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ABSTRACT

Background: Asthma is a chronic inflammatory disorder of the airways and one of the most
important non-communicable diseases worldwide. Analyzing crowdsourced data can help un-
derstand public interest and unmet needs as well as potential factors influencing search behavior.

Objective: The study aimed to investigate asthma-related web search data in Europe to identify
possible regional and seasonal variations and to assess public interest.

Methods: Google Ads Keyword Planner was used to measure search volume for search terms
related to asthma, allergic asthma, and bronchial asthma in 21 European countries between
January 2018 and December 2021. The top 10 keywords of each country were categorized
qualitatively. Search volume per 100 000 inhabitants was descriptively assessed in terms of
regional and seasonal trends. Spearman correlations between search volume and pollen con-
centration as well as coronavirus disease (COVID-19) cases were investigated.

Results: The median search volume per 100 000 inhabitants for asthma and allergic asthma was
highest in Northern and Western Europe, while the highest search volume for bronchial asthma
was observed in Western and Eastern regions. A seasonal trend was identified for all search terms
and in all regions. Correlations were found between search frequency and pollen load and search
behavior and COVID-19 cases. Overall, Europeans were most interested in the diseases in general,
their treatment options, and symptoms.

Conclusion: These results highlighted the need for reliable and region-specific information about
the disease and for public campaigns to improve asthma control. The study also emphasizes the
importance of using crowdsourced data for a more encompassing overview beyond conventional
healthcare data.

Keywords: Asthma, COVID-19, Infodemiology, Pollen, Web search

*Technical University of Munich, School of Medicine, Department of
Dermatology and Allergy, Munich, Germany

*Corresponding author. Technical University of Munich, School of Medicine,

Department of Dermatology and Allergy, Munich, Germany. E-mail:
alexander.zink@tum.de
Full list of author information is available at the end of the article

http://doi.org/10.1016/j.waojou.2023.100805

Received 15 February 2023; Received in revised from 6 July 2023; Accepted
21 July 2023

Online publication date xxx

1939-4551/© 2023 The Author(s). Published by Elsevier Inc. on behalf of
World Allergy Organization. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).


mailto:alexander.zink@tum.de
https://doi.org/10.1016/j.waojou.2023.100805
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.waojou.2023.100805&domain=pdf
https://doi.org/10.1016/j.waojou.2023.100805

2 Wecker et al. World Allergy Organization Journal (2023) 16:100805

http://doi.org/10.1016/j.waojou.2023.100805

INTRODUCTION

Asthma, also known as asthma bronchiale or
bronchial asthma, is a chronic inflammatory disor-
der of the airways that causes recurrent episodes
of wheezing, breathlessness, chest tightness, and
coughing with associated airflow obstruction.” The
etiology is not known, but genetics and risk factors

such as respiratory infections and airborne
environmental exposures play an important
role.??

The World Health Organization (WHO) declared
asthma as one of the major non-communicable
diseases worldwide, affecting both children and
adults. In 2019, an estimated 262 million people
around the world suffered from asthma, causing
455 000 deaths.* There are geographic variations
in asthma prevalence, with a higher number of
asthma patients observed in high-income coun-
tries.> Overall Europe, the prevalence of asthma
ranges from 5.1% to 8.2% in adults,®” although
large differences exist between European
countries, with 1.3% in Bosnia and 17.6% in the
United Kingdom (UK). The prevalence of asthma
and allergic asthma is increasing;® for example,
in  Sweden, a significant increase in the
prevalence of asthma was observed from 8.4% in
1996 to 10.9% in 2016.%2 Asthma can be well
controlled  with  guideline-based  therapy.?
Nevertheless, asthma is undertreated and poorly
controlled in Europe and is therefore an
important public health problem that urgently
needs further investigation.’®"?

In recent years, more people have searched for
health information online.”? Due to growing
internet use, analyzing web-based data on public
health issues, also known as infodemiology, is
increasingly relevant for understanding the interest
and needs of a population and can help predict
disease outbreaks and hospitalization rates.’®1®
Since Google has the highest market share in all
of Europe with more than 90%,'” its search
engine queries reflect the online interests of the
European population. Previous research has
examined online search queries for asthma,
mainly focusing on allergic rhinitis and pollen
season'®2% and using the relative number of
searches.’®?#"%2 Studies comparing the absolute
number of searches for different asthma search
terms in European countries to investigate

possible unmet needs in the
population are still lacking.

