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ABSTRACT

Background: Grass pollen allergy is an important trigger for the development of respiratory
disorders. Defining the grass pollen season onset is critical for correct allergy diagnosis and
personalized therapy. The development of a pan-European sentinel network for allergic diseases
has raised the problem of translating the Google search terms into different European languages
as well as defining specific pollen season characteristics in different regions. Grass pollen allergy
was investigated due to high allergenicity and wide expansion of grass pollen in Europe.

Objectives: The aim of this study was to examine which translations of “hay fever”, “grass”, and
“rhinitis” could be used in the native Cyrillic languages, especially in Ukrainian and Russian, and to
compare the seasonality of allergic respiratory queries in Ukraine with the grass pollen counts.

Methods: Google Trends (GT) was used to search Google queries concerning grass pollen al-
lergy: “allergy”, “hay fever”, “runny nose”, “grass”, “asthma”, and “pollen”. The Cyrillic terms in
Ukrainian and Russian were used. The search was done for the period from 2013 to 2017. Pollen
collection from 2013 to 2016 was conducted using volumetric methods. Average daily tempera-
tures were obtained from http://gismeteo.ua. Correlations were assessed by Spearman (R) test.

Results: The Ukrainian Google users searched the Cyrillic equivalents for “runny nose”, “grass”,
and “asthma”. Due to the GT queries profile, Ukraine had a “D” pattern according to the classifi-
cation, developed by Bousquet J et al (2017). In Ukraine, the Poaceae pollen season generally
occurred between the second ten-day period of May and the last ten-day period of July. The
Poaceae pollen season started with a concentration of pollen grains of 8.0 m�3. This concentration
provoked the growth of GT “grass”, “allergy”, “hay fever”, and “asthma” queries.

Conclusions: The terms “grass”, “allergy”, “hay fever”, and “asthma” (in their Cyrillic equivalents)
are required in Ukraine to account for the grass pollen exposure by GT. The study of GT may be a
useful tool to make an assessment of the grass pollen season for the prevention and minimization
of exposure to significant grass pollen concentrations.
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INTRODUCTION

Pollen exposure is a major cause of respiratory
allergies worldwide. However, it is unclear how
everyday exposure is related to symptoms and
how exactly allergic patients may be affected
spatially and temporally.1

Grass pollen is one of the most important trig-
gers for exacerbations of allergic diseases such as
rhinitis and asthma.2 A precise definition of the
grass pollen season onset is crucial for the
confirmation of a pollen allergy diagnosis and
personalized treatment of patients with allergic
rhinitis and asthma. The high costs of the
instruments and procedures required for pollen
counting limit the capacity to constitute a
comprehensive pollen network covering all
planes. The possibility was shown to use a
geographically customized search option of
Google and further fine-tuned analysis
techniques to extract local query data about the
regional patient concern from the Internet with
possible complement pollen measurements.3

To determine the precise onset of the grass
pollen season, the innovative web-based surveil-
lance tools which are provided by Google Trends
(GT) could be used.4–7 This approach has raised
the problem of translating Google search terms
into different European languages, especially,
into Cyrillic alphabet-based languages.8 The
correct translation is important for the
development and functioning of a pan-European
sentinel network for seasonal allergic diseases.9

For further development of this approach,
Google search profiles were assessed for allergic
rhinitis and related topics for grass (Poaceae) pol-
len allergy. Grass pollen allergy was investigated
due to the high prevalence in Europe.10,11 The
term “grass” as a plant requires its translation
into the native language in order to investigate
the grass pollen allergy pattern using GT.12

There are also difficulties in the choice of the
correct translation for “hay fever” and “rhinitis” in
the Cyrillic-based languages.

