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Summary
Studies evaluating the association of Interleukin 10 (IL-10) polymorphisms with 
risk of pediatric asthma found inconsistent data. Here, we performed a meta-anal-
ysis to get a precise estimation of the associations. Relevant studies identified in the 
PubMed, Scopus, CNKI databases were used to perform a meta-analysis. A total of 
23 case-control studies including nine studies with 1298 cases and 1079 controls on 
IL-10-1082G>A, four studies with 622 cases and 603 controls on -819C>T and 
ten studies with 1480 case and 1462 controls on -592C>A were selected. Overall, 
there was no significant association between IL-10 polymorphisms with pediatric 
asthma risk in global population. When stratified by ethnicity, there was a significant 
association of IL-10-1082G>A with pediatric asthma in Asians and Chinese. This 
meta-analysis result revealed that IL-10-1082G>A, -819C>T and -592C>A poly-
morphisms were not associated with pediatric asthma risk in the global population.

Impact statement

The IL-10-1082G>A, -819C>T and -592C>A 
polymorphisms are not associated with pediatric 

asthma risk.

Introduction

Pediatric asthma is a highly heterogeneous disorder with multi-
ple clinical phenotypes and can have very serious consequences 
for children’s health, their families, and the health care system 
(1-3). It is one of the most common chronic diseases among 
children and a leading cause of medical expenses (4-9). It is 
estimated that more than 13% of children had been diagnosed 
with asthma in Canada and the average direct cost from asthma 
exacerbations in 2013 was estimated to be around $ 883.48 
per patient per year (10-12). Interleukin 10 (IL-10) is a candi-

date gene in the mechanism of asthma since it has been shown 
to regulate both cellular and humoral immunity (13). IL-10 
regulates IgE production and reduces IgE switching indirectly 
as a control point for modulation the effects of inflammatory 
cytokines (14).
IL-10 is important pleiotropic immunoregulatory cytokine 
with an anti-inflammatory properties that plays a central role 
in limiting host immune response to pathogens, thereby pre-
venting damage to the host and maintaining normal tissue 
homeostasis (15). Human IL-10 has a broad-spectrum anti-in-
flammatory activity which is expressed by activated monocytes/
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macrophages, natural killer (NK) cells, dendritic cells (DCs), 
mast cells, B cells, and regulatory T cell subsets (16). Moreover, 
IL-10 is known to have macrophage-deactivating properties 
and undermines the Th1-driven pro-inflammatory response by 
down-regulating the production of several cytokines (17, 18). 
Human IL-10 gene maps to chromosome 1q31-32, contains 
four introns and five exons, and spans about 4.7 kb (19).
The IL-10 promoter is highly polymorphic (17-20), and three 
single nucleotide polymorphisms (SNPs) at positions -1082G>A, 
-819C>T and -592C>A polymorphisms within the promot-
er region have been shown to correlate with IL-10 production 
(21-25). To date, several genetic epidemiology studies have as-
sessed the association between IL-10-1082G>A, -819C>T and 
-592C>A polymorphisms and pediatric asthma in different pop-
ulations (26, 27). But the results from these studies were often 
inconsistent and inconclusive. The reason for this inconsistency 
may derive from a number of issues, including sample size, lack 
of power, genotyping methods, false-positive errors, and minor 
impacts of IL-10 gene polymorphisms on risk of pediatric asth-
ma. Thus, we conducted a systematic review and meta-analysis to 
combine and analyze the available studies in order to get a precise 
estimation of the association of IL-10-1082G>A, -819C>T and 
-592C>A polymorphisms with susceptibility to pediatric asthma.

Materials and methods

Literature search
The ethical approval was not necessary since the current me-
ta-analysis was not a clinical trial study and was based on previ-
ously published studies. A comprehensive literature search was 
performed on major electronic literature databases, including 
the PubMed, Web of Sciences, Scopus, Google Scholar, EM-
BASE, SciELO, Islamic World Science Citation Center (ISC), 
Scientific Information Database (SID), Wanfang, and VIP, Wan-
fang and China National Knowledge Infrastructure (CNKI) 
databases to find all studies evaluated the association between 
IL-10-1082G>A, -819C>T and -592C>A polymorphisms and 
risk of pediatric asthma published up to May 15th, 2020. The 
following keywords and terms were used: (“Asthma’’ OR “Asth-
matic’’ OR “Pediatric’’ OR “Childhood’’ OR “Children’’) AND 
(“Interleukin 10’’ OR “IL-10’’ OR “Cytokine Synthesis Inhibi-
tory Factor’’ OR “CSIF’’) AND (“-1082A>G’’ OR “rs1800896” 
OR “g.3943A>G” OR “c.-1117A>G’’) AND (“-819C>T’’ 
OR “rs1800871’’ OR “g.4206T>C’’ OR “c.-854T>C’’) AND 
(“-592C>A’’ OR “rs1800872’’ OR “g.4433A>C’’ OR “c.-
627A>C’’) AND (“Gene’’ OR “Polymorphism’’ OR “Sin-
gle-Nucleotide Polymorphism” OR “SNPs’’ OR “Mutation’’ 
OR “Mutant’’ OR “Variant” OR “Variation’’ OR “Allele’’ OR 
“Genotype’’). The search was limited to human studies without 
language restriction. Moreover, no restrictions were placed on 
the year of publication, and sample size. Moreover, we have also 

manually reviewed the reference lists of all retrieved articles, re-
views and meta-analyses to find missed articles.

Inclusion and exclusion criteria
To select eligible studies in the current meta-analysis, the fol-
lowing criteria for inclusion were defined: 
a) full-text publications with case-control or cohort design; 
b) studies evaluated the association of IL-10-1082G>A, -819C>T 

and -592C>A polymorphisms with risk of pediatric asthma;
c) provide sufficient data about IL-10 genotypes distributions to 

estimate the odds ratio (OR) with 95% confidence intervals 
(95% CI). 

The exclusion criteria were as follows:
a) case only studies (lack of control population);
b) lack of eligible genotype frequencies;
c) family based studies and linkage studies;
d) studies on other polymorphisms of IL-10 gene;
e) case reports, posters, abstracts, meeting reports, lectures, edito-

rials, correspondence letters, reviews, previous meta-analyses;
f ) overlapped data or duplicated publications.

If there were multiple published articles from the same authors, 
the most recent study or study with larger sample size was in-
cluded in this meta-analysis. Moreover, different case-control 
groups or cohorts in one publication were considered as inde-
pendent studies.

Data extraction
Data of eligible studies were collected by two authors inde-
pendently and carefully according to the inclusion and exclu-
sion criteria and the third author adjudicated the conflicting 
data until consensus was reached. The following characteristics 
were collected from each eligible study: the name of first author, 
year of publication, country of origin, ethnicity (categorized as 
Caucasians, Asians, African, or Mixed), genotyping methods, 
sample size of cases and controls, allele and genotype frequency 
of IL-10-1082G>A, -819C>T and -592C>A polymorphisms in 
cases and healthy controls, minor allele frequencies (MAFs) and 
Hardy-Weinberg Equilibrium (HWE) in healthy controls.

Statistical analysis
The strength of the association between the IL-10-1082G>A, 
-819C>T and -592C>A polymorphisms and risk of pediatric 
asthma was measured by odds ratio (OR) with its 95% confi-
dence interval (CI). The significance of pooled ORs was tested 
by Z-test, in which P < 0.05 was considered significant. The as-
sociation of IL-10-1082G>A, -819C>T and -592C>A polymor-
phism was estimated under five genetic models, i.e., allele (B vs 
A), homozygote (BB vs AA), heterozygote (BA vs AA), dominant 
(BB + BA vs AA), and the recessive (BB vs BA + AA). The be-
tween-heterogeneity was examined using chi-square. Moreover, I2 
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test to quantify the heterogeneity, which ranges from 0 to 100% 
and represents the proportion of between-study variability attrib-
utable to heterogeneity rather than chance (I2 < 25%, no hetero-
geneity; I2 25-50%, moderate heterogeneity; I2 > 50%, large or 
extreme heterogeneity). If the P-value for heterogeneity tests was 
> 0.01 or I2 < 50%, a fixed effect model (Mantel-Haenszel meth-
od) was used to calculate the pooled OR. Otherwise, a random 
effect model (DerSimonian-Laird method) was employed to an-
alyze data. The goodness-of-fit Chi-square test for Hardy-Wein-
berg equilibrium (HWE) was performed in control group and a 
P-value < 0.05 was considered as significant disequilibrium. Sen-
sitivity analysis was performed by removing one study at a time to 
the stability of the pooled data and the effect of each single study 
on the conclusions. Moreover, sensitivity analysis was performed 
by excluding HWE-violating studies. The publication bias among 
the selected studies was tested by Begg’s test, in which an asym-
metric plot suggests a possible publication bias. Moreover, Egger’s 
linear regression test was performed to determine the significance 
of the asymmetry, in which P < 0.05 indicated that publication 
bias was significant. Additionally, if publication bias was seen, the 
“trim and fill” method which conservatively imputes hypothet-
ical negative unpublished studies to mirror the positive studies 
that cause funnel plot asymmetry was used to further analyses 
the possible effect of publication bias. All statistical analyses were 
performed using Comprehensive Meta-Analysis (CMA) Software 
version 2.0 (Biostat, Englewood, USA). All tests were two-sided, 
and the P < 0.05 was considered statistically significant.

Results

Characteristics of eligible studies
The study screening process was shown in figure 1. Initially, a 
total number of 259 studies were identified from the online da-
tabases and by manual search. In accordance with the eligibility 
criteria, 143 records were left after removing repeated studies 
and 82 studies were subsequently excluded for title and abstract 
review. Then, 48 studies were excluded because did not relevant 
to the IL-10 polymorphisms association with risk of pediatric 
asthma. In the end, the whole of the rest of the articles were 
checked based on the inclusion and exclusion criteria. Finally, a 
total of 23 case-control studies with 3400 pediatrics with asth-
ma and 3144 healthy controls were included in the meta-anal-
ysis (28, 29, 30-37, 38-42,). Of these studies, nine studies with 
1298 cases and 1079 controls were on -1082G>A, four studies 
with 622 cases and 603 controls on -819C>T and ten stud-
ies with 1480 case and 1462 controls were on -592C>A poly-
morphism. The characteristics of the main studies are shown 
in table I. The studies were published between 2002 and 2017 
and sample sizes varied from 30 to 333 in cases with asthma. 
Of these studies, 18 were conducted on Asians, three studies 
on African and two studies on Caucasian populations. In the 

selected studies, seven genotyping methods including PCR-SSP, 
ARMS-PCR, PCR-RFLP, MALDI-TOF-MS, MassARRAY, 
RealTime-PCR, and TaqMan were used to genotyping the IL-
10 polymorphisms. The HWE was performed on all of the in-
cluded studies, and the genotype distributions in the controls 
for all studies were consistent with the HWE, except for three 
studies for -1082G>A and one study for -592C>A (table II).

Quantitative data synthesis

IL-10-1082G>A
The summary results for the association between IL-10-1082G>A 
polymorphism and risk of pediatric asthma are shown in table 
II. Overall, pooled data revealed that IL-10-1082G>A polymor-
phism was not significantly associated with an increased risk of 
pediatric asthma in the global population (figure 2 A). Moreover, 
we performed subgroup analysis based on ethnicity and coun-
try of origin. The stratified analysis showed that IL-10-1082G>A 
polymorphism was associated with an increased risk of pediatric 
asthma in Asian (GG vs AA: OR = 0.784, 95% CI 0.128-0.554, 
p ≤ 0.001, figure 2 B; GG vs GA + AA: OR = 0.409, 95% CI 
0.229-0.729, p = 0.002, figure 2 C) and Chinese (GA vs AA: OR 
= 0.098, 95% CI 0.011-0.898, p = 0.040). There was no signifi-
cant association in the African populations (table II).

IL-10-819C>T
The summary results for the association between IL-10-819C>T 
polymorphism and risk of pediatric asthma are shown in table 
II. Pooled data showed that IL-10-819C>T polymorphism was 
not significantly associated with an increased risk of pediatric 
asthma in the global population (figure 3 A).

IL-10-592C>A
The summary results for the association between IL-10-592C>A 
polymorphism and risk of pediatric asthma are shown in table 
III. Pooled data showed that IL-10-592C>A polymorphism was 
not significantly associated with an increased risk of pediat-
ric asthma in the global population (figure 3 B). Moreover, we 
performed subgroup analysis based on ethnicity and country of 
origin. The subgroup analysis revealed that the IL-10-592C>A 
polymorphism was not associated with increased to susceptibility 
of pediatric asthma in Asians, Caucasians and Chinese (table III).

Between-study heterogeneity
There was considerable between-study heterogeneity for three IL-
10-1082G>A, -819C>T and -592C>A polymorphisms  in this 
meta-analysis. Thus, we have conducted subgroup analyses by eth-
nicity and country of origin to describe the potential source of het-
erogeneity. As shown in tables II and III, when stratified analyses 
were conducted, the heterogeneity did not disappear considerably, 
which indicating that ethnicity and country of origin were not 
the major sources of heterogeneity in the current meta-analysis.
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Figure 1 - Flowchart of literature search and selection process.

Sensitivity analysis
Sensitivity analysis was conducted to check the influence of in-
dividual studies on the stability of the pooled data by excluding 
one study at a time.  The exclusion of any single study did not 
significantly affect the pooled ORs or 95% CIs for three IL-10-
1082G>A, -819C>T and -592C>A polymorphisms. Then, sensi-
tivity analysis was performed by excluding those four HWE-vio-

lating studies for IL-10-1082G>A and -592C>A polymorphisms. 
The results showed that none of the pooled data for IL-10-
1082G>A and -592C>A polymorphisms under all five genetic 
models were significantly changed by excluding the HWE-violat-
ing studies. Hence, results of the sensitivity analysis indicated that 
our pooled data for IL-10-1082G>A, -819C>T and -592C>A 
polymorphisms were statistically stable and reliable.
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Figure 2 - Forest plot for association of IL-10-1082G>A polymorphism with risk of pediatric asthma. (A) global population (allele model: 
G vs A); (B) Asians (homozygote model: GG vs AA); (C) Asians (recessive model: GG vs GA + AA).
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Table II - Summary risk estimates for association of IL-10-1082G>A and -819C>T polymorphisms with risk of pediatric asthma.