European

The most common asthma phenotype is allergic
asthma, which is asthma associated with sensitiza-
tion to inhalant allergens and often related to a
history of eczema and allergic rhinitis.*® Since
allergic asthma is triggered by aeroallergens,
especially birch and grass pollen, asthma attacks
and exacerbations occur seasonally depending
on the seasonal pollen counts.?*2?¢ These
seasonal patterns and associations have been
demonstrated in the literature for allergy-related
web searches,"®2° while no association with
asthma-related searches has been found in Euro-
pean countries.’®'? However, such studies are
pending for allergic asthma.

Some symptoms of coronavirus disease
(COVID-19) strongly resemble asthma symptoms
and are therefore very difficult to distinguish.?" At
the same time, both asthma and chronic
obstructive pulmonary disease (COPD) have an
impact on disease expression and outcome in
patients with COVID-19."2? Consequently, the
association of asthma and COVID-19 has
received growing interest, and researchers suspect
that the appearance of asthma symptoms may
have masked actual COVID-19 infections based on
a massive increase in asthma-related web searches
at the beginning of the pandemic.?"39 Studies of
the association between COVID-19 cases and
internet searches are limited to the outbreak of
COVID-19 and the subsequent course has not yet
been studied in detail.

Objectives

The aim of the study was to gain insight into
asthma-related search behavior across Europe to
identify possible regional and seasonal variations
and to determine public interest and unmet needs
in asthma. Additionally, web search queries were
compared with pollen levels and COVID-19 in-
cidences to explain potential search patterns.

METHODS
Search volume data

Google Ads Keyword Planner was used to
measure online search volume (the number of
searches for a topic or search term; SV) for search
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terms related to asthma, allergic asthma, and
bronchial asthma. This tool was originally devel-
oped to optimize advertising, but it is now also
used in research.”®'® Search terms or phrases are
entered into the tool which then finds associated
keywords. The outcome of Google Ads Keyword
Planner is an estimate of the monthly number of
search queries for each keyword in the last 48
months, the maximum possible period.

In this retrospective study, the monthly SV was
analyzed from January 2018 to December 2021 in
21 European countries (Austria, Bosnia, Croatia,
Czech, Denmark, France, Germany, Greece,
Hungary, Ireland, Italy, Malta, Netherlands, Poland,
Portugal, Romania, Serbia, Spain, Sweden, United
Kingdom, and Ukraine), covering a population of
527 million Europeans,?"I about 81% of whom
have internet access.'? The selection of these 21
countries was based on previous collaborations
and the authors’ network of native speakers and
researchers in this field to ensure the correct
translation of the keywords. Due to country-
specific differences in searching for the same dis-
ease because of different linguistic expressions,*?
this study examined the 3 terms asthma, allergic
asthma, and bronchial asthma across all
countries. For each country, the translated terms
were entered in Google Ads Keyword Planner
(Table 1). Region and language settings had
been set to provide data only from users in the
aforementioned countries and in their native or
main spoken language. For Malta, the English
language was used since Google AdWords
Keyword Planner does not include Maltese as a
selection option. Translation of the search terms
and the back translation of the 10 most frequent
keywords were performed by native speakers
and/or researchers specialized in the field of
allergic asthma in their countries of origin. For 3
countries (Greece, Spain, and Czech), translation
was done with DeeplL. The 21 countries were
categorized geographically into 5 European
groups based on the United Nations (UN)
classification:**  Northern (Denmark, Ireland,
Sweden, and United Kingdom), Eastern (Czech,
Hungary, Poland, Romania, and Ukraine),
Western (Austria, France, Germany, and the
Netherlands), Southern (ltaly, Malta, Portugal, and
Spain), and Southeastern Europe (Bosnia, Croatia,
Greece, and Serbia).

Other data sources

Daily pollen concentrations from January 2019
to December 2021 were obtained from a moni-
toring station (Biederstein) in Munich as regional
reference for pollen data. Since birch and grass
pollen in particular are associated with asthma
symptoms,?3242¢ these pollen species were
investigated in  this study. The pollen
concentrations were summarized for each species
as the monthly pollen load.

