to 
adverse safety profile and insufficient efficacy respectively(3). The 
international guidelines also highlighted that, on top of achieving 
complete disease control, the goal of LTP is to normalize patients’ 
lives by minimizing treatment burden and adverse effects (3).

There is no precise recommendation on how transitioning from 
danazol to berotralstat, but abrupt discontinuation of andro-
gens should be avoided (7). Three options have been described 
(8): tapering danazol after initiation of new treatment, tapering 
danazol followed by a washout period, or initiating new ther-
apy while tapering danazol. We chose the third option to avoid 
attacks during the transition period, which may have deleteri-
ous psychological impact in patients. Following this method, we 
observed successful transitions from danazol and TXA to bero-
tralstat in our 3 patients.
Close monitoring and regular communication with patients 
during the transition period were instrumental in achieving 
optimal outcomes. HAE is characterized by the absence of vali-
dated biomarkers for disease monitoring. Consequently, disease 
evaluation solely relies on clinical examination and patient’s tes-
timonies. Hence, it is crucial to involve the patient in therapeu-
tic decisions and to foster an environment of discussion during 
or outside of consultations.
Berotralstat therapy requires daily tablet intake. Therapeutic 
adherence represents a significant public health challenge. The 
JALMA study indicated that 25% of prescribed medications are 
not taken by patients, a common negligence among individuals 
with life-threatening conditions, leading to 12,000 deaths and 
100,000 hospitalizations each year (9). Therefore, every effort 
should be made to improve compliance including therapeutic 
education, in-depth discussions with patients to understand rea-
sons for poor compliance (fear of side-effects, poor understand-
ing of the disease, erroneous beliefs on drugs), detection and 
early management of possible side-effects. It is essential to cre-
ate a relationship of trust with the patient to ensure straightfor-
ward communication. Patients’ preferences and constraints should 
be questioned to choose treatment, in particular administration 
route and frequency of administration. In HAE, it has been made 
possible thanks to the availability of new options for LTP. In our 

Figure 1 - Switching modalities from previous treatment to berotralstat.
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series, all three patients reported a high level of treatment adher-
ence according to the MMAS-8 questionnaire.
This publication has several limitations, namely the small sample 
size, the absence of validated scales to assess quality of life and 
disease control, and the short duration of follow-up.
This case series highlights the benefits of new treatments such as 
berotralstat in the management of HAE, providing improved tol-
erability and effective disease control. It emphasizes the impor-
tance of patient-centered care throughout the transition pro-
cess. Further research and long-term studies are needed to val-
idate these findings and optimize HAE management strategies.
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Table I - Demographic characteristics and previous treatments.

Patient 1 (index case’s cousin) Patient 2 (index case) Patient 3 (index case’s daughter)

Sex Female Male Female

Age at transition to 
berostraltat (years)

46 58 20

Weight (kgs) 61 72 57

Comorbidities Hashimoto’s thyroiditis None None

Concomitant therapies None None Desogestrel

Age at HAE diagnosis 37 years 49 years 11 years

Mutation SERPING1 c.1353_1354delGA delGA/wt

C1INH (antigenic level 
// function)

47 mg/L // 3.8 U/mL 37 mg/L // 2.5 U/mL 52 mg/L // < 2 U/mL

Attacks description* Extremities (arm, hand, foot).
Not severe, disappear spontaneously.

Laryngeal oedema triggered by 
local trauma

Mainly facial oedema and 
abdominal pain.

Attack rate before switch 0 (controlled with danazol) 1.5/year (severe attacks) 1 severe attack every 1 or 2 years

Treatment before switch
LTP
Treatment of attacks

Danazol
Icatibant

Danazol
Icatibant

None
Tranexamic acid (TXA) ± icatibant

Dosage 200 mg/week 600 mg/week 2 g orally during attacks

Reason for the switch Poor tolerance
Concerns about long-term use in a woman 

and wish not to use injectables

Poor efficacy, burden of 
treatment and poor tolerance 

(muscular pain, increased CPK 
and liver transaminases)

Lack of efficacy
TXA efficacy deteriorated during 
puberty, with recurrent oedema 

and fainting.