Subgroup Genetic Model Type of Model Heterogeneity Odds Ratio Publication Bias

I2 (%) PH OR 95% CI Ztest POR PBeggs PEggers

-1082G>A

Overall G vs A Random 92.12 ≤ 0.001 1.076 0.596-1.944 0.243 0.808 0.251 0.107

GG vs AA Random 77.49 ≤ 0.001 0.699 0.224-2.180 - 0.617 0.537 0.548 0.448

GA vs AA Random 97.94 ≤ 0.001 0.763 0.129-4.502 - 0.299 0.765 0.602 0.357

GG + GA vs AA Random 90.99 ≤ 0.001 1.054 0.451-2.465 0.122 0.903 0.117 0.064

GG vs GA + AA Random 79.39 ≤ 0.001 0.845 0.308-2.319 - 0.327 0.744 1.000 0.848

Ethnicity 

Asians G vs A Random 92.18 ≤ 0.001 0.784 0.376-1.634 - 0.650 0.516 0.707 0.473

GG vs AA Fixed 13.31 0.326 0.267 0.128-0.554 - 3.547 ≤ 0.001 1.000 0.748

GA vs AA Random 97.43 ≤ 0.001 0.356 0.054-2.355 - 1.071 0.284 0.707 0.433

GG + GA vs AA Random 91.94 ≤ 0.001 0.873 0.302-2.529 - 0.250 0.803 0.452 0.276

GG vs GA + AA Fixed 0.00 0.494 0.409 0.229-0.729 - 3.032 0.002 0.086 0.186

Africans G vs A Random 94.23 ≤ 0.001 2.464 0.666-0.122 1.351 0.177 0.296 0.149

GG vs AA Random 89.42 ≤ 0.001 3.573 0.296-43.147 1.002 0.316 0.296 0.028

GA vs AA Random 93.43 ≤ 0.001 3.257 0.324-32.706 1.003 0.316 1.000 0.967

GG + GA vs AA Random 92.39 ≤ 0.001 1.875 0.236-14.904 0.594 0.553 0.296 0.344

GG vs GA + AA Random 91.30 ≤ 0.001 4.509 0.478-42.497 1.316 0.188 1.000 0.295

Chinese G vs A Random 93.70 ≤ 0.001 0.665 0.158-2.797 - 0.557 0.578 1.000 0.431

GG vs AA Random 65.55 0.088 0.213 0.044-1.042 - 1.910 0.055 NA NA

GA vs AA Random 96.54 ≤ 0.001 0.098 0.011-0.898 - 2.055 0.040 1.000 0.744

GG + GA vs AA Random 94.96 ≤ 0.001 0.608 0.101-3.647 - 0.544 0.586 1.000 0.532

GG vs GA + AA Fixed 44.02 0.181 0.272 0.057-1.303 - 1.629 0.103 NA NA

HWE*

G vs A Random 88.04 ≤ 0.001 1.216 0.623-2.374 0.574 0.566 0.132 0.057

GG vs AA Random 75.00 0.003 0.718 0.217-2.380 - 0.542 0.588 0.086 0.219

GA vs AA Random 98.04 ≤ 0.001 0.220 0.024-2.047 - 1.331 0.183 0.707 0.698

GG + GA vs AA Random 87.01 ≤ 0.001 1.171 0.500-2.742 0.364 0.716 0.452 0.276

GG vs GA + AA Random 59.32 0.043 0.736 0.330-1.643 - 0.748 0.454 0.462 0.357

-819C>T

Overall T vs C Random 71.51 0.015 1.284 0.895-1.841 1.358 0.174 0.308 0.463

TT vs CC Fixed 0.00 0.999 1.107 0.735-1.665 0.486 0.627 0.734 0.318

TC vs CC Random 87.77 ≤ 0.001 2.369 0.943-5.948 1.836 0.066 0.089 0.103

TT + TC vs CC Random 85.91 ≤ 0.001 2.071 0.914-4.694 1.744 0.081 0.089 0.121

TT vs TC + CC Fixed 12.35 0.331 0.997 0.678-1.467 - 0.015 0.988 0.089 0.024

NA: not applicable; *by excluding HWE violating studies. 

Publication bias
The Begg’s and Egger’s linear regression tests were applied to 
test the potential publication bias for association of IL-10-
1082G>A, -819C>T and -592C>A polymorphisms with risk 

of pediatric asthma in the global population. Table II lists the 
publication bias assessment method with its respective P-value 
for three IL-10 polymorphisms. The shapes of the funnel plots 
did not show any evidence of publication bias in the global pop-
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Figure 3 - Forest plot for association of IL-10-819C>T and -592C>A polymorphism with risk of pediatric asthma in the global popula-
tion. (A) -819C>T (homozygote model: TT vs CC); and (B) -592C>A (dominant model: AA + AC vs CC).

ulation for IL-10-1082G>A polymorphism. However, there was 
evidence of publication bias under the recessive model (AC vs 
CC: PBeggs = 0.089; PEggers = 0.024) for IL-10-819C>T and under 
the heterozygote model (AC vs CC: PBeggs = 0.031; PEggers = 0.044) 
for IL-10-592C>A polymorphisms. Thus, we applied the Duval 
and Tweedie nonparametric ‘‘trim and fill’’ method to adjust 
the pooled risk for association of IL-10-819C>T and -592C>A 
polymorphisms and pediatric asthma under the recessive model 
and heterozygote model, respectively (figure 4). However, the 
“trim and fill” method did not significantly change results, indi-
cating that our pooled data were statistically robust and reliable.

Discussion

The results of the current meta-analysis may improve our un-
derstanding of the role of IL-10-1082G>A, -819C>T and 
-592C>A polymorphisms  in susceptibility to pediatric asthma. 
Our pooled data revealed that three -1082G>A, -819C>T and 
-592C>A polymorphisms at promoter region of IL-10 gene were 
not significantly associated with risk of pediatric asthma in the 
global population. However, the stratified analyses by ethnicity 
and country of origin found a significant association between IL-
10-1082G>A polymorphism and an increased risk of pediatric 
asthma in Asians and Chinese children.
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Table III - Summary risk estimates for association of IL-10-592C>A polymorphisms with risk of pediatric asthma.

Subgroup Genetic Model Type of Model Heterogeneity Odds Ratio Publication Bias

I2 (%) PH OR 95% CI Ztest POR PBeggs PEggers

Overall A vs C Random 73.45 ≤ 0.001 1.117 0.882-1.414 0.917 0.359 0.283 0.255

AA vs CC Fixed 40.32 0.089 0.963 0.735-1.261 - 0.277 0.782 0.283 0.192

AC vs CC Random 71.69 ≤ 0.001 1.155 0.819-1.629 0.823 0.410 0.031 0.044

AA + AC vs CC Random 74.02 ≤ 0.001 1.164 0.827-1.638 0.869 0.385 0.031 0.051

AA vs AC + CC Fixed 30.01 0.169 0.955 0.678-1.346 - 0.263 0.793 0.591 0.823

Ethnicity 

Asians A vs C Random 76.44 ≤ 0.001 1.109 0.841-1.462 0.733 0.464 0.536 0.490

AA vs CC Fixed 43.50 0.088 0.966 0.721-1.294 - 0.235 0.814 0.536 0.445

AC vs CC Random 77.24 ≤ 0.001 1.246 0.799-1.942 0.971 0.332 0.063 0.090

AA + AC vs CC Random 78.34 ≤ 0.001 1.216 0.788-1.876 0.885 0.376 0.035 0.120

AA vs AC + CC Random 78.34 ≤ 0.001 1.216 0.788-1.876 0.885 0.376 0.035 0.120

Caucasians A vs C Random 75.37 0.044 1.230 0.574-2.636 0.532 0.595 NA NA

AA vs CC Random 62.79 0.101 0.945 0.466-1.919 - 0.156 0.876 NA NA

AC vs CC Fixed 0.00 0.348 0.938 0.669-1.314 - 0.374 0.709 NA NA

AA + AC vs CC Random 56.16 0.131 0.964 0.698-1.331 - 0.224 0.823 NA NA

AA vs AC + CC Random 58.55 0.120 0.986 0.493-1.973 - 0.038 0.969 NA NA

Chinese A vs C Random 71.38 0.007 1.028 0.688-1.538 0.136 0.892 0.806 0.968

AA vs CC Random 62.62 0.030 1.191 0.502-2.824 0.396 0.692 0.462 0.663

AC vs CC Random 68.57 0.013 1.121 0.634-1.983 0.394 0.694 0.462 0.520

AA + AC vs CC Random 73.74 0.004 1.117 0.616-2.025 0.364 0.716 0.462 0.622

AA vs AC + CC Fixed 39.60 0.157 1.062 0.677-1.667 0.263 0.792 0.806 0.908

HWE*

A vs C Random 73.96 ≤ 0.001 1.078 0.842-1.380 0.595 0.552 0.251 0.358

AA vs CC Random 30.90 0.171 0.922 0.701-1.213 - 0.582 0.561 0.465 0.374

AC vs CC Random 70.78 0.001 1.076 0.757-1.528 0.409 0.683 0.047 0.079

AA + AC vs CC Random 72.76 ≤ 0.001 1.077 0.762-1.521 0.419 0.675 0.076 0.093

AA vs AC + CC Fixed 27.78 0.197 0.923 0.712-1.197 - 0.607 0.544 0.754 0.872
NA: not applicable; *by excluding HWE violating studies.

In 2016, Huang et al., in meta-analysis of 16 case-control stud-
ies including 2494 cases and 2160 controls evaluated the as-
sociation of IL-10 promoter polymorphisms with the risk of 
pediatric asthma. Their pooled data showed that IL-10 promot-
er polymorphisms were not significantly associated with a risk 
of pediatric asthma in any of the genetic models in the global 
population. Moreover, their stratified analyses based on ethnic-
ity revealed that IL -1082G>A polymorphism was associated 
with the risk of pediatric asthma in Asians under the dominant 
model (OR = 3.607, 95% CI = 1.141-11.407, P = 0.029) and 

non-Asian populations under the recessive model (OR = 2.429, 
95% CI = 1.620-3.642, P < 0.001) (26). However, our sub-
group analysis showed that IL -1082G>A polymorphism was 
not significantly associated with risk of pediatric asthma in 
non-Asian populations (table II). In 2014, Zheng et al., in a 
meta-analysis based on A total of 4,716 asthmatic patients and 
5,093 controls revealed that -1082G>A and -592C>A polymor-
phisms and their haplotypes at IL-10 gene were correlated with 
asthma risk in the overall population, but not -819C>T poly-
morphism. However, their subgroup analysis based on eleven 
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Figure 4 - The funnel plots of publication bias for association of the IL-10-819C>T polymorphism with risk of pediatric asthma in the 
global population under the homozygote model (AC vs CC), before (hollow circles) and after (solid circles) “Trim-and-Fill” method.

studies showed that IL-10-1082G>A and -592C>A polymor-
phisms were not associated with risk of asthma in children (27).
Between-study heterogeneity is to be expected in a meta-anal-
ysis, which may have affected result when interpreting of the 
pooled data (43-45). It is described that several factors such 
as study design, ethnicity, sample size, source of controls, ge-
notyping method, and HWE may be among the major  caus-
es of the heterogeneity (45, 46). In this meta-analysis, there was 
a significant heterogeneity under most genetic models for three 
-1082G>A, -819C>T and -592C>A polymorphisms at promot-
er region of IL-10 gene. When subgroup analyses by ethnicity 
and country of origin were performed the heterogeneity still ex-
isted with a slight reduction. Thus, ethnicity and country of or-
igin could not be considered as the source of the heterogeneity, 
suggesting the existence of other unknown factors influencing 
the heterogeneity among included studies.
Similar to other meta-analysis, there were several limitations in the 
current study. First, no restrictions were placed on the language. 
However, we have found only studies published in English or Chi-
nese language, which might introduce potential selection bias. Sec-
ond, the majority of the included studies in the current meta-anal-
ysis were conducted in Asian and Africans populations, which may 
introduce ethnicity bias, and further studies should conduct on 
Caucasian and mixed populations. Third, in view of the limited 

number of studies for IL-10-819C>T polymorphism, the power 
used to detect the association of this polymorphism with risk of 
pediatric asthma may not be strong enough. Thus, our pooled data 
revealed that IL-10-819C>T polymorphism might be associated 
with an increased risk of pediatric asthma in the global popula-
tion and by ethnicity. Fourth, there was significant between-study 
heterogeneity under most genetic models for IL-10-1082G>A, 
-819C>T and -592C>A polymorphisms in the global population, 
which could be owing to the fact that the analysis included few 
studies in the analysis or due to insufficient data that limited further 
subgroup analysis. Therefore, more relevant case-control studies are 
required to be performed and then included in the meta-analysis so 
as to get a more reliable and scientific data. Finally, this meta-analy-
sis exclusively concentrated on the association of IL-10-1082G>A, 
-819C>T and -592C>A polymorphisms with risk of pediatric asth-
ma without considering gene-gene or gene-environment interac-
tions. Hence, in order to comprehensively demonstrate the etiology 
of pediatric asthma, it is extremely required to study the combined 
interaction of the related genes.

Conclusions 

Our pooled data revealed that the IL-10-1082G>A, -819C>T 
and -592C>A polymorphisms were not significantly associated 
with risk of pediatric asthma in the global population. Howev-
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er, the stratified analyses by ethnicity and country of origin re-
vealed a significant association between IL-10-1082G>A poly-
morphism and risk of pediatric asthma in Asians and Chinese 
children. Due to limitations mentioned above in the meta-anal-
ysis, it is critical that larger and well-designed studies in different 
ethnicities are needed to confirm our data.
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Summary
Background. Long-term adherence to sublingual immunotherapy (SLIT) results very 
poor in real-life studies. Effective actions are needed. Key point of any policy aimed to 
overcoming non-cost related barriers to medication long-term adherence is to actively 
support patients’ needs and preferences starting from shared decisions making. Objec-
tive. To explore SLIT related viewpoints, needs and preferences of a homogeneous group 
of patients. To assess their priority order and to what extent each of them could affect 
SLIT adherence. To find a rational basis for a proactive action-plan to support pa-
tients’ needs and preferences and assess results on SLIT long-term adherence. Patients 
and methods. Preferences and viewpoint of patients in treatment-related decisions 
and their health-related needs have been explored by structured, direct interview of 65 
adult patient. The activities of the hospital outpatient clinic were rearranged to support 
needs and requests shared by all patients, and to allow tailored interventions integrating 
them into routine practice. Adherence to SLIT was studied on a different group of 129 
patients aged 14 to 42 years and defined as number of patients who completed three 
years of therapy. Results. SLIT was completed by 98 patients (76%). Main cause of 
discontinuation for 31 remaining patients have been pregnancy (16%), change of work 
residence (19%), side-effects (10%), perceived inefficacy (26%), and non-compliance 
(29%). Conclusions. To improve adherence, it is necessary to investigate patient-relat-
ed factors to find a common ground to take actions aimed to remove barriers to long-
term SLIT-adherence that virtually can work for all patients, but flexible enough to 
allow patient-tailored interventions. The substantial differences on disease’s perception 
between patients with only allergic rhinitis and those with asthma entail the necessity of 
differentiated approaches. Management strategy based on shared decision making fol-
lowed by proactive and ongoing interventions to support patients’ needs and preferences 
proves effective to ensure a good long-term adherence to SLIT in real-life. 

Impact statement

Long-term adherence to SLIT can be improved 
by management strategy based on shared decision 

making followed by proactive and ongoing 
patients-tailored interventions to support their 

needs and preferences.

Introduction 

Allergy immunotherapy (AIT) is a valuable treatment for aller-
gic respiratory diseases. Modulating the immune response, AIT 
can modify the natural progression of disease and lead to long 
lasting efficacy on symptoms reduction (1). However, patient’s 
adherence/compliance (terms often used as synonymous in liter-
ature) is a crucial point, as the regular administration of sched-
uled doses for a prolonged time (not inferior to three years) is 
mandatory to obtain appreciable outcomes.