The aim of this study was to examine which GT
translations of “hay fever”, “grass”, and “rhinitis”
could be used in the native Cyrillic languages,
especially in Ukrainian and Russian, and to
compare the seasonality of queries in Ukraine with
the grass pollen counts.
METHODS

Google Trends terms and analyses

GT terms, a public web facility of Google Inc.,
based on Google Search, shows how often a
particular search term is entered in relation to the
total search volume across various regions of the
world and in various languages (http://en.
wikipedia.org/wiki/Google_Trends). The following
terms were used: “allergy”, “hay fever”, “runny
nose”, “grass”, “asthma”, and “pollen”. The Cyrillic
terms in Ukrainian and Russian were used. In GT,
data are normalized to the highest number of
searches for each topic. The score of 100 means
that a certain query was entered on that day for the
highest number of times for the entire search
period in Ukraine. For further comparison of
Ukrainian data with the data from other countries,
the country patterns were assessed as was pro-
posed previously. In pattern A countries, “allergy”
queries were reported at a lower level than “hay
fever” and did not show any clear seasonal pattern.
In pattern B, C and D countries, “allergy” queries
were higher than the other terms and showed a
seasonal pattern. When all countries with a sea-
sonal pattern were examined, the peak of queries
was the same for “allergy” and “hay fever” (pattern
B) or D, the seasonal patterns were similar be-
tween countries for the five years.12 The 5-year GT
graphs were used to examine GT queries from
January 1, 2013 through January 1, 2018 in
Ukraine to determine the pattern of inquiries. The
grass pollen counts were compared with GT
queries during the 2013 through 2016 pollen
seasons.

Grass pollen count

Pollen collection for 2013–2015 2016 was con-
ducted using volumetric methods, applying a
Burkard trap of a Hurst type. The pollen count was
performed by the twelve vertical transects method.
Pollen grains were identified by using the pollen
reference slides of Ukraine, The Pollen Identifica-
tion Key Program and The Pollen Atlas edited by
the American National Aerobiology Bureau.13,14

Pollen sampling and identification were
harmonized with the requirements of the
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Fig. 1 Five-year Google Trends for allergy-related queries using manually translated terms (Cyrillic) in Ukraine
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European Aerobiology Society and the European
Aeroallergen Network.15 The mean daily pollen
count data were used for analysis of the airborne
pollen spectrum from 2013 through 2016.

The grass pollen season and the grass high
pollen season were determined as described in
the position paper of the European Academy of
Allergy and Clinical Immunology (EAACI).16

Average daily temperatures were obtained from
the web-site http://gismeteo.ua.
Statistical analysis

Correlations were studied by Spearman (R) test.
A probability of <0.05 was considered statistically
significant.
RESULTS

The five-year GT queries graph for “hay fever”,
“allergy”, “asthma”, and “pollen” using manually
translated terms is shown in Fig. 1. The query
statistics for “hay fever” were assessed by the
Cyrillic equivalent of “runny nose”.8 The peaks for
“hay fever” and “pollen” were lower than those
for “asthma”. Thus, Ukraine had the “D” pattern.12

Moreover, this seasonality was similar over the
period of 5 years. The analysis of GT graphs
revealed 2 major peaks of “allergy” queries – the
first one (early summer), characteristic for grass
pollen allergy, and the second one (late summer
– early autumn), representative of the weed
pollen season.
There was a strong positive correlation between
the pairs “hay fever – asthma” (R ¼ 0.46; p ¼ 0.01),
“pollen – allergy” (R ¼ 0.54; p ¼ 0.01), and “pollen –

asthma” (R ¼ 0.46; p ¼ 0.01).

Further validation of “hay fever” and “grass”
terms was provided by the comparison of these GT
terms queries with the average daily temperature
(Fig. 2). A strong positive correlation between the
“grass” queries and the average daily
temperature was observed (R ¼ 0.67; p ¼ 0.01).
Analysis of the five-year graphs revealed that the
peak of the “grass” queries came before the
maximum of the average daily temperature.

The frequency of GT queries was compared with
the average daily temperature and Poaceae pollen
count (Fig. 3). Firstly, the time periods of the pollen
exposure times were defined.

In 2013, the season of Poaceae pollination
started on May 12, 2013 and ended on July 28,
2013. In 2014, the Poaceae pollen season lasted
from May 11, 2014 until July 13, 2014. In 2015, the
Poaceae pollen season lasted from May 17, 2015
until July 19, 2015. In 2016, the Poaceae pollen
season lasted from June 3, 2016 until August 21,
2016.