Therapeutic goals 1) Maintain disease control
2) Avoid side effects of danazol

1) Avoid side effects of danazol
2) Maintain disease control
3) Improve quality of life

1) Maintain disease control

*Under danazol LTP for patients 1 and 2, under ODT by TXA for patient 3.
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L E T T E R 
T O  T H E  E D I T O R

Severe chronic spontaneous urticaria with low total 
IgE levels: is the response to omalizumab always 
delayed or absent?

Riccardo Asero

To the Editor,

in patients with severe chronic spontaneous urticaria (CSU) omal-
izumab represents the treatment of choice if there is no response 
to H1 antihistamines at higher than licensed dose (1). This anti-
IgE mAb is able to induce a rapid drop in UAS7 levels in about 
70% of patients and a slower but equally good response over 3-4 
months in further 15%. Many studies found a prognostic rela-
tionship between baseline total IgE and clinical response to omal-
izumab (2-7). The threshold level predicting a non-response or 
a late response has been detected at < 40 IU/ml in some studies 
(8) and at 18 IU/ml or less in others (2, 3, 9). However, based on 
the clinical response to omalizumab, not all severe CSU patients 
with low IgE levels seem to have an autoimmune, IgG-mediated 
(type IIb) disease (10). This retrospective study focused on severe 
CSU with low total IgE levels and its response to omalizumab.
Eighty-six consecutive patients (M/F 19/67) with severe CSU 
(UAS7 > 30) and baseline total IgE levels (measured by com-
mercial ELISA, Thermo Fisher Scientific, Waltham, MA, USA) 
< 40 IU/ml unresponsive to second generation antihistamines 
at 3x the licensed dosage and treated with omalizumab 300 mg/
month for at least 3 months were studied.

The mean age was 50.5 years (range 7-76), and the disease dura-
tion was 41.5 (2-600) months. An UAS7 drop > 50% one month 
after the first administration were considered as early respond-
ers. A drop > 50% from baseline within one month after the 3rd 
administration was considered as late responders. The absence of 
any change in UAS7 at month 4 was considered a non-response. 
The following baseline parameters were assessed: 1) Atopic sta-
tus (detected by SPT with a large panel of seasonal and peren-
nial airborne allergens [Lofarma, Milano, Italy]; reactivity to at 
least one allergen was considered a marker of atopy). 2) D-di-
mer (measured by ELISA [Hyphen BioMed, Neuville sur Oise, 
France] and considering levels below 500 ng/ml as normal). 3) 
Thyroid peroxidase (TPO) IgG autoantibodies (measured by 
ELISA [Thermo Fisher Scientific]; values > 60IU/ml were con-
sidered positive. 4) C reactive protein (CRP) (measured by a 
sandwich immunoassay [Hyphen BioMed]). Proportions were 
compared by chi-square test with Yates’ correction. The internal 
review board of the Clinic approved this retrospective, observa-
tional, anonymous study.
Based on total IgE levels, patients were stratified into 4 sub-
groups (A, total IgE levels 1-9 IU/ml [n= 28]; B, IgE 10-19 IU/
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ml [N=24]; C, IgE 20-29 IU/ml [n=22]; and D, IgE 30-39 IU/
ml [n=12]). Omalizumab response is shown in table I and figure 
1. Subgroup A showed the lowest prevalence of early responders 
(21.4%; p < 0.005 vs subgroups B-D) and the highest prevalence 
of non-responders (64.3%; p < 0.001 vs subgroups B-D). Nota-
bly, the proportion of unresponsive patients decreased dramati-
cally from subgroup A to D (figure 1). Prevalence of atopic sta-
tus, thyroid autoimmunity, positive CRP, and elevated D-dimer 
are shown in table 1. No statistically significant difference was 
found between the 4 subgroups. Since all non-responders were 
shifted to cyclosporin treatment and responders are still being 
treated with omalizumab, there were no sufficient data to assess 
the effect of omalizumab discontinuation and disease relapse.

