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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Allergic diseases have been recognized as one of the global
health issues and affect about a third of the worldwide population.
COVID-19 pandemic has raised concerns about the risk of
infection and the severity of COVID-19 infection in patients
with asthma and allergic rhinitis. The aim of our study was to
define the relationships between pollen exposures and SARS-
CoV-2 infection rates in Georgia, as well as to characterize
the Covid-19 autoimmune and antiviral responses in Georgian
allergic patients with different sensitization patterns.

Data on daily COVID-19 positivity rates, case fatality rates,
and pollen concentrations from February 2020 to November
2022 were collected in Tbilisi, Kutaisi, and Batumi. Diagnostic
parameters, including total IgE, specific IgE, eosinophil counts,
anti-nuclear antibodies, and Covid-19 antibodies, were assessed
in 181 atopic patients and 24 healthy controls with confirmed
SARS-CoV-2 infection.

Laboratory findings revealed significant variations in eosinophil
counts and total IgE levels among the groups. ANA positivity
did not exhibit substantial differences between atopic patients
and healthy controls. Individuals with indoor allergies displayed
lower SARS-CoV-2-specific antibody levels, potentially
explained by variations in adaptive immune responses. There
was no correlation between pollen concentration and COVID-19
epidemiological characteristics, indicating that pollen had no
effect on virus epidemiology.

Key words. Allergic diseases, pollen exposure, Covid-19.

Introduction.

Allergic diseases have been recognized as one of the global
health issues and affect about third of the worldwide population.
COVID-19 pandemic has raised concerns about the risk of
infection and the severity of COVID-19 infection in patients
with asthma and allergic rhinitis. A study conducted by Jackson
et al. [1] found that allergic diseases and allergen exposure
has an inverse relation with angiotensin-converting enzyme 2
(ACE-2) expressions, where COVID-19 requires this receptor
to enter the host body [2,3]. A growing body of evidence
indicates a reduced risk of both SARS-CoV-2 infection and
COVID-19 severity associated with atopy. Increasing evidence
suggests that atopic disease protects against severe COVID-19
illness owing to the underlying type 2 inflammatory process.
COVID-19 may trigger the onset of autoimmune pathology;
various autoantibodies have been described in association with
COVID-19. Furthermore, histamine and immunoglobulin E
(IgE) serum levels are found to be elevated in allergic rhinitis
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and asthmatic patients, which can down-regulate certain anti-
viral responses, i.e., hyper-inflammation that mark the severity
of various respiratory diseases, including COVID-19 [4]. Like
various other respiratory diseases, coronavirus might worsen
asthmatic symptoms in severe or uncontrolled patients but
owing to Th2-skewed immunity (pertaining to the allergic
and interferon-mediated response), which drives anti-immune
response may protect against COVID-19 diseases [5]. These
observations were quite interesting and contrasting according
to the theoretical knowledge, where allergic diseases and
asthma are known to increase with viral infections. This inverse
correlation might support the idea that the triggering of immune
responses by airborne pollen (i.e., hay fever) makes it difficult
for COVID-19 to penetrate a new host. Moreover, this gives
substantial sense to the idea that an activated-immune system
seems to protect against COVID-19 viruses [6].

Pollens are considered as one of the primary triggers of
respiratory allergies, causing 'pollinosis'. Pollens grains are
known to be allergenic [7,8] and play a vital role in immune
system activation [9,10]. They are considered anti-viral
substances and have also shown anti-influenza effects [11,12].

Pollen is hypothesized to either increase, decrease, or has no
effect on the risk of COVID-19 infection. It may reduce the
risk by acting as an inhibiting factor towards viral infections,
e.g., by downregulating ACE-2 in the nasal epithelium and
subsequently protecting people especially those with asthma
and allergic rhinitis against COVID-19. Conversely, pollen
may increase the risk of COVID-19 transmission by acting as a
carrier. Experimental studies have shown that viruses can exist
inside pollen grains or on its outer surface, allowing it to persist
in the atmosphere for up to weeks and travel over long distances
[13].