To detect the grass peak high pollen seasons,
unfortunately, when the concentration of Poaceae
pollen �50 pollen/m3 was used as a criterion, it
was not possible to recognize the peak of the high
grass pollen seasons. During the Poaceae pollen
seasons, the highest pollen concentration in 2013
was 25.9 pollen m�3 (June 07); in 2014 was 48.7
pollen m3 (June 06); in 2015 was 16.0 pollen/m3

http://gismeteo.ua


Fig. 2 Five-year Google Trends for “hay fever” and “grass” queries using manually translated terms (Cyrillic) and average daily temperature
in Ukraine. y axis – GT queries per day and temperature �C
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(June 21) and in 2016 was 11.1 grains/m3 (July 10).
Generally, the growth of allergy symptoms deter-
mined as increasing of GT queries was observed
with pollen counts of more than 8 pollen/m3.

There was a strong positive correlation between
Poaceae pollen counts and “grass” (R ¼ 0.42;
p ¼ 0.01) and “allergy” queries (R ¼ 0.47;
p ¼ 0.01), and average daily temperature
(R ¼ 0.72; p ¼ 0.01), and also between “allergy”
and “grass” queries (R ¼ 0.55; p ¼ 0.01), and the
average daily temperature (R ¼ 0.55; p ¼ 0.01).
DISCUSSION

In this study, the GT queries were examined,
which could be used as Cyrillic equivalent terms to
describe the grass pollen seasons in Ukraine. Us-
ing these terms, the GT queries were compared
with Poaceae pollen counts and the meteorolog-
ical parameter of the average daily temperature.

Our previous study showed that Ukrainian
Google users apply the GT query “runny nose”
(“nasmork” in Cyrillic) as “hay fever”.8 Recent
investigations showed that Ukrainian users apply
the GT query “travy” (in Cyrillic) as “grass”. Thus,
in further analysis, this Cyrillic equivalent was used.

In Ukraine, we needed to use “grass” (“travy” in
Cyrillic) in addition to “allergy” and “hay fever”
(“nasmork” in Cyrillic) to account for the pollen
seasons. According to the GT queries profile,
Ukraine had the “D” pattern in compliance with the
classification by Bousquet J et al (2017).12

Analysis of GT graphs revealed the peak of “al-
lergy” queries in early summer, characteristic for
grass pollen allergy. There was a strong positive
correlation between the “pollen”, “allergy”, and
“asthma” queries.

The comparison of GT queries with average
daily temperature revealed a peak of “grass”
queries before the maximum of average daily
temperature. The number of “grass” queries
correlated with the average daily temperature.

We analyzed the four-year Poaceae pollination,
which revealed that Poaceae pollen seasons in
Ukraine were similar to those in the Berlin and
Brandenburg areas. Nevertheless, it was not
possible to recognize the peak high pollen sea-
sons using a concentration �50 pollen m�3 as a
criterion as recommended by the EAACI
definition.11

According to our data, the allergy symptoms
were associated with pollen counts of more than 8
pollen/m3 in the Ukrainian population. Thus, the
correlation between regional pollen counts and
Google searches for pollen allergy related terms
might be a useful approach to determine pollen
level induced allergy symptoms.17 These data
parallel with the results of a large 5-year case-
crossover study in Australia2 where grass pollen
counts of 4.8 pollen/m3 were significantly
associated with asthma exacerbations. A
significant increase in asthma hospitalizations was
observed for an interquartile range increase in
grass pollen concentrations (5.9%, 95% CI:0.0,
12.0) in the Brussels region.18

In Poland, a high variation of the total annual
concentrations of grass pollen was reported from
13.604 pollen/m3 in 2003 to 185 pollen/m3 in
2009.19 Three categories of Poaceae pollen daily
concentration were recognized: 1–10 pollen/m3

–
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Fig. 3 Yearly profiles of Google Trends for “hay fever”, “allergy”, and “grass” queries, average daily temperature and Poaceae pollen count,
A – 2013, B – 2014, S – 2015, D – 2016, y axis – GT queries per day; pollen count, grains m�3 and average daily temperature �C
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symptoms in individual patients; 11–50 pollen/m3
–

symptoms in about 25% of patients, and >50
pollen/m3

– symptoms in all patients.20

Generally, the pollen concentrations during the
grass pollen seasons in Ukraine were lower than in
3 different European cities in the grass pollen
season in 2015.21