The WHO provides daily data on the worldwide
number of COVID-19 cases from January 2020 on-
wards.?® For this study, data from January 2020 to
December 2021 from the 21 countries examined
were used. Data were first summarized on a
monthly basis and then on a region-specific basis
by forming the median for the corresponding
countries.

Institutional  review board approval and
informed consent were not applicable for this
study.

Statistical analysis

For comparability between countries, monthly SV
and COVID-19 data were calculated per 100 000
inhabitants (SV/100 000 inhabitants). The popula-
tion size in 2019 was extracted from the Statistical
Office of the European Union,*" since all examined
countries provided information that year. The SV of
the regions was summarized by the median of the
countries. To investigate linear and seasonal
trends, SV over time was considered as a time
series. Analyses were performed descriptively and
by decomposing the time series into its
components: a trend, seasonal, and random
component. Differences between regions and
European seasons (spring: March to May; summer:
June to August; fall: September to November;
winter: December to February) were tested with
Kruskal-Wallis tests and Friedman tests, respec-
tively, as the SV in regions and seasons was not
normally distributed. Afterwards, a Dunn'’s test or
paired Wilcoxon signed-rank test with Bonferroni
correction was used for post-hoc tests for pairwise
comparisons. Pollen concentration, COVID-19 inci-
dence, and SV data were compared descriptively
after normalization and spearman correlations (r)
were calculated. Due to the regional variations in
pollenload, the relationship between SV and pollen
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Asthma Allergic asthma Bronchial asthma
Population size in 2019 Ignrgi:;%igsle No. keywords | Original language | No. keywords | Original language | No. keywords
Austria 8 858 775 asthma 985 allergisches 315 asthma 335
asthma bronchiales
Bosnia 3492 018 astma 126 alergija astma 20 bronhijalna astma 10
Croatia 407 624 6 astma 135 astma alergija 20 bronhijalna astma 10
Czech 10 649 800 astma 80 alergické astma 7 bronchiélni astma 2
Denmark 5 806 081 astma 238 allergisk astma 3 bronkial astma 1
France 67 290 471 asthme 1274 asthme allergique 164 asthme 17
bronchique
Germany 83019 213 asthma 990 allergisches 318 asthma 335
asthma bronchiales
Greece 10 724 599 acOpo 265 aAAepyLko acOpa 35 Bpoyyiko acOua 46
Hungary 9772756 asztma 177 allergias asztma 16 asthma bronchiale 15
Ireland 4 904 240 asthma 760 allergic asthma 270 bronchial asthma 94
ltaly 59 816 673 asma 737 asma allergica 207 asma bronchiale 107
Malta® 493 559 asthma 710 Allergic asthma 110 bronchial asthma 36
Netherlands 17 282 163 astma 682 allergische astma 54 bronchiale astma 23
Poland 37 972 812 astma 375 astma alergiczna 34 astma oskrzelowa 297
Portugal 10 276 617 asma 568 asma alérgica 31 Asma bronquica 28
Romania 19 414 458 astm 353 astm alergic 47 astm bronsic 255
Serbia 6 963 764 astma 94 astma alergija 7 Bronhijalna astma 14
Spain 46 937 060 asma 859 asma alérgica 162 asma bronquial 160
Sweden 10 230 185 astma 368 allergisk astma 22 bronkialastma 1
UK 66 647 112 asthma 733 allergic asthma 356 bronchial asthma 146
Ukraine 41 983 564 acTMa 37 anepliuna actma 3 OpoHYianbHA acTMa 66

Table 1. Population size in 2019, Google search terms in the original language, and the corresponding number of keywords related to the search terms for each European country

examined in this study. No., number of: UK, United Kingdom. °The English language was used because Google AdWords Keyword Planner does not include the Maltese language as a selection option.
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concentration was only assessed for Western Euro-
pean regions. SV was reported with median and
interquartile range (IQR).

The 10 most searched keywords in combination
with asthma, allergic asthma, and bronchial asthma
for each country were analyzed qualitatively and
categorized by 2 researchers independently (HW,
LT) according to whether they referred to the search
term in general (eg, “asthma”), symptoms (eg,
"asthma symptoms”), attacks (eg, “asthma attack”),
treatment (eg, “inhaler”), natural/home remedies
(eg, “allergic asthma home remedy”), information
(eg, “asthma bronchiale forum”), triggers (eg, "hay-
fever asthma”), progression (eg, “bronchial asthma
complications”), children (eg, “asthma in children”),
and cats (eg, “asthma in cats”). Each keyword was
classified into one category. The frequency of the
categories was represented graphically between
European regions in mosaic plots.