This study found that many patients with severe CSU and low 
total IgE levels respond rapidly to omalizumab. Such proportion 
exceeded 20% in the subgroup with the lowest IgE levels and 
ranged between 50% and 68% in the three remaining subgroups. 
This suggests that also patients with probable type I (autoallergic) 
CSU may show very low total IgE levels. Mechanisms other than 
direct IgE binding (including down-regulation of IgE receptors 
on mast cells and eosinophil apoptosis) may contribute to the effi-
cacy of omalizumab. However, such mechanisms are considered to 
be associated with a delayed response to omalizumab which was 
similar in the four subgroups studied here. Although – not sur-
prisingly – the early response rate to omalizumab in these specific 
patients was lower than in the general population with CSU, this 

Table I - Clinical response to omalizumab and clinical and serological variables in patients with severe CSU stratified by total IgE levels.

Subgroup Early response Late response Non-response Atopic status Elevated CRP Thyroid 
autoimmunity

Elevated 
D-dimer

A (n = 28) 6 (21.4%)* 4 (14.3%) 18 (64.3%)** 2 (7.1%) 9 (32%) 10/26 (38.5%) 13/24 (54.1%)

B (n = 24) 14 (58.3%) 5 (20.8%) 5 (20.8%) 5 (20.8%) 5 (20.8%) 3/23 (13%) 8/17 (47.1%)

C (n = 22) 11 (50%) 6 (27.2%) 5 (22.7%) 3 (13.6%) 4 (18.2%) 10/22 (45.4%) 7/20 (35%)

D (n = 12) 8 (66.6%) 3 (25%) 1 (8.3%) 3 (25%) 1 (8.3%) 1/11 (9.1%) 4/11 (36%)
*p < 0.005 for subgroup A vs B+C+D; **p < 0.001 for subgroup A vs B+C+D.

Figure 1 - Omalizumab response in the 4 subgroups of patients with severe CSU.
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study suggests that total IgE cannot be considered an absolute pre-
dictive marker of response to this drug. In view of its very limited 
toxicity and reasonable cost, omalizumab should remain stably the 
third step of CSU management before novel treatments such as 
Bruton’s tyrosine kinase (BTK) inhibitors or anti-Stem cell factor 
(SCF) mAb that will appear in the next future can be considered.
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L E T T E R 
T O  T H E  E D I T O R

Redefining reference intervals for baseline serum 
tryptase: found the solution?

Danilo Villalta1 , Mariaelisabetta Conte1 , Daniela Visentini2, Matteo Furlani3, 
Francesco Ellero3, Roberta Metani3, Fiorenza Pesente2, Paolo Metus4

To the Editor,

tryptase is a serine protease enzyme primarily expressed by mast 
cells (MCs) and, to a lesser extent, by basophils (1). The consti-
tutive release of tryptase from MCs results in a baseline serum 
tryptase (BST) level, which remains relatively stable in individu-
als throughout life. Since BST levels correlate with mast cell load, 
persistently elevated levels are an important screening tool for 
the diagnosis of systemic mastocytosis. In contrast, a transient 
increase in serum tryptase occurs immediately after MC activa-
tion, for example, due to an allergic reaction.
However, severe kidney damage, myeloid neoplasms, certain 
chronic inflammatory diseases, some chronic infections, and obe-
sity can also cause elevated BST levels (2). Additionally, heredi-
tary alpha tryptasemia (HαT), an autosomal dominant genetic 
trait characterized by an increased number of TPSAB1 gene cop-