The subcutaneous immunotherapy (SCIT) is the traditional 
method, directly managed by allergists. This should have war-
ranted a good patient’s adhesion to therapy. Nevertheless, some 
studies showed poor compliance in about fifty percent of cases, 
and even worse (84%) over 3-years course. Inconvenience was 
the main cause of withdrawal (2-4).
The sublingual immunotherapy (SLIT) is at home, self-admin-
istered therapy. An increasing number of clinical trials and me-
ta-analyses have proved its efficacy and showed a better safety pro-
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file than subcutaneous method (5). In European countries SLIT 
is becoming the preferred delivery method. The easy of intake and 
convenience should have ensured an adequate compliance.
Unlike the optimistic previsions of a better compliance for SLIT 
against SCIT, post-marketing surveys and real-life studies prove 
that long-term SLIT adherence is very poor (6). Likewise, a high 
withdrawal rate was observed in our hospital outpatient clinic.
Effective actions to improve adherence are needed. Studies and 
systematic reviews of non-cost-related barriers to medication 
long-term adherence (summarized/reviewed by Expert Panel of 
World Health Organization, RAND Corporation and on Med-
scape Website) have demonstrate that a key point of any policy 
aimed to strengthen adherence is to support patients’ needs and 
preferences (7-9).
However, each patient shows a unique cluster of reasons to adhere or 
not adhere. To find a common ground it is necessary to investigate 
patient-related factors by homogeneous groups, who are represen-
tative of the real, customary population of users. This information 
is necessary to rearrange the procedures of the outpatient clinics for 
purpose to remove more substantial barriers to long-term SLIT-ad-
herence by action-plans that could generally work for all patients, 
but flexible enough to allow patient-tailored interventions.
In the present study we explored needs, preferences and expe-
riences related to SLIT and allergy disease by homogeneous 
groups of our patients, assessing their relevancies and priority 
order; then, conceived on patients’ needs and preferences, we 
illustrate our proactive management-plan of the therapeutic 
program and its results on SLIT long-term adherence.

Patients and methods

This is an observational real-life study, aimed to describe our 
management strategy of allergy immunotherapy, its rationale, 
and its outcomes on SLIT compliance. The study in based on 
the actual, customary patients’ population, on data file and 
routine procedures as established by the care-pathways of the 
hospital outpatient clinic (Internal Medicine and Allergy De-
partment, Asola Hospital, Azienda Ospedaliera “C. Poma”, 
Mantova, Italy).

Patients’ need and preferences
Preferences and feedbacks of patients in treatment-related deci-
sions and their peculiar health related needs have been explored 
through direct interviews of 65 patients aged 18 to 48 years, 
mean age 31 ± 9 years, 43 (66%) males. To consider if new 
needs were arisen over time, 34 out of them (52%) had been on 
SLIT for one or more years. Forty-eight (75%) were sensitized 
to pollens, 30 (46%) to mites and 4 (6%) to moulds (Alternaria 
spp). Fifteen (23%) were undergoing two vaccines (tablets for 
grass; drops and single allergen, for others; pre-co-seasonal for 
pollens; perennial regimen for mites and Alternaria).

Forty-six (71%) suffered from allergic rhinitis and 19 (29%) of 
them had secondary symptoms of asthma (≤ step 3). Eleven pa-
tients (17%) felt asthma as the main clinical manifestation. For-
ty-three patients (62%) were occupied, 6 (9 %) unemployed, 6 
(9%) were housewives and 10 (15%) were students. All patients 
referred to our Allergy Unit and lived in Lombardy Region.
The interviews, hosted with colloquial style, were based on a 
series of written queries aimed to investigate three interacting 
domains: 1) social-economic factors, 2) patient-related factor 
and 3) health system and health-care team related factors.
The questionnaire was not directly administered to the patient 
but used by interviewer as guidance to explore needs and view-
points of each of them and establish together value and priority 
order. The relevance of each issue on the patients’ perception has 
been assessed by a visual analogical scale graded from zero to ten.

SLIT support planning 
Based on interviews’ results, the routine activities of outpatients 
clinic were rearranged to support needs and preference which all 
patients had in common, but flexible enough to allow person-
alized interventions.
Main areas of interventions were:
1.	 reengineering of the outpatient hospital clinic organization 

to support patients’ needs and preference (including: practi-
cal arrangement to avoid waste of time and bureaucratic hin-
drances or delays and to ensure adequate and ongoing assis-
tance starting from direct reception to counselling activities);

2.	 training of team professionals to build partnership and assist 
patients; 

3.	 enhancement of patients’ literacy on allergy disease (includ-
ing: nature of allergy diseases, their course, co-morbidities 
and complications; concept of chronic inflammation and its 
implications);

4.	 teaching allergy immunotherapy and training to SLIT 
self-management;

5.	 flexible patient-tailored work schedule (integration of per-
sonal needs into routine practise).

Shared decision-making process (10, 11) was undertaken indi-
vidually with each SLIT-eligible patient to explain fundamentals 
on allergy disease and vaccine immunotherapy, and to obtain 
the agreement on treatment plan and on program of monitoring 
and controlling of vaccine and drug therapy. Personal request 
and needs were examined to be integrated into routine practice.
The overall SLIT supporting plan is here explained by a concise 
conceptual framework (figure 1). All patients were recalled before 
starting immunotherapy for educational group session aimed to re-
assume information given individually, recall and reinforce training 
on SLIT self-management, explain again all practical ways for direct 
access to the service and to receive continuative assistance also by 
telephonic counselling, ensure compliance with service’s regulation 
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and duties, and reinforce patients’ motivation and commitment. Any 
request for more information or explanations was discussed in group.

Adherence assessment
Adherence was investigated in 129 patients: aged 14 to 42 years, 
mean age 27 ± 12 years, 91 (70%) males. Thirty-nine patients 
(30%) received two sublingual vaccines (tablets for grass; drops 
and single allergen, for others). One hundred-sixty-eight SLITs 
have been considered, out of them 96 pre-co-seasonal treat-
ments of 7 months duration per year.
The regular intake of the vaccine was directly controlled by the 
personnel of the allergy service.
In Lombardy Region vaccines are purchased by hospital pharmacy 
and given out free of charge. After an educational group session, 

Figure 1 - Action plan conceptual framework: steps and recap of 
key-points.

Action Plan Framework

Improve Health Literacy

Build partnership

Allergy team
Train professionals. Explore patients' needs by homogeneous groups and integrate them into routine care activities. 
Built partnership. Take responsibility and supervise actively the diagnostic and therapeutic process.

Allergy Disease

Understand patient's knowledge and concerns about 
the disease and its impact on quality of life. Explain 
the concepts of systemic, chronic in�ammation; united 
airways; course, complications and comorbidities of 
disease.

Sublingual allergy immunotherapy

Propose SLIT as therapy for the allergy disease. Stress evidence of e�cacy, but envisage bene�ts are not instant. 
Emphasize e�ect on disease progression, SLIT safety and advantages of at home regimen. Inform clearly on treatment 
plan. Include no SLIT treatment option.

Drug therapy

Assess disease control, compliance and concern on 
drugs side-e�ects. Explain rationale for medications 
regular intake. Reassure on safety of drugs and regular 
daily intake. Provide written instruction on treatment 
steps and disease control.

Team policy

Understand viewpoint, needs and preferences of the patients. Recognize that each patient has his/her own cluster of 
reason for complying. Expose clearly strategy of disease management and team’s clinical tasks.

Share decisions and build con�dence

Clearly inform on costs. Explain work organization to minimize patient’s waste of time and bureaucratic delay. Ensure 
adequate assistance and telephonic counseling. Make sure of a �rm agreement on patient-tailored work schedule 
and obtain the written informed consent.

Train on SLIT self-management

Starting SLIT provide an educational session for groups. Resume and stress key information on SLIT. Explain 
possibility/necessity of drugs mixed regimen. Reassure on safety and on usual mild adverse reactions. Educate in 
prevention of uncommon adverse reactions. Provide written instruction for therapy as needed and instruct clearly what 
to do in case of adverse events.

Monitor and strengthen con�dence

Show great professionalism but maintain friendly relations with patients. Highlight self-interest on regular controls 
and examinations. Check SLIT (and drug therapy) adherence. Encourage on SLIT prosecution for the time required, 
even if bene�ts are not perceived. Support patients, not blame. Remember and con�rm scheduled check-up.

patients were invited to take the vaccine starting dose and to stay 
in the office waiting room for at least 30 minutes. If no signifi-
cant side effects were observed, the first pack of sublingual vaccine 
would be filed by date and delivered to each patient by the health-
care staff. Patients were recommended to continue daily therapy at 
home and to make an appointment not later than one week before 
finishing the box to receive further doses of the vaccine. At this 
point, one or some packs were provided according to the next ap-
pointment, as foreseen by individual periodical control programs. 
In this way it was possible to check directly, from time to time, the 
regular intake of the doses and overall adherence to SLIT.
As a purpose of the present study, the adherence to SLIT has 
been outlined with reference to those patients who complet-
ed three years of therapy (grass tablets and other pollens for 
pre-co-seasonal regimen; mites and Alternaria for perennial reg-
imen). Discontinuation reasons have been inquired by direct or 
telephone interview.
A written informed consent to SLIT and to the present study 
participation was obtained from all patients. The study, based on 
routine procedures, was not subject to formal approval of Ethical 
Committee (Circolare Ministeriale  N. 6, 02.09.2002; Decreto 
della Direzione Generale Sanità Regione Lombardia N.11960 
del 13.07.2004; Notification to secretariat: 01.30.2009).

Results

Patient-related factors driving adherence
All the patients who assent to vaccines immunotherapy believe 
that their disease was severe and/or doomed to a progressive 
worsening.
For patients with allergic rhinitis “progressive worsening” re-
ferred to high degree and persistence of symptoms. They were 
not aware of possible complications of the disease, like chronic 
sinusitis or asthma. Only patients with bronchial asthma and a 
part of those who experienced symptoms of secondary asthma 
had significant concerns for their health status and the risk of 
progression toward a chronic condition or disability and even 
the risk of life-threatening events.
All the patients who assent to vaccines immunotherapy ex-
perienced a negative impact on quality of life as well as a low 
control of symptoms in spite of the therapy as prescribed by 
general practitioner (usually as-needed therapy). Concerns for 
continuous use of inhaled steroids and hope of dose reduction 
or withdrawal were an important reason to start immunother-
apy for most of the patients with bronchial asthma. In patients 
with allergic rhinitis, concerns for the prolonged use of anti-
histamines or nasal steroids were not a strong motivation for 
vaccines immunotherapy.
Comprehensive information about SLIT, its rationale, objectives 
and expected benefits, were required as a prerequisite before the 
definitive consent. The same could be stated for the education to 
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the self-management and the prevention and control of possible 
adverse events. Concerns about the risk of SLIT adverse reaction 
or side-effect were not considered as a possible cause of non-ad-
herence to immunotherapy. However, all patients deemed pe-
riodic controls, ranged from one month to one year, as neces-
sary and advisable. Twenty-seven patients (39%) thought that 
a specialist check-up should be planned once a year. However, a 
medical check every two or three months was considered optimal 
by most of the patients starting SLIT (76%). Actually, regardless 
any planned check-up, all the patients assigned great relevance to 
the possibility to contact quickly (at least by phone) the medical 
staff and to have direct admittance to the allergy unit in cases of 
need, by-passing the hospital call-center or any waiting-list.
Most of the patients believed that allergy vaccines management 
was a matter of exclusive competence to the allergists (88%), 
as they supposed general practitioners couldn’t have adequate 
knowledge and skill in immunotherapy.

Adherence-related social-economic factors 
Vaccines for immunotherapy are expensive, and direct costs 
could be a real obstacle to the acceptance and continuation of 
therapy. In Lombardy immunotherapy is charged by Regional 
Health Service, but most of the patients (82%) believe that free 
regimen could only moderately improve adherence, with the 
sole exception of some jobless or in economic trouble patients. 
Similarly, private payments (when foreseen as contribution to 
health expenditure for periodical check-up and examination re-
quired by providers) would not have affected adherence to SLIT. 
The occupational status and consequently the necessity to ob-
tain work permits were not considered as a major determent to 
immunotherapy adherence.
The distance from the allergy clinic was not deemed as a prob-
lem for patients live in the neighborhood, whereas patients liv-
ing far off considered the distance from the allergy office as an 
important issue to accomplish required medical controls.
The great majority of patients (80%) stressed the necessity to avoid 
undue waste of time (e.g., for bureaucratic requirements, long wait 
for medical control and examination and so on). Long waiting 
time was perceived by the patients in full working business as a 
significant interference with the daily occupation and activities.

Health system and health-care team factors driving adher-
ence
In this context the dialogue was mainly addressed to realize 
what actions should been taken to satisfy patients’ expectations, 
to figure out the most suitable program of management and 
control of SLIT and allergy disease, in order to meet patients’ 
agreement and make shared decisions.
All the patients agreed that a well-planned and shared program 
of medical controls and examinations was the only way to mon-
itor efficaciously the course of the allergic disease, to grade drug 

therapy, and to verify SLIT outcomes. Once again, strong em-
phasis was placed by most of the patients on the need to avoid 
unnecessary waste of time and substantial hindrance on their 
own work and/or others daily tasks.
As reported above, comprehensive information about SLIT and ex-
pected benefits, education to the self-management, knowledge, pre-
vention and control of possible adverse reaction or side-effect were 
felt by all the patients as a primary necessity and a prerequisite for 
the acceptance of SLIT and its long-lasting therapeutic program.
The value and the priority order of the main patient needs and 
preferences have been shown on the annexed chart (figure 2). 
No significant differences on needs appraisal have been observed 
between patients starting SLIT or patients on therapy for a time.

SLIT long-term adherence
A whole cycle of SLIT was completed by 98 patients (76%). 
Thirty-one patients (24%) discontinued the vaccine therapy. 
Out of them, 5 because of pregnancy (16%), 2 children because 
of not well-defined family problems (6%), 6 due to a change of 
work residence (19%), 3 as a consequence of the persistence of 
local reactions (10%), 8 for perceived inefficacy (26%), and 7 
for admitted non-compliance (23%).
Excluding substantial causes to withdraw the therapy, non-com-
pliance to SLIT could be estimated of about 13% per cent of 

Figure 2 - Patients' assessment by visual analogical scale of the rel-
evance  of some factors influencing SLIT adherence. 
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the entire population. The adherence profile is therefore com-
parable to the one issued in double-blind placebo-controlled 
(DBPC) trials (6).
No difference in SLIT discontinuation has been found between 
pre-co-seasonal (all pollens, 11 pts) and perennial (other aller-
gens, 9 pts) treatments. Immunotherapy with two vaccines (9 pts) 
compared to only one vaccine (22 pts) didn’t result as a cause of 
withdrawal.
Based on the delivery time of each vaccine confection, occasion-
al omissions of daily dose did not affect significantly the regular 
intake of SLIT by the patients who completed the planned cycle 
of immunotherapy. 
Yearly cumulative rate of discontinuation has been 6, 22, 24 
percent for the first, second and third year respectively.
Before the reorganization of our care pathways, discontinuation 
rate was an average of 25 percent in the first year, but it jumped 
to 56% in the second year and to 68% in the third year (a little 
lower if compared to other real-life studies) (6).