The level of significance was set at o = 0.05.
Statistical analyses were performed using R version
4.0.4. (R Core Team, 2021) and the following R
packages for mapping Europe “rnaturalearth”,
“rnaturalearthdata”, and “rgeos”.

RESULTS

Overall, 46 104 750 searches for asthma-related
keywords were recorded between January 2018
and December 2021, with 2 644 910 searches for
allergic asthma and 7 706 270 for bronchial
asthma. The highest median monthly SV/100 000
inhabitants was observed for asthma (median:
121.67, IQR: [78.67, 213.56]), followed by notably
fewer searches for bronchial asthma (10.55 [5.39,
29.68]) and allergic asthma (8.28 [5.01, 12.99],
Supplemental Table 1).

Differences between countries

The highest SV per month for asthma-related
keywords was reported in Malta with 541.98
(480.69, 630.62) searches per 100 000 inhabitants,
whereas less than 3% of searches were observed in
Ukraine, the country with the lowest asthma SV/
100 000 inhabitants (14.99 [11.79, 18.51]). The
highest SV for allergic asthma was observed in
Austria, with 19.36 (14.79, 24.3) searches per
month. The lowest SV/100 000 inhabitants was

observed in Ukraine, with 0.1 (0.07, 0.17) searches
per month. With 83.21 (70, 97.41) monthly
searches, Romania had the highest SV/100 000
inhabitants for bronchial asthma. In contrast,
Denmark showed the lowest SV/100 000 in-
habitants (0.17 [0.17, 0.17], Fig. 1, Supplemental
Table 1, Supplemental Figure 1).

Differences between regions

Regional differences were found for all search
terms (p < 0.001, Supplemental Table 1, Fig. 2).
Northern and Western European countries
showed the highest monthly SV/100 000
inhabitants for asthma (Northern: 357.91 [314.61,
427.62]; 179.97 [155.67, 216.24], p = 0.007) and
allergic asthma (Northern: 10.53 [7.62, 12.79];
Western: 12.59 [9.07, 16.06], p = 0.349). For
bronchial asthma, however, the highest SV/100
000 inhabitants were reported for Western and
Eastern Europe with 33.93 (29.19, 43.06) and
26.18 (20.53, 32.11) searches (p = 0.106),
respectively. The lowest SV for bronchial asthma
was reported in Northern Europe (4.43 [3.68,
5.79], p < 0.001). No differences were observed
between the SV for allergic asthma in northern,
southern, and southeastern countries in pairwise
comparisons (p = 1.000), and fewer substantial
differences were observed for queries related to
bronchial asthma between Eastern and Southern
Europe (p = 0.088).

Time course

For asthma, all regions recorded a peak in
March 2020, the start of the COVID-19 pandemic
in Europe. At this time, the SV/100 000 inhabitants
for asthma doubled in nearly all regions. No clear
seasonal trend was observed, but searches
decreased significantly in the European summer
months (p < 0.001). In all regions, the SV/100 000
inhabitants increased over time. The SV/100 000
inhabitants for allergic asthma also showed a peak
in March 2020 in all regions except for the north,
where the highest SV of 22.32 searches per month
was recorded in June 2021. The SV for allergic
asthma showed a positive trend over time, with a
higher SV/100 000 inhabitants being observed in
spring (p < 0.001) and a lower SV in winter
(0.001 < p < 0.029), indicating a seasonal trend.
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Fig. 1 Median web search volume between 2018 and 2021 for each European country examined, with separate maps for the search terms
asthma, allergic asthma, and bronchial asthma. Malta was displayed as an enlarged dot for better illustration.