Our study had some limitations including the
location of the pollen within a large city which can
interfere with pollen sedimentation.22 In addition,
the risk of allergy caused by Poaceae spp is
much higher in the county rather than in the
city.23 Also our data supported the statement
that predicting allergen exposure using GT alone
could be valuable in those countries where
limited pollen counting is available.3

We compared the four-year Poaceae pollination
and GT queries, concluding that to account for
grass pollen exposure by GT, 3 terms are required
in Ukraine: “allergy”, “grass”, and “asthma” (in
Cyrillic equivalents). The combination of GT tools
with Poaceae pollen counts may also be used in
large-scale epidemiological studies. For an accu-
rate description of the Poaceae pollen season,
average daily temperature is an important factor.
The results of our study may be used in further
development of the MACVIA-ARIA sentinel
network,9 especially for countries where the
Cyrillic alphabet is used.

Our data can also be used for computation of
grass pollen seasons and as a successful tool for
allergy patients to prevent or minimize exposure to
elevated pollen concentrations. This approach may
also assist researchers, providing insight into
various factors driving the pollen season. More-
over, thee data may improve the definition of the
grass pollen season, which mirrors the symptom
load for grass-pollen induced allergy. Allergen
immunotherapy specialists can monitor GT query
profiles in a specific geographic location to



Fig. 3 Continued
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determinatie the ideal time to begin allergen
immunotherapy.

Abbreviations
GT: Google Trends; EAACI: The European Academy of
Allergy and Clinical Immunology; MACVIA-ARIA: Contre
les MAladies Chroniques pour un VIeillissement Actif
(fighting chronic diseases for active and healthy ageing)-
Allergic Rhinitis and its Impact on Asthma
Consent for publication, and availability of data and
materials
All authors consent to the publication of this work. Contact
the corresponding author for questions regarding data and
materials.
Statement of ethics
The authors have no ethical conflicts to disclose.
Funding sources
The authors declare that no competing interests exist.
Author contributions
I. Kaidashev conducted and supervised the manuscript
development; H. Morokhovets provided the Google
Trends search and statistical processing of the results; V.
Rodinkova managed the process of pollen count; L.
Dubuske and J. Bousquet designed the conceptual
framework of the present research.

Declaration of competing interest
The authors have no conflicts of interest to

declare.

Acknowledgement
We thank Yuliia Lysanets for her help in preparing this
manuscript and in the submission process.

https://doi.org/10.1016/j.waojou.2020.100465


Volume 13, No. 10, Month 2020 7
Author details
aUkrainian Medical Stomatological Academy, Department
of Internal Medicine No.3 with Phthisiology, Research
Department, Poltava, Ukraine. bUkrainian Medical
Stomatological Academy, Research Department, Poltava,
Ukraine. cNational Pirogov Memorial Medical University,
Pharmacy Department, Vinnytsya, Ukraine. dImmunology
Research Institute of New England, Gardner, MA, USA.
eThe George Washington University School of Medicine
and Health Sciences, Washington, DC, USA. fUniversity
Hospital, Montpellier, France. gMACVIA-France, Fondation
Partenariale FMC VIA-LR, Montpellier, France. hVIMA.
INSERM U 1168, VIMA: Ageing and Chronic Diseases,
Epidemiological and Public Health Approaches, Villejuif,
France. iUniversité Versailles St-Quentin-en-Yvelines, UMR-
S 1168, Montigny le Bretonneux, France. jEuforea, Brussels,
Belgium.
REFERENCES
1. Damialis A, Häring F, Gökkaya M, et al. Human exposure to

airborne pollen and relationships with symptoms and immune
responses: indoors versus outdoors, circadian patterns and
meteorological effects in alpine and urban environments. Sci
Total Environ. 2018 Oct 30;653:190–199. https://doi.org/10.
1016/j.scitotenv.2018.10.366.