Discussion 

Non-adherence/non-compliance to allergen immunotherapy, as 
well as any long-term therapy, is a complex phenomenon. A con-
sistent number of studies and systematic reviews (summarized/
reviewed by Expert Panel of World Health Organization, RAND 
Corporation and on Medscape Website) have been identified an-
alyzing a wide range of variables consistently related to long-term 
compliance/adherence (7-9). It is nowadays clear that in each 
action-plane to improve adherence it is essential to include pa-
tients’ perspective and to consider their need and preferences.
In the present study, needs and preferences on SLIT have been 
investigated by a homogeneous group of patients starting SLIT 
or on therapy for some years. Most of the results of our study are 
self-explanatory or easily-understood, but some of them deserve 
a short discussion.
Large body of data prove that perception of disease severity 
threat and awareness of disease severity are both strong determi-
nants to patients’ compliance (12, 13). The patients who agreed 
with vaccines immunotherapy believed that their disease was 
severe and/or doomed to a progressive worsening. However, 
only patients with bronchial asthma had substantial concerns 
about the progression and worsening of disease and in general 
were afraid of significant risks for their own health. For patients 
with allergic rhino-conjunctivitis, severity mainly referred to 
symptoms (intensity, persistence, worsening over time and /or 
poor control by therapy) and impact on life quality, rather than 
to disease itself. All in all, they were not worried for their own 
health, neither aware of possible complications of the disease, 
like chronic sinusitis or asthma. This view/perception of the dis-
ease can affect adherence and induce untimely SLIT discontin-
uation (13). When symptoms disappear, patients feel better and 

think that also the disease has disappeared. Hence, they are not 
prone to a long-term, non-symptomatic therapy.
Concerns for medication possible side-effect or adverse reactions 
and abstract worries about the long-term consequences of inhaled 
corticosteroids are well known causes of intentional non-adherence 
in asthma treatment (14). These concerns seem to be a substantial 
motivation for patients with allergy asthma to undertake vaccine 
immunotherapy, which is perceived as a kind of steroid-sparing 
therapy. That might be a strength of information provided to pa-
tients in order to improve SLIT adherence. On the contrary, in-
haled corticosteroids seem not to be a source of concern for patients 
with allergic rhinitis. This dichotomy would deserve to be studied.
Lack of comprehensive information about therapy (rationale, 
objectives, expected benefits, possible adverse-events) and inade-
quate education to self-management is another well studied cause 
of unintentional non-adherence (7-9). However, the sole provi-
sion of good information is a weak intervention, as a number of 
patients do not recall what caregivers have advised, and a lot of 
them justify non-compliance by claiming they did not receive 
enough information. Moreover, SLIT is not a relief medication, 
but a long-term therapy, and its effects may not be immediately 
perceived by patients. Support and assistance interventions are 
needed to reinforce patients’ motivation. It has been proved that 
frequent and regular monitoring visits, and a firm involvement 
of patients on therapeutic program enhance SLIT adherence (6).
All patients stated to have confidence in safety of SLIT. Never-
theless, they all deemed periodic controls as necessary and ad-
visable, and insisted on the possibility of a quick consultation, if 
only by phone, in case adverse events. It is worth attention that 
patients starting SLIT preferred closer controls. We can deduce 
that these patients need to strengthen their own confidence in 
allergy immunotherapy and in medical team, and should be 
supported in their own motivations to confirm adherence.
Most patients deem that the monitoring and the management of 
their allergy disease and of its specific therapy should not be del-
egated to the patient and his or her general practitioner. It may 
induce a feeling of abandonment to their disease; it may generate 
disappointment, doubts about the actual effectiveness and the 
benefits of SLIT and, in conclusion, it may erroneously suggest 
that SLIT might not to be necessary. All these are well known 
causes of non-compliance and therapy discontinuation (7-9).
In developed countries direct and indirect costs of therapies are 
not a significant cause of non-adherence, except for jobless or 
low-income patients (14, 15). This is an outcome also of the 
present study. Almost all patients agreed to accomplish with a 
shared plan of periodic check-up and examination (which will 
be proposed by providers), even if it entail additional direct and 
indirect costs. However high costs can increase the risk, as low 
incomes are positively related to poor adherence (14, 16).
On the contrary, particular emphasis has been placed on the need 
to save time. The allergic patient is usually a young man/woman in 
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full working business or a student. Students of primary or second-
ary school cannot live the school without parents. Undue wastes of 
time (long waiting for medical examinations, bureaucratic delays 
and problems, poor organization of medical services, trouble to 
make contact with allergy unit staff, and so on) can significantly 
interfere with their own job and/or daily tasks. As a matter of fact, 
retirees and patients who can profit of family members’ support 
show much better compliance than patients who are working (17).
As stated above, the thorough knowledge of need and requests 
of our patients was necessary for reengineer the procedures of 
the outpatient clinics by putting in place action-plans aimed to 
overcome the barriers that are most important to SLIT long-
term adherence and all patients have in common.
Shared decision-making (SDM) is a key point of supporting plan 
(10, 11). SDM defines a consultation process aimed to establish 
a therapeutic alliance between the physician and patient (SDM 
is a locution which has replaced the term concordance, formerly 
more used in literature. It can be considered a synonymous of 
concordance process) (18, 19). SDM is not a further variation of 
the concept of compliance/adherence. It refers to a work strategy 
to involve patients in the decision-making procedure and in the 
choices related to therapy and disease management. The physi-
cian and the patient become partners in the therapeutic program.
For an effective and successful cooperation, the physician and 
the patient shall establish a genuine relationship, their respec-
tive viewpoints and needs shall be able to be confronted, and 
decisions shall be shared. It is necessary to resort to a structured 
communication to explore the patient’s knowledge and percep-
tion of disease, his/her expectations and concerns and all mat-
ters which might affect his/her adherence. Health care provid-
ers shall feel responsible for providing exhaustive information, 
make sure that the patient has understood all the issues, and the 
prospective barriers to adherence have been clearly discussed in 
order to overcome them.
SDM is also synonymous with patient-centred care. Patient’s 
autonomy in decision-making must be respected, and prima-
cy of the patient’s decisions acknowledged. This is the corner-
stone of SDM. Any distortion or stretch to obtain an agreement 
should be carefully avoided. Most patients want to have clear 
information about the advice or necessity of long-term therapy 
and consequently discuss and make decisions in agreement with 
the physician. In most of this case it might be relatively easy to 
encourage and implement the partnership on decision-making 
process, but it is also easy to influence patients taking advantage 
of the doctor’s authority to address them actually to own choices 
and preferences. It is even more true for patients who complete-
ly rely on doctors’ decisions. This deceptive way to relate to the 
patients will entail in many cases the decline of adherence over 
time. This will happen even more with AIT because this treat-
ment does not replace already existing drug therapy.

However SMD (as pointed by the summary guide of England 
NHS) (20) is a present-oriented conversation to decide a course 
of action, whereas it is necessary draw-up a proactive and pa-
tient-centered intervention-planning to support adherence 
throughout the whole SLIT course.
It is quite obvious that the detailed knowledge of patient’s needs 
(but also preferences, expectations and viewpoints) and the fore-
seeable interactions with the duty of allergy service are the needed 
basis on which to build an operational partnership and to develop 
an effective action-plan aimed to improve adherence (figure 1).
Improving patient’s literacy on AIT and allergy disease is the 
first step of SDM. A meta-analysis of published studies demon-
strates the positive impact of health literacy on adherence and 
the efficacy of health literacy interventions (21). Health liter-
acy can be defined as the capacity to obtain, understand and 
use needed information on disease and therapeutic options to 
make proper decisions. For this purpose, patients’ education 
cannot be limited to the necessary, standard instruction regard-
ing SLIT. Efforts should be made to help patient to understand 
the concept of desensitization and the rationale, objectives and 
expected outcomes of SLIT. SLIT is not a relief medication, but 
a long-term therapy normally given in addition to drugs and 
other prescriptions and its results are not expected in a short 
time. For this reason, AIT should be proposed as the main ther-
apy of allergy disease, rather than of symptoms. If benefits are 
not well perceived patients may believe that allergy vaccines are 
ineffective and therefore unnecessary.
Patient’s perception of inefficacy or poor efficacy is reported in 
literature as one of the main causes of SLIT withdrawal (6, 22). 
Allergists should careful avoid that the patients get unrealistic 
expectations. During the consultation allergist should highlight 
scientific evidence on SLIT efficacy and safety, and leverage effect 
on disease progression without giving too much emphasis on the 
expected symptoms’ reduction. The notion that the results are 
not expected in a short time should be stressed and the prose-
cution of SLIT for at least one year encouraged even if benefits 
are not perceived by the patient. Communicate and let them un-
derstanding these points is especially important for patients with 
allergic rhinitis, who (unlike patients with asthma) are less prone 
to a long-term, non-symptomatic therapy. Allergists should strive 
to persuade the patients eligible for SLIT that allergic rhinitis is 
a chronic, not trivial disease and that allergy immunotherapy is 
a keystone of therapy and prevention of its complications (23).
A strong motivation of patient and a firm involvement of patients 
on therapeutic program is essential to ensure adherence to vac-
cine immunotherapy. Studies on long-term adherence to SLIT 
show that in double-blind, placebo-controlled studies there are 
no significant differences in withdrawal rates between active and 
placebo groups. These findings indicate that adherence, com-
pared to perception of poor efficacy of therapy (very likely among 
placebo-treated patients) or other causes, depends above all on 
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patients’ motivation, that is the decision to participate in the trial 
and fulfil their commitments with the researchers (6).
A strength of our strategy to improve adherence are the group 
sessions (figure 1). Patients are recalled before starting immu-
notherapy for educational group session aimed to reassume fun-
damentals previously given individually to each one, to promote 
interactive discussion and to reinforce motivation and commit-
ment. During these educational sessions allergists and nurses 
give practical illustrations on SLIT and train the patients and 
parents to self-management.
At the group sessions patients were again reassured about at 
home regimen safety. Usual adverse reactions were explained 
in detail and patients carefully instructed on prevention and 
self-medication, but also on what they should to do in case of 
more serious events or emergencies.
The safety profile of SLIT is very good and side-effects uncom-
mon. In our experience however, emphasizing safety beyond 
measure is something wrong. Perception of side-effects greatly 
differs in relation with their own literacy, psychology and ab-
stract representation of the symptoms and their possible conse-
quences (14). Patients’ concerns about adverse events perceived 
as potential harmful should be addressed via direct counselling 
and, were appropriate, by medical examination. In fact, as 
ranked by 66% of practicing allergists, tolerability proves to be 
the second or third cause by importance order of SLIT with-
drawal (22). SLIT should be compared to a well-tolerated drug 
therapy not always devoid of adverse events.
There are enough evidences in literature that regular monitoring 
visits can improve long-term SLIT adherence (6, 24-26). Periodical 
controls provide the opportunity for communication and interac-
tion with allergy team, and can be a way to strengthen patient’s mo-
tivation and his/her proactive involvement on therapeutic program.
The general plan of management and supervision of SLIT and 
allergy disease was discussed once again during the group ses-
sion. The utility of periodic medical-controls and examinations 
was stressed, emphasizing the mutual interest for both patients 
and physicians on regular and well-planned follow-up to en-
sure safety and optimal disease control grading drug therapy. 
Estimate costs of survey program were reminded to confirm 
agreement. Special requirement from patients were considered 
during the group session to show how they could be integrated 
into routine activities.
Waste of time proves to be one of the major concerns for the 
patients on SLIT. Even the distance from the allergy office seems 
to be a problem, as a change of work residence demonstrates to 
be a significant cause of SLIT withdrawal in the present study.
The organization of allergy unit to meet patients’ needs and avoid 
any undue waste of time was explained. Detailed instructions 
were given to prevent long wait for bureaucratic procedures and 
reservation lists, current problems with hospital call-center and 
trouble to make contact with allergy unit staff. The possibility 

of admittance during shift change or lunch break was provided 
for employees how had had difficulty in obtaining work permits. 
Ongoing assistance and counseling service by allergy unit team, 
also by phone, and the possibility of direct access to medical con-
trols and examinations, was assured. But at the same time the 
regulations of the National Health System and duties of resident 
health services were reminded in order to clearly define the rules 
to which both healthcare providers and patients have to conform.

Conclusions

There is no doubt that an accurate knowledge of patient-related 
factor is essential for the development of an effective action-plan 
to improve adherence.
Of course, patient-related factors are not the only determinants 
adherence. This is influenced by several other factors, which 
include social-economic issue, health care system, relationship 
with medical team, and the characteristics of the disease and 
related therapy. Each region or local context may have its own 
specific characteristics. Nevertheless, there is unquestionable 
evidence that most barriers to “at-home therapy long-term ad-
herence” are fundamentally the same for different settings and 
pathologies, at least in western countries with high socio-eco-
nomic development. As a matter of fact, our results are overall 
consistent with the remarks of most studies and systematic re-
views on barriers to medication long-term adherence.
In the present study a proactive management of SLIT starting from 
SDM process has been applied and tested in the daily clinical prac-
tice. SLIT adherence can only be successful if there is an effective 
cooperation between the patience and health-care provider. The 
study proves SLIT adherence is an “experiences” that should be 
supported throughout the whole duration by active, ongoing inter-
ventions able to meet patients’ needs, preferences and expectations.
The intervention strategies here explained are more easily ap-
plicable to hospital outpatients clinics, but we have to stress the 
concept that they may constitute a kind of guide-line applicable 
in greater or lesser extent to any setting where you can manage 
allergy immunotherapy.
Of course, SDM process and the other proactive interventions 
here described seem time-consuming. They might appear too 
burdensome in term of a lot of work to do, personal commit-
ment, reorganization of processes and working methodologies, 
and whatever else.
However, the fundamental principles of healthcare manage-
ment teach that to put users and their needs and expectations 
at the centre of the healthcare process, is the path to improve 
the service’s performances and effectiveness. Once the scenar-
io is well-defined, the patients’ priorities are well established, 
and the diagnostic and therapeutic care pathways conveniently 
organized, the timeliness in the problems solving and the ser-
vice’s flexibility (in term of ability to adapt quickly to changes 
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of needs and context) improve. Despite the issues, disruption, 
waste of time and human and material resources that a disap-
pointed and non-compliant patient can cause, the reorganiza-
tion of outpatient facilities, as here suggested, result in “money 
and time saving”.
Anyway, to assure good SLIT adherence appears to be a worldwide 
priority: for patients, allergists and allergy vaccines manufacturers. 
Adherence gets worse over time, and withdrawal rate appears real-
ly impressive at third year of therapy (6, 27-29). Non-adherence 
and untimely discontinuation jeopardize efficacy, discredit and 
cast doubts about the genuine useful of a therapy whose benefits 
are not instant and neither expected in the short-time. In spite of 
the progress on vaccine manufacturing and the scientific evidenc-
es of efficacy produced by clinical trials, doubts affect not only 
non-compliant patients, but also a consistent number of family 
physicians and non-allergy specialists. Understanding and over-
coming the many barriers that can hinder adherence is the only 
way to ensure the effectiveness and the expected results of SLIT.
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Summary
This study aimed to characterise how the follow-up of outpatients was done during 
the first months of COVID-19 pandemic by a multidisciplinary group of physi-
cians involved in an asthma mHealth project. A cross-sectional study based on 
a web survey was conducted. The survey was sent to 123 physicians working at 
secondary care centres of Portugal and Spain, that participate in the INSPIRERS 
project. A total of 65 physicians completed the survey (53% response rate). They 
had a mean of 18 (11) years of clinical practice and 14% were residents. More 
than half were allergists (58%), 22% pulmonologists and 20% paediatricians. 
Most were working in Portugal (89%) and in public hospitals (88%). All were 
conducting consultations: 71% presential (median [p25, p75] duration 30 [20, 
30] min), 91% telephonic (15 [10, 20] min) and 20% video consultations (20 
[10, 28] min). The median duration of presential consultations was significantly 
higher than pre-COVID-19 (20 [20, 30] min; p = 0.021). From the physicians 
conducting video consultations, 92% were allergists and only 54% considered that 
their institution provided adequate conditions. The physicians of the INSPIRERS 
group used telephonic consultations as the main alternative to presential ones and 
1/5 used video consultations. These results suggest the need to rethink clinical fol-
low-up services for outpatients in the near future increasing the use of telemedicine, 
especially video consultations.