ies encoding alpha tryptase, has recently been identified as the 
most prevalent cause of slightly to moderately elevated BST lev-
els, affecting approximately 4% to 7.5% of the population (3).
Although serum tryptase measurement is performed worldwide 
using a single fluorescent enzyme immunoassay, there remains ongo-
ing debate regarding the most appropriate reference interval (RI). 
The generally accepted RI suggested by the manufacturer, based 
on measuring tryptase levels in 126 'healthy' donors and determin-
ing the 95th percentile, is 1.0 (lower reference limit - LRL) to 11.4 
μg/L (upper reference limit - URL). While the LRL is not clini-
cally relevant, the URL is highly important for clinical decisions.
However, it has been demonstrated that some individuals with 
systemic mastocytosis may have tryptase levels below 11.4 μg/L 
(4), indicating that the correct URL is lower than the 11.4 μg/L 
value proposed by the manufacturer, as the population used to 
determine the RI undoubtedly included individuals with HαT.
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Recently, experts from the European Competence Network on 
Mastocytosis (ECNM) and the American Initiative in Mast 
Cell Disease concluded that the “normal serum tryptase range” 
should be defined in asymptomatic controls, inclusive of indi-
viduals with HαT, since HαT per se should not be considered a 
disease-defining feature or pathology. Based on data from the lit-
erature, they concluded that the lower limit of BST, below which 
only a few HαT-positive cases are detected, is 8 μg/L. However, 
in daily practice, to avoid unnecessary referrals, investigations, 
and undue concerns in patients with HαT, the “normal range” 
of basal tryptase is up to 15 μg/L (2). Unfortunately, none of the 
previous studies in the literature established RIs following the 
gold standard direct method EP28-A3c (5), suggested by the 
CLSI (Clinical & Laboratory Standards Institute) and approved 
by the International Federation of Clinical Chemistry and Lab-
oratory Medicine (IFCC) and by the World Health Organiza-
tion (WHO). The main limitations of this standard method are 
that it is expensive, difficult, and time-consuming. An accepted 
alternative to the direct method is the indirect approach using 
big data previously generated in the laboratory and stored in the 
laboratory information system (LIS), referred to as data mining 
(6). Indirect methods are characterized by the fact that the ref-
erence subjects are not selected individually, and the RIs are sta-
tistically derived from the total distribution of unselected values.
The aim of our study was to obtain the RI of BST using Kairisto’s 
indirect approach, which is based on the assumption that most 
results produced by the laboratory derive from ‘healthy’ sub-
jects and hypothesizes that the mode of the frequency distribu-
tion is the same for the whole dataset as it is for a ‘healthy’ refer-
ence population. We adopted Kairisto’s procedure to correct and 
standardize the 10.332 tryptase determinations stored in two LIS 
(Pordenone and Udine, Italy). Only a single value per patient was 
used, usually the first one. Data were anonymized and elaborated 
using the GraphROC for Windows, version 2.0 statistical pro-
gram (7), and mean, mode, LRL (2.5 percentile) and URL (97.5 
percentile), were calculated, after the exclusion of outliers, with 
the use of the iterative ± 4SD method. Mean, mode, LRL and 
URL values of the whole studied population and divided by age 

and gender are shown in table 1 and the distribution of tryptase 
values in whole population in figure 1.
LRL and URL resulted 2,43 μg/L and 8,96 μg/L respectively, 
without significant difference between males (2,56 μg/L and 
8,64 μg/L) and females (2,8 μg/L and 8,75 μg/L). On the con-
trary, there was a slight increase with age (table I).
The URL of BST obtained with Kairisto’s indirect approach is 
very similar to the value previously proposed by Slot et al. (8), 
who used Bhattacharya's indirect approach on 5,248 measure-
ments, and by the ECNM and the American Initiative in Mast 
Cell Disease as the “normal range where HαT is rather unlikely” 
(2). However, in clinical chemistry, the term “normal” range has 
not been used since Gräsbeck introduced the concept of RI, also 
known as the reference range (9). RI is a range of values, usu-
ally derived from “healthy” or disease-free individuals, to which 
results can be compared to aid interpretation. It should allow 

Figure 1 - Distribution of tryptase values in the whole population 
of the study: 10,332 subjects.
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Table I - Mean, mode, lower reference limit (LRL) and upper reference limit (URL) obtained with the indirect Kairisto’s approach evalu-
ating 10,332 tryptase determinations from two different laboratories.