Various publications have linked the SARS-CoV-2 infection
rate to the pollen concentration in a specific area, the most
recent being that of Damialis et al, who reported that higher
airborne pollen concentrations were related to higher COVID-19
infection rates according to the data on 31 countries around the
world [14]. However, how allergen exposure per se, and pollen
exposure in particular, might influence SARS-CoV-2—induced
inflammation and its clinical outcomes remains unknown.
In vitro allergen exposure can attenuate antiviral response to
some respiratory viruses. Nonetheless, with increasing pollen
exposure associated with climate change, the interplay between
pollen and respiratory viruses, including SARS-CoV-2, warrants
consideration. It is postulated that pollen exposure, independent
of allergic status, has a direct effect on antiviral defense within
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the airway epithelium and therefore enhances susceptibility to
SARS-CoV-2 infection [15].

Aims.

The aim of our study was to define the relationships between
pollen exposures and SARS-CoV-2 infection rates in Georgia,
as well as to characterize the Covid-19 autoimmune and
antiviral responses in Georgian allergic patients with different
sensitization patterns. The findings of the study can help to
inform evidence-based public health policy aiming at lowering
the impact of Covid-19, particularly in populations plagued by
allergic illnesses.

Methods.

Study participants:

181 atopic patients and 24 healthy controls with confirmed
SARS-COV-2 infection were recruited in the study. The
inclusion criteria were positivity of skin-prick or specific IgE
testing of patients attended to the allergy clinic during the 2021-
2022 years period. Atopic patients were categorized in three
groups: 1) sensitized to pollen allergens (any of trees, grasses
and weeds) “pollen allergy group” (59 patients); 2) sensitized
to pollen and indoor allergens (house dust mites, molds and
epidermal allergens) together “pollent+indoor allergy” group
(55 patients) and 3) sensitized to indoor allergens only —
“indoor allergy group” (67 patients). According to Covid-19
symptoms, all patients were stratified into asymptomatic,
mildly symptomatic (upper respiratory tract infections only),
moderately symptomatic (lower respiratory tract infections,
high fever, or severe gastrointestinal symptoms) and severely
symptomatic (admitted into health care facility to treat disease)
using the clinical questionnaires.

Ethical considerations:

This study was approved by Institutional Ethical Committee
of Center of Allergy and Immunology, Tbilisi, Georgia. All
procedures were performed in accordance with the ethical
standards and informed consents were obtained before the
enrollment procedure based on Law of Georgia “On Health
Protection” (Chapter II, Article 11).

Data collection:

Daily COVID-19 cases, positivity rate and case fatality rate
in 3 main cities Tbilisi, Kutaisi, and Batumi at the period from
4" February 2020 till 29" November 2022 were obtained from
NCDC data base. The information regarding hospitalization
and death was not included in the analysis, as it was only 2
cases of hospitalization and no death due to Covid-19 in study
population.

Pollen sampling and analysis:

The pollen data was obtained at the period from 4" February
2020til129" November 2022. The airborne pollen monitoring for
evaluation of concentration of allergic pollen was performed in
Thbilisi, Kutaisi, and Batumi with a Burkard Seven Day Volumetric
Spore-trap (Burkard Manufacturing Co Ltd, UK), following the
recommendations and protocols of European Aerobiology Society.
Pollen concentration was calculated and expressed as the number
of pollen grains per cubic meter of air (p/m?).
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Blood sampling:

Blood sampling was done for measuring of diagnostic
parameters (total IgE, inhalant allergen specific IgE by
ImmunoCAP, differential blood count (counts of eosinophils),
anti-nuclear antibodies (IFA) and antibodies against Covid-19
during the recruitment procedure. The Immunocap test for
specific and total IgE measurement was performed according
to the manufacturer’s instructions (Thermo Fisher Scientific,
Uppsala, Sweden).

Covid -19 antiviral response:

Laboratory testing was conducted using the Abbott
ARCHITECT 12000 system  (Abbott  Diagnostics).
Chemiluminescent microparticle immunoassays (CMIA)

ARCHITECT SARS-COV-2 IgG II Quant and ARCHITECT
SARS-COV-2 IgG were used for detection immunoglobulin
class G (IgG) antibodies to SARS-CoV-2 in serum samples.
The SARS-CoV-2 IgG II Quant assay is an automated, two-step
immunoassay for the qualitative and quantitative determination
of IgG antibodies to the receptor binding domain (RBD) of the
S1 subunit of the spike protein of SARS-CoV-2, and >50 AU/
ml threshold was used for classification as a positive result.
ARCHITECT SARS-CoV-2 IgG assay is a fully automated,
two-step immunoassay for the qualitative detection of IgG
antibodies to the nucleocapsid (N) protein of SARS-CoV-2.
Results are reported as an Index (ratio of the chemiluminescent
signal between the samples and a calibrator), with values >1.4
indicating a positive result. The procedure was performed
according to the manufacturer's instructions.