Impact statement

Physicians used telephonic consultations as the main alternative to 
presential ones and 1/5 used video consultations. An increased use of 
telemedicine, especially video consultations, should be considered for 

clinical follow-up services.
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Introduction

The COVID-19 pandemic impacted dramatically on health 
care systems worldwide, with resources of the national health 
services mainly focused on the monitoring and management of 
patients with COVID-19 (1). Assessment and management of 
patients with chronic diseases have been extremely affected (2).
Typically, patients with chronic diseases are seen 1-3 months af-
ter an initial visit and/or starting treatment and then every 3-12 
months thereafter (3, 4). Due to COVID-19 restrictions and in 
the light of evidence that patients with chronic diseases could be 
more likely to experience severe complications due to COVID-19 
infection (5), face-to-face contacts were reduced. Chronic disease 
management has moved towards telephone triage and remote 
care wherever possible to minimise the risk of COVID-19 trans-
mission (6, 7). In mild cases, telephone screening might be ade-
quate, but video consultations, by allowing additional visual cues 
and examination, were more strongly suggested (8). However, it 
is currently unknown if these alternative strategies to presential 
care were used and their feasibility in clinical practice.
Studies from Canada and USA reported the experience of aller-
gy/immunology clinics during COVID-19 restrictions (9-11). 
Both telephone consultations (36.0-75.9%) and video consulta-
tions (17.0-56.4%) were used as alternatives to in-person visits 
(0.2-6.6%) (9-11). It is possible that the same pattern occurred 
in Portugal and Spain, nevertheless these data are not yet avail-
able. To our best knowledge only a study in a Portuguese private 
allergy centre has reported the use of video consultation (15%-
74%) in April and May (12).
Thus, this study aimed to characterize how the follow-up of out-
patients was done during the first months of COVID-19 pan-
demic by a multidisciplinary group of Portuguese and Spanish 
physicians involved in an asthma mHealth project.

Materials and methods

Study design
This is a cross-sectional quantitative study with a web-based sur-
vey applied to physicians participating in the INSPIRERS project 
(POCI-01-0145-FEDER-029130). The INSPIRERS is an asth-
ma mHealth project, whose main aims are the development and 
evaluation of a mHealth app to measure and improve medication 
adherence in adolescents and adults with persistent asthma (13).
This study followed the principles of the Declaration of Helsin-
ki and the General Data Protection Regulation. All participants 
gave their online informed consent at the beginning of the sur-
vey: when accessing the link participants were presented with 
an introduction with the study purposes, duration of the survey 
and guarantees of confidentiality. If they agreed with the study 
procedures, they were asked to click on a confirmation button 
to proceed to the survey. This study is reported according to the 

Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) guidelines (14).

Participants
All 123 physicians that were involved in the studies of the IN-
SPIRERS project (including allergists, pulmonologists, and 
paediatricians) were invited to participate. These physicians 
worked on 34 secondary care centres of Portugal and two of 
Spain. There were no other eligibility criteria.

Data collection
The web-survey, implemented in the Google™ Forms platform, 
was available between May 28th and June 11th, during the Por-
tuguese calamity period (15). The link to the survey was sent by 
e-mail. The survey included questions about physicians’ char-
acteristics (age, sex, medical specialty, years of clinical practice, 
setting), clinical practice before the pandemic and at the date 
of the survey completion (the type of consultations: presential, 
telephonic and video consultation, duration and mean number 
of patients seen per week).

Statistical analysis
Descriptive statistics were used to characterise the sample. The 
normal distribution of each variable was assessed by Kolmogor-
ov-Smirnov test and visual analysis of histograms. The duration 
of presential consultations before and after COVID-19 were 
compared with Wilcoxon tests. Duration of consultations as 
well as the mean number of patients seen per week were com-
pared across the 3 types of consultations using the Friedman 
test. Statistical analyses were performed using IBM SPSS Statis-
tics version 26.0 (IBM Corporation™, Armonk, NY, USA). The 
level of significance was set at 0.05.

Results

From the 123 invited, 65 physicians completed the survey (53% 
response rate). They had a mean (SD) age of 46 (13) years old 
and were mostly female (60%). They had between 2 and 40 
years of clinical practice (mean [SD] 18 [11]), with 14% being 
residents. More than half were allergists (58%), 22% pulmonol-
ogists and 20% paediatricians. Most physicians were working in 
Portugal (89%) and in public hospitals (88%). The participants’ 
characteristics are presented in table I.
All physicians were conducting consultations: 91% carried 
out telephonic consultations, 71% presential, and 20% video 
consultations (table II). The duration of presential consulta-
tions during COVID-19 was superior to the duration before 
COVID-19 (p = 0.021). During COVID-19, the three types 
of consultations were not found to be significantly different in 
terms of duration (p = 0.607) nor in the number of patients 
observed per week (p = 0.311). Physicians’ characteristics such 
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as age, sex and years of clinical practice were not found to be 
different across the types of consultation.
Most physicians reported that both telephonic consultations 
and video consultations were performed always (51%) or pref-
erentially (32%) at the health institution, although could also 
occur at their home or other places (11%). From the 13 phy-
sicians conducting video consultations, 12 were allergists and 
only half (n = 7) considered that their institution provided the 
necessary means. Video consultations were performed mostly 
using specific platforms provided by the hospital (n = 6) and a 
cross-platform  messaging (WhatsApp n = 7). Other platforms 
were also used: Google™ Meet (n = 3), Skype® (n = 2), or  
Zoom® (n = 1).

Discussion

To our knowledge, this is the first study characterising the use of 
remote care to follow-up patients during the COVID-19 pan-
demic by a multidisciplinary group of Portuguese and Spanish 
physicians. We found that telephonic consultations were used 
across the three medical specialties as alternatives to in-person 
consultations and that video consultations were used by one-
fifth of physicians, mainly by allergists.
Telephonic consultations (91%) were frequent in the analysed 
period. In previous studies in Canada and USA, telephonic 
consultations were also the main alternative to in-person con-
sultations (36% and 75.9%) (9-11). Yet, in all three studies, the 
proportion of in-person consultations was much lower (0.2-

Table I - Participants’ characteristics (n = 65).

Characteristics

Female 39 (60%)

Age, mean (SD) 45.7 (12.5)

Resident 9 (14%)

Years of clinical practice, mean (SD) 18.2 (11.1)

Medical Specialty

Allergy 38 (58%)

Pulmonology 14 (22%)

Paediatrics 13 (20%)

Public setting 57 (88%)

Country and regiona

Portugal

North 21 (32%)

Centre 12 (19%)

Algarve 4 (6%)

Lisbon 16 (25%)

Islands (Madeira/Azores) 2 (3%)

Spain

Galicia 3 (5%)

Madrid 4 (6%)
Data presented as n (%), unless otherwise indicated; athree with missing data.

Table II - Characterization of consultations during COVID-19 pandemics, including stratification by medical specialty (n = 65).

Before COVID-19 During COVID-19

Presential 
Consultations

Presential 
consultations

Telephone 
consultations Video consultations

All, n (%) 65 (100%) 46 (71%) 59 (91%) 13 (20%)

Mean duration, in minutes 20 [20, 30] 30 [20, 30]* 15 [10, 20] 20 [10, 28]

Mean number of patients, per week - 16 [10, 26] 25 [14, 40] 5 [2, 15]

Allergy, n (%) 38 (100%)  24 (63%) 32 (84%) 12 (32%)

Mean duration, in minutes 20 [15, 30] 30 [20, 30] 15 [10, 20] 20 [11, 29]

Mean number of patients, per week - 20 [12, 39] 30 [20, 50] 5 [2, 17]

Pulmonology, n (%) 14 (100%)  11 (79%) 14 (100%) 1 (7%)

Mean duration, in minutes 20 [20, 30] 25 [20, 30] 15 [10, 20] 5

Mean number of patients, per week - 10 [5, 20] 20 [8, 30] 10

Paediatrics, n (%) 13 (100%) 11 (85%) 13 (100%) 0

Mean duration, in minutes 20 [20, 30] 30 [20, 30] 10 [10, 18] -

Mean number of patients, per week - 10 [9, 24] 20 [13, 28] -
Data presented as median [p25, p75], unless otherwise indicated; *p < 0.05 between consultations before COVID-19 and presential consultations during COVID-19.
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6.6%) than the one observed in our study (71%) (9-11). How-
ever, the previous studies were conducted immediately after the 
implementation of COVID-19-related restrictions (between 
March 16th and May 8th), while our study was conducted later 
(May 28th until June 11th), in a period when health services 
were slowly trying to restart usual services. Additionally, the 
epidemiology of COVID-19 was also different between the 
Canada and USA and Portugal/Spain, with Portugal having 
the lowest proportion of cases per 100 000 inhabitants (16).
The proportion of physicians using video consultations (20%) 
was lower than expected considering other studies, being at the 
lower range limit observed at allergy/immunology clinics in 
the period post-COVID-19 (17% to 74%) (9-12). Yet, if we 
considered results per medical specialty, allergists are closer to 
the expected range (32%), while pulmonologists and paedia-
tricians performed video consultations much less (7% and 0%, 
respectively). However, we need to interpret these proportions 
in the light of the very low use of video consultations before 
COVID-19. A previous study conducted in 2016 by the Amer-
ican Medical Association, showed the low use of telemedicine 
for patient interactions among allergists (6.1%), paediatricians 
(11.8%) and pulmonologists (other internal medicine subspe-
cialties 17.3%), which contrasted with radiology (40%), psy-
chiatry (28%) and cardiology (24%), among others (17). In a 
report of the Portuguese TeleHealth National Centre, analysing 
the use of video consultations between 2017 and 2019, only 
paediatrics were among the most engaged specialties, but mostly 
restricted to paediatric cardiologic (18). Despite the low per-
centages, we can speculate the frequency of video consultations 
increased during COVID-19 pandemic, as it has been seen 
across distinct health care systems (19), including the Portu-
guese National Health Service (12, 20). However, with the data 
collected at only one-time point, we are not able to assess how 
this proportion evolved. Nevertheless, the readiness of health 
institutions to implement video consultations is probably one 
of the factors contributing for the low use of this remote care 
strategy. Other technical issues such as bandwidth of hospital 
networks may have limited the adoption of this type of consul-
tation. Of note, only half of the physicians conducting video 
consultations considered that their institution provided them 
all the necessary means. The physicians’ experience with video 
consultations before COVID-19 might also have played a rel-
evant role.
This study has limitations that should be acknowledged. Its 
cross-sectional design does not allow us to make any inference 
on the evolution of the proportion of each type of consultation 
nor possible differences in terms of health outcomes. Replicat-
ing the current study in the future, for example during the sec-
ond wave of the COVID-19 epidemic, would allow to estimate 
the fluctuations in the different types of consultations and assess 

its effectiveness. Data were collected directly from physicians 
and did not identify the patient diagnosis (e.g., asthma, drug 
allergy, primary immunodeficiencies, etc.) or sociodemographic 
characteristics (age, education, digital literacy). Therefore, even 
though the selected physicians have an interest in asthma care, 
future studies should access if there are differences in the adop-
tion of consultation types for patients with asthma and patients 
with other diseases, and also if they depend on the patient-phy-
sician relationship established (1st vs follow-up consultation). 
Additionally, other physician and setting characteristics (e.g., 
medical specialty, conditions provided by the healthcare centre) 
should be explored in larger samples. This could be important 
to guide practical strategies of remote care. It would be also in-
teresting to explore the patient perspective regarding access to 
remote care, as well as patients’ and physicians’ experience and 
satisfaction. Only physicians collaborating with INSPIRERS 
project were invited to participate, with most working in Portu-
gal, and as these physicians are engaged with a mHealth research 
project, they may be more open to remote care in comparison 
with others. Thus, the results presented cannot be generalised 
to Portuguese physicians, and even less to Spanish physicians.

Conclusions

The physicians of the INSPIRERS group in the context of the 
COVID-19 pandemic used telephonic consultations as the 
main alternative to presential ones, although one-fifth also used 
video consultations. These results suggest the need to rethink 
clinical follow-up services for outpatients in the near future in-
creasing the use of telemedicine, especially video consultations.
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Summary
Background. Baseline total IgE levels have recently emerged as a prognostic factor 
for the clinical response to omalizumab in patients with severe chronic spontaneous 
urticaria (CSU). Objective. To investigate the main clinical features of patients 
with severe CSU from the standpoint of baseline total IgE. Methods. 153 patients 
(M/F 52/101; mean age 49.7 years) with severe CSU were studied. Based on IgE 
levels patients were divided into 5 subgroups and a ROC curve was built to define 
a threshold level for omalizumab response. Atopic status, thyroid autoimmunity, 
activation of the coagulation cascade, and response to omalizumab were studied 
as well. Results. The subgroups did not differ in terms of age and gender. Atopy 
prevailed in the subgroup showing elevated IgE. Thyroid autoimmunity and ele-
vated D-dimer levels were similarly distributed in the five subgroups. 94 patients 
showed a prompt response to omalizumab. The likelihood of a prompt response 
was higher in males (p < 0.01). In the subgroup showing the lowest IgE levels only 
10% responded promptly to the drug; these proportions were 60%, 65%, 81% 
and 83% in the remaining groups.  66% of those in group A did not respond at 
all to omalizumab. A threshold IgE level of 18 IU/ml was detected for omalizum-
ab response. Conclusions. Baseline total IgE show a high high prognostic value 
for omalizumab response with a threshold level of 18 IU/ml.  Males seem more 
responsive to omalizumab. Most patients show a mixed clinical picture where signs 
of atopic status co-exist with signs of an autoimmune disease. 

Impact statement

CSU patients showing total IgE levels of 18 IU/
ml or less are unlikely to respond to omalizumab. 
Most CSU patients show a mixed picture of atopic 

status and signs of autoimmune disease.

Introduction

Chronic spontaneous urticaria (CSU) affects about 1% of the gen-
eral population and its severity shows much variability. In severe 
cases, second-generation antihistamines are unable to control the 
disease and omalizumab or cyclosporine are needed as add-on ther-
apy (1). Recently, the relevance of elevated baseline total IgE levels as 
a prognostic factor for the clinical response to omalizumab emerged 
(2) supporting a possible IgE-mediated autoimmune pathogenesis 
(3). On the other hand, patients showing an IgG-mediated auto-
immune disease show low IgE and elevated thyroid autoantibodies 
(4). The present study investigated the main clinical features of pa-
tients with severe CSU from the standpoint of baseline total IgE.

Methods

153 consecutive patients (M/F 52/101; mean age 49.7 years; 
range 12-89 years) with severe CSU unresponsive to antihis-
tamines were included. The mean disease duration was 51.7 

months (range 2-720 months), and baseline UAS-7 level was 
> 28 in all cases. Baseline IgE were measured (normal if < 100 
IU/ml). In the attempt to detect an IgE cutoff level able to 
predict the lack of response to omalizumab, differently from 
Straesser et al. (2) who performed a quartile analysis, patients 
were arbitrarily divided into 5 subgroups of comparable size 3 
of whom showed normal IgE levels: A) 0-20 UI/ml (n = 29); 
B) 21-50 UI/ml (n = 30); C) 51-100 UI/ml (n = 20); D) 101-
200 UI/ml (n = 26); and E) > 200 IU/ml (n = 48). Further, a 
ROC curve was built in order to add more information on the 
predictive value of IgE and to define a threshold predicting the 
response to the treatment.
Other variables investigated at baseline included:
1.	 atopic status, detected by positive skin prick tests (SPT) with 

commercial airborne and/or food allergens (Lofarma, Milan);
2.	 thyroid autoimmunity; 
3.	 activation of the coagulation cascade (D-dimer plasma levels 

positive if > 500 ng/ml).
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Responses to omalizumab 300 mg/month were classified as:
•	 early/complete (UAS-7 level 0-7 < 1 month after the first 

administration);
•	 late/complete (UAS-7 level of 0-7 < 3 months after the first 

administration);
•	 partial (UAS-7 reduced by > 50% but still > 7 at month 3);
•	 absent (UAS-7 unchanged at month 3).

