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KEYWORDS Abstract

aeroallergens; Background: Pandemic period may affect aeroallergen sensitization.

allergic rhinitis; Objective: The study aimed to investigate changes in allergen sensitivities of skin prick test
children; (SPT) in patients with allergic rhinitis (AR) during pandemic and to evaluate relationship with
COVID-19 pandemic; disease severity.

skin prick test Methods: In all, 164 AR patients with or without asthma, aged 6-17 years, who have under-

gone SPTs prior to the pandemic and after October 1, 2021 (18th month of the pandemic),
were evaluated retrospectively. The wheal size of allergens in performed SPTs during and
prior to the pandemic were compared. Detected changes in allergen sensitivities via SPT
results were compared with changes in the disease severity parameters (AR severity, asthma
severity, and the number of asthma exacerbations per year), frequency of upper respiratory
tract infections and antibiotic use, laboratory parameters, demographic characteristics, and
visual analogue scores (VAS).

Results: House dust mites (HDMs), cat, pollen, Artemisia, and Cupressus sensitization increased
in AR patients during the Coronavirus disease 2019 (COVID-19) pandemic. HDM, mold, and pollen
wheal diameters increased in SPTs. Proportion of polysensitization increased during the pan-
demic, compared to pre-pandemic period (9.1% vs 3%; P < 0.001), and number of non-sensitized
patients decreased during the pandemic period compared to the pre-pandemic period (7.9% vs
22.6%; P < 0.001). An increase in HDM sensitivity in SPTs was correlated with VAS for nasal block-
age, and an increase in cat sensitivity was correlated with VAS for all nasal symptoms.
Conclusion: We believe that inhalant allergen sensitization might have been affected by the
lifestyle changes of patients during the pandemic. Hence, it is important to evaluate patients
for allergen sensitization, especially patients with moderate/severe AR, to revise disease con-
trol measurements.
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Introduction

Prevalence of allergic diseases has increased globally for the
last 30 years; and asthma and allergic rhinitis (AR) are the
most common allergic respiratory diseases.! Being exposed
to allergens is reported to cause development of allergen
sensitization in atopic children and exacerbation of existing
symptoms.2?3 Allergen sensitizations vary globally, depending
upon various geographical, climatic, and cultural factors.
According to different studies, the most common inhalant
allergens are house dust mites (HDMs) and grass pollen.>”

A new type of human coronavirus, severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), was identified
in Wuhan City, Hubei Province of China in December 2019,
and was named the coronavirus disease 2019 (COVID-19) by
the World Health Organization (WHO). In March 2020, WHO
declared COVID-19 as a pandemic.8"

In Turkey, the first COVID-19 patient was identified on
March 11, 2020, and precautions for the pandemic were ini-
tiated."”Within the scope of these precautions, face-to-face
education was suspended on March 13, 2020, and lockdown
period was introduced on April 3, 2020. Online learning
period continued until June 2021, and face-to-face educa-
tion restarted in September 2021 with various precautions
such as wearing mask and social distancing. During this
period, children stayed at home for a prolonged period and
increased exposure to indoor inhalant allergens.

Exposure and sensitization to indoor allergens is an
important risk factor for asthma and airway diseases."
Exposure of sensitized patient to allergens may increase
the symptoms of AR and asthma by triggering airway
inflammation and hyperreactivity. During the quarantine
period, decreased social interactions may be thought to
decrease the physical activity levels of children, decrease
exposure to airway viruses, and increase the number of
families having pets. All these lifestyle alterations during
this period may have caused some changes in allergen sen-
sitization of children with AR or asthma.

The aim of this study was to evaluate changes in aeroal-
lergen sensitization during the pandemic and to investigate
their association with severity of the disease in children
with AR in the Tekirdag province of Turkey.

Methods
Patient selection

In all, 164 AR patients with/without asthma who were fol-
lowed up in the pediatric allergy outpatient clinic and had
skin prick tests (SPT) prior to and during the pandemic
(after 1 October 2021) were included in the study. Patients
with severe asthma and patients that changed their living
environment during the pandemic were excluded from the
study. The study was conducted in the Faculty of Medicine
of Tekirdag Namik Kemal University, Turkey.

Ethical committee approval

informed con-
performed

written
study was

All parents
sent for the

provided their
study. The

according to the Declaration of Helsinki, and was
approved by the Tekirdag Namik Kemal University Ethical
Committee (2022.31.02.15).

Data collection

Demographic, clinical, and laboratory data of the
patients were collected retrospectively. Frequency of
upper respiratory tract infections (URI) and antibiotic
usage, severity of asthma, frequency of asthma exac-
erbations, severity of AR, and laboratory parameters
and SPT results prior to and during the pandemic were
recorded from patient files. Visual Analogue Scores (VAS)
were also recorded together with the SPT performed
during the pandemic.

Assessment of asthma and allergic rhinitis
symptoms

Severity of asthma was assessed in patients with asthma
according to Global Initiative for Asthma (GINA) guide-
lines.'>" VAS were used to assess disease control in patients
with AR."“ VAS was evaluated between “no symptom”
(score = 0) and “as bad as it could be” (score = 10) for each
AR symptom (nasal itching, sneezing, nasal blockage, nasal
discharge, and eye symptoms). AR was diagnosed based on
the Allergic Rhinitis and its Impact on Asthma (ARIA) guide-
lines, and AR severity was graded as mild and moderate/
severe.”

Skin prick test

Medicines that may affect SPT results were discontin-
ued at appropriate time prior to test. Positive control
(histamine, 10 mg/mL), negative control (0.9% sodium
chloride [NaCl]), and standardized commercial aller-
gen solutions were used in SPTs (ALK-Abello, Horsholm,
Denmark). Following allergens were applied to perform
SPTs: HDMs (Dermatophagoides farinae [D. farinae] and
Dermatophagoides pteronyssinus [D. pteronyssinus]); mold
(Alternaria alternata); 6 grass pollen mixture; weed pollen
mixture; 9 tree pollen mixture; animal epithelium (cat and
dog); cockroach (Blattella germanica); Cupressus; English
plantain; Artemisia vulgaris; and olive and latex allergen
extracts. A wheal diameter of >3 mm longer than the
negative control was considered as allergen sensitivity.'
Sensitization with five or more allergens was considered as
polysensitization."”

Study protocol

Allergen wheal diameters in SPTs of the patients performed
during the pandemic were compared to the results of tests
performed prior to the pandemic. Changes in allergen sen-
sitization of SPTs were compared to changes in disease
severity, demographical characteristics, laboratory results,
and VAS.
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Statistical analysis

Statistical analysis was performed using the IBM SPSS
Statistics V25. Descriptive statistics for continuous vari-
ables were expressed as mean, standard deviation,
median, and minimum and maximum values. Frequencies
and percentage values were presented for categorical vari-
ables. The assumption of normality was tested using the
Kolmogorov-Smirnov test or the Shapiro-Wilk test. The
Mann-Whitney U test was performed to compare differ-
ences between two independent groups when the depen-
dent variable was continuous but not normally distributed.
The Kruskal-Wallis test was used to determine whether
there were statistically significant differences and more
groups of independent variables on a continuous or ordinal
dependent variable. Spearman’s rank correlation has been
used as a scale for measuring the degree of association
between two variables. The Wilcoxon signed-rank test was
used to compare pre-pandemic and post-pandemic mea-
surements. Association between VAS and SPT results was
assessed using regression analysis, considering demograph-
ical characteristics of the patients. P < 0.05 was considered
as statistically significant.

Results

Mean age of the patients was 10.1 = 3.1(6-17) years, and
57.3% (n = 94) of the patients were boys. Mean disease
follow-up duration was 5.4 + 2.5 years, and 70% (n = 115) of
the patients had concomitant asthma. A family history of
atopy was discovered in 46.3% and passive smoking in 51.2%
of the patients. A 2.5-fold increase was determined in bird
ownership and 4-fold increase in cat ownership during the
pandemic (Table 1). The mean Asthma Control Test Score
of patients having concomitant asthma was 20.9 + 4.3
(9-25) during the pandemic.

Aeroallergen sensitization
Distribution of aeroallergen sensitization prior to the

pandemic according to SPT results was as follows: 52.4%
(n = 86) D. pteronyssinus, 49.4% (n = 81) D. farinae, 20.1%

(n = 33) 6 grass pollen, 11.6% (n = 19) Alternaria, 8.5% (n =
14) cat epithelium, 6.7% (n = 11) cockroach, 6% (n = 10)
dog epithelium, 4.3% (n = 7) 9 tree mix, 3.6% (n = 6) olive,
3% (n = 5) Cupressus, 1.2% (n = 2) weed mix, 1.2% (n = 2)
English plantain, and 0.6% (n = 1) Artemisia.

Distribution of aeroallergen sensitization in SPTs per-
formed during the pandemic were as follows: 60.4% (n =
99) D. pteronyssinus, 54.2% (n = 89) D. farinae, 28.6% (n =
47) 6 grass pollen, 17% (n = 28) Alternaria, 28% (n = 46) cat
epithelium, 8.5% (n = 14) Cupressus, 5.5% (n = 9) cockroach,
5.5% (n = 9) 9 tree mix, 5.5% (n = 9) Artemisia, 6.7% (n = 11)
olive, 5.5% (n = 9) weed mix, 3.6% (n = 2) English plantain,
and 3.6% (n = 6) dog epithelium. During the pandemic, a
significant increase was detected in the presence of sen-
sitivities to HDMs (P < 0.01), cat (P < 0.01), grass pollen
(P = 0.01), Artemisia (P < 0.01), and Cupressus (P = 0.01)
(Figure 1).

Most of the patients had sensitization to 2-4 aller-
gens prior to (52.4%) and during (59.1%) the pandemic. An
increase in polysensitized patients (from 3% to 9.1%) and
a decrease in non-sensitized patients (from 22.6% to 7.9%)
were observed (P < 0.01) (Figure 2).

While wheal diameters because of HDMs, Alternaria,
and 6 grass pollen increased significantly during the pan-
demic (P < 0.01), other allergens showed no difference (P >
0.05) (Figure 3).

During the pandemic, patients experienced fewer
URI (P < 0.01), used antibiotics less frequently (P < 0.01),
had higher total immunoglobulin E (IgE) levels (P < 0.01),
had more allergen sensitivity in SPTs (P < 0.01), and more
patients presented with an allergen sensitivity (P < 0.01),
compared to the period prior to the pandemic. Moderate/
severe AR was more frequent during the pandemic (55.5%),
compared to prior to the pandemic (38.4%; P < 0.01). While
patients having concomitant asthma (n = 115) experienced
fewer asthma exacerbations during the pandemic (2.2/
year), compared the prior to the pandemic (3.6/year);
asthma severity was the same as prior to the pandemic.
While there was no difference between eosinophil count
(P = 0.9) and percentage values (P = 0.84), specific immu-
noglobulin E (sIgE) for HDMs increased during the pandemic
(P < 0.01) (Table 2).

There was no relation between AR severity and distri-
bution of diagnoses (P = 0.73), gender (P = 0.45), family

Table 1 Clinical and demographical characteristics of patients.
Diagnosis 30% (n = 49) AR only; 70% (n = 115) allergic rhinitis (AR) and asthma
Gender 57.3% (n = 94) boys, 42.7% (n = 70) girls

AR follow-up duration (years)
Asthma follow-up duration (years)
Family history of atopy

Number of household members
Presence of passive smoking
Presence of cat in home

4+0.8(27)

5.1 +2.1 (3-13)
5.4 £ 2.5 (3-13)
46.3% (n = 76) present

51.2% (n = 84) present
Prior to the pandemic: 4.8% (n = 8)

During the pandemic: 18.9% (n = 31) present

Presence of dog in home
Presence of a pet bird at home

Prior to and during the pandemic: 3.7% (n = 6)
Prior to the pandemic: 10.3% (n = 17)

During the pandemic: 26.8% (n = 44)
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Figure 1 Distribution of aeroallergen sensitization in skin prick test prior to and during the pandemic.
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Figure 2 Distribution of allergen sensitivity prior to and during the pandemic.

history of atopy (P = 0.09), passive smoking (P = 0.53),
duration of having a pet (P = 0.4), and presence of a bird
as a pet at home (P = 0.35). Patients having a pet cat at
home (n = 31) had more severe AR (80.6%, n = 25 moderate/
severe; 19.4%, n = 6 mild) than patients who do not have a
cat (n = 133) (49.6%, n = 66 moderate/severe; 50.4%, n = 67
mild; P = 0.02) (data not shown).

A positive correlation was discovered between the
changes in D. farinea and D. pteronyssinus wheal sizes,
and total IgE and HDMs-sIgE levels (P < 0.001). Change in
Alternaria wheal size in SPT was negatively correlated with
the frequency of URI and positively correlated with total
IgE levels (eTable 1).

Distribution of VAS recorded during the pandemic
is shown in eFigure 1. The association between VAS and
allergen wheal sizes prior to and during the pandemic was
assessed. A positive correlation was discovered between

VAS for nasal discharge and increase in HDMs wheal size
in SPT (P < 0.01) (Table 3). Increase in cat wheal size was
shown as positively correlated to VAS for nasal blockage,
sneezing, and nasal itching (P < 0.05) (Table 3).

While mild and severe AR patients had no significant
differences in allergen wheal diameters prior to the pan-
demic; patients with moderate/severe AR had significantly
larger wheal diameters for HDMs than in patients with mild
AR during the pandemic.

No significant association was discovered between AR
severity and other allergens in SPT (Table 4).

No significant association was discovered between the
mean allergen wheal sizes and the severity of the disease
in patients with asthma prior to and during the pandemic
(P > 0.05; eTable 2).

Five different components of VAS (nasal itching, sneez-
ing, nasal blockage, nasal discharge, and eye symptoms)
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Figure 3 Comparison of allergen wheal diameters in skin prick tests prior to and during the pandemic.

Table 2 Comparison of clinical and laboratory parameters of patients prior to and during the pandemic.

Prior to the pandemic During the pandemic P
Number of URI (/year) 5.6 £ 2.4 (1-12) 3.3+2.9 (0-12) <0.01
Number of antibiotic use (/year) 4.6 £ 1.9 (1-12) 2.3 + 2.5 (0-10) <0.01
AR severity 61.6% (n = 101) mild 44.5% (n = 73) mild <0.01
38.4% (n = 63) moderate/severe 55.5% (n = 91) moderate/severe
Asthma severity 68.7% (n = 79) mild 57.4% (n = 66) mild 0.08
31.3% (n = 36) moderate 42.6% (n = 49) moderate
Number of asthma exacerbation/year 3.6 + 3.3 (0-10) 2.2 £+ 2.1 (0-15) <0.01
Presence of allergen sensitivity in skin 77.4% (n = 127) present 92.1% (n = 151) present <0.01
prick tests 22.6% (n = 37) absent 7.9% (n = 13) absent
Number of sensitized allergens 1.7 £ 1.5 (0-9) 2.3+1.5(09) <0.01
Total IgE (median) 143 (0-4914) 199 (0-2500) <0.01
Eosinophil count 332 + 210 (60-1090) 337 + 258 (30-730) 0.9
Eosinophil percentage (%) 4.2 +2 (0-10) 4.0 + 2.4 (0.6-13.4) 0.84
D. pteronyssinus IgE (median) 0.50 (0.1-100) 2.8 (0.1-221) <0.01
D. farinae IgE (median) 8 (3-21) 10 (3-222) <0.01

AR: allergic rhinitis; D. farinae: Dermatophagoides farinae; D. pteronyssinus: Dermatophagoides pteronyssinus;
IgE: immunoglobulin E; sIgE: specific immunoglobulin E; URI: upper respiratory tract infections.

and five different regression models were estimated along
with statistically significant demographic variables investi-
gated by the stepwise regression method.

Accordingly, the VAS of those who kept cats at home
were found to be significantly higher for all nasal compo-
nents than those who did not have cats, and only the visual
analogue nasal blockage scores were significantly higher in
those who kept birds at home, compared to those who did
not own birds.

When we evaluated the relationship between VAS and
changes in SPT results during the pandemic, a relationship

was discovered between HDM wheal diameters and VAS
for nasal blockage, and between cat wheal diameters and
VAS for all nasal symptoms at a significance level of 5%
(eTable 3).

Discussion
Compulsory lifestyle changes during the COVID-19 pandemic

might have altered the sensitivities of people against cer-
tain allergens. This study is important because it evaluates
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Table 3 Association between VAS and skin prick test results.
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Visual analogue score (nasal 1.000 — — — — — - — —
blockage)
Visual analogue score 0.586*** 1.000 — — — — — — — —
(sneezing)
Visual analogue score (nasal 0.617*** 0.735*** 1.000 — — — — — — —
discharge)
Visual analogue score (nasal 0.577*** 0.740*** 0.749*** 1.000 — — — - — —
itching)
Visual analogue score (eye 0.183** 0.276*** 0.259*** 0.278*** 1.000 — — — — —
symptoms)
D. farinea wheal diameter 0.206*** 0.072 0.068 0.083 —0.002 1.000 = = = =
in SPT
D. pteronyssinus wheal 0.253*** 0.155 0.129 0.116 0.095 0.688*** 1.000 = = =
diameter in SPT
Alternaria wheal diameter  0.062 0.093 0.093 0.058 0.021 -0.017 0.003 1.000 — —
in SPT
6 Grass pollen wheal 0.049 0.135 0.136 0.078 0.037 -0.067 0.116 0.153** 1.000 =

diameter in SPT
Cat wheal diameter in SPT  0.188** 0.174**  0.149 0.158** 0.023 0.087 0.240***  -0.047 0.194**  1.000

D. farinae: Dermatophagoides farinea; D. pteronyssinus: Dermatophagoides pteronyssinus; SPT: skin prick test; VAS: visual

analogue score.
Significant correlations at the significance levels of 1% (P < 0.01)™ and 5% (P < 0.05)

Table 4 Association between severity of allergic rhinits (AR) and allergen wheal size in skin prick tests prior to and during
the pandemic.

Prior to the pandemic During the pandemic
Allergic rhinits n Mean +SD t-test* Allergic rhinits n Mean+SD ttest*
D. farinea wheal diameter  Mild 101 3.891 +5.1 —1.000 Mild 73 443 +5.7 —2.388*
in SPT Moderate/severe 63 4.761 + 5.8 Moderate/severe 91 6.758 + 6.7
D. pteronyssinus wheal Mild 101 41351 —0.759 Mild 73 5.26+6.6 —2.290**
diameter in SPT Moderate/severe 63 4.761 £ 5.1 Moderate/severe 91 7.74 +7.1
Alternaria wheal diameter Mild 101 .63 +1.8 0.277 Mild 73 1.3+3.4 —0.591
in SPT Moderate/severe 63 .55+1.6 Moderate/severe 91 1.63+3.8
6 Grass pollen wheal Mild 101 1.24 £+31 —0.419 Mild 73 248 +4.7 —1.176
diameter in SPT Moderate/severe 63 1.46 = 3.3 Moderate/severe 91 3.51 £+ 6.2
Cat wheal diameter in SPT  Mild 101 0.65+2.3 —1.381 Mild 73 153+3.2 —1.442

Moderate/severe 101 0.65 +2.3 —1.381 Moderate/severe 73 1.53 +£3.2 —1.442

D. farinae: Dermatophagoides farinae; D. pteronyssinus: Dermatophagoides pteronyssinus; SD: standard deviation; SPT: skin
prick test.

“t-test was used to evaluate whether the mean skin prick test measurements changed according to disease severity prior to
and during the pandemic.

Significant correlations at the significance levels of 1% (P < 0.01)"" and 5% (P < 0.05).”
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changes in allergen sensitivities during the pandemic using
SPT and investigates the association of these changes with
the severity of allergic diseases and the effects of various
factors.

Atopic sensitization is a risk factor for development
of upper and lower respiratory symptoms.” Visitsunthorn
et al. reported an allergen sensitivity rate of 67% by SPT
in AR patients.” Patients in our study had an allergen
sensitivity rate of 77.4% prior to the pandemic, and the
rate increased to 92.1% during the pandemic. Most com-
mon allergens were HDMs, mold, grass pollen, and cat
epithelium.

The Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines report that asthma is present in approximately
15-38% of AR patients, with nasal symptoms being present
in 6-50% of asthma patients.” In our study, asthma was
highly frequent in patients with AR (70%). There was no dif-
ference in the aeroallergen sensitivities of patients accord-
ing to the presence or absence of asthma.

Factors such as passive smoking, industrialized city
lifestyle, gender, atopy history, increased total IgE, and
aeroallergen polysensitization have been reported to be
the risk factors for asthma and AR.% A study reported that
patients with AR were 31.1% monosensitized and 21.5%
polysensitized against allergens.?’ While polysensitization
rates were low in our patients, an increase in the propor-
tion of polysensitized patients (3-9.1%) and a decrease in
the proportion of non-sensitized patients (22.6-7.9%) during
the pandemic were remarkable.

Another study showed that passive smoking was associ-
ated with AR.22 No association between the disease sever-
ity and passive smoking was discovered in our study, URI
frequency, atopy history, gender, and total IgE.

Sensitization of children against indoor allergens during
pre-school and school periods was associated with expo-
sure to allergens.? It was believed that during the pan-
demic, implemented lifestyle changes around the world
and long periods spent indoors at home increased expo-
sure to indoor allergens, although their effects on allergic
children have not been known yet. Yucel et al. showed
that nasal symptoms were significantly worsened in HDM-
sensitized AR patients during the lockdown period of
March-May 2020, compared to March-April-May 2019.%*

In this study, it was found that HDMs were the most
commonly found allergens during the pandemic as they
were prior to the pandemic. Additionally, it was showed
that the rates of sensitization to HDMs increased during the
pandemic (52.4-60.4% for D. pteronyssinus and 49.4-54.2%
for D. farinae), and wheal sizes in SPT increased in the
patients already sensitized.

Allergen exposure and sensitization are reported to
have a strong dose-dependent relation, especially for
HDMs.? HDMs are strongly associated with the AR and
asthma pathogenesis, and the importance of assessing the
allergen slgE levels for HDMs has been reported in evaluat-
ing risk of allergic diseases.?®? In this study, sensitization
against HDMs increased, which was positively correlated to
total IgE and sIgE levels.

A strong evidence was determined that indoor aller-
gens played important roles in triggering allergy and
asthma symptoms.?® Our study demonstrated that increase
in wheal size in the SPT results of HDM sensitive patients

increased VAS for nasal blockage, thus revealing a relation-
ship between increase in allergen sensitization in SPT and
AR severity.

According to the results of regression analysis, this find-
ing suggested that increase in HDM wheal diameters in SPT
during the pandemic increased VAS for nasal blockage.

Baumann et al. reported that exposure to common
indoor aeroallergens was correlated to AR.? In this study,
while there was no relation between the allergen wheal
sizes and the severity of AR prior to the pandemic; mod-
erate/severe AR was more frequent in patients with larger
HDM wheal diameters during the pandemic. This result sug-
gests that an increase in allergen sensitivities affected the
frequency of moderate/severe AR. There was no difference
between the change in allergen sensitivities in SPT and the
severity of asthma or the frequency of asthma attacks in
patients.

Exposure to pets, such as cats and dogs, has been asso-
ciated to increase sensitivity to these animals and other
inhaled allergens. Pet-associated allergy through sensitiza-
tion gains importance where pets are present frequently.
However, it has been reported that being a cat ownership
in early childhood may be important in the prevention of
sensitization against the cats and in decreasing the prev-
alence of AR.2° Patients in our study frequently had birds
(26.8%) and cats (18.9%). It was shown that cat ownership
during the pandemic increased by four-fold, with increase
in the number of cat-sensitized patients. In addition,
increase in cat sensitivity in SPT increased VAS for all nasal
symptoms. This is believed to be caused by the fact that
children spent more time indoor with their cats because
of decreased social interaction during the pandemic.
In addition, presence of a pet cat at home was found to
increase VAS.

Fungus spores are also one of the important indoor
allergens. Weinmayr et al. reported that exposure to
humidity and fungi was associated with the development
and exacerbations of AR and asthma.*3? A study con-
ducted in Bangkok concerning changes in allergen sensi-
tivities after the flood reported that sensitivity decreased
to certain species of cockroaches, grass, and fungi, while
sensitivity increased in the case of Alternaria and dog."”
Alternaria spp. grow in humid areas. These are indoor fun-
gal allergens that reside in carpets, clothes, and on flat sur-
faces of residential buildings.” Tekirdag province of Turkey
has coasts on both the Marmara Sea and the Black Sea,
with a subhumid climate. In our study, an increase in the
wheal size of the patients sensitive to Alternaria during the
pandemic was thought to be caused by the geographical
characteristics of Tekirdag— with sea coasts—and indoor
characteristics of houses. Disease severity in our study
was not associated to Alternaria allergen sensitivity most
probably because of the limited number of patients with
Alternaria sensitivity.

Cockroach is an important indoor allergen that triggers
respiratory allergies. In a study conducted in the United
States, the cockroach allergens were detected in 71% of dust
samples taken from schools and daycare centers.* In the pres-
ent study, prevalence of cockroach sensitivity was not high
(6.7%) and even did not increase during the pandemic (5.5%).

Grass pollens are the most important allergen group
discovered in our country and many other countries. In a
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study, Artemisia vulgaris and Ambrosia artemisiifolia pollen
sensitivities were shown to be associated with the devel-
opment of AR.>*In the present study, an increase in grass
pollen sensitivity rate and wheal sizes was observed. These
might have been caused by the increased periods spent in
house gardens accessible because of the socioeconomic
and geographical characteristics of this region, or because
of allergic sensitization that could have increased in time
as a part of patient’s natural atopic process. However,
increase in pollen wheal sizes did not affect disease sever-
ity in our study.

Limitations

This study has certain limitations. First, this was a single-
center retrospective study. Even though it was believed
that exposure to indoor allergens increased with long peri-
ods of stay at home, unavailability of indoor allergen mea-
surements was the second limitation. Another limitation
was that even though the presence of a bird as a pet at
home was considered in the study, an SPT was not per-
formed for bird sensitization. Inability to perform a spi-
rometry in asthma patients was a limitation caused by the
pandemic conditions.

Conclusion

This study determined that during the COVID-19 pan-
demic, sensitivity rates increased for HDMs, cat, pol-
len, Artemisia, and Cupressus. Further, HDM, mold, and
pollen wheal sizes in SPT increased in patients with AR.
Regarding AR severity, it was demonstrated that VAS
for nasal blockage increased with increased HDM sensi-
tization, and VAS for all nasal symptoms increased with
increased cat sensitization.

We believe that changes in the lifestyles of patients
during the pandemic might have affected inhalant aller-
gen sensitization. Therefore, reevaluation of altered
allergen sensitizations, especially in the patients with mod-
erate/severe AR, to revise disease control measurements is
important.
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Supplementary

Table S1 Association between the skin prick test results and the clinical/laboratory parameters prior to and during the

pandemic.

D. farinea wheal
diameter in SPT

D. pteronyssinus wheal
diameter in SPT

Alternaria wheal
diameter in SPT

6 Grass pollen wheal
diameter in SPT

URI frequency

Antibiotic use frequency
Asthma exacerbation frequency
Total IgE

Eosinophil percentage (%)
Eosinophil cell count

D. pteronyssinuss IgE

D. farineas IgE

0.052
—0.011
0.020
0.206***
0.024
0.048
0.452**
0.607***

0.071
0.014
0.095

0.230***

—0.025
—0.016

0.573***
0.543***

—0.159**

—0.116

—0.003
0.168**
0.131
0.100
0.012
0.057

0.065
—0.012
0.037
0.073
—0.056
—0.103
0.122
0.042

D. farinae: Dermatophagoides farinae; D. pteronyssinus: Dermatophagoides pteronyssinus; IgE: immunoglobulin E; sIgE:

specific immunoglobulin E; SPT: skin prick test; URI: upper respiratory tract infection.

Difference between the measured values prior to and after the pandemic was calculated for every variable, and the
association between these differences was analyzed using Spearman’s rank correlation analysis. Significant correlations at the
significance levels of 1% (P < 0.01)*** and 5% (P < 0.05).**

Table S2  Association between asthma severity and skin prick test wheal sizes during the pandemic.

Allergen wheal

Prior to the pandemic

During the pandemic

diameters in SPT

Asthma n Mean + SD t-test*® Asthma n Mean =+ SD t-test*
severity severity

D. farinea Mild 79 3.55+49 —1.132 Mild 66 5.08 +5.9 —1.447
Moderate 36 475 +5.8 Moderate 49 6.8+6.7

D. pteronyssinus Mild 79 4.26 + 4.8 0.381 Mild 66 5.7 £ 6.3 —1.586
Moderate 36 3.89 £ 5.1 Moderate 49 79+79

Alternaria Mild 79 0.8 +2.1 1.202 Mild 66 1.38 + 3.4 —1.201
Moderate 36 0.42 +1.3 Moderate 49 2.29 £+ 4.6

6 Grass pllen Mild 79 1.07 + 3 —0.451 Mild 66 2.51+5 0.299
Moderate 36 1.36 + 3.4 Moderate 49 2.33+5

D. farinae: Dermatophagoides farinae; D. pteronyssinus: Dermatophagoides pteronyssinus;

SD: standard deviation; SPT: skin prick test.
*t-test was used to evaluate whether the mean skin prick test measurements changed according to disease severity prior to

and during the pandemic.
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Table S3 Regression analysis for association between skin prick test results and VAS.

Independent variables Model 1 Model 2 Model 3 Model 4 Model 5

Dependent variable: VAS (nasal blockage)

Constant 3.999*** 3.948*** 4.124*** 4.159*** 4.276***
Cat at home 1.149*** 0.999** 1.186*** 1.192%** -

D. farinea in SPT 0.105** = = =

D. pteronyssinusin SPT - 0.103*** -
Alternaria in SPT - - 0.026 -
6 Grass pollen in SPT - - - -0.007 -
Cat in SPT - - - - 0.115**

Dependent variable: VAS (sneezing)

Constant 4.305*** 4.246*** 4.287*** 4.285"** 4.461***
Cat at home 1.026** 0.942** 1.069** 0.883** -

D. farinea in SPT 0.032 - - -

D. pteronyssinus in SPT - 0.054 - -

Alternaria in SPT - - 0.067 -

6 Grass pollen in SPT - - - 0.056 -
Cat in SPT - - - - 0.105**

Dependent variable: VAS (nasal discharge)

Constant 4.489*** 4.245%** 4,245 4.299*** 4.664***
Cat at home 1.055** 0.942** 1.086** 0.916** -
Bird at home - 0.751** 0.854** 0.759**

D. farinea in SPT 0.040 -
D. pteronyssinus in SPT - 0.057 - -

Alternaria in SPT - - 0.086 -

6 Grass pollen in SPT - - - 0.045 -
Cat in SPT - - - - 0.103**

Dependent variable: VAS (nasal itching)

Constant 4.243*** 4.216*** 4.273*** 4.271%** 4.408***
Cat 1.004** 0.935** 1.033** 0.934** -

D. farinea in SPT 0.044 - - -

D. pteronyssinus in SPT - 0.047 - -

Alternaria in SPT - - 0.035 -

6 Grass pollen in SPT - - - 0.029 -
Cat in SPT - - - - 0.110**

Dependent variable: VAS (eye symptoms)

Constant 1.635*** 1.587*** 1.634%* 1.612*** 1.660***
D. farinea in SPT -0.004 - - - -

D. pteronyssinus in SPT - 0.024 -
Alternaria in SPT - - -0.003 -
6 Grass pollen in SPT - - - 0.007 -
Cat in SPT - - - - -0.018

D. farinae: Dermatophagoides farinae; D. pteronyssinus: Dermatophagoides pteronyssinus; SPT: skin prick test; VAS: visual
analogue score.
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Figure S1 VAS during the pandemic.