Covid-19 autoimmunity response:

All patients (including controls) were screened for anti-nuclear
antibodies (ANAs) by IIFA (Indirect Immunofluorescence
Assay) on HEp-2 cells (Bio-Rad Laboratories, Hercules, CA).
Twofold serial dilution in 0.01 M phosphate buffered saline
(PBS) was used for autoantibody titration. A positive and a
negative reference control were tested in each slide for quality
control. Pre-diluted sera were overlaid on fixed HEp-2 cells for
20 min at room temperature. Slides were washed for 10 min with
PBS overlaid with fluorescein conjugated (FITC) antiserum and
incubated for an additional 20 min. The slides were evaluated
with a fluorescence microscope (at x 400-fold magnification). A
titer of 1:80 or higher was considered to indicate ANA positivity.

Statistical evaluation:

All the statistical analyses were performed using IBM SPSS
Statistics version 21 (SPSS Inc., Chicago, IL, USA). Descriptive
statistics were used with mean, minimum and maximum
values to describe continuous variables; absolute number and
percentage were reported for categorical variables. Intergroup
difference was calculated using the analysis of variances by
Anova test. The degree of relationship between the quantitative
variables was analyzed using Pearson Correlation test (r). The
strength of a correlation was stratifying as followings: weak
(/1/<0.3), moderate (0.3</r/<0.7), or strong (/r/>0.7). Statistical
significance was defined as p <0.05.

Results.

The mean age of studied population (including controls)
was 21.1 £ 15.1 years, females 42.4%, the mean recruitment



Table 1. Comparisons of various characteristics of study groups and health control.

