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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITUIO HEOOXOMUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps 1omkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUISIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas dyepe3 MoJITopa HHTepBaJjia Ha OHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonbs3yemblil 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 pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOIDKEH
651TH IprTO’keH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHee IECSATH 1 He OoJiee 1BaALATH CTPAHUI] MALTHOIINCH,
BKJIIOYAsl yKa3areJib JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3UHCKOM SI3BIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTyalIbHOCTh JAHHOTO MaTepHalla, METO/IBI U PE3YIIbTaThI
WCCIIeIOBaHUS U X 00CyKACHHE.

[Ipu npencTaBiIeHNHN B IleYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MUBaHUS U
YCBHIMICHHUS (B XOJI€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH NIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BKJIIOYAIOLIEE CIEeLYIOLINE pa3aesbl: Lielb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBbIX cioB (key words).

5. Tabnunpl HEOOXOIUMO NPENCTABIATE B IedaTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0/KHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbu. Tabiuibl U rpad)uKu TOTKHBI OBITH 03aryIaBIICHBI.

6. doTtorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIMHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paeHuH. PUCyHKH, yepTeXu U IuarpaMmbl ClIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsx k MukpogotorpagusaM CieayeT yKa3blBaTh CTEICHb yBEIMUCHHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB IIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennn u HarpaBneHun crared B xypHanm MHI nmpocum aBTOpOB cobmronars
NpaBUIIa, U3JIO0KEHHBIE 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 BKIIFOUAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKM B TeKcTe. CIHUCOK COCTaBIseTCs B
andaBuTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyphl CHavYajia IPUBOIATCS PabOThI, HAIMCAHHBIE 3HAKaMU TPY3WHCKOTO anaBuTa, 3aTeM
Kupwuien u naruauneid. CChUIKM Ha MUTHUPYEMble PabOThl B TEKCTE CTAaThbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOM pabOoThI B CIIMCKE TUTEPATypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a MOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YYPEKJICHUS BU3Y U COINPOBONUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIe Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHbIe koopAuHaTel. KomuuecTBo aBTOpPOB (COABTOPOB) HE NOJDKHO MPEBBIIIATH IISATH YEJIOBEK.

11. Penakuus ocraBisieT 3a cO00i MpaBo COKpaIlaTh U HCIPaBIATh cTarhi. KoppekTypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HalpaBiieHHE B peldaklMIoO padoT, MpeACTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNICHUH YKa3aHHbIX IIPaBUJI CTATbU HE PAaCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

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,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

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.

Background: Chronic urticaria (CU) is a mast-cell-driven
disorder involving inflammatory and autoimmune mechanisms.
Lead can affect immune function, but its relationship with CU
has been little studied.

Objective: To examine the association of blood lead levels
(BLLs) with CU, active wheals at blood sampling, and selected
immunological markers.

Methods: This single-center case-control study included
303 participants from Western Georgia: 211 patients with CU
and 92 healthy controls. BLLs were measured by inductively
coupled plasma mass spectrometry. Eosinophils, total IgE,
histamine, anti-IgE autoantibodies, and FceRla autoantibodies
were assessed. BLL >10 pg/dL. was used as the predefined
analytical threshold for higher lead exposure. Associations were
evaluated using group comparisons, Spearman correlation, and
age-adjusted regression analyses.

Results: BLLs were higher in patients with CU than in healthy
controls. BLL >10 pg/dL was present in 66.8% of patients and
33.7% of controls (OR 3.96; 95% CI 2.36—6.66; p<0.001), and
the association remained significant after adjustment for age
(aOR 4.07; 95% CI 2.38-6.96; p<0.001). Within the CU group,
higher BLLs were associated with eosinophilia and higher
histamine, anti-IgE, and FceRla autoantibody levels, but not
with total IgE. BLL >10 pg/dL was also associated with active
wheals at blood sampling after adjustment for age (aOR 3.36;
95% CI'1.75-6.45;p<0.001). In an exploratory analysis, the dual-
positive anti-IgE/FceRlIa group had the highest frequencies of
BLL >10 pg/dL (83.3%) and active wheals (92.4%). Compared
with patients in whom neither autoantibody was elevated, the
dual-positive group had the strongest age-adjusted association
with BLL >10 pg/dL (aOR 5.49; 95% CI 2.38-12.70; p<0.001).

Conclusions: Patients with CU had higher BLLs than healthy
controls. Within the CU group, higher BLLs were associated with
eosinophilia, histamine, anti-IgE and FceRla autoantibodies,
and active wheals, but not with total IgE. These associations
require confirmation in prospective studies.

Key words. Chronic urticaria, lead exposure, blood lead level,
anti-IgE autoantibodies, FceRIa autoantibodies, histamine