For bronchial asthma, a decrease in SV/100 000
inhabitants was observed in all regions during the
summer months (p < 0.001) after a peak in March,

with most regions recording a second or third
peak in the autumn or winter months. In Northern,

Eastern,

and Western

Europe,

Sv/100 000
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Fig. 2 Time course of the normalized median web search volume per 100 000 inhabitants for search terms asthma, allergic asthma, and
bronchial asthma between 2018 and 2021 (solid lines) separately for the 5 European regions and normalized pollen concentration of birch
(dashed line) and grass (dotted line) from a Munich measuring station. European regions were defined geographically as Northern
(Denmark, Ireland, Sweden, and United Kingdom), Eastern (Czech, Hungary, Poland, Romania, and Ukraine), Western (Austria, France,
Germany, and the Netherlands), Southern (ltaly, Malta, Portugal, and Spain), and Southeastern Europe (Bosnia, Croatia, Greece, and

Serbia).

inhabitants increased over time, while in the other
regions it leveled off over time (Supplemental
Table 1, Fig. 2).

Web search data and pollen

Comparing the monthly normalized SV/100 000
inhabitants of Western European countries and
birch and grass pollen concentrations in Munich
over time (Fig. 2), parallels were observed for all
search terms, particularly in 2020 and 2021.
Moderate to strong correlations were found
between monthly SV and birch pollen (0.41 <
r < 0.65, p < 0.014), while negative associations
were observed between grass pollen and SV for
asthma (r = —0.30, p = 0.074) and bronchial

asthma (r = —0.33, p = 0.048). Peaks in allergic
asthma SV/100 000 inhabitants and Bavarian
pollen concentration occurred simultaneously in
April and June, and web searches in other
European regions also reached their annual
maximum during the 2 pollen seasons in Bavaria.

Web search data and COVID-19 incidences

Comparing normalized SV/100 000 inhabitants
and the number of COVID-19 cases over time
(Fig. 3) demonstrated similarities for asthma and
bronchial  asthma. In  particular, Northern
(r = 031, p = 0.002), Eastern (r = 0.38,
p < 0.001), and Western (r = 0.26, p = 0.010)
European regions showed moderate correlations
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Fig. 3 Time course of the normalized median web search volume per 100 000 inhabitants for search terms asthma, allergic asthma, and
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Poland, Romania, and Ukraine), Western (Austria, France, Germany, and the Netherlands), Southern (Italy, Malta, Portugal, and Spain), and

Southeastern Europe (Bosnia, Croatia, Greece, and Serbia).

between asthma SV and COVID-19 incidences,
while moderate to strong correlations were
observed for bronchial asthma in almost all re-
gions (Northern: r = 0.33, p = 0.001; Eastern:
r = 0.64, p < 0.001; Southeastern: r = 0.28,
p = 0.006; Western: r = 0.22, p = 0.031). However,
COVID-19 incidence and SV for allergic asthma
showed no to low correlations (—=0.18 < r < 0.19,
0.038 < p < 0.644, Supplemental Table 2).

Classification of keywords

The number of keywords for each country
differed (Table 1). The 3 search terms per se were
searched for most frequently, followed by
keywords related to treatment and symptoms.

For asthma, interest was higher for treatment
options (number of keywords n = 64, 30.5%)
than for symptoms (n = 23, 11.0%), while the
opposite was observed for bronchial asthma
(treatment: n = 29, 15.8%; symptoms: n = 50,
27.2%). For asthma (n = 12, 5.7%) and allergic
asthma (n = 17, 8.9%), trigger factors were also
of substantial interest (Table 2).

Search queries for the search terms in general
were relatively equally distributed in all regions
except for Northern Europe, where interest was
lower. The highest interest in children, information,
and natural/home remedies was reported in
Eastern and Southeastern regions. A high interest
in treatment-related keywords was observed in
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Category, No. keywords (%) Asthma
general 79 (37.6)
treatment 64 (30.5)
symptoms 23 (11.0)
trigger 12 (5.7)
attack 10 (4.8)
children 8 (3.8)
information 8 (3.8)
natural/home remedy 6(2.9)
cats -
progression -

Allergic asthma Bronchial asthma

90 (47.1) 4 (40.2)
35(18.3) 9(15.8)
34 (17.8) 0(27.2)
17 (8.9) 6(3.3)
- 5(2.7)
4(2.1) 7 (3.8)
3(1.6) 5(2.7)
7 (3.7) 5(2.7)
1(0.5) -
- 3(1.6)

Table 2. Frequency and percentage of categories for the ten most frequent keywords of the search terms asthma, allergic asthma, and
bronchial asthma. For each country, the top ten keywords were considered if ten were available, otherwise fewer keywords were used. No.,

number of.