Pollen + indoor Anova
Study population characteristics Healthy Pollen allergy allergy group Indoor allergy  between
Control (N=24) group (N=59) (N=55) group (N=67) groups
(p-value)
Patient characteristics
Age years old (mean = SD) 2434210 249+ 143 242+ 14,4 142+ 11,4 0,000
Sex (female) (%, 95% CI) 54,2 (32,7-75,6) 49,2 (36,0-62,3) 382 (24,9-51,4)  35,8(24,0-47,6) 0,259
Months after last Covid-19 positive testing (mean, 3.0 (1,8-4.3) 45(33-56) 53(4.1-6.5) 42(33-52) 0.158
95% CI)
. L 33,3% (12,9-
Fully Covid-19 vaccination status (%, 95% CI) 53.7) 27,1% (15,4-38,8) 123,6% (12,0-35,2) 29,8% (18,6-41,0) 0,806
Laboratory characteristics
ANA postivity (%, 95% CI) 8,3% (3,5-20,2) 23,7% (12,5-34,9) 16,3% (6,3-26,5) 14,9% (6,2-23,7) 0,341
Eosinophiles (absolute# 10°/1, 95% CI) 0,18 (0,12-0,25) 0,46 (0,32-0,58) 0,46 (0,26-0,65) 0,61 (0,34-0,87) 0,002
Total IgE (kU/l, geometric mean + SE) 20,7 £12,1 155,2+59,5 288,24+48.9 190,1+66,8 0,016
S?,}:SC'IC)O"Q S1- specific antibodies (positivity %, ?gfjf)’ (72 94 9% (89,9-100,7) 95.9% (90,1-100)  95,6% (90,5-100) 0,986
SARS-Cov-2 S1- specific antibodies (mean AU/ml, (1;):9350:18_ 9017,7 (6062,3- 9675,8 (6179,6- 2725,9 (1304,8- 0,001
95% CI) 16566.6) 13171,9) 13171,9) 4147,1)
g‘;ﬂfﬁg’iﬁ gg?,flgl;’f SARS-CoV-2 antibodies ;ig;”’ GO (6 89 (51,8-85,7) 47,6% (24.3-70,9) 64,7%(47.8-81,6) 0,361
Nucleocapsid protein of SARS-CoV-2 antibodies
(mean of index, 95% CI) 2,6 (1,1-4,0) 4,8 (3,4-6,2) 2,5(1,1-3,9) 3,1 (2,1-4,1) 0,042
Atopic diseases
Allergic rhinitis (%, 95% CI) N/A 96,3% (94,9-101,7) 94,5% (88,3-100,7) 83,6% (74,5-92,7) 0,007
Asthma (%, 95% CI) N/A 8,5% (1,2-15,8) 21,8% (10,6-33,1) 16,4% (7,3-25,5) 0,140
Urticaria (%, 95% CI) N/A 16,9% (7,1-26,8)  10,9% (2,4-19,4)  11,9% (4,0-19,9) 10,592
Atopic conjunctivitis (%, 95% CI) N/A 42,4% (29,4-55,4) 40,0% (26,6-53,4) 4,5% (0,6 -9,6) 0,000
Immunotherapy (%, 95% CI) N/A 8,4% (1,2-15,8) 18,2% (7,7-28,7)  7,5% (1,0-13,9) 0,198
Family history of allergy
Asthma (%, 95% CI) N/A 6,0 (2,5-14,6) 6,1 (2,5-14,7) 16,0 (5,5-26,5) 0,374
Rhinitis (%, 95% CI) N/A 39,4 (21,7-56,9)  33,3(16,3-50,3) 30,0 (16,8 -43,2) 0,738
Eczema (%, 95% CI) N/A 0 0 4,0 (1,6 -9,6) 0,444
Allergy treatment last 12 months (%, 95% CI) N/A 87,8 (76,1-99,6)  87,5(75,4-99,6) 90,0 (81,4-98,6) 0,965
Steroids (%, 95% CI) N/A 21,2 (6,5-37,0) 21,8 (6,7-37,1) 40,0 (25,9-54,1) 0,075
Anti-histamines (%, 95% CI) N/A 78,8 (64,1-93,5) 71,8 (55,4-88,3) 78,0 (66,1-89,9) |0,843
Covid-19 symptoms
Asymptomatic (%, 95% CI) 0,0 25 (4,2-45,8) 23,1 (5,7-40,4) 15,6 (2,3-28,9) 0,148
Mildly symptomatic (%, 95% CI) ?322()82’7_ 60 (36,5-83,5) 61,5 (41,5-81,6) 53,1 (34,8-71,4) 0,026
Moderate symptomatic (%, 95% CI) 56(02-17,3) 15(0,3-32,1) 11,5(0,1-24,7) 28,1 (11,7-44,6) 0,164
Severe symptomatic (%, 95% CI) 0,0 0,0 3,8 (0,4-11,8) 3,1(0,3-9,5) 0,721

N/A - not available information for healthy control group.

P-value less than 0,05 marked by yellow color.

Table 2. The correlation between the daily concentration of pollens and COVID-19 in three Georgian cities -Thilisi, Kutaisi and Batumi.

Pearson correlation test Pollen grains per cubic meter
City % Correlation coefficient /r/ Sig. (2-tailed)
e Positivity rate -0,062 0,000
Thilisi Case fatality rate 0,002 0,952
Kutaisi Positivity rate 0,137 0,000
Case fatality rate 0,089 0,011
Batumi Positivity rate -0,028 0,390
Case fatality rate 0,013 0,707
P-value less than 0,05 marked by yellow color
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time after COVID-19 positive test was 4.4 + 4.1 months and
vaccination rate were 27.8%. The healthy control and pollen
allergy groups exhibited similar mean ages (24.3 vs. 24.9
years), while the indoor allergy group displayed a markedly
lower average age (14.2 years). Sex distribution showed slight
variations, but not statistically significant (Table 1).

Based on the data (Table 1) represents the percentage of
individuals with positive ANA test results in different groups
and the ANOVA test, there is no strong evidence to suggest
significant differences in ANA positivity between the atopic
patients groups. In positive cases titer was not more than
1:160 and more frequent pattern was AC-2 (according to the
International Consensus on Antinuclear Antibody Patterns
(ICAP)).