n Outliers (n) Mean (SD) μg/L Mode μg/L LRL μg/L URL μg/L

All subjects 10,332 419 5.82 (2.42) 4.75 2.43 8.96

Male 3,699 161 6.04 (2.70) 4.92 2.56 8.64

Female 6,623 268 5.63 (2.26) 3.97 2.80 8.75

≤ 30 Years 2,143 100 4.64 (1.65) 3.67 2.44 7.10

31-60 Years 4,641 209 5.48 (2.04) 5.96 1.74 7.84

>60 years 3,495 163 6.82 (2.88) 5.73 2.70 9.80
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the transformation of a number derived from an analytical mea-
surement into clinically meaningful information. On the other 
hand, clinical decision limits (CDLs) may be an alternative to 
RIs. CDLs are cut-off values determined by clinical studies and 
associated with a specific clinical risk or outcome (6). The choice 
of a CDL is determined by the sensitivity and specificity of a 
test at that level. While RIs allow for comparison to a reference 
population, CDLs are linked to clinical outcomes. Regarding 
BST levels, the RI should be understood as the value obtained 
using a validated direct or indirect approach, whereas the lim-
its proposed by the ECNM and the American Initiative in Mast 
Cell Disease should be considered CDLs. For BST, CDLs may 
be more appropriate than RIs in clinical practice, based on the 
expert panel's considerations.
In conclusion, the URL of BST obtained with an indirect approach 
using big data was 8.96 μg/L (ranging from 7.1 μg/L of the sub-
jects < 30 years to 9.8 μg/L of the subject > 60 years). Future pro-
spective studies will be necessary to define the sensitivity, specific-
ity, and positive and negative likelihood ratios for the diagnosis 
of mastocytosis of the URL we proposed, as well as of the vari-
ous CDLs suggested by the expert panel. Pending the results of 
such studies, in clinical practice it is advisable to follow the rec-
ommendations provided by the panel of experts.

Fundings

None.

Contributions

DanVill, MC, PM, DanVis: conceptualization, writing – origi-
nal draft. FP, FE, MF, RM: data collection, formal analysis. All 
authors: writing – review & editing.

Conflict of interests

The authors declare that they have no conflict of interests.

References

1.	 Vitte J. Human mast cell tryptase in biology and medicine. Mol 
Immunol. 2015;63(1):18-24. doi: 10.1016/j.molimm.2014.04.001.

2.	 Valent P, Hoermann G, Bonadonna P, Hartmann K, Sperr WR, Broes-
by-Olsen S, et al. The normal range of baseline tryptase should be 1 
to 15 ng/mL and covers healthy individuals with HαT. J Allergy Clin 
Immunol Pract. 2023;11(10):3010-3020. doi: 10.1016/j.jaip.2023.08.008.

3.	 Lyons JJ, Sun G, Stone KD, Nelson C, Wisch L, O’Brien M, et al. 
Mendelian inheritance of elevated serum tryptase associated with 
atopy and connective tissue abnormalities. J Allergy Clin Immunol. 
2014 May;133(5):1471-4. doi: 10.1016/j.jaci.2013.11.039.

4.	 Borer-Reinhold M, Haeberli G, Bitzenhofer M, Jandus P, Hausmann 
O, Fricker M, et al. An increase in serum tryptase even below 11.4 
ng/mL may indicate a mast cell-mediated hypersensitivity reaction: a 
prospective study in Hymenoptera venom allergic patients. Clin Exp 
Allergy. 2011;41(12):1777-83. doi: 10.1111/j.1365-2222.2011.03848.x.

5.	 Boyd JC. CLSI. Defining, establishing, and verifying reference inter-
vals in the clinical laboratory: approved guidelines-Third Edition. 
CLSI document EP28-A3c. Wayne, PA: Clinical and Laboratory 
Standard institute; 2008.

