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Abstract
Background: Google Trends (GT) may represent a new ap-
proach to assessing pollen allergy. However, the develop-
ment of a pan-European sentinel network has raised a prob-
lem of translating terms in different languages. A precise 
definition of the pollen season onset is crucial for the confir-
mation of a pollen allergy diagnosis and personalized treat-
ment. Ragweed pollen allergy was investigated due to its 
high allergenicity and wide expansion in Europe. Objectives: 
The study aimed to examine translations of “ragweed” and 
“hay fever” in native Cyrillic languages, especially in Ukrai-
nian and Russian, and to compare the seasonality of queries 
in Ukraine with ragweed and mugwort pollen counts. Meth-
ods: We used GT to search Google queries concerning rag-
weed allergy: “allergy,” “hay fever,” “running nose,” “rag-
weed,” “asthma,” and “pollen.” The Cyrillic terms in Ukrainian 
and Russian were used. Pollen collection for 2013–2015 was 
conducted using volumetric methods. Average daily tem-

peratures were obtained from the website http://gismeteo.
ua. Correlations were studied by using Pearson and Spear-
man tests. Results: GT queries profile had the “B” pattern ac-
cording to the classification developed by Bousquet et al. 
[Allergy. 2017 Aug; 72(8): 1261–6]. A peak of “ragweed” que-
ries was observed after the maximum of average daily tem-
perature. The terms “allergy,” “hay fever,” and “ragweed” in 
Cyrillic are required in Ukraine to calculate the ragweed pol-
len exposure by GT. The ragweed pollen season started with 
a concentration of pollen grains of 12.95 m–3. The Artemisia 
pollen season started between 19 and 25 days before the 
beginning of the Ambrosia pollen season. Conclusions: GT 
may be a useful tool in the differentiation of the pollen sea-
sons, especially when they overlap as in the case of Arte- 
misia/Ambrosia. Three terms, “allergy,” “hay fever,” and “rag-
weed” (in Cyrillic equivalents), are required in Ukraine to ac-
count for ragweed pollen exposure. The combination of GT 
tools with pollen counts may be used in large-scale epide-
miological studies. © 2019 S. Karger AG, Basel

Edited by O. Palomares, Madrid.
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Introduction

Pollen allergy is a considerable trigger for the develop-
ment of widespread respiratory disorders – allergic rhini-
tis and asthma [1, 2]. A precise definition of the pollen 
season onset is crucial for the confirmation of a pollen 
allergy diagnosis and personalized treatment of patients 
with allergic rhinitis and asthma.

In order to determine the precise onset of the pollen 
season, the following strategies can be used: (1) meteoro-
logical data collection [3]; (2) assessment of allergen con-
tent in the ambient air [4]; (3) assessment of pollen counts 
in the air [5]; (4) the innovative Web-based surveillance 
tools which are provided by Google Trends (GT) [6, 7]. 
The most comprehensive approach is the development of 
a pan-European sentinel network, which combines all 
these strategies [8]. This approach has raised a problem 
of translating terms in different European languages [9]. 
As a next step to explore the use of GT in the epidemio-
logical surveillance of allergic rhinitis, we assessed the 
Google search profiles for allergic rhinitis and related top-
ics for ragweed (Ambrosia artemisifolia) pollen allergy. 
The ragweed pollen allergy was investigated due to high 
allergenicity and wide expansion in Europe and possible 
overlap with mugwort (Artemisia vulgaris) pollen season 
[10]. Recently, it was shown that the term “ragweed” as a 
plant is required and the translation of “ragweed” in the 
native language is needed to investigate ragweed pollen 
allergy using GT [11]. There are difficulties in the choice 
of correct translations for “hay fever” and “ragweed” in 
the Cyrillic-based languages, especially Ukrainian and 
Russian.

The aim of the study was to examine which GT trans-
lations of “ragweed” and “hay fever” could be used in the 
native Cyrillic languages, especially in Ukrainian and 
Russian, and to compare the seasonality of queries in 
Ukraine with ragweed and mugwort pollen counts. 

Methods

Google Trends Terms and Analyses
GT, a public web facility of Google Inc. based on Google Search, 

shows how often a particular search term is entered relative to the 
total search volume across various regions of the world and in var-
ious languages (https://en.wikipedia.org/wiki/Google_Trends). 
The following terms were used: “allergy,” “hay fever,” “runny 
nose,” “ragweed,” “asthma,” and “pollen.” We used the Cyrillic 
terms in Ukrainian and Russian. In GT, data are normalized to the 
highest number of searches for each topic. A score of 100 means 
that on that day, the topic had the highest number of searches over 

the reference period included in the search (in the present study 
– 5 years) in Ukraine. For further comparison of Ukrainian data 
with the data from other countries, we determined the country pat-
tern as previously proposed [12]. We used the 5-year GT graphs to 
examine GT queries from January 1, 2013 till January 1, 2018 in 
Ukraine to determine a pattern of Ukraine. We also compared the 
ragweed and mugwort pollen counts with GT queries during the 
2013–2015 pollen seasons.

Ragweed Pollen Count
Pollen collection for 2013–2015 was conducted using volumet-

ric methods employing a Burkard trap of a Hirst type [13]. The 
pollen count was performed by the twelve vertical transects meth-
od. Pollen grains were identified by using the pollen reference 
slides of Ukraine, the Pollen Identification Key Program, and the 
Pollen Atlas edited by the American National Aerobiology Bureau 
[14]. Pollen sampling and identification were harmonized with the 
requirements of the European Aerobiology Society and the Euro-
pean Aeroallergen Network. The mean daily pollen count data was 
used for analysis of the airborne pollen spectrum in 2013–2015. 
Average daily temperatures were obtained from the website http://
gismeteo.ua.

Statistical Analysis
Correlations were studied by Pearson (r) or Spearman (R) test, 

where appropriate. A probability of < 0.05 was considered statisti-
cally significant.

Results

We examined the GT queries which could be used as 
Cyrillic equivalent terms for “hay fever” in order to deter-
mine country patterns. The queries statistics for “hay fe-
ver” were estimated by probable equivalent Cyrillic terms, 
such as “sennaya likhoradka” (Cyrillic); “seasonal rhini-
tis” (English) – “sezonnyi nasmork” (Cyrillic); “runny 
nose” (English) – “nasmork” (Cyrillic), and “sezonnyi 
rinit” (Cyrillic).

The 5-year GT for “hay fever” and Cyrillic equivalent 
terms are reported in Figure 1a. Usually, the Ukrainian 
Google users apply the term “runny nose.” Examination 
of seasonality of the GT queries for “runny nose” revealed 
the peaks with typical dates for start, maximum, and end 
dates: 2013-09-08 (07-14 to 10-27), 2014-08-31 (08-10 to 
11-09), 2015-09-13 (07-26 to 11-22), 2016-09-11 (06-26 
to 11-06), and 2017-09-24 (06-25 to 10-22). Usually, these 
data go in parallel with a seasonal pattern of ragweed pol-
lination in Ukraine with minor differences between re-
gions (data not shown). For further analysis, we used the 
term “ragweed” to display GT queries for the Cyrillic 
equivalent “ambrosia.”

The 5-year GT for “allergy,” “hay fever,” “pollen,” and 
ragweed, using manually translated terms, is shown in 
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Figure 1b. The peak of “hay fever” queries was lower than 
“allergy” and higher than “asthma.” Thus, Ukraine had 
the “B” pattern. Moreover, this seasonality was similar for 
5 years. The analysis of GT graphs revealed the correla-
tion between maximum peaks of “ragweed,” “hay fever,” 
and “allergy” queries. On the “allergy” graph, there were 
two major peaks – the first one (early summer), charac-
teristic of grass pollen allergy, and the second one (late 
summer–early autumn), representative of mugwort/rag-

weed pollen allergy. The peak of “hay fever” was 10 days 
later than “allergy” and “ragweed.” We have found strong 
positive correlations in the pairs “allergy-pollen” (r = 
0.54; p = 0.01), “allergy-ragweed” (r = 0.62; p = 0.01), and 
“pollen-ragweed” (R = 0.58; p = 0.01), and moderate cor-
relations in “allergy-hay fever” (r = 0.26; p = 0.01), “hay 
fever-pollen” (r = 0.49; p = 0.01), and “hay fever-ragweed” 
(r = 0.49; p = 0.01).

90

80

70

60

50

40

30

20

10

100

Days

0

20
13

-01
-06

20
13

-03
-06

20
13

-05
-06

20
13

-07
-06

20
13

-09
-06

20
13

-11
-06

20
14

-01
-06

20
14

-03
-06

20
14

-05
-06

20
14

-07
-06

20
14

-09
-06

20
14

-11
-06

20
15

-01
-06

20
15

-03
-06

20
15

-05
-06

20
15

-07
-06

20
15

-09
-06

20
15

-11
-06

20
16

-01
-06

20
16

-03
-06

20
16

-05
-06

20
16

-07
-06

20
16

-09
-06

20
16

-11
-06

20
17

-01
-06

20
17

-03
-06

20
17

-05
-06

20
17

-07
-06

20
17

-09
-06

20
17

-11
-06

Q
ue

rie
s/

da
y

Runny nose
Hay fever
Seasonal rhinitis
Asthma
Seasonal runny nose

90
80
70
60
50
40
30
20
10

100

Days

0

20
13

-01
-06

20
13

-03
-06

20
13

-05
-06

20
13

-07
-06

20
13

-09
-06

20
13

-11
-06

20
14

-01
-06

20
14

-03
-06

20
14

-05
-06

20
14

-07
-06

20
14

-09
-06

20
14

-11
-06

20
15

-01
-06

20
15

-03
-06

20
15

-05
-06

20
15

-07
-06

20
15

-09
-06

20
15

-11
-06

20
16

-01
-06

20
16

-03
-06

20
16

-05
-06

20
16

-07
-06

20
16

-09
-06

20
16

-11
-06

20
17

-01
-06

20
17

-03
-06

20
17

-05
-06

20
17

-07
-06

20
17

-09
-06

20
17

-11
-06

Q
ue

rie
s/

da
y

Hay fever
Allergy
Asthma
Pollen
Ragweed

a

b

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

Fig. 1. Five-year Google Trends for allergy-related queries using manually translated terms (Cyrillic) in Ukraine. 
a “Hay fever,” “runny nose,” “seasonal rhinitis,” “asthma,” and “seasonal runny nose.” b “Hay fever,” “allergy,” 
“asthma,” “pollen,” and “ragweed.”
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Further validation of the terms “hay fever” and “rag-
weed” was provided by the comparison of these GT queries 
with average daily temperature (Fig. 2). A strong positive 
correlation between “ragweed” queries and the average dai-
ly temperature (R = 0.86; p = 0.01) was observed. Analysis 
of 5-year graphs revealed that the peak of “ragweed” queries 
came after the maximum of average daily temperature. 

Then we compared the frequency of GT queries with 
mugwort and ragweed pollen counts (Fig. 3). In 2013, the 
season of mugwort pollination started on July 21, 2013 
and caused the increase in GT “hay fever,” “allergy,” and 
“ragweed” queries (Fig. 3a). We observed a strong posi-
tive correlation between the “allergy” and “ragweed” que-
ries (r = 0.75; p = 0.01), ragweed pollen count (r = 0.68;  
p = 0.01), and mugwort pollen count (0.85; p = 0.01), and 
between the “ragweed” query and ragweed pollen count 
(r = 0.65; p = 0.01) and mugwort pollen count (r = 0.73;  
p = 0.01). Additionally, there was a significant positive 
correlation between the “hay fever” query and ragweed 
pollen count (r = 0.55; p = 0.01). In that year, the season 
of ragweed pollination started between August 4 and Au-
gust 11, 2013 (2013-08-04 – 0 m–3; 2013-08-11 – 81.47 
m–3; 2013-08-18 – 34.56 m–3) and caused further increase 
in the “hay fever” and “ragweed” queries. The level of rag-
weed pollen grains of 81.47 m–3 induced the highest num-
ber of “hay fever,” “allergy,” and “ragweed” queries. The 
maximum of pollination was on 2013-08-11 – 81.47 m–3, 
2013-08-18 – 34.56 m–3, and 2013-08-25 – 7.4 m–3.

In 2014, the season of mugwort pollination started on 
July 20, 2014 and decreased on August 24, 2014. This start 
of pollination caused the increase in “hay fever” and “rag-
weed” queries (Fig. 3b). A strong positive correlation be-
tween the “hay fever” query and ragweed pollen count  
(r = 0.55; p = 0.01) was observed. Furthermore, there was 
a significant positive correlation between the “ragweed” 
query and mugwort pollen count (r = 0.64; p = 0.01). In 
that year, the season of ragweed pollination started be-
tween August 17 and August 24, 2014 (2014-08-17 – 1.24 
m–3; 2014-08-24 – 18.5 m–3; 2014-08-31 – 4.94 m–3) and 
caused further increase in “hay fever,” “ragweed,” and “al-
lergy” queries. The level of ragweed pollen grains of 18.5 
m–3 induced the highest number of “hay fever,” “rag-
weed,” and “allergy” queries. The maximum of pollina-
tion was on 2014-08-24 – 18.51 m–3, 2014-09-07 – 54.95 
m–3, and 2014-09-21 – 55.54 m–3. During this year, we 
observed a specific pattern of Artemisia and Ambrosia 
pollination – non-overlapping wide peaks due to meteo-
rological conditions.

The 2015 season of mugwort pollination started on 
July 26, 2015 and caused the increase in GT “hay fever” 
and “ragweed” queries (Fig. 3c). A strong positive correla-
tion between “hay fever” queries and the ragweed pollen 
count (R = 0.67; p = 0.01), “allergy,” and “ragweed” que-
ries (R = 0.77; p = 0.01) was observed. In that year, the 
season of ragweed pollination started on August 5, 2015 
(2015-08-05 – 12.95 m–3; 2015-08-06 – 40.12 m–3; 2015-
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Fig. 3. Year profiles of Google Trends for “hay fever,” “ragweed,” and “allergy,” and ragweed and mugwort pollen 
count in Ukraine. a 2013. b 2014. c 2015. y axis: Google Trends queries per day and pollen count in grains m–3.
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08-07 – 25.32 m–3; 2015-08-08 – 15.45 m–3) and caused 
further increase in “hay fever” and “ragweed” queries, 
and the most important increase in “allergy” queries. The 
level of ragweed pollen grains of 12.95 m–3 induced the 
most “hay fever,” “allergy,” and “ragweed” queries. The 
maximum of pollination was on 2015-08-19 – 49.9 m–3, 
2015-09-10 – 44.46 m–3, and 2015-09-11 – 65.43 m–3.

Discussion

In this study, we examined the GT queries which could 
be used as Cyrillic equivalent terms for “hay fever.” Using 
these terms, we compared GT queries with Ambrosia and 
Artemisia pollen counts and a meteorological parameter 
of average daily temperature.

Our study showed that Ukrainian Google users apply 
the GT query “runny nose” which went in parallel with 
the seasonal pattern of ragweed pollination in Ukraine. 
Thus, in further analysis, we used the Cyrillic equivalent 
term for “runny nose” (“nasmork”) as “hay fever.” A sim-
ilar situation was observed concerning the term “rag-
weed.” Ukrainian Google users searched the Cyrillic 
equivalent “ambrosia.” Our data showed that direct trans-
lations by GT are not appropriate in Ukraine. In our opin-
ion, there are significant cultural and linguistic differenc-
es in the knowledge and use of terms. In Ukraine, we need 
to use “ragweed” (“ambrosia” in Cyrillic) in addition to 
“allergy” and “hay fever” (“nasmork” in Cyrillic) to ac-
count for the pollen seasons. Due to GT queries profile, 
Ukraine had the “B” pattern according to the classifica-
tion by Bousquet et al. [12].

The comparison of “hay fever” and “allergy” with aver-
age daily temperature revealed a peak of “ragweed” que-
ries after the maximum of average daily temperature. The 
data went in parallel with the observations of other inves-
tigations [15]. 

We analyzed 3-year mugwort and ragweed pollination 
to elucidate the co-occurrence of the Artemisia and Am-
brosia pollen seasons. Our data showed that the Artemi- 
sia pollen season generally occurred between the middle 
of July and September but started between 19–25 days 
before the beginning of the Ambrosia pollen season. A 
similar profile was described for the pollen season in Po-
land [16]. At present, there are different studies reporting 
various values of Ambrosia pollen concentrations pro-
voking symptoms in allergic patients from 5 grains m–3 to 
30 m–3 [17, 18]. We observed that the 2013 ragweed pol-
len season started between August 4 and August 11, 2013 
with a concentration of pollen grains of 81.47 m–3, the 

2014 season started between August 17 and August 24, 
2014 with 18.5 m–3, and the 2015 season started on Au-
gust 5, 2015 with a concentration of pollen grains of 12.95 
m–3. These concentrations provoked the increase in GT 
“hay fever,” “ragweed,” and “allergy” queries. Thus, our 
data support the concentration of more than 10 pollen 
grains as clinically significant for Ukrainian patients be-
cause of Ambrosia allergenicity. These data are supported 
by the observations in Poland [16].

We conclude that to account for ragweed pollen expo-
sure by GT, three terms are required in Ukraine: “allergy,” 
“hay fever,” and “ragweed” (in Cyrillic equivalents). GT 
may be a useful tool in the differentiation of pollen sea-
son, especially when the seasons overlap as in the case of 
Artemisia/Ambrosia. The combination of GT tools with 
pollen counts may also be used in large-scale epidemio-
logical studies. The results of our study may be used in 
further development of the MACVIA-ARIA sentinel net-
work [8], especially for countries where the Cyrillic al-
phabet is used.

Acknowledgement

We thank Yuliia Lysanets for her help in preparing the manu-
script and in the submission process.

Statement of Ethics

The authors have no ethical conflicts to disclose.

Disclosure Statement

The authors have no conflicts of interest to declare.

Funding Sources

The authors declare that no competing interests exist. 

Author Contributions

I. Kaidashev conducted and supervised the manuscript devel-
opment; H. Morokhovets provided the Google Trends search and 
statistical processing of the results; V. Rodinkova managed the 
process of pollen concentration count; J. Bousquet designed the 
conceptual framework of the present research.

D
ow

nl
oa

de
d 

by
: 

G
la

sg
ow

 U
ni

v.
Li

b.
   

   
   

   
   

   
   

   
   

   
   

   
  

13
0.

20
9.

6.
61

 -
 2

/2
0/

20
19

 1
2:

05
:4

0 
A

M



Patterns in Google Trends Terms in 
Ukraine

7Int Arch Allergy Immunol
DOI: 10.1159/000495306

References

  1	 Lindemalm C, Nordlund B, Örtqvist AK, 
Lundholm C, van Hage M, Gong T, et al. As-
sociations Between Asthma and Sensitization 
to Pet or Pollen Allergens in Young Swedish 
Twins - The STOPPA Study. Twin Res Hum 
Genet. 2017 Oct; 20(5): 380–8.

  2	 Wise SK, Lin SY, Toskala E, Orlandi RR, Ak-
dis CA, Alt JA, et al. International Consensus 
Statement on Allergy and Rhinology: allergic 
Rhinitis. Int Forum Allergy Rhinol. 2018 Feb; 

8(2): 108–352.
  3	 Devadas R, Huete AR, Vicendese D, Erbas B, 

Beggs PJ, Medek D, et al. Dynamic ecological 
observations from satellites inform aerobiol-
ogy of allergenic grass pollen. Sci Total Envi-
ron. 2018 Aug; 633: 441–51.

  4	 Buters JT, Weichenmeier I, Ochs S, Pusch G, 
Kreyling W, Boere AJ, et al. The allergen Bet 
v 1 in fractions of ambient air deviates from 
birch pollen counts. Allergy. 2010 Jul; 65(7): 

850–8.
  5	 Caillaud D, Thibaudon M, Martin S, Ségala C, 

Besancenot JP, Clot B, et al.; French Aerobiol-
ogy Network. Short-term effects of airborne 
ragweed pollen on clinical symptoms of hay 
fever in a panel of 30 patients. J Investig Al-
lergol Clin Immunol. 2014; 24(4): 249–56.

  6	 Zuckerman O, Luster SH, Bielory L. Internet 
searches and allergy: temporal variation in re-
gional pollen counts correlates with Google 
searches for pollen allergy related terms. Ann 
Allergy Asthma Immunol. 2014 Oct; 113(4): 

486–8.
  7	 Gaspar Marques J, Carreiro Martins P, Belo J, 

Alves C, Paiva M, Caeiro E, et al. Pollen 
Counts Influence Web Searches for Asthma 
and Rhinitis. J Investig Allergol Clin Immu-
nol. 2016; 26(3): 192–4.

  8	 Bousquet J, Schunemann HJ, Fonseca J, 
Samolinski B, Bachert C, Canonica GW, et al. 
MACVIA-ARIA Sentinel NetworK for aller-
gic rhinitis (MASK-rhinitis): the new genera-
tion guideline implementation. Allergy. 2015 
Nov; 70(11): 1372–92.

  9	 Bousquet J, Agache I, Anto JM, Bergmann 
KC, Bachert C, Annesi-Maesano I, et al. 
Google Trends terms reporting rhinitis and 
related topics differ in European countries. 
Allergy. 2017 Aug; 72(8): 1261–6.

10	 El Kelish A, Zhao F, Heller W, Durner J, Win-
kler JB, Behrendt H, et al. Ragweed (Ambrosia 
artemisiifolia) pollen allergenicity: Super-
SAGE transcriptomic analysis upon elevated 
CO2 and drought stress. BMC Plant Biol. 
2014 Jun; 14(1): 176.

11	 Bousquet J, Agache I, Berger U, Bergmann 
KC, Besancenot JP, Bousquet PJ, et al. Differ-
ences in Reporting the Ragweed Pollen Sea-
son Using Google Trends across 15 Coun-
tries. Int Arch Allergy Immunol. 2018; 176(3-
4): 181–8.

12	 Bousquet J, Agache I, Anto JM, Bergmann 
KC, Bachert C, Annesi-Maesano I, et al. 
Google Trends terms reporting rhinitis and 
related topics differ in European countries. 
Allergy. 2017 Aug; 72(8): 1261–6.

13	 Hirst JM. An automatic volumetric spore 
trap. Ann Appl Biol. 1952; 39(2): 257–65.

14	 Kagen, S, Lewis W, Levetin E. Aeroallergen 
PhotoLibrary of North America, Appleton 
(Wisconsin): DePass Media Productions, 
2004-2005

15	 Laaidi M, Thibaudon M, Besancenot JP. 
[How to predict the date of the start of the pol-
lination of a plant from the meteorological 
data: the example of ragweed at Lyon]. Eur 
Ann Allergy Clin Immunol. 2004 Sep; 36(7): 

268–71.
16	 Stępalska D, Myszkowska D, Katarzyna L, 

Katarzyna P, Katarzyna B, Kazimiera C, et al. 
Co-occurrence of Artemisia and Ambrosia 
pollen seasons against the background of the 
synoptic situations in Poland. Int J Biometeo-
rol. 2017 Apr; 61(4): 747–60.

17	 Dechamp C, Rimet LM, Meon H, Deviller P. 
Parameters of ragweed pollination in the Ly-
on’s area (France) from 14 years of pollen 
counts. Aerobiologia. 1997 Dec; 13(4): 275–9.

18	 Makra L, Juha’sz M, Be’czi R, Borsos E. The 
history and impacts of airborne Ambrosia 
(Asteraceae) pollen in Hungary. Grana. 2005; 

44(1): 57–64.

D
ow

nl
oa

de
d 

by
: 

G
la

sg
ow

 U
ni

v.
Li

b.
   

   
   

   
   

   
   

   
   

   
   

   
  

13
0.

20
9.

6.
61

 -
 2

/2
0/

20
19

 1
2:

05
:4

0 
A

M

View publication statsView publication stats

https://www.karger.com/Article/FullText/495306?ref=1#ref1
https://www.karger.com/Article/FullText/495306?ref=1#ref1
https://www.karger.com/Article/FullText/495306?ref=2#ref2
https://www.karger.com/Article/FullText/495306?ref=3#ref3
https://www.karger.com/Article/FullText/495306?ref=3#ref3
https://www.karger.com/Article/FullText/495306?ref=4#ref4
https://www.karger.com/Article/FullText/495306?ref=5#ref5
https://www.karger.com/Article/FullText/495306?ref=5#ref5
https://www.karger.com/Article/FullText/495306?ref=6#ref6
https://www.karger.com/Article/FullText/495306?ref=6#ref6
https://www.karger.com/Article/FullText/495306?ref=7#ref7
https://www.karger.com/Article/FullText/495306?ref=7#ref7
https://www.karger.com/Article/FullText/495306?ref=8#ref8
https://www.karger.com/Article/FullText/495306?ref=9#ref9
https://www.karger.com/Article/FullText/495306?ref=10#ref10
https://www.karger.com/Article/FullText/495306?ref=11#ref11
https://www.karger.com/Article/FullText/495306?ref=12#ref12
https://www.karger.com/Article/FullText/495306?ref=13#ref13
https://www.karger.com/Article/FullText/495306?ref=15#ref15
https://www.karger.com/Article/FullText/495306?ref=15#ref15
https://www.karger.com/Article/FullText/495306?ref=16#ref16
https://www.karger.com/Article/FullText/495306?ref=16#ref16
https://www.karger.com/Article/FullText/495306?ref=17#ref17
https://www.karger.com/Article/FullText/495306?ref=18#ref18
https://www.researchgate.net/publication/331077616