The analysis of laboratory results revealed that the eosinophils
absolute count and total IgE levels demonstrated significant
discrepancies across the groups. Particularly, the indoor allergy
group exhibited the highest eosinophil count (0.61) compared
to the healthy control group (0.18), while the pollen allergy and
pollen + indoor allergy groups displayed intermediate values.
Total IgE levels were notably elevated in the pollen + indoor
allergy group (288.2 kU/1), followed by the indoor allergy
group (190.1 kU/1). The healthy control group exhibited the
lowest total IgE level (20.7 kU/L). Comparative analysis of
immunological responses to SARS-CoV-2 revealed significant
difference. Particularly, the healthy control group have the
highest mean SARS-Co V-2 Sl-specific antibody levels
compared to the other groups, with mean value 10530.8 AU/
ml (95% CI: 4495.1-16566.6 AU/ml). The lowest value (mean
value 2725.9 AU/ml, 95% CI: 1304.8-4147.1) was observed
among the individuals sensitized to indoor allergens only. The
variance analysis by Anova test reveals significant differences
in nucleocapsid protein antibody levels (p = 0.042) across the
groups. The pollen allergy group displays the highest mean index
value (4.8), followed by the indoor allergy group (3.1), pollen +
indoor allergy group (2.5), and healthy control group (2.6).

SARS-CoV-2 S1-specific antibodies
(mean value with 95% ClI)

20000 =

Figure 1 express the difference between groups for both
investigated antiviral responses; the results suggest that
individuals with indoor allergies tend to have lower levels of
SARS-CoV-2 Sl-specific antibodies compared to individuals
without allergies (healthy control group), with pollen allergies
or a combination of pollen and indoor allergies. The differences
between the allergy groups and the healthy control group
for nucleocapsid antibodies may not be as substantial and
the confidence intervals overlap, indicating some degree of
uncertainty in the estimates.

Allergic rhinitis and atopic conjunctivitis were the major
diagnoses for both groups sensitized to pollen allergens.
Asthma was more prevalent in the pollen + indoor allergy
group (21.8%), followed by the indoor allergy group (16.4%).
Immunotherapy was administered in varying proportions across
the allergic groups, with the highest prevalence seen in the
pollen+ indoor allergy group (18.2%). Despite the observed
most prevalent family history of asthma among indoor allergy
group and slight difference of family history of rhinitis between
groups, this is not significant and could not influence on any
important characteristics. No special differences between
allergy treatment strategy for atopic patients was revealed, more
that 75% of them used the anti-histamine medication during the
last 12 months and 40.0% of patients sensitized only to indoor
allergens required steroids for management of their allergic
symptoms.

As it was defined in the methodology Covid-19 symptoms
were stratified in 4 groups. Healthy controls exhibited the
highest proportion of mildly symptomatic cases (94.4%),
while the indoor allergy group had the highest proportion of
moderately symptomatic cases (28.1%). The prevalence of
severe symptomatic cases was minimal in all groups, as among
recruited patients it was only 2 cases of hospitalization due to
Covid-19.

In Figure 2 we can see the graph corresponding to the three
investigated cities of Georgia in which a correlation between

Antibodies to nucleocapsid protein of SARS-CoV-2
(mean value with 95% CI)

)
@,
15000 T 3 6
|' 2
£ £
S 10000 » 2 44
= ® T s }
1 3
5000 i X - "g? 2
s =
ozr
0 T T T T xo T T T T
> 9 9 3 & -\ 3
& & & & g ) & &
. 00& or&\a ‘1}\0 ‘e\\e b oo(\\ J}\a \é\p \'3}\6
«F & 0 o« & 0
¢ o8 & ¢ & ¢
<&
o\\?a o\\e
< <
Study groups Study groups

Figure 1. Comparison SARS-CoV-2 IgG antibodies responses in study groups and health control.
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Figure 2. The correlation between the daily concentration of pollens and Covid-19 positivity rate in three Georgian cities at the period of February
2020 - November 2022 (a. - Thilisi, b. - Kutaisi and c.- Batumi). "R sq linear" represents the coefficient of determination for a linear regression
model, but observed low R-squared value in all three cities may not well explaining the variability in the data.

total daily pollen concentrations and daily cases of COVID-19
between 4% of February 2020 and 29" of November 2022 is
carried out.

By statistical analysis of the data, we found that there slightly
different relationship between the daily cases of COVID-19
and the total daily concentration of pollen between investigated
cities - Tbilisi, Kutaisi, and Batumi. Once these data were
available, a Pearson correlation was performed to determine
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whether there was a significant relationship between total pollen
concentrations and Covid-19 positivity and case fatality rates
(Table 2).

In Kutaisi weak positive correlation of daily pollen
concentration and Covid-19 both rates (for positivity r =0.137,
p 0.000 and case fatality r =0.089, p — 0.011) was obtained. In
Thilisi positivity rate and pollen concentration correlation was
weakly negative (r=-0.062, p — 0.000).



Discussion.

The impact of allergic disorders on the progression of
Covid-19 is controversial. Recent studies have revealed
fascinating findings that allergic diseases may provide some
sort of protection against Covid-19 [16,17]. However, there
is contradictory information, as another study suggests that
Covid-19 can be more severe in patients with allergic rhinitis
and asthma, particularly non-allergic asthma [18].

In our research, we focused on individuals sensitized to both
pollen and indoor allergens. The examinations occurred several
months after Covid-19 testing, with an average duration of 4.4
months, aiming to uncover distinctive features in the laboratory
characteristics of these patients. It is widely recognized that
persistent exposure to allergens in individuals with inhalational
allergies can result in chronic inflammation of the airways and
skin, consequently heightening susceptibility to infections
[19,20]. In our cohort, inhalational allergies (allergic rhinitis up
to 96.3% and atopic conjunctivitis up to 42.4%) were prevalent
and accompanied by increased values for some laboratory
characteristics (total IgE and absolute eosinophil count),
especially observed in patient groups sensitized to indoor
allergens. Our results align with previous researches indicating a
strong connection between elevated total IgE levels (> 100 kU/I)
and a history of wheezing, asthma, and allergic manifestations,
as well as atopy. Additionally, there is an association between
increased absolute eosinophil count and the presence of allergic
diseases, along with specific IgE antibodies to grass pollen and
mites, consistent with findings in other studies [21-23]. The
elevated absolute eosinophil count observed in patients after
Covid-19 may be linked to the activation of mast cells and
eosinophils by SARS-CoV-2 [24]. In a study by Licari et al.
(2020), it was demonstrated that allergic children exhibit higher
eosinophil counts without experiencing dyspnea symptoms
compared to COVID-19 patients. Eosinophils are immune cells
known to aid in the recovery from specific viral infections,
including COVID-19 [25,26].

Antibodies directed against nuclear, cytoplasmic, and soluble
autoantigens have been thoroughly documented following viral
infections [27,28]. However, their precise significance has
remained unclear. In this investigation, we employed highly
sensitive assays to identify ANA (anti-nuclear antibodies) in
individuals following SARS-CoV-2 infection. Our findings
revealed a slightly higher ANA positivity in atopic patients
compared to healthy controls. Nevertheless, as the difference
did not reach statistical significance, interpreting the diagnostic
value of autoantibody positivity several months after recovering
from acute viral infections proves challenging.

Serological tests are a powerful tool in the monitoring of
infectious diseases and the detection of host immunity, thus the
testing for SARS-CoV-2-specific antibodies is most important
for assessment of the degree of protection. In keeping with
previous literature, we observed that SARS-Cov-2 S1 and
nucleocapsid protein antibodies still have detectable levels
up to 4.4 months after natural infection, ranging from 95.6%
to 95.9% and 47.5% to 68.8% respectively (across all groups
and healthy controls) and nucleocapsid protein antibodies tend
to disappear more quickly than SARS-Cov-2 S1 antibodies
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[29]. A noteworthy discovery in this study was the variation in
antibody levels among the groups, with individuals sensitized
to indoor allergens exhibiting the lowest SARS-Cov-2 S1 value
at 2725.9 AU/ml. This finding could theoretically be attributed
to differences in adaptive immune responses among atopic
patients sensitized to various aeroallergens. This is supported
by previous knowledge [30] indicating that in hosts sensitized
to specific predicted aeroallergens, such as Dermatophagoides
species and Aspergillus fumigatus, identified similarities
with the SARS-CoV-2 proteome might confer protection by
preventing an overwhelming Th1 response and the associated
cytokine storm. Additionally, allergen-specific T cells may
develop a memory response against heterologous SARS-CoV-2
epitopes, offering a faster and more efficient immune reaction.
Conversely, such heterologous immune responses could have an
adverse outcome by attenuating the antiviral response.

COVID-19 presents a range of clinical manifestations,
spanning from asymptomatic cases to mild and severe forms.
Interestingly, individuals with allergic diseases do not appear to
exhibit distinct symptoms or an elevated risk of severe disease,
which contradicts the typical pattern seen in viral infections that
tend to exacerbate asthma and other allergic conditions. This
raises the question of what specific features in allergic diseases
or asthmatic patients might be associated with a reduced
potential for COVID-19 severity. Through a comparison of
COVID-19 symptoms across groups, we discovered that the
indoor allergy group had a lower percentage of individuals with
mild symptoms (53.1% compared to 94.4% in healthy controls
or 60% in the pollen allergy group) and a higher proportion
with moderate symptoms compared to other groups. Notably,
there was no observed association between the use of oral
corticosteroids in the year before COVID-19 infection and
an increased risk of more severe symptoms. Further studies
are needed to explore the involved pathogenetic mechanisms
and potential clinical implications of underlying aeroallergen
sensitization on the immune response to SARS-CoV-2.

Co-exposure to airborne pollen enhances susceptibility to
respiratory viral infections, regardless of the allergy status
[31]. Pollen exposure weakens the body’s innate defense
against respiratory viruses. According to a recent report of 31
countries [15], higher airborne pollen concentrations correlate
with increased SARS coronavirus-2 infection rates. To explore
this association, we examined the relationship between SARS-
CoV-2 infection rates and pollen concentrations in three major
cities in Georgia — Tbilisi, Kutaisi, and Batumi.

According to the document published on 4 August regarding
the epidemiological situation in Georgia on the basis of data
from January 2020 to June 2022, the first case of COVID-19
was detected in Georgia on February 26, 2020. In the period
from 2020 to 2022, the positivity rate for testing was 9.4%.
The maximum positivity rates for each year were recorded in
November 2020 — 25.2%, August 2021 — 10.3% and February
2022 —29.9% [source in Georgian language only].

Upon analyzing the datasets pertaining to pollen counts and
Covid-19 in three Georgian cities, it becomes evident that
the correlation between daily pollen concentration and two
key epidemiological indicators of COVID-19 (positivity rate



and case fatality rate) varies among cities. Specifically, there
is a weak negative correlation for Tbilisi and a weak positive
correlation for Kutaisi. These observed differences may
be attributed to various environmental factors, as the cities
are situated in different regions (the West and East parts of
the country) with distinct climate zones. Notably, the most
significant outcome from this segment of our investigation is
the very weak correlation between COVID-19 positivity rate
and daily pollen concentration for Tbilisi (/r/ 0.062) and Kutaisi
(/rt/ 0.137), with the association not being statistically significant
for Batumi. Consequently, we can assert that, at present, there
is no discernible association between pollen exposure and
COVID-19 in Georgia. However, a definitive conclusion cannot
be drawn due to limited evidence, underscoring the need for
further research to elucidate how pollen bio-aerosols might
influence virus survival.

This study has several limitations. Firstly, the study cohort was
randomly selected from the outpatient allergy clinic database
based on sensitization to aeroallergens (pollen and indoor) and
a positive COVID-19 test conducted a few months prior. As
a result, the study cohort was relatively young, with a mean
age of 21 years, impacting both vaccination status and certain
laboratory outcomes. Secondly, only two patients among
the atopic individuals under study were hospitalized due to
COVID-19. Consequently, we lacked the opportunity to assess
and compare atopic patients experiencing severe Covid-19
symptoms. Thirdly, the data for present study are collected on
average 4.4 months after COVID-19 positivity and not include
the acute phase of the virus, which still requires future research.
Fourthly, our analysis focused on the daily concentrations of
pollen and specific epidemiological rates of Covid-19, excluding
other environmental variables (such as temperature, humidity,
etc.) from the analysis.

Conclusion.

In conclusion, we can state that, in Georgia, there is no
association between pollen concentration and COVID-19
epidemiological parameters, thus we didn’t find an influence
of pollen on virus epidemiology. The investigation Covid-19
autoimmune and antiviral responses in Georgian allergic
patients with different sensitization patterns revealed that the
individuals with indoor allergies exhibited the lowest levels
of SARS-CoV-2-specific antibodies, potentially explained by
differences in adaptive immune responses.
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