6.	 Timbrell NE. The Role and Limitations of the Reference Interval 
Within Clinical Chemistry and Its Reliability for Disease Detec-
tion. Br J Biomed Sci. 2024;81:12339. doi: 10.3389/bjbs.2024.12339.

7.	 Kairisto V, Poola A. Software for illustrative presentation of 
basic clinical characteristics of laboratory tests--GraphROC for 
Windows. Scand J Clin Lab Invest Suppl. 1995;222:43-60. doi: 
10.3109/00365519509088450.

8.	 Slot MC, Claessen LHJ, Bons JAP, Menheere PPCA, Nieuwhof 
CMG, de Boer D. Tryptase reference ranges are age-dependent in 
a large population-based cohort. Allergy. 2022;77(9):2833-2834. 
doi: 10.1111/all.15369.

9.	 Gräsbeck R. The evolution of the reference value concept. Clin 
Chem Lab Med. 2004;42(7):692-7. doi: 10.1515/CCLM.2004.118.



aUtHor GUIdeLInes

European Annals of Allergy and Clinical Immunology will 
accept for publication suitable manuscripts dealing with the 
aetiology, diagnosis, and treatment of allergic and immunolog- 
ic diseases. Th ese might include the study of methods of con- 
trolling immunologic and allergic reactions, human and animal 
models of hypersensitivity and other aspects of basic and ap- 
plied clinical allergy in its broadest sense. Papers reporting the 
results of drug trials will be considered. European Annals of 
Allergy and Clinical Immunology also publishes solicited and 
unsolicited review articles on subjects of topical interest to clin- 
ical and experimental allergy.

Manuscript

We request that all manuscripts should be submitted online 
through our web-based peer review system. Please go to: 
https://www.editorialmanager.com/eaaci/default2.aspx.
Submitted contributions are accepted for publication on the ba- 
sis of scientifi c interest and relevance, at the fi nal discretion of 
the Editors in Chief, who will have blinded written evaluations 
from at least two anonymous reviewers.
Once a manuscript has been accepted for publication, Authors 
will receive an electronic page proof for review and approval, 
following which the manuscript is published on the journal 
website.
Following acceptance, Authors are also requested to return both 
completed and signed Journal Publishing Agreement and Confl ict 
of interest disclosure forms which they will be send with the proof.

Full Authors Guidelines and online Submission System link 
are available on Journal website: http://www.eurannallergy- 
imm.com/.

Manuscripts should be typewritten (double spacing) on one 
side of the paper; on a separate sheet (Title page) should bear 
the title of the paper, short title, authors, affi  liations, complete 
address and e-mail of the corresponding author, together with 
the name of institution where the work was done. To develop 
the study, the Authors should follow the rules according to the 
article type:
- Original article
- Review (by invitation only)
- Opinion paper
- Letter to the Editor
- Commentary/Correspondence

Each article must state:
- Fundings
- Contributions of each author
- Confl ict of interests

References

References should respect:
• the order number corresponding with that of appearance in 

the text;
• the author’s surname(s), followed by initial of fi rst names;
• the title of the work, in the original language;
• for journals: usual title abbreviations according to in- 

ternational nomenclature and in this order: year;volume 
number(issue number):fi rst and last page numbers of the 
work. doi.

For example:
Vaghi A, Bilò MB, Bini F, Cecchi L, Micheletto C, Musarra 
A. Th e added value of targeting airway hyperresponsiveness 
by blocking thymic stromal lymphopoietin (TSLP) in the 
management of severe asthma. Eur Ann Allergy Clin Immunol. 
2025;(6):243-59. doi: 10.23822/EurAnnACI.1764-1489.376.

• For books: name of the author/editor, title, publisher/institu- 
tion, town where published, year of publication, fi rst and last 
page numbers of the work.

For example:
Paupe J, Scheinman P (eds.). Allergologie Pédiatrique. 
Flammarion, Paris, 1988: pp. 324-42.

Tables and illustrations

• Tables: always saved on separate numbered sheets;
• Figures: always saved as separate fi les (no .docx).
• Captions and legends: at the end of the text.
• Figures, diagrams: JPG, 300 dpi minimum.
• Radiographs: JPG, 300 dpi minimum.

All tables, fi gures, radiographs, etc. must be referenced in the text.

Th e “pdf” of the article will be sent to the author by e-mail.

Edra Media S.r.l.
Viale Enrico Forlanini 21
20134 Milan, Italy

http://www.eurannallergyimm.com/


• 6 print issues per year
• full access to www.eurannallergyimm.com,

featuring all current and archived issues

16045

Edra Media S.r.l., Viale Enrico Forlanini 21, Milan

European Annals of Allergy and Clinical Immunology 
is a bimonthly peer-reviewed publication
• The official Journal of the “Associazione Allergologi Immunologi Italiani

Territoriali e Ospedalieri” (Italian Association of Hospital Allergists
and Immunologists - AAIITO) and the “Sociedade Portuguesa de Alergologia
e Immunologia Clinica” (Portuguese Society of Allergology and Clinical
Immunology - SPAIC)

• indexed in PubMed and Scopus
• collects reviews, original works concerning etiology, diagnosis and

treatment of allergic and immunological disorders

    To submit your paper go to 
https://www.editorialmanager.com/eaaci/default2.aspx

SubscribeNow.indd   1SubscribeNow.indd   1 22/04/21   11:4222/04/21   11:42


	Sensitization to aeroallergens and asthma severity in the tropics
	Basophil activation test in the diagnosis of drug-induced hypersensitivity reactions: a retrospective study of Slovak patients
	Allergy evaluation in hypersensitivity to platinum compounds and taxanes: a 5-year experience
	Understanding beliefs about inhaled medication in patients with persistent asthma: a cross-sectional analysis of the INSPIRERS studies
	Transitioning from nonspecific therapy to berotralstat in hereditary angioedema type I: real world data from three patients within the same family
	Severe chronic spontaneous urticaria with low total IgE levels: is the response to omalizumab always delayed or absent?
	Redefining reference intervals for baseline serum tryptase: found the solution?
	Sensitization to aeroallergens and asthma severity in the tropics
	Layssa Fabiana Fernandes de Matos1, Gabriela Pimentel Pinheiro das Chagas2￼,Cinthia Vila Nova Santana2,3￼, Aline Carolina Rodrigues Santos1,Luiz Henrique Azevedo Silva1, Miquéias Saimon1, Giovana Coletto Segger1,Álvaro A. Cruz2￼, Jamille Souza Fernandes C

	Basophil activation test in the diagnosis of drug-induced hypersensitivity reactions: a retrospective study of Slovak patients
	Mira Horváthová￼, Jana Surmová￼, Nikola Madrová￼, Michaela Szabová￼

	Allergy evaluation in hypersensitivity to platinum compounds and taxanes: a 5-year experience
	David Longhino￼, Caterina Sarnari, Gloria Andriollo, Arianna Aruanno￼, Angela Rizzi￼, Eleonora Nucera￼, Alessandro Buonomo￼

	Understanding beliefs about inhaled medication in patients with persistent asthma: a cross-sectional analysis of the INSPIRERS studies
	Catarina Novais1￼, Ana Margarida Cruz1,2￼, Ana Margarida Pereira3,4,5, Rute Almeida6, Rita Amaral6,7,8, João Almeida Fonseca5,6,9, Cristina Jácome6￼

	Transitioning from nonspecific therapy to berotralstat in hereditary angioedema type I: real world data from three patients within the same family
	Denis Vincent1, Arije Ghanam2

	Severe chronic spontaneous urticaria with low total IgE levels: is the response to omalizumab always delayed or absent?
	Riccardo Asero￼

	Redefining reference intervals for baseline serum tryptase: found the solution?
	Danilo Villalta1￼, Mariaelisabetta Conte1￼, Daniela Visentini2, Matteo Furlani3, Francesco Ellero3, Roberta Metani3, Fiorenza Pesente2, Paolo Metus4