2. Shrestha SK, Katelaris C, Dharmage SC, et al. High ambient
levels of grass, weed and other pollens are associated with
asthma admissions in children and adolescents: a large 5-year
case-crossover study. Clin Exp Allergy. 2018 Nov;48(11):1421–
1428. https://doi.org/10.1111/cea.13225.

3. Mösges R, Adrian M, El Hassan E, et al. What Google� knows
about the pollen season. Allergy. 2011;66(5):707–708. https://
doi.org/10.1111/j.1398-9995.2010.02529.x.

4. Mavragani A, Ochoa G, Tsagarakis K. Assessing the methods,
tools, and statistical approaches in Google Trends Research:
systematic review. J Med Internet Res. 2018;20(11):e270.
https://doi.org/10.2196/jmir.9366.

5. Gaspar Marques J, Carreiro Martins P, Belo J, et al. Pollen
counts influence web searches for asthma and rhinitis. JACI.
2016;26(3):192–194. https://doi.org/10.18176/jiaci.0047.

6. Bousquet J, Onorato GL, Oliver G, et al. Google Trends and
pollen concentrations in allergy and airway diseases in France.
Allergy. 2019;74(10):1910–1919. https://doi.org/10.1111/all.
138047.

7. König V, Mösges R. A model for the determination of pollen
count using google search queries for patients suffering from
allergic rhinitis. J Allergy. 2014;2014:381983. https://doi.org/
10.1155/2014/381983 (Cairo).

8. Kaidashev I, Morokhovets H, Rodinkova V, Bousquet J. Patterns
in Google Trends terms reporting rhinitis and ragweed pollen
season in Ukraine. Int Arch Allergy Immunol. 2019;178(4):363–
369. https://doi.org/10.1159/000495306.

9. Bousquet J, Schunemann HJ, Fonseca J, et al. MACVIA-ARIA
Sentinel NetworK for allergic rhinitis (MASK-rhinitis): the new
generation guideline implementation. Allergy. 2015
Nov;70(11):1372–1392. https://doi.org/10.1111/all.12686.

10. Wojciechowska M, _Zbikowska-Gotz M, Marek-Józefowicz L,
et al. Allergic phenotypes in adult patients with atopic
dermatitis, determined with the ISAC test (ImmunoCAP ISAC).
Postepy Dermatol. Alergol. 2018;35(4):351–359. https://doi.
org/10.5114/ada.2018.77664.

11. Karatzas K, Katsifarakis N, Riga M, et al. New European
Academy of Allergy and Clinical Immunology definition on
pollen season mirrors symptom load for grass and birch
pollen-induced allergic rhinitis. Allergy. 2018;73(9):1851–
1859. https://doi.org/10.1111/all.13487.

12. Bousquet J, Agache I, Anto JM, et al. Google Trends terms
reporting rhinitis and related topics differ in European
countries. Allergy. 2017 Aug;72(8):1261–1266. https://doi.org/
10.1111/all.13137.

13. Hirst JM. An automatic volumetric spore trap. Ann Appl Biol.
1952;39(2):257–265.

14. Kagen S, Lewis W, Levetin E. Aeroallergen PhotoLibrary of
North America TRANSCRIBED. Wisconsin: Appleton; 2004–
2005:176.

15. D'amato G, Spieksma FTM. European allergenic pollen types.
Aerobiologia. 1992;8:447–450. https://doi.org/10.1007/
BF02272914.

16. Pfaar O, Bastl K, Berger U, et al. Defining pollen exposure
times for clinical trials of allergen immunotherapy for pollen-
induced rhinoconjunctivitis – an EAACI position paper. Allergy.
2017 May;72(5):713–722. https://doi.org/10.1111/all.13092.

17. Zuckerman O, Luster SH, Bielory L. Internet searches and
allergy: temporal variation in regional pollen counts correlates
with Google searches for pollen allergy related terms. Ann
Allergy Asthma Immunol. 2014;113(4):486–488. https://doi.
org/10.1016/j.anai.2014.07.015.

18. Guilbert A, Cox B, Bruffaerts N, et al. Relationships between
aeroallergen levels and hospital admissions for asthma in the
Brussels-Capital Region: a daily time series analysis. Environ
Health. 2018 Apr;17:35. https://doi.org/10.1186/s12940-018-
0378-x.

19. Piotrowska-Weryszko K. The airborne pollen calendar for
Lublin, central-eastern Poland. Ann Agric Environ Med.
2014;21(3):541–545. https://doi.org/10.5604/12321966.
1120598.

20. Myszkowska D, Majewska R. Pollen grains as allergenic
environmental factors – new approach to the forecasting of the
pollen concentration during the season. Ann Agric Environ
Med. 2014;21(4):681–688. https://doi.org/10.5604/12321966.
1129914.

21. Bastl K, Kmenta M, Bergr M, et al. The connection of pollen
concentrations and crowd-sourced symptom data: new
insights from daily and seasonal symptom load index data
from 2013 to 2017 in Vienna. World Allergy Organ J.
2018;11(1):24. https://doi.org/10.1186/s40413-018-0203-6.

22. Werchan B, Werchan M, Mücke HG, et al. Spatial distribution
of allergenic pollen through a large metropolitan area. Environ
Monit Assess. 2017;189:169. https://doi.org/10.1007/s10661-
017-5876-8.

23. Kruczek A, Puc M, Wolski T. Poaceae, Secale spp. and
Artemisia spp. pollen in the air at two sites of different degrees
of urbanization. Ann Agric Environ Med. 2017;24(1):70–74.
https://doi.org/10.5604/12321966.1233895.

https://doi.org/10.1016/j.scitotenv.2018.10.366
https://doi.org/10.1016/j.scitotenv.2018.10.366
https://doi.org/10.1111/cea.13225
https://doi.org/10.1111/j.1398-9995.2010.02529.x
https://doi.org/10.1111/j.1398-9995.2010.02529.x
https://doi.org/10.2196/jmir.9366
https://doi.org/10.18176/jiaci.0047
https://doi.org/10.1111/all.138047
https://doi.org/10.1111/all.138047
https://doi.org/10.1155/2014/381983
https://doi.org/10.1155/2014/381983
https://doi.org/10.1159/000495306
https://doi.org/10.1111/all.12686
https://doi.org/10.5114/ada.2018.77664
https://doi.org/10.5114/ada.2018.77664
https://doi.org/10.1111/all.13487
https://doi.org/10.1111/all.13137
https://doi.org/10.1111/all.13137
http://refhub.elsevier.com/S1939-4551(20)30368-9/sref13
http://refhub.elsevier.com/S1939-4551(20)30368-9/sref13
http://refhub.elsevier.com/S1939-4551(20)30368-9/sref14
http://refhub.elsevier.com/S1939-4551(20)30368-9/sref14
http://refhub.elsevier.com/S1939-4551(20)30368-9/sref14
https://doi.org/10.1007/BF02272914
https://doi.org/10.1007/BF02272914
https://doi.org/10.1111/all.13092
https://doi.org/10.1016/j.anai.2014.07.015
https://doi.org/10.1016/j.anai.2014.07.015
https://doi.org/10.1186/s12940-018-0378-x
https://doi.org/10.1186/s12940-018-0378-x
https://doi.org/10.5604/12321966.1120598
https://doi.org/10.5604/12321966.1120598
https://doi.org/10.5604/12321966.1129914
https://doi.org/10.5604/12321966.1129914
https://doi.org/10.1186/s40413-018-0203-6
https://doi.org/10.1007/s10661-017-5876-8
https://doi.org/10.1007/s10661-017-5876-8
https://doi.org/10.5604/12321966.1233895

	Assessment of Google Trends terms reporting allergies and the grass pollen season in Ukraine
	Introduction
	Methods
	Google Trends terms and analyses
	Grass pollen count
	Statistical analysis

	Results
	Discussion
	Consent for publication, and availability of data and materialsAll authors consent to the publication of this work. Contact ...
	Consent for publication, and availability of data and materials
	Statement of ethicsThe authors have no ethical conflicts to disclose.
	Statement of ethics
	Funding sourcesThe authors declare that no competing interests exist.
	Funding sources
	Author contributionsI. Kaidashev conducted and supervised the manuscript development; H. Morokhovets provided the Google Tr ...
	Author contributions
	Declaration of competing interest
	Acknowledgement
	References