Following the current Italian legislation, patients unresponsive 
after 3 months had to stop the treatment, and were offered cy-
closporine treatment. The internal review board of the clinic 
approved this retrospective study.

Results

The clinical features of the five subgroups of patients are sum-
marized in table I. The five subgroups did not show signifi-
cant differences in age and gender distribution. Atopy ranged 
between 17% and 27% in subgroups A-D and peaked to > 50% 
in subgroup E. Thyroid autoimmunity was found in 14%-37% 
of the subgroups and did not show any significant association 
with total IgE levels. D-dimer plasma levels were elevated in > 
36% of patients in all subgroups and were not associated with 
any specific subset. 
Omalizumab response is summarized in figure 1. A total of 94 
patients showed an early/complete response to the drug whereas 
the remining 59 showed a slow response or did not respond 
at all. The proportion of early complete responders was signifi-
cantly higher among male patients that among female patients 
(40/52 (77%) vs 54/101 (53%); p < 0.01 chi square test with 
Yates’ correction). The response to the drug was early/complete 
in 10% in subgroup A patients, and increased to 60%, 65%, 
81% and 83% in groups B-E, respectively, whereas the treat-
ment failed in 66% of subgroup A, but only in 13%, 10%, 
4%, and 2% in subgroups B-E, respectively. Few patients in all 
subgroups showed a delayed or partial response to omalizumab 
(data not shown). Group A Patients showing an early/complete 
response to omalizumab showed an IgE level of 16, 16 and 18 
UI/ml, respectively. Among patients with elevated IgE levels 

(groups D and E) non-responders to omalizumab did not show 
any remarkable difference from responders in terms of age, sex, 
atopy, or thyroid disease.
The ROC curve is shown in figure 2. An AUC of 0.84 was 
detected showing a significance level < 0,0001. A threshold IgE 
level of 18 was found for omalizumab response (95% IC 9-67).
Ciclosporin treatment was eventually started 16/30 (53%) 
non-responders to omalizumab. The relative proportions in sub-
groups A-E were 65% (11/17), 40% (2/5), 50% (2/4), 100% 
(1/1), 0% (0/2), respectively.

Discussion

This study shows once more the high prognostic value of base-
line total IgE levels for omalizumab response although some pa-
tients with elevated total IgE (i.e., > 100 IU/ml) did not respond 
and about 10% of those with total IgE < 20 IU/ml did. Partial 
and late responders were few and uniformly distributed through 
the subgroups. Some patients classified as non-responders might 
have been late responders but in Italy it is not allowed pursuing 
omalizumab treatment beyond three months in the absence of 
a significant clinical response. In this study population the large 
majority of non-responders was found in subgroup showing IgE 
levels lower than 20 UI/ml; in fact, those included in this sub-
group showed a 66% probability to not respond to omalizum-
ab treatment. In the immediately subsequent subgroup (that of 
patients showing total IgE levels ranging between 21 and 50 
IU/ml) things were completely different and the percentage of 
a prompt response to omalizumab rose dramatically to 60%, 
increasing further in the following subgroups. The ROC curve 
identified an IgE threshold of 18 IU/ml. These observations ful-
ly confirm those by Straesser and coworkers (2) who, dividing 
patients into quartiles based on IgE levels, detected the (very 
similar) threshold of 15.2 IU/ml, and also those by Weller et 
al. (9) who approached the problem of total IgE levels (detect-
ed by different methods in a multicenter study) as percentages 
of the upper reference value, finding that most non-responders 
showed “low normal” IgE (i.e., 0%-10% of the normal range). 

Table I - Clinical features of CSU patients in the five subgroups based on total IgE levels.

Groups A B C D E

No. 29 30 20 26 48

M/F 6/23 7/23 5/15 13/13 21/27

Mean Age (range) 48.9 (12-77) 48.7 (19-72) 51.6 (25-70) 52.4 (16-76) 48.7 (14-89)

Atopy 5 (17%) 4 (13%) 4 (20%) 7 (27%) 25 (52%)

Thyroid disease 5/27 (19%) 10/28 (36%) 7/19 (37%) 5/24 (21%) 6/44 (14%)

Elevated D-dimer 14/27 (52%) 10/28 (36%) 6/16 (38%) 10/24 (42%) 20/39 (51%)
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Figure 1 - Response to omalizumab in patients divided based on total IgE levels.
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Figure 2 - ROC curve showing the predictive role of IgE and the 
threshold level for omalizumab response.
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Finally, Ertas et al. (10) also found that non-responders to omal-
izumab showed a mean baseline IgE level of about 18 IU/ml.
Another interesting point that confirms an observation by 
Straesser et al. is that male patients seem to show a greater like-
lihood to respond to omalizumab treatment (2). The reason 
for this is unclear, although one could speculate that in general 
most IgG-mediated autoimmune disorders show a higher prev-
alence of female patients.
Not surprisingly, atopy paralleled total IgE levels although more 
than10% of patients showing normal IgE levels were atopic. The 
well-known association between CSU and thyroid autoimmuni-
ty (5) was fully confirmed here. However, the similar prevalence 
of patients showing thyroid autoimmunity in the five subgroups 
suggests that in this population, as a difference from the study by 
Schoepke et al. (4), such phenomenon appears to be indepen-
dent on a specific underlying pathogenic mechanism. Elevated 
D-dimer plasma levels were frequently found and equally dis-
tributed in the 5 subgroups which is not surprising as the whole 
study group was made up of patients with severe CSU (6), but 
this also suggests that the activation of the coagulation cascade 
may occur irrespective of the pathogenic mechanism (7).
Altogether, importantly, this study shows that CSU patients 
show in most cases a mixed clinical picture where signs of atopic 
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status co-exist with signs of an autoimmune disease. In effect, 
in previous studies (4) only a small minority of CSU patients 
showed a clear-cut IgG-mediated autoimmune picture based 
on three distinct parameters suggesting that in most cases the 
pathogenesis probably is a mixed one (8).
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Summary
Background. Aeroallergen selection for skin prick testing and the interpretation of 
results need to be in line with allergenic sources of a specific geographic area. Objective. 
To identify aeroallergens for a skin test panel for the specific geographical area of Istan-
bul in a multidisciplinary approach based on aerobiological parameters, cross-reactivity 
patterns and clinical symptoms. Methods. Aerobiological parameters, cross reactivity 
patterns and the European Standard Skin Prick Test Panel determined allergen selec-
tion. Atopic adult patients (n = 60) compiled a questionnaire and were skin prick tested 
with 29 aeroallergens. Aerobiological sampling followed the requirements of the Euro-
pean Aerobiology Society. Results were statistically analyzed. Results. 65% of patients 
had positive skin reactions. Sensitization to at least one grass allergen was 30%. Key 
grass allergens were timothy grass (Phleum pratense L.) 25.8% and Johnson grass (Sor-
ghum halepense (L.) Pers.) 22.6%; correlations between grass-sensitizations were sig-
nificant at p < 0.01 and so was the correlation of Pooideae sensitization with symptoms 
and medication. Sensitization to at least one woody plant was 23%; to ash (Fraxinus 
excelsior L.) 8.1%; hazelnut (Corylus avellana L.), olive (Olea europaea L.) and mul-
berry (Morus alba L.) 6.5%; juniper (Juniperus ashei J. Buchholz) 4.8%. Correlations 
between Fagales allergen sensitizations were significant. Sensitization to at least one 
weed was 22%, sensitization to dock (Rumex crispus L.) 12.9%, ragweed (Ambro-
sia artemisiifolia L.), and mugwort (Artemisia vulgaris L.) 4.8%. Sensitization rates 
correlated significantly with the length of the Main Pollen Season. Conclusions. The 
European Standard Panel is suitable for the geographical area of Greater Istanbul, if it 
comprises Johnson grass and ash. Ragweed has become clinically relevant in this region. 
Mulberry and dock were exclusively associated to polysensitized individuals suggesting 
pan-allergen involvement. 

Impact statement

A multidisciplinary approach is essential for the 
selection of the relevant allergens in the diagnostic 

workup of allergic diseases.

Introduction 

It is known that the presence of aeroallergens often correlates 
with symptom development with a non-linear dose-response 
relationship (1) and symptom inducing pollen concentrations 
vary from place to place (2). Atmospheric pollen concentrations 

differ greatly in time and space because they are dependent on 
local vegetation and weather conditions (3). Moreover, biotic 
and abiotic particles from remote sources due to air mass move-
ments add to the health burden through atmospheric trans-
port (4, 5). Epidemiological studies investigate IgE mediated 
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sensitization patterns in atopic individuals to reveal allergens of 
clinical importance, since sensitized individuals often develop 
symptoms of allergic disease. The key here is to include all rel-
evant allergens. In terms of outdoor aeroallergens, skin prick 
testing paired with aerobiological monitoring can be a means to 
detect the right allergens for a specific geographic area. In this 
regard, a standard test panel of 18 aeroallergen extracts for Eu-
rope has been proposed (6), whereby local exposure determines 
its adequacy (7). The current standard to detect local exposure 
to allergenic pollen and fungal spores is aerobiological mon-
itoring using an automated volumetric Hirst type trap. Data 
exchange between trained aerobiologists and allergists needs to 
occur in regular time intervals to reflect environmental changes 
that directly affect the sources of allergens over time (8). Here-
by it is essential to adhere to defined parameters that allow for 
comparison of calculations related to pollen concentrations, the 
definition of seasons, and to follow accepted terminology (9). 
This is even more so important in the light of climate change 
(10) and a crucial aspect to consider in the design of clinical 
trials on inhalant allergy (8).
Clinical experience in Istanbul indicated the need for an out-
door allergen skin test panel designed in accordance with local 
allergen exposure and cross reactivity patterns between species 
(7). The use of locally relevant panels is pressing in the metrop-
olis Istanbul, since allergic rhinitis, food allergy, dermatitis, and 
asthma concern 3.3 million sufferers at an affected population 
rate of 21.2% (11).
In this prospective observational study, we aimed to identi-
fy suitable outdoor allergens for a skin test panel to use in the 
geographical area of Greater Istanbul in a multidisciplinary ap-
proach by means of: 
a) allergen exposure through standardized aerobiological obser-

vations;
b) correlation patterns in skin test results; 
c) patient symptoms.

Methods

Study area 
The study area included most of European Istanbul, defined 
by a 30 km range of the monitoring site at 41°05’24.6”N 
28°37’16.7”E in Büyükçekmece. The climate is between tem-
perate and Mediterranean corresponding to the Köppen Geiger 
csa-type. The average annual temperature is 14.1 °C; the aver-
age annual rainfall is 747 mm (Climate-Data.org, 2020), and 
the main wind direction north-easterly. The vegetation in the 
surroundings of Istanbul pertains of the Euxine floristic region 
with Mediterranean elements (12). The agricultural land use 
consists in the growth of annual crops. The landscape is undu-
lating not exceeding an elevation of 300 m above sea level. 

Regional pollen and fungal spore monitoring 
Regional pollen and fungal spore monitoring was performed with 
a volumetric Hirst-type pollen sampler at 10 m height on roof-
top.  We followed the minimum requirements of the European 
Aerobiology Society (EAS) (13). Data were sent to the Europe-
an Allergen Network (EAN). The Main Pollen Season (MPS) 
and Main Spore Season (MSS) were defined according the 95% 
method. Annual Pollen and Spore Integrals (APIn and ASIn) 
were expressed as pollen (p) × day/m3 and spore (s) × day/m3 (9).

Observational study
36 aeroallergens were selected according to: 1) the European 
Standard Panel (ESP) (6); 2) taking into consideration cross re-
activity patterns (14, 15); and 3) own additions based on atmo-
spheric pollen monitoring. Standardized extracts were used to 
obtain comparable results.
The study was approved by the ethic commission of Bakırköy 
Dr. Sadi Konuk Training and Research Hospital (approval 
number 2014/11/03). Upon their written informed consent on 
procedure and risks, 66 patients were admitted to testing. They 
were ≥ 18 years old, had symptoms of respiratory allergy, had 
lived in Istanbul for three years, were not immunocompromised 
and lived, worked or studied in the range of 30 km of the trap 
location (1). Patients were asked to stop anti-histamine medi-
cations more than five half-life prior testing.  All participants 
compiled a questionnaire on symptoms and symptom severity. 
SPT was performed on the back on normal skin (7). At the end of 
the test series, the negative control (0.9% NaCl solution), and the 
positive control (histamine solution 1/1,000) were applied. The 
superficial layer of the skin was punctured using a tip of a Mor-
row Brown lancet (1 mm blade length), at the maximum acute 
angle. Bleeding disqualified the test. If a rapid exacerbation of an 
allergic reaction was observed at the puncture site, the solution 
was removed instantly. A test was positive if the largest diameter 
of the wheal was 3 mm above the negative control. Results were 
reported in five categories: grade 0 (no reaction); 1+ (erythema ≤ 
15 mm, no oedema); 2+ (erythema > 15 mm, oedema < 3 mm); 
3+ (oedema 3-6 mm); 4+ (oedema > 6 mm) to obtain the degree 
of sensitization. Tests were performed by a physician in a clinic 
located within the range of 30 km of the trap location.

Statistics 
Statistics include descriptives (mean, SD) for quantitative and 
categorical data. We discerned skin test positive and negative 
groups as independent variables. For quantitative data we used 
a Mann Whitney U as hypothesis test. Non parametric correla-
tion analysis (Spearman’s rho) was used to identify relationships 
between airborne particle concentrations, symptom scores, 
medical scores and sensitization rates. We used a significance 
level of at least α = 0.05. All analysis was performed with IBM 
SPSS Statistics 2.0.
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Results

Clinical aspects
The mean age of participants was 31 years (SD 8) within a range 
of 18-52 years. 32 were female and 28 males. Respondents (n 
= 45) had suffered from allergy on average for 7.1 years (SD 
7.5) ranging from 1-32 years previous to the testing day. The 
distribution of total symptom scores was the same (p > 0.05) 
among positive and negative tested participants (Mann Whit-
ney U Test). However, there was a significant difference in the 
use of medication (p < 0.05) (figure 1).

Airborne pollen and fungal spore concentrations
To understand the relationship between prevalence of sensitization 
and aerobiological features, we report the following aerobiological 
parameters: season start and end date, the length of the Main Pol-
len and Main Spore Season (MPS and MSS), the Annual Pollen 
and Spore Integral (APIn and ASIn), the ratio of the APIn on the 
total APIn and the maximum daily concentration of relevant air-
borne particles monitored during 2015 (table I). Besides single 
allergens, the table also includes data on pollen types not tested 
as single allergens and groups of interrelated pollen allergens at a 
higher level of systematic hierarchy for better interpretation.

Prevalence of sensitization and symptom development
Out of 66 patients 60 were eligible for SPT evaluation. Six were 
removed since they had a histamine reaction below grade 3. None 
of the patients reacted to saline solution, the negative control, 
while 65% demonstrated a positive skin reaction. We found 15% 
of participants each sensitized to one or two allergens; 3.3 % were 

sensitized to 3 allergens; 13.3% to 4; 1.7% to 5; 8.3% to 6; 6.7% 
to 7 and 1.7% to 10 allergens each. Sensitization rates correlated 
significantly (p < 0.05) with the length of the MPS. Consult again 
table I for sensitization rates to outdoor allergens tested.

Grasses 
Grasses were the main sensitizers; 30% of participants were sen-
sitized to at least one grass allergen. We found significant correla-
tions (p < 0.01) between sensitizations to all grass allergens. Also, 
the correlation between the total grass allergen sensitization score 
and the total medical score (p < 0.01) and the total symptom 
score (p < 0.05) were significant. In detail, meadow grass (Poa 
pratensis L.), timothy grass (Phleum pratense L.) and sweet vernal 
grass (Anthoxanthum odoratum L.) correlated significantly with 
the total symptom score, while sensitization to Bermuda grass 
(Cynodon dactylon (L.) Pers) and Johnson grass (Sorghum halepense 
(L.) Pers.) did not. We found a significant correlation between 
the total medical score and sensitization to Pooideae (p < 0.01), as 
well as to Panicoideae (p < 0.05) allergens but not to Chloroideae. 
All grass allergens, except Bermuda grass, correlated significantly 
with total eye symptoms (p < 0.01) and total nose symptoms (p < 
0.05). Meadow grass displayed the strongest correlation with nose 
symptoms (p = 0.018). There was no correlation with the total 
lung symptom score. In grass sensitizations grade 4+ prevailed 
(figure 2). Note that meadow grass had the highest relative rate of 
grade 4 reactions with respect to the sensitization rate.

Woody plants
Woody plants sensitized 23% of participants. Ash (Fraxinus 
excelsior L.) was the main sensitizer in this group. We did not 

Figure 1 - Total symptom scores (left) and total medical scores (right) of SPT positive and negative participants.
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detect a significant correlation between olive (Olea europaea L.) 
and ash. Correlations between species within the order Fagales 
were all significant. None of tested tree species correlated with 
the total symptom score. When looking at sensitization to mul-
berry, we found significant correlations not only with genetical-
ly related hackberry (Celtis occidentalis L.), but also to unrelated 
poplar (Populus alba L.), oak (Quercus rubra L.), box elder (Acer 
negundo L.), and Johnson grass. 

Weed allergen
Weed allergen sensitization to at least one weed was 22%. Dock 
(Rumex crispus L.) was the most prominent sensitizer. The mean 
level of the wheal and flare reaction was 1.83. We detected a 
significant correlation with symptoms and problems related to 
the eyes (p < 0.01) and with sensitizations to grasses (at least p < 
0.05), Johnson grass excluded.  With respect to Asteroideae pol-
len allergens, none of the participants was polysensitized to rag-
weed (Ambrosia artemisiifolia L.), mugwort (Artemisia vulgaris 
L.) or cocklebur (Xanthium strumarium L.). Cocklebur sensiti-
zation, however, correlated significantly with other weed species 
(table II). Ragweed induced a grade 4, mugwort a level 3 and 
cocklebur a grade 2 reaction. None of the Asteraceae allergens 
was significantly correlated with the total symptom score and 
neither with the total medical score. Ragweed positive tested 
participants complained about eye and nose symptoms, though. 
Amaranth (Amaranthus retroflexus L.) was the main sensitizer 
among the Amaranthaceae family displaying grade 1 and 2 reac-
tions. Plantain (Plantago lanceolata L.) displayed a grade 1 reac-
tion, while we did not detect any sensitization to wall pellitory. 

Fungal sensitization
Sensitization to Alternaria alternata ((Fries) Keissler) did not 
correlate with the total symptom score, only the correlation 
with the total nose score was significant (p < 0.05).

Discussion

To issue a recommendation for a skin test panel to use in this 
geographic area, we reframed the ESP panel in a multidisci-
plinary approach according to locally relevant allergens, cross 
reactivity patterns and symptoms. The limitation of our work 
is the sample size. 

Grass pollen sensitization and allergy
It was taken care to include representative allergens from three 
grass subfamilies Pooideae, Panicoideae and Chloroideae – all found 
in the environs of Istanbul and its hinterland (16). Johnson and 
Bermuda grass can extend the grass pollen season into autumn 
(17). In relation to other pollen types, airborne grass pollen con-
centrations were comparably high. As grasses are strong sensitizers, 
the chance of developing hay fever is increased in atopic patients 
during their flowering. In fact, symptoms of rhino-conjunctivitis a to
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Figure 2 - Grass allergen sensitization (%) with respect to species subfamilies across sensitized subjects and the grade (4+ the strongest, 1+ 
the weakest) of the skin test reaction.

Phleum pratense Poa pratensis Sorghum halepense

CHLOROIDEAEPANICOIDEAEPOOIDEAE
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Table II - Correlations between weed sensitizations.

  Artemisia Salsola Ambrosia Chenopodium Plantago Xanthium Amaranthus Rumex Atriplex

Artemisia 1.000 - 0.030 - 0.053 - 0.030 .376** - 0.043 - 0.043 - 0.090 - 0.030

   

Chenopodium - 0.030 - 0.017 - 0.030 1.000 .689** .689** .689** .293* - 0.017

 

Plantago .376** - 0.024 - 0.043 .689** 1.000 .466** .466** 0.168 - 0.024

 

Xanthium - 0.043 - 0.024 - 0.043 .689** .466** 1.000 1.000** .450** - 0.024

 

Amaranthus - 0.043 - 0.024 - 0.043 .689** .466** 1.000** 1.000 .450** - 0.024

 

Rumex - 0.090 - 0.051 - 0.090 .293* 0.168 .450** .450** 1.000 .337**

 

 (n) 60 60 60 60 60 60 60 60 60

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
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were predominantly induced by grass allergens and participants 
sought relieve with medication. Timothy grass played hereby an 
important role in cross-sensitizations. Its major allergen’s Phl p 
1 genetic sequence displays 90% homology to allergens from 
other Pooideae-subfamily species (18), which explains the high 
prevalence of polysensitization among grass sensitized individu-
als. Johnson grass (Panicoideae) showed to be a weaker sensitizer 
than species from the Pooideae subfamily. Nevertheless, high sen-
sitization prevalence and monosensitization to this grass species 
indicate the need for inclusion in test panels and even more so 
in mixtures for immunotherapy. Bermuda grass seemed to play 
a minor role in our study sample. All in all, Pooideae subfamily 
allergens are the main culprits for grass pollen sensitization. In 
contrast to past (19, 20), and recent (21) studies concerning sen-
sitization rates in atopic patients in the Marmara Region, where 
Istanbul is located, we refrained from including cereal allergens 
in our panel in accordance with the ESP. Advancements in mo-
lecular allergology, in fact, have shown that including cereals in 
test panels along with wild species is redundant. Cereals are wild 
species derived and, hence, carry homologue allergens (22). Due 
to their polyploid nature, cereals may have increased allergen con-
tent and induce stronger reactions in sensitized patients. Most 
cereals produce lower pollen concentrations per anther, and larger 
pollen than anemophilous wild grass species due to self-pollina-
tion. They appear rarely in routine pollen monitoring, as they do 
not become airborne easily due to their weight and size. Further-
more, most cereals (with the exception of rye, Secale and maize, 
Zea) are self-pollinating and very little pollen is dispersed (23). In 
fact, cereal pollen mostly stays in the surroundings of the fields 
and is connected to occupational allergy, concerning mainly field 
workers who are in direct contact with this crop (24).

Woody plant pollen sensitization and allergy
The lead tree pollen allergen was ash, despite low airborne concen-
trations in 2015. Although common in Istanbul’s public space, 
we explain the low APIn at our location by annual fluctuations in 
pollen concentrations, possibly due to masting phenomena (25), 
which we can support with our own unpublished data. Moreover, 
ash was reportedly among the main pollen contributors in central 
Istanbul between 2005 and 2006 (26). According to our results, 
sensitization to olive tends to be less important than to genetically 
related ash. The climate in Istanbul is not strictly Mediterranean 
and there are no olive cultivars in the study area. Therefore, aller-
gen exposure needed for sensitization might simply be limited. 
For Mediterranean areas olive is considered an important allergen 
and recommended in the ESP (6).  In our sample, hazel was the 
lead Betulaceae allergen. Cross-reactivity between species of the 
Fagales order, and more prominently within Betulaceae members, 
is well known and linked to shared major allergens (Bet v 1) (14, 
15). This explains why we detected sensitization rates to hazel and 

birch despite comparably low concentrations in the air, while re-
lated hornbeam (Carpinus ssp.) concentrations were high.
Sensitization to mulberry was exclusively found in polysensi-
tized patients. Whether pan-allergen sensitization, possibly due 
to non-specific lipid transfer proteins such as Mor n 3, may play 
a role, needs to be further investigated (27). Although Cupres-
saceae exposure was high, juniper sensitization occurred only in 
weakly and multiply sensitized patients. Rhinoconjunctivitis 
has been associated with Cupressaceae (Cupressus sempervirens 
and Juniperus communis) sensitization, which we also observed 
in our study (28). Interestingly, we did not detect sensitization 
to Platanus orientalis, which we either link to the small sample 
size or to a reduced performance of the allergen extract used.

Weed pollen sensitization and allergy
Dock, the main weed sensitizer in our study, appeared only in 
polysensitized profiles. It remains obscure, whether sensitization to 
dock is genuine, or rather linked to a pan-allergen. Specific Rumex 
allergens were not found in the WHO/IUIS allergen nomenclature 
database (http://www.allergen.org/). We explain the correlation of 
dock with allergy symptoms with simultaneous sensitization to 
grass allergens of respective patients. Weed sensitization was always 
connected to multiple sensitizations, regardless of inter-family rela-
tionships. Amaranthus retroflexus best represented the Amarantha-
ceae allergens, which is plausible also in terms of pollen exposure.
Wall pellitory is an important allergen in Mediterranean cities 
(29, 30) and a substantial contributor of allergenic pollen in our 
study area. It grows extensively on old stone walls and represents 
the main species on Istanbul’s walls (31). However, we did not 
detect any sensitization to wall pellitory probably due to an un-
derrepresentation in the sample. Since sensitization of wall pelli-
tory was detected in Turkish Thrace (20), and allergen exposure 
is given in Istanbul, we deem this allergen relevant for the region. 
Ragweed was the strongest sensitizer among weeds bearing the 
potential to become more relevant in Istanbul, if not managed. 
Known stands in Istanbul happened to lay within the study 
area (32). Besides, there is evidence that ragweed pollen incurs 
through long distant transport from across the Black Sea, es-
pecially the Ukraine and the Crimean peninsula into the Mar-
maras (33). In Ankara, on the other hand, where ragweed pol-
len has been observed from the 1990s onwards with increasing 
concentrations over the years (34), the prevalence in susceptible 
children and adolescents has reached 16% (35). We did not 
detect polysensitization within Asteroideae allergens (14, 15). 
Cocklebur and plantain seem to be minor sensitizers.

Alternaria sensitization 
It was low in our study sample, yet there was some clinical indi-
cation with respect to nose symptoms. This spore type prevails 
in summer months when temperatures are high. 
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Conclusions

Our recommendation towards outdoor allergens to use in Greater 
Istanbul and possibly Turkish Thrace confirm the ESP with the 
following emphasis: a grass panel for SPT should include at least 
timothy grass and meadow grass from the Pooideae subfamily, as 
well as Johnson grass from the Panicoideae subfamily. Johnson 
grass is especially important, if symptoms of late summer and 
autumn grass pollinosis occur. If the practitioner envisions treat-
ment in form of allergy immunotherapy, the use of a wide range 
of grass allergens, possibly in mixtures including Johnson and 
Bermuda grass is advised. We recommend refraining from the use 
of cereal pollen extracts or mixtures of it when testing patients 
with a diagnosis of grass pollinosis. In terms of tree allergens, the 
addition of Fraxinus excelsior to the ESP is recommended. Instead 
of Cupressus sempervirens, a stronger Cupressaceae allergen such as 
Juniperus ashei might be used. We proved that the allergic popu-
lation of Istanbul has started to become sensitized to neophytic 
ragweed. If this trend continues, the prevalence of ragweed allergy 
in Istanbul is likely to increase. It needs to be further investigated 
if mulberry and dock testing could identify pan-allergen sensitiza-
tions. Fungal spore allergens may be used as in ESP. 
We, lastly, emphasize the importance of the collaboration with 
aerobiologists to facilitate an informed selection of potential 
outdoor allergens according to standardized parameters for 
testing and research purposes. Our findings not only facilitate 
successful diagnosis and treatment of hay fever in the specific 
geographical area of Istanbul but also ensure the inclusion of 
relevant outdoor allergens in future epidemiological studies.
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Summary
Objective. To describe the prevalence of allergic sensitization to Storage Dust Mites 
(SDM); access whether the place of living and occupational exposure were deter-
minants for SDM sensitization and study association between Lepidoglyphus de-
structor and other SDM sensitization. Methods. Prospective analysis of patients 
evaluated for suspected allergic rhinitis and/or asthma that performed Skin Prick 
Tests (SPT) to SDM between January and December 2018 in our Department. 
Results. Two hundred consecutive patients were evaluated for rhinitis and/or asth-
ma in our outpatient consultation; 123 (61.5%) presented positivity for at least one 
SDM; 68.3% were female and the mean age was 33.1 ± 12.12. Lepidoglyphus 
destructor (69.9%) was the most prevalent, followed by Tyrophagus putrescentiae 
(50.4%), Blomia tropicalis and Glycyphagus domesticus (48.8%) and Acarus siro 
(24.4%). Living in a rural place was not associated with a higher prevalence of sen-
sitization to SDM, except for Acarus siro (p = 0.032), and working in a place with 
storage areas was not associated with sensitization to any of SDM. Sensitization 
to Lepidoglyphus destructor was associated with sensitization to Blomia tropicalis, 
Glycyphagus domesticus and Tyrophagus putrescentiae (p < 0.005), but not with 
Acarus siro. Conclusions. Our study suggests that our population, independently of 
their occupational exposure and place of residency, are sensitized to SDM and that 
evaluation of sensitization to SDM should be considered as standard practice.

Impact statement

Sensitization to storage dust mites seems to be more 
relevant than previously thought and its evaluation 

should be considered as standard practice.

Introduction

Storage Dust Mites (SDM) are Acari that belong to the sub-
order Astigmata, and the dominant families are Glycyphagidae, 
Echimyopodidae and Acaridae. Common species of storage mites 
include Tyrophagus putrescentiae (Tyr p) and Acarus siro (Aca s) in 
the family Acaridae, Lepidoglyphus destructor (Lep d) and Glycy-

phagus domesticus (Gly d) in the family Glycyphagidae, and Blo-
mia Tropicalis (Blo t) in the family Echimyopodidae (1, 2).
Allergy and sensitization to House Dust Mites (HDM), such 
as Dermatophagoides pteronyssinus (Der p) and Dermatophagoides 
farinae (Der f), are well known and described in several studies 
as relevant allergens in allergic patients (2-4). SDM sensitization 
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has mainly been related to rural occupational exposure, consid-
ering they are common in grain and foodstuff storage (5, 6). 
Searching for specific allergens such as Blo t is recommended 
in tropical countries (7), however, recommendations regarding 
testing for other SDM are still lacking. Although the impor-
tance of sensitization to SDM in the setting of allergic disease 
is not completely understood, some studies report that storage 
mites may induce symptoms of asthma and rhinoconjunctivitis 
in sensitized individuals in both rural and urban settings (8).
In 2011 a Portuguese group analyzed 1349 samples of dust from 
Portuguese houses of all the country’s territory in order to study 
the prevalence of HDM and intensity of allergic exposure in 
Portuguese houses (9). Data from this study highly contributed 
to nowadays practice concerning skin testing for inhalant al-
lergies as patients are screened for pertinent allergens based on 
history and geographic location.
Concerning Porto region, Der p was the most predominant specie 
(95.3%), while Der f was present in a small percentage of sam-
ples (13.1%). Regarding SDM, Led p was also frequently isolated 
(46.1%) on the samples from this region. The higher prevalence 
of Lep d and also other SDM was hypothesized to be related with 
changes in home environment concerning temperature and hu-
midity (9).
However, patient’s allergen exposure is not limited to home and 
outdoor environment and the occupational exposure should also 
be taken into account. A study conducted along the Iberian region, 
that included 3225 patients (aged 10-50 years old) with allergic rhi-
nitis concluded that, in the North of Portugal, sensitization rates to 
dust mites were according to the follow: Der p 85%; Der f 80%, 
Lep d 72%, Aca s 55%, Gly d 58%, Tyr p 61% and Blo t 51% (10).
Considering different regions of Portugal, Der p (89.5%) and 
Der f (41.2%) were the most prevalent in the Lisbon region, Der 
p (78.2%) and Lep d (76.4%) in Portalegre (south interior), Der 
p (92.3%) and Lep d (65.4%) in Évora (south interior). Overall, 
in the south regions, the most prevalent mite was Der p fol-
lowed by Lep d. Lep d was also common in samples collected in 
Coimbra (40%) and Leiria cities (40.8%) (west central regions) 
(9). Blo t revealed one of the lowest occurrence frequencies in 
Portugal’s mainland (average frequency of 3.1%) but expressive 
rates in the Azores (77.5%) and Madeira (51.8%) (Portuguese 
islands) (9). Blo t has been described as the most important and 
ubiquitous mite species in tropical and subtropical regions of 
the world whose clinical importance has also been increasingly 
recognized over the years (11, 12).
The objective of the present study was to describe the pattern of 
sensitization to SDM in a group of patients with respiratory al-
lergies, and study the association between the sensitization pro-
file and place of living (rural or urban), workplace (with storage 
area or without storage area) and also the association between 
Lep d and other SDMs sensitizations.

Materials and methods

Population and study design
We performed a prospective analysis including 200 consecutive 
adult patients (≥ 18 years) living in Porto district, observed for 
suspected allergic rhinitis and/or asthma between January and 
December 2018 in our Allergy and Clinical Immunology Out-
patient Clinic at Centro Hospitalar Universitário do Porto.
There were included adult patients, sensitized at least to one 
SDM, with symptoms of rhinitis and or asthma. The exclusion 
criteria were: absence of SDM sensitization and history of pre-
vious immunotherapy.
Allergic diseases were assessed through standardized question-
naires, and the diagnosis of allergic rhinitis and asthma were in 
accordance to current guidelines, Allergic Rhinitis and its Im-
pact on Asthma (ARIA) (13) and Global Initiative for Asthma 
(GINA) (14).
We collected patients’ data regarding to age, gender, occupation 
and work-related exposure (with storage area or without storage 
area), residence (urban or rural), allergic disease diagnosis (rhi-
nitis and/or asthma, atopic dermatitis, conjunctivitis). Patient’s 
occupation was considered as “with storage area” in the follow 
professions/activities: farmworking, bakering and working in 
places with warehouses. Allergic sensitization was determined 
by SPT to 15 allergens included in the standard screening panel 
used in our clinic (Leti©): Der p, Der f, Lep d, Cat, Dog, Blatella 
germanica, mixture of cultivated grass pollen, Olea europea, Bet-
ula verrucosa, Alternaria alternata, Parietaria judaica, Plantago 
lanceolata, Cladosporium spp., Aspergillus fumigatus; 0.9% saline 
and 10 mg/mL histamine solution were used for negative and 
positive controls, respectively. We added the following SDM: 
Acarus siro, Blomia tropicalis, Tyrophagus putrescentiae and Gly-
cyphagus domesticus. SPTs were carried out by trained nurses 
following a standardized protocol, with readings after 15 min-
utes. Positivity was considered if the mean wheal size was 3 mm 
greater than the negative control (15).
The study was conducted according to ethical standards estab-
lished in the Declaration of Helsinki and was approved by the 
Ethics Committee of Centro Hospitalar Universitário do Porto. 
Informed consent was obtained from all participants before en-
rolment in the study.

Descriptive and statistical analysis
For descriptive analysis, categorical variables were presented as 
numbers and percentages and continuous variables using mean, 
standard deviation and minimum and maximum values. Sta-
tistical analysis was performed using SPSS software (SPSS Inc., 
Chicago, IL, USA, version 22.0).
Student’s t-test, Chi-square test and Fisher Exact test were used 
to investigate the level of association among variables at the sig-
nificance level of p < 0.05.
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Results

From a total of 200 patients evaluated for rhinitis and/or asthma 
in our outpatient consultation, 123 (61.5%) presented sensiti-
zation to at least one SDM (table I).
In the group of patients that presented sensitization to at least 
one SDM, there was a predominance of the female gender (84, 
68.3%) and mean age of the patients was 33.10 ± 12.12 (min-
imum 18, maximum 72). Regarding to place of residence, the 
majority of patients lived in urban areas (85, 69.1%) and work 
in places without storage areas (110, 89.4%). 
Those without SDM sensitization, 77 (38.5%), 52 (67.5%) 
were female and the mean age was 44.84 ± 14.01 (minimum 18, 
maximum 70). Considering the place of residence, the majority 
of patients lived in urban areas (45, 58.4%) and worked in plac-
es without storage areas (61, 79.2%). Rhinitis was diagnosed in 
64 patients (83.1%) and asthma in 30 (39%). Sensitization to 
Der p was present in 10 (13%) and to Der f in 9 (11.7%).
Concerning family and personal history of those with SDM 
sensitization, the majority of patients presented a positive family 
history of allergic disease (87, 70.7%) and rhinitis was the most 
common diagnosis among observed patients (119, 96.7%), fol-
lowed by asthma (57, 46.3%), conjunctivitis (31, 25.2%) and 
atopic dermatitis (12, 9.8%). The presence of rhinitis and asth-
ma was observed in 53 patients (43.1%). Regarding to sensiti-
zation patterns, Der p was the most prevalent mite found (97, 
78.9%) followed by Der f (93, 75.6%), Lep d (86, 69.9%), Tyr 
p (62, 50.4%), Blo t and Gly d (both in 60 patients, 48.8%) 
and Aca s (30, 24.4%). In comparison with patients with SDM 
sensitization, patients without SDM sensitization are older (p = 
0.007), show a higher frequency of occupational exposure, with 
no statistical significance (p = 0.326), less frequency of asthma 
(p = 0.091), with no statistical significance and also lower sensi-
tization rates to Der p (p = 0.000) and Der f (p = 0.000).
Considering the different age groups, we didn’t find an associ-
ation between sensitization to Lep d, Tyr p, Blo t, Gly d and for 
Aca s with any of the groups (p < 0.05).
Sensitization to Aca s was superior in patients from urban areas 
(p = 0.032). For the remaining SDM, the prevalence of sensiti-
zation was also higher in the rural areas but with no statistically 
significant differences (table II).
Considering sensitization profiles according to the workplace 
(table III), no statistically significant differences were found in 
sensitization rates to any of SDM when comparing to those who 
work in places without storage areas.
Finally, we studied if sensitization to Lep d was associated with 
positivity for other SDM (table IV) and that showed positive 
results for Blo t, Gly d and Tyr p, were an association with statis-
tical significance was found (p = 0.001), but the same was not 
applicable for Aca s (p = 0.166).

Table I - Demographic and clinical data of the patients with positive SPT 
to at least one SDM (n = 123) and without SDM sensitization (n = 77).

Variables With SDM 
sensitization

Without SDM 
sensitization

N 123 (61.5%) 77 (38.5%)

Age (mean; SD; min 
and max)

33.10 (SD 12.12; 
min 18, max 72)

44.84 (SD 14.01; 
min 18; max 70)

Age (intervals) [18-30] – 73
]30-65] – 119
]65 - 72] – 8

Gender (M/F) 39 (31.7%)/84 
(68.3%)

25 (32.5%)/52 
(67.5%)

Geography (Residence)

Urban 85 (69.1%) 45 (58.4%)

Rural 38 (30.9%) 32 (41.6%)

Occupational exposure

Storage 13 (10.6%) 16 (20.8%)

Non-storage 110 (89.4%) 61 (79.2%)

Family history of 
allergic diseases

87 (70.7%) 34 (44.2%)

Disease characteristics

Rhinitis 119 (96.7%) 64 (83.1%)

Asthma 57 (46.3%) 30 (39%)

Rhinitis and Asthma 53 (43.1%) 20 (25.9%)

Conjunctivitis 31 (25.2%) 15 (19.5%)

Atopic dermatitis 12 (9.8%) 2 (2.5%)

Sensitization (SPT)

Der p 97 (78.9%) 10 (13%)

Der f 93 (75.6%) 9 (11.7%)

Lep d 86 (69.9%) 0 (0%)

Tyr p 62 (50.4%) 0 (0%)

Blo t 60 (48.8%) 0 (0%)

Gly d 60 (48.8%) 0 (0%)

Aca s 30 (24.4%) 0 (0%)

Discussion

The panel of allergens used for testing patients with suspected 
respiratory allergic diseases depends on the allergen exposure of 
the area of residence and, according to Global Allergy and Asth-
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ma European Network, in relation to mites, it should include 
Der p and Der f (16-18). SPT is described as being highly specif-
ic and sensitive, 70-95% and 80-97%, respectively, to diagnose 
inhalant allergies (19).

Portuguese population is potentially exposed to a wide number 
of other mite species besides Der p and Der f (9, 10, 20), and 
the standard panel for SPT used in our consultation, which in-
cludes Der p, Der f and Lep d, may fail to recognize possible rel-
evant sensitizations, such as Tyr p, Gly d and Blo t, especially in 
those who present sensitization to Lep d. In our study, 61.5% of 
the patients screened were sensitized to at least one SDM, being 
Lep d (69.9%) the most common, followed by Tyr p (50.4%), 
Blo t and Gly d (both 48.8%), results which are similar to those 
found in other series in the north of Portugal (10, 20).

Table II - Sensitization profiles according to place of residency (ru-
ral vs urban).

Rural Urban P-value

Sensitization

Der p 29 (76.3%) 68 (80%) 0.644

Der f 29 (76.3%) 64 (75%) 0.903

Lep d 30 (78.9%) 56 (65.9%) 0.144

Tyr p 23 (60.5%) 39 (45.9%) 0.133

Gly d 21 (55.2%) 39 (45.9%) 0.336

Blo t 19 (50%) 41 (48.2%) 0.856

Aca s 14 (36.8%) 16 (18.8%) 0.032

Table III - Sensitization profiles according to workplace (with 
storage areas vs non-storage areas).

  Storage Non-storage P-value 

Sensitization      

Der p 11 (84.6%) 86 (78.2%) 0.734 

Der f 10 (76.9%) 83 (75.5%) 1.000 

Lep d 11 (84.6%) 75 (68.2%) 0.340 

Aca s 3 (23.1%) 27 (24.5%) 0.606 

Blo t 6 (46.2%) 54 (49.1%) 0.538 

Gly d 5 (38.5%) 55 (50%) 0.431 

Tyr p 7 (53.8%) 55 (50%) 0.793

Table IV - Association between Lep d sensitization and sensitiza-
tion to other SDM.

Lep d 
negative

Lep d 
positive

P-value

Sensitization

Blo t 9 (15%) 51 (85%) 0.001

Gly d 9 (15%) 51 (85%) 0.001 

Tyr p 9 (14.5%) 53 (85.5%) 0.001 

Aca s 6 (20%) 24 (80%) 0.166 

Although sensitization to SDM is commonly associated with liv-
ing in rural areas and working in places with storage areas (5, 6, 
21), in our study we didn’t find an association between living in 
rural areas and a higher sensitization rate for SDM, except for Aca 
s. Considering the workplace, we also did not find an association 
with working in places with storage areas and higher sensitization 
rates for SDM, comparing to those working in places without stor-
age areas for all SDM. These findings led us to question whether 
the concept of “storage dust mites” will be soon subject of review.
As the geographic and seasonal distributions of dust mites are de-
termined by their need for adequate humidity, while their distri-
bution within substrates is further determined by their avoidance 
of light (22); these results could be related to climate changings 
that occurred over the past years, which in turn can have de-
termined different conditions for SDM proliferation. Another 
possibility is the cross-reactivity between different mite species. 
These two assumptions could explain why the differences in 
workplace and residency place were not statistically significant.
Due to their taxonomic proximity, mites of the same family 
share several proteins with great homology. Thus, in the mites 
belonging to the Pyroglyphidae family, there is a very high 
cross-reactivity between Der p and Der f, and, although in a 
smaller proportion, there is also a relevant cross-reactivity be-
tween Dermatophagoides and Euroglyphus. In the mites belong-
ing to the Glycyphagidae family, there is a high cross-reactivity 
between Lepidoglyphus and Glycyphagus and moderate reactivity 
between these two mites and Blomia and Tyrophagus, the latter 
already belonging to the Acaridae family. In this family Acaridae 
there is also a moderate reactivity between the genera Acarus and 
Tyrophagus (2, 23).
Finally, we addressed whether being sensitized to Lep d showed 
or not association to sensitization to other SDM and we con-
clude that sensitization to Lep d is associated with sensitization 
to Blo t, Gly d and Tyr p (p < 0.005), but not with Aca s. These 
findings can also be related with the need for similar conditions 
for these mites to proliferate or due to molecular cross-reactivity.
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Limitations
The study design may limit the results with the inclusion of a 
small number of patients in only one center. Also, the evalua-
tion of cross-reactivity between different mite species was not 
performed in order to address whether those sensitization pro-
files are due to primary sensitizations or cross-reactivity.
More evidence is needed from larger samples in order to help in 
future decisions concerning screening for SDM.

Conclusions

Our study suggests that our population, independently of their 
occupational exposure and place of residency, are sensitized to 
SDM. To date, and except for Lep d, there is no robust evidence 
to support the clinical implications of SDM sensitization in pa-
tients living in Oporto district.
In the light of our findings, the screening of storage mites 
should be considered more routinely, especially in those with 
Lep d sensitization.
A better comprehension of sensitization profiles to SDM, the 
complement with serum IgEs assays and specific challenge tests, 
their relation with environmental exposures and their associ-
ation with allergic disease; are major determinants for under-
standing the importance of these mites in the course of the al-
lergic disease.
A continuous assessment of the prevalence of SDM in portu-
guese houses and studies addressing sensitization profiles are 
needed in order to identify possible relevant allergic sources.
These results alert us for the importance of creation wider SPT 
standard panels in our clinic, probably including more SDM 
and that SDM sensitization is probably underestimated in mite 
allergic patients.
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