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Abstract. Personalized genotype markers of the atopic disorders phenotypes in children. Dytiatkovskyi V.O.
The goal of the study was to elucidate the impact of the single nucleotide variants rs11466749 of the thymic stromal
lymphopoietin gene, rs_ 7216389 of the orsomucoid-1-like protein 3 gene, and rs10052957 of the human nuclear
glucocorticoid receptor subfamily 3, group C, member 1 gene on the development of the mono-organic phenotype “atopic
eczema’” or the poly-organic “atopic eczema + allergic rhinitis/allergic rhino-conjunctivitis”. We recruited 101 patients
into the main and 105 into control groups aged from 3 to 18 years old. Patients of the main group suffered from atopic
eczema (58 children) and atopic eczema + allergic rhinitis/allergic rhino-conjunctivitis (43 children). Patients of the
control group suffered from the digestive tract pathology. Main group patients were genotyped for the A/A, A/G, G/G of
rs11466749, C/T, C/C and T/T of rs_7216389 and A/A, A/G and G/G of rs10052957; patients of the control group were
genotyped for the A/A, A/G, G/G of rs11466749, C/T, C/C and T/T of rs_7216389 by polymerase chain reaction in real
time with restricted fragment length polymorphism. Results: no significant differences in rs11466749 among the main
and control groups, the most common variant is A/A — 55.2% (mono-organic) and 55.8% (poly-organic); T/Trs_ 7216389
is significantly the most common in poly-organic phenotype — 39.5%; rs10052957: A/G variant is significantly most
common in mono-organic phenotype — 51.7% and G/G — in the poly-organic phenotype — 62.8%. The G/G rs11466749
variant has a trending to significance direct 0.173 association and increased odds ratio = 5.85 (0.63-54.31) for the poly-
organic phenotype and protective impact onto the mono-organic phenotype -0.173 (0.17 (0.02-1.59); T/T rs7216389
variant increases the risk of poly-organic phenotype: 0.227, odds ratio = 2,79 (1.14-6.85) and decreases the risk of mono-
organic” phenotype: -0.227, 0.36 (0.15-0.88); A/G rs_10052957 variant significantly increases the risk the mono-organic
phenotype: 0.215, odds ratio = 2.5 (1.08-5.56)) and decreases risk of poly-organic phenotype: 0.215, odds ratio = 0.4
(0.18-0.93); G/G rs_10052957 variant significantly increases the risk of the poly-organic phenotype: 0.263, odds
ratio = 2.97 (1.31-6.74)) and decreases for the mono-organic phenotype: -0.263, odds ratio = 0.34 (0.15-0.76)).
Genotype variant T/T rs_7216389 of the orsomucoid-1-like protein 3 gene significantly increases the risk of developing
the poly-organic atopic phenotype by 2.79 times and protects against the mono-organic atopic phenotype by 0.34 times.
G/G genotype variant of rs10052957 of the human glucocorticoid receptor subfamily, group C, member 1 gene
significantly increases the risk of developing the poly-organic phenotype by 2.97 times, protecting against mono-organic
atopic phenotype by 0.34 times.

Pedepar. IlepconasizoBani reHoTUnHi Mapkepu ¢eHoTHIIB aTomiyHMX XBOpod y aiteil. [IlutaTtkoscbkuii B.O.
Memoro docnioscennsa 06yn0 3’acysamu 6nUE 0OHOHYKIEOMUOHUX eapianmis vs11466749 cena cmpomanbHo2o mMumMiuHO20
aimgponoemuny, rs_7216389 cena opcomykoio-1-nodionoeo 6inka 3 ma rs10052957 unena 1 epynu C, niopodunu
3 2MOKOKOPMUKOIOHUX peyenmopis I0OUHU HA PO3BUMOK MOHOOP2AHHO20 (heHOMUNY «AMONIYHA eK3eMay abo NONIOPeAHHO20
«amoniuna exzema + anepeiuHuil puHim/anepeiuHull puHoKoH toukmusimy. bynu nabpani 101 nayienm 6 ocrnoeny ma 105 y
KOHmMpONbHY epynu eikom 6i0 3 0o 18 poxis. Ilayicnmu 0cHOBHOI epynu xeopinu Ha amoniuny exzemy (38 dimeti) ma amoniuny
exseMy + anepeiuHull puHim/anepeiunull pUHOKOH torkmueim (43 oumunu). Tlayicnmu KOHMPONLHOL 2pynu Maau namoaozio
mpaeno2o mpaxmy. Ilayienmu ocrnognoi epynu Oyau eenomunogani na eapianmu A/A, A/G, G/G rs11466749, C/T, C/C i T/T
rs_7216389 ma A/A, A/G i G/G rs10052957; nayicumie konmpoavuoi epynu cenomunysanu 3a A/A, A/G, G/G rs11466749,
C/T, C/C i T/T rs_7216389 3a donomoecoro nonimepasHoi 1anyto2080i peaxyii 8 pelcumi peanrbHo20 HaAcy 3 0OMEHCEeHO
0oexcunoto pazmenma nonimopgizmy. Pesynomamu: odocmosipuux eiominnocmeti 3a rs11466749 ceped ocnosnoi ma
KOHMPOILHOL 2pyn Hemae, Hatlbinbw nowuperum € eapianm A/A — 55,2% (monoopeannuii) ma 55,8% (noniopeannuii); T/T
rs 7216389 € oocmogipro natinowupeniwium npu noniopeannomy genomuni — 39,5%; rs10052957: eapianm A/G suauno