Eastern Europe. Southern countries were more
interested in symptoms and Western countries in
attacks and triggers than other regions were
(Fig. 4).

DISCUSSION

The analysis of web search data for asthma,
allergic asthma, and bronchial asthma in Europe
revealed differences in SV/100 000 inhabitants
between the search terms and European regions.
Significant seasonal trends were observed for the
3 asthma search terms, with lower SV in European
summer months and a higher SV related to allergic
asthma in springtime. Furthermore, similarities
were found between search behavior and Bavarian
pollen concentrations and region-specific COVID-
19 incidence. People were most interested in the
search terms themselves, treatment options, and
symptoms, although search behavior varied be-
tween European regions.

In this study, the search term asthma showed the
highest overall SV with 46 104 750 searches, likely
because it is the generic term. The lower SV for
bronchial asthma may be attributed to the fact that
this term is not commonly used in all European
countries. For example, the WHO International
Statistical Classification of Diseases and Related
Health Problems 10th revision (ICD-10) code J45

stands for asthma, while in the Swedish and
German ICD-10 version, the code J45 stands for
bronchial asthma.®® The different use of the terms
asthma, allergic asthma, and bronchial asthma in
the countries studied was also reflected in the
different number of related keywords.

The lower SV in Eastern, Southern, and South-
eastern Europe may be a consequence of the
lower asthma prevalence compared to in Northern
and Western regions.>®® Knowledge about
asthma in the general population in Eastern
countries, like Ukraine, is limited and stigmatized
because “asthma is often believed to be a bad
disease, [some] people are afraid of inhalers and
refuse to use them”**

Malta showed the highest SV for asthma,
although it has a disease prevalence of approxi-
mately 6%, which is not as high as in other exam-
ined countries.® One reason for this may be the
high number of tourists, particularly from English-
speaking countries, visiting Malta each year. In
2019, about 2.6 million people vacationed in
Malta, about 6 times the population of Malta, and
approximately 23% of visitors were from the
United Kingdom.?* This would consequently lead
to a higher SV of English queries, as English was
the chosen language for Malta in this study.
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The study revealed an upward trend in asthma-
related SV over time and a lower SV in the European
summer months, which is in line with the literature
regarding prevalence and asthma attacks.®?%2°
Previously, peaks in asthma exacerbations in spring
and winter have been explained by aeroallergens
like pollen and viral upper respiratory tract
infections, respectively.?*?* Additionally, Canova
et al demonstrated evidence of different
seasonality of asthma attacks in Northern and
Southern Europe, with smaller and later peaks
occurring more in Northern Europe than in
Southern Europe,24 which is consistent with
differences in the seasonality of pollen exposure in

gories

Allergic asthma

Europe.?” Furthermore, strong parallels between
web searches and pollen exposure have been also
found in prior studies.'®?® The reason for the
higher SV for bronchial asthma in winter months

Western:
Southern:

suoifas uesdoing

R - may be explained by the higher probability for
) upper respiratory tract infections during these
.I.-- w, months,?® which is underlined by the negative
5 correlation with grass pollen load.
5 8
.--.l 5 8 The study reveals parallels in the temporal
[y ————p———— i’i;*% n; trends for pollen concentration and SV, particularly
o 8% in allergic asthma. Combined with pollen con-
E centration data, web search data may therefore
. support monitoring and prediction of asthma
- ' incidence and hospitalizations, as has been pro-
H posed and attempted previously."*?? Further
g studies are needed to verify this approach.
Gy, z

Moreover, climate change is already affecting

Asthma

pollen load, leading to higher or lower
prevalence, intensity, and  duration  of
sensitization depending on the type of
pollen.’#437 Therefore, crowdsourced data may
present a simple and efficient method for
tracking the impact of climate change on asthma.

Western
Southern:
Southeastern
Easlern
Northern

suoibai uesdoing

I B N .

w%e%
Many parallels have already been observed
._.-- . between COVID-19 incidence and web SV in
az‘;:" general®® as well as that related to asthma at the

Categories

beginning of the pandemic in 2020.2"3° The
peak in March 2020 for all search terms and
regions corresponds to the month in which the
WHO declared a global pandemic due to the
coronavirus.*® In this context, people may have
searched for asthma and its associated subtypes,
as the risk and severity of coronavirus infection is
higher in people with preexisting medical

I B N -

Eastern|

Western
Southern
Northern

conditions.?"?? Another reason may be that an
increasing number of individuals searched for

suoibai ueadoing

term. For each country, the top 10 keywords were considered if 10 were available, otherwise fewer keywords were used. European regions were defined geographically as Northern
(Denmark, Ireland, Sweden, and United Kingdom), Eastern (Czech, Hungary, Poland, Romania, and Ukraine), Western (Austria, France, Germany, and the Netherlands), Southern (ltaly,

Fig. 4 Mosaic plot for the search terms asthma, allergic asthma, and bronchial asthma for each European region based on the ten most frequent keywords of the corresponding search
Malta, Portugal, and Spain), and Southeastern Europe (Bosnia, Croatia, Greece, and Serbia).
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asthma information online because they had
symptoms such as coughing and shortness of
breath.? These symptoms also correspond to
symptoms of a COVID-19 infection, suggesting
that these symptoms were misinterpreted as
asthma symptoms instead.?"3° This idea is further
supported by the fact that most searches for
bronchial asthma in Southern Europe were
recorded in January 2020 before the pandemic
officially began. Researchers suspect that by mid-
January 2020, the coronavirus had already
spread in Northern Italy and consequently further
into Europe.®? No obvious association was found
between the number of COVID-19 cases and SV
for allergic asthma, which may be attributed to
allergic asthma being triggered by exogenous
factors.>?*3

The categories “natural/home remedies” and
“treatment” were of greater interest in Eastern and
Southeastern Europe than in other regions, which
may be explained by the fear and stigma of asthma
in these countries.** Another reason may be poor
asthma control and lack of pharmaceutical care
and services in these regions.*®*" The high
interest in symptoms and treatment across all
search terms may indicate an unmet need for
disease awareness and disease
undertreatment.’®*?  Further studies should
investigate how barriers to health care access
influence asthma outcomes. Moreover, providing
reliable information about asthma on the internet
should be high priority to raise awareness,
improve self-management and thus asthma
control. 7"

Limitations

One limitation is the geographic grouping of
the European countries, as a different classification
system may have led to significantly different re-
sults with other interpretations. Due to the lack of a
consistent classification system, this study used
that of United Nations (UN), which resulted in 5
European regions of approximately equal size.
Including all European countries or other countries
may also have yielded different results. Since only
the top 10 keywords for each country were used
for classification, the frequency of categories may
be underestimated. Keywords that did not appear
among the top 10 in any country were lost. The

11

inclusion of more keywords would likely have
resulted in a more differentiated picture of the
public interest in asthma. It should also be noted
that only the pollen concentration from Munich
was used to analyze the relationship between
pollen concentration and SV. Due to regional dif-
ferences in pollen load and season,?” data from
other regions may have provided more insight
into the role of pollen load on internet search
activity. Although pollen seasons show a different
phenology between locations, this variability is
limited when averaging over 1 month (see www.
pollenscience.eu).*®***  No  statements  on
demographic aspects were made in this study, as
user information is not provided by Google.
However, it can be assumed that older people
tend to use the Internet for health information
less frequently than younger people.*> Another
limitation is that only data in the main language
of each respective country were considered.
Consequently, search queries in other languages
were not included, which may have excluded
information on the search behavior of non-native
speakers like immigrants. In addition, SV may be
influenced by news and media, as online searches
are strongly driven by media coverage and there-
fore SV only reflects the overall online interest in
the respective search terms not necessarily the
epidemiological burden.*® It should also be
considered that the SV is estimated by the search
engine company itself without further options to
verify the underlying data.

Conclusion

Web search analysis has shown to provide
insight into the trends and interests related to
asthma, allergic asthma, and bronchial asthma.The
study emphasized the importance and impact of
language, as different search terms were used with
varying frequency in different countries. Moreover,
the high level of interest in symptoms and treat-
ments for asthma and its subtypes suggests a need
for reliable and region-specific education about
the disease and for public health campaigns to
improve asthma control. Using crowdsourced data
and combining multiple data sets appears to be of
utmost importance in the era of Big Data to explain
patterns, make predictions, and provide a more
differentiated picture of the topic.
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