23/ Tom XXVII/ 2 99


https://doi.org/10.26641/2307-0404.2023.2.283346
https://orcid.org/0000-0002-8508-5562

KJIIHI9HA MEJIHITHHA

uacmiwie 3yCmpiuaemocs 8 Medcax Monoopeantozo genomuny — 51,7%, G/G — noniopeannozo enomuny, 62,8%. Bapianm
G/G rs11466749 mae menoenyiio 0o 3nauywocmi 3 npsimoro acoyiayiero 0,173 i niosuwene cniggioHowents warncie = 5,85
(0,63-54,31) ons noniopeanno2o enomuny ma 3axXucHuti 6nau@ Ha MoHoopeanHuti genomun: -0,173, cniegionouennst
wancie = 0,17 (0,02-1,59); eapianm T/T rs7216389 niosuwye pusux noniopeannozo gernomuny: 0,227, cniegiOHOUWIEHHS
wancie = 2,79 (1,14-6,85) i snuoicye pusux monoopearnoeo. -0,227, cnigsionouwernns wiancis = 0,36 (0,15-0,88). Bapianm A/G
rs_10052957 snauno niosuwye pusux monoopeannozo gernomuny: 0,215, cniesionowenns warncie = 2,5 (1,08-5, 56) i snuxcye
pusuk noniopeanroeo: 0,215, cnisgionowenns wancie = 0,4 (0,18-0,93); sapianm G/G rs_10052957 3uauno niosuugye pusux
noniopeannoeo genomuny: 0,263, cnisgionowenus wancie = 2,97 (1,31-6,74) i 3nudicye onss mouoopeanroeo: -0,263,
cniggionowenns wancie = 0,34 (0,15-0,76)). Bapianm eenomuny T/T rs_7216389 eena opcomykoio-1-nodionoeo 6inka 3
BHAYHO NIOBUULYE PUSUK PO3GUNMIKY NOMIOP2AHHO20 amoniuno2o enomuny y 2,79 paza ma 3axumjdae 6i0 MOHOOPSAHHOZO
amoniunozo gpenomuny y 0,34 pasa. Bapianm eenomuny G/G rs10052957 unena 1, epynu C niopoounu 2niioKOKOPMUKOIOHUX
peyenmopie JHOOUHU 3HAYHO NIOBUULYE PUSUK PO3GUMKY NOJopeanHo2o ¢enomuny y 2,97 pasa, 3axuwaouu  6io

MOHOOpeanto2o amoniyrnoco enomuny 6 0,34 paza.

Atopic disorders (AD) are the burden and deri-
vatives of the modern civilization, being on the rise
during the last few decades [1]. One of the major
problems originating from AD is the progression of the
inflammatory process from the skin to the mucosae
residing in eye-bulbs and airways, thus transforming
into allergic rhinitis (AR), allergic rhino-conjunctivitis
(ARC) and bronchial asthma (BA). The bespoke linear
progression is called atopic march (AM), allergic
march or atopic triad [2]. Presence of any type and
localization of allergy in one parent increases the risk
of atopic eczema (AE) by 2-3 times in the proband,
presence of AE in both — by 5 times [3]. Given the
proven fact of the hereditary nature of atopy [5],
genetic milieu emerges to be the major target in
developing the personalized predictive diagnostics of
it. AD background involves single nucleotide variants
(SNV), epigenetic defects in methylation, incomplete
gene penetration and genomic imprinting breakdowns
[5]. Filaggrin — null mutations — are one of the major
causes of the early-onset phenotype AE and allergic-
atopic march resulting in BA [6].

In the own study dated 2019 [7] there was detected
that homozygotic genotype variant T/T SNV 157216389
of the orsomucoid-1like protein 3 (ORMDL3) gene had
been significantly frequent among children suffering
from AD and increased the risk of seasonal AR/ARC
(SARC) by 4.11 times (95% CI 1.55; 16.61), peren-
nial AR (PAR) by 5.07 times (95% CI 1.22; 13.90)
and BA by 10.31 times (95% CI 2.50; 42.62). There
is a scarce and controversary data on the role of the
human glucocorticoid receptors type 3, subfamily C
member 1 gene (hr-NR3CI) SNVs in the incline to
develop the mono-organic or poly-organic AD
phenotypes [8]. In the past few decades there was an
intensive study of the pro-inflammatory agent thymic
stromal lymphopoietin (7SLP). The study on Turkish
pediatric cohorts has shown the significant linkage of
the homozygous A/A and G/G genotypes of the TSLP
gene SNV rs11466749 in exon 4 with the BA and
AR/ARC phenotypes respectively [9]. The linkage
disequilibrium, particularly with r11466749, was
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obtained on Korean cohorts in the study of 9
TSLP gene SNV regarding risks of mono- and poly-
organic AD phenotypes [10]. In our study the SNV
A/G 1511466749 was detected to significantly
increase the risks of developing the mono-organic AE
and poly-organic AE+AR/ARC phenotypes by 5.88
and 4.17 times respectively related to the full atopic
phenotype AE+AR/ARC+BA [11]. Genotype A/A
SNV 1511466749 TSLP decreased the risk of deve-
loping AE phenotype by 0.38 times and the poly-
organic AE+AR/ARC by 0.37 times compared to the
full atopic phenotype.

Resuming the aforesaid, there emerges the
necessity to further elucidate genetic background and
SNVs that impact the development of mono-organic
and poly-organic AD phenotypes.

Thus the goal of the present study was to elucidate
the impact of single nucleotide variants rs11466749 of
thymic stromal lymphopoietin, rs 7216389 of orso-
mucoid-1-like protein 3 and rs10052957 of human
glucocorticoid receptor subfamily 3, group C, mem-
ber 1 on the axis of atopic disorders development —
whether into the mono-organic atopic eczema or into
poly-organic atopic eczema + allergic rhinitis/aller-
gic rhino-conjunctivitis phenotypes.

MATERIALS AND METHODS OF RESEARCH

There were recruited 101 patients into the min
group and 105 patients into the control group for the
study presented.

Inclusion criteria for the main group were as
follows: age between 3 and 18 years old, both gen-
ders, officially established diagnosis of the mono-
organic atopic phenotype AE (58 patients) or poly-
organic AE+AR/ARC phenotype (43 patients) con-
firmed by the laboratory total and/or increased
specific immune globulin E (IgE) testing in blood
serum. Exclusion criteria for the main group recruit-
ment were as follows: age younger than 3 and older
than 18 years old, absence of the officially
diagnosed AD in neither mono-organ nor poly-
organ phenotypes.
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For the control group there were recruited children
by the following inclusion criteria: age from 3 to
18 years old, both genders, officially diagnosed
lesions of the digestive system — acute and chronic
gastritis, duodenitis, functional dyspepsia, gall
bladder and the bile system functional impairments.
Exclusion criteria: age below 3 years old or above
18 years old, any signs or officially diagnosed AD in
any phenotypes or localization with or without
elevated total or specific IgE serum levels.

All the patients have undergone the buccal swab
for genotyping the following SNVs: A/A, A/G, G/G
SNV 1511466749 of TSLP gene, C/T, C/C and
T/T rs7216389 of the ORMDL3 gene. Genotyping for
the and A/A, A/G, G/G SNV rs10052957 of the
hr-NR3C1 gene has been performed only to the
patients of the main group — the AE and
AE+AR/ARC cohorts served as the control ones for
each other per the bespoke genotype.

The obtained material was consequently frozen
and stored within the temperature of -32°C and then
transported with the cold chain maintenance to the
certified laboratory of the Department of general and
molecular pathophysiology in the Bogomolets
Institute of Physiology of the National Academy of
Sciences of Ukraine. The delivered swabs were pro-
cessed by applying the discrimination allele analysis
by the means of polymerase chain reaction in the real
time with restricted fragment length polymorphism
(qPCR). Specifically, we used the following TagMan
kit assays for performing the qPCR as per the
bespoke SNVs: C_ 31152869 10 (rs11466749),
C_ 29062108 10 (rs7216389) and Genotyping
Assays 300 rxn (4331349). The entire process has
been run on the specified equipment 7500 Fast Real
Time PCR System. We considered as significant
SNVs with the minor allele frequency >5%.

The design of the current study was approved by
the local ethics Committee of Dnipro State Medical
University (Minutes' No. 7, October 28", year 2020).
The patients’ legal representatives (parents, legal
guardians) filled in and signed the informed consents
prior to the study start according to the Helsinki
declaration updated in the year 2013 in Fortaleza,
Brazil and Universal Declaration on Bioethics and
Human Rights adopted by UNESCO conference on
October 19™, year 2005 in Paris, France.

The results obtained are represented in the format
of the mean arithmetic values (M) with the 95%
confidence interval (95% CI), validated by the Mann-
Whitney-Wilcoxon test (U, p<0.05) and relative
values (%) for the depiction of the SNV A/A, A/G, G/G
SNV 1511466749 TSLP, C/T, C/C and T/T rs7216389
ORMDL3, A/A, A/G, G/G SNV 1510052957 of the
hr-NR3C1 gene. Associations between the genotypes
studied are processed by the Spearman's rank
correlation coefficient (r5) from 1 to -1 depending on
the potency and character of associations. The
differences in the values of different SNVs in
patients’ cohorts were validated by Pearson's chi-
squared test () for cohorts exceeding 5 patients and
Fischer's exact test (FET) for cohorts under 5 pa-
tients. Finally, the odds ratio (OR) or chances of
developing the AE mono-organic or AE+AR\ARC
poly-organic phenotypes were calculated by applying
the logistic regression analysis expressed by the OR
value with the 95% CI [12].

The abovementioned statistical computations were
performed involving the Statisticav.6.1 software (li-
cense No. AGAR909E415822FA, Statsoft Inc., USA).

RESULTS AND DISCUSSION

There were statistically significant differences
between the main and control groups in the age
distribution (Table 1).

Table 1

Age distribution by the AE and AE+AR/ARC phenotypes of the main and control group

Age, years AE*° (N, %) AE+AR/ARC*°° (N, %) Control group (N, %)
0-3 7 1 2
12,1% 2,3% 1,9%
4-6 24 8 14
41,4% 18,6% 13,3%
7-11 20 20 32
34,5% 46,5% 30,5%
12-18 7 14 57
12,1% 32,6% 54,3%

Notes: * p<0.01 by the y2 test between AE and AE+AR/ARC cohorts;® — p<0.001 by the %2 test collated to the control group; °° — p>0.05 compared to

the control group.

23/ Tom XXVII/ 2
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No gender significant differences between the
cohorts of the main group and the control group were
detected either (Table 2).

Still, one can see from the data represented in
Table 2 that males prevailed in all the cohorts of the
main and control group.

Table 2

The gender distribution among the patients of the AE and AE+AR/ARC phenotypes
of the main and the control group

Gender AE* AE+AR/ARC* Control group
Females, N 26 17 42
Females, % 44.8% 39.5% 40.0%
Males, N 32 26 63
Males, % 55.2% 60.5% 60.0%

Note. * p>0.05 by the %2 test between AE and AE+AR/ARC cohorts and collated to the control group.

In Table 3 there are represented data on the
distribution frequency of the genotype variants of
rs11466749 TSLP in the cohorts of the main and
control group.

The Table above clearly depicts the prevalence of
the A/A genotype variant rs11466749 TSLP within
both the AE and AE+AR/ARC phenotypes of the
main group, as well in the control group. The A/G ge-

notype happened to be the second most frequent
genotype sharing the similar distribution in the
patients of the main (both phenotypes) and control
group. There were no significant differences detected
among the patients of the main and control group.

In Table 4 there are the data of the genotype
distribution by the SNV rs7216389 ORMDL3 in the
studied groups.

Table 3
Distribution of the SNV rs11466749 TSLP genotype variants
in patients of the main and control group
Groups/Cohorts

SNV rs11466749 TSLP

main: AE main: AE+AR/ARC control
A/A*,N 32 24 53
A/A*, % 55.2% 55.8% 50.5%
A/G*, N 25 15 48
AIG*, % 43.1% 34.9% 45.7%
G/G*, N 1 4 4
G/G*, % 1.7% 9.3% 3.8%

Note. * p>0,05 by the y2 and FET tests collated to the control group.

Results of genotyping by the SNVs rs10052957 of
the hr-NR3C1 gene are represented in Table 5.

It emerges from Table 5, A/A variant of the
SNV 1510052957 hr-NR3C1 did not reveal any
significant differences between the AE and
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AE+AR\ARC cohorts of the main group. Mean-
while, A/G variant was significantly higher in
incidence in patients of the AE cohort and G/G — in
patients of the AE+AR/ARC cohort.
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Table 4
Distribution of the SNV rs7216389 ORMDL3 genotype variants
in patients of the main and control groups
Groups/Cohorts

SNV rs7216389 ORMDLS3,

main: AE main: AE+AR/ARC control
C/C,N 12+ 6%+ 29
CIC, % 20.7%* 14.0%** 27.6%
CIT, N 35+ 20% 60
CIT, % 60.3%* 46.5%* 57.1%
T/T,N 11* 1755+ 16
T/T, % 19.0%* 39.5%%x* 15.2%

Notes: * p>0.05 by the 2 test collated to the control group; ** p=0.05-0,1 by the y2 test collated to the control group; *** p<0.01 by the y2 test collated

to the control group.

Table 6 represents the associations and OR
between the studied SNVs A/A, A/G, G/G
SNV 1511466749 TSLP, C/T, C/C and T/T rs7216389

ORMDL3, A/A, A/G, G/G SNV rs10052957
hr-NR3CI and the AE and AE+AR/ARC pheno-
types of the main group.

Table 5

Distribution of the SNV rs10052957 of the Ar-NR3C1 genotype variants
among the patient cohorts of the main group

Groups/Cohorts
SNV rs10052957 hr-NR3C1
main: AE main: AE+AR/ARC
A/A*, N 7 3
A/A*, % 12.1% 7.0%
A/G**, N 30 13
AIG**, % 51.7% 30.2%
G/G*** N 21 27
G/G***, % 36.2% 62.8%

Notes: * p>0.05 by the y2 test; ** p<0.05 by the y2 test; *** p<0.01 by the y2 test.

The results obtained show increased susceptibility
to develop mono-organic AE or poly-organic
AE+AR/ARC phenotypes in the carriers of the
SNVsrs 7216389 ORMDL3, rs11466749 TSLP and
rs10052957hr-NR3C1. The aforesaid sometimes
matches and, sometimes, mismatches with the global
resources data. Thus, the own study as of the year
2019 in children suffering from AD has shown that
variant T/T SNV rs7216389 ORMDL3 is prevalent in

23/ Tom XXVII/ 2

all the phenotype cohorts and significantly increases
the risk of the isolated mono-organic phenotypes of
seasonal AR — by 4.11 times and perennial ARC — by
5.07 times [7]. In the present study, the homozygous
genotype T/T rs7216389 ORMDL3 confirmed the
impact of the doubled T/T allele on the AR/ARC
clinical profile — it increases the risk of AR/ARC
combined into the poly-organic phenotype with AE
by 2.79 times and provides protection against the
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mono-organic AE phenotype by 0.36 times. C Lou et
al. in their study detected the predisposing effect of
the SNV rs1898671 TSLP with the homozygotic
genotype to the development of the AE phenotype,
whilst the heterozygotic phenotype revealed the
protective effect as for AE [13]. In our study, data
obtained show the protective effect of the homo-
zygotic G/G rs11466749 TSLP genotype as for the
development of the mono-organic AE phenotype. The
aforesaid contributes to each other rather than
contradicts, indicating a need for the SNV studies for
all the culprit genotypes involved in the pathogenesis
of different AD clinical phenotypes. In the previous
own studies there was detected no significant
association between the SNV rs11466749 TSLP ge-
notypes and AE and AE+AR/ARC phenotypes [14].
Having increased the number of patients in the
aforementioned cohorts, we managed to obtain the
trending to significance in positive association of
1,=0.173 with 5.85 OR (95% CI 0.63-54.31) which
increases the risk of the AE+AR/ARC phenotype
development and, respectively, decreases the risk of
the AE phenotype development by 0.17 times (0.02-
1.59) with a negative association r,=-0.173. It clearly
points out at the need to study the SNVs rs 7216389

ORMDL3, 1511466749 TSLP and 1s10052957
hr-NR3CI in the larger patient cohorts, i.e.
>100 patients per phenotype. In their study
M. Panek etal. wrote that SNV Tthilll
(rs10052957),  ER22/23EK  (rs6189/rs6190),
N363S (rs6195) and Bcll (rs41423247) of the hr-
NR3CI gene increase the risk of BA and cause the
resistance to the glucocorticoid therapy, and dicrease
control over the disease [15]. The same paper states
that heterozygous genotype A/G was the most
common SNV of the Tthilll (rs10052957) in
adults — 57.14% controls, 46.92% BA patients. In our
study the aforesaid genotype was the most common
within the AE mono-organic phenotype — 51.7%, and
homozygous genotype G/G — was the most common
SNV in the poly-organic AE+AR/ARC phenotype -
62.8%. The mentioned above points out, first of all,
at the scarcity of data regarding the role of
SNV 1510052957 hr-NR3C1 in the genesis of AE and
AE combined with AR/ARC, not only BA. So, our
original study is the pioneering one to elucidate the
mechanism of impact of the SNV rs10052957
hr-NR3C1 genotype variants in predicting the child to
develop either mono-organic AD phenotype, e.g. AE,
or a poly-organic one such as AE+AR/ARC.

Table 6

Impact of the genotypes SNV rs11466749 TSLP, rs7216389 ORMDL3
and rs10052957 hr-NR3C1 on the risk of AE and AE+AR/ARC phenotypes development

SNV

Relation axis

AE to AE+AR/ARC

AE+AR/ARC to AE

*G/G rs11466749 TSLP, r,

*G/G rs11466749 TSLP, OR (95% CI)
#*T/T, rs7216389 ORMDL3, r,

#+T/T, rs7216389 ORMDL3, OR (95% CI)
#*A/G, rs_10052957 hr-NR3C1, r,

#*A/G, rs_10052957 hr-NR3CI, OR (95% CI)
#4%G/G, rs_10052957 hr-NR3CI, r,

***G/G, rs_10052957 hr-NR3C1, OR (95% CI)

0.173
0.17 (0.02-1.59)
-0.227
0.36 (0.15-0.88)
0.215
2.5 (1.08-5.56)
-0.263

0.34 (0.15-0.76)

0.173

5.85 (0.63-54.31)
0.227

2.79 (1.14-6.85)
-0.215

0.40 (0.18-0.93)
0.263

2.97 (1.31-6.74)

Notes: * p=0.05-0,1 by the %2 test and p>0.05 by FET; ** p<0.05 by the %2 test; *** p<0.01 by the %2 test.

CONCLUSIONS

1. The single nucleotide variants of rs_7216389
orsomucoid-like-1 protein 3 gene and rs10052957
human nuclear glucocorticoid receptor subfamily 3,
group C, member 1 gene have significant impact on
the development of the atopic disorders axis.
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2. The homozygous genotype variant
T/T rs_7216389 of orsomucoid-like-1 protein gene 3
is significantly the most common, directly associated
with the patients suffering from the poly-organic
atopic eczema + allergic rhinitis/allergic rhino-
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conjunctivitis phenotype and significantly increases
the risk of its development by 2,79 fold.

3.  Consequently, the SNV T/T rs 7216389 of
orsomucoid-like-1 protein 3 gene possesses significant
negative association and protective features regarding
the mono-organic phenotype of atopic eczema.

4. The homozygous G/G genotype variant of
rs10052957 human nuclear glucocorticoid receptor
subfamily 3, group C, member 1 gene is significantly
the most common one in patients suffering from the
poly-organic phenotype atopic eczema + allergic
rhinitis/allergic rhino-conjunctivitis and, being di-
rectly associated, increases the risk of its develop-
ment by 2.97 fold.

5. Further studies in larger patient cohorts are
needed to elucidate the impact of the SNV rs11466749
thymic stromal lymphopoietin genotype variants on
the development risks of either mono-organic or poly-
organic atopic disorders phenotypes in children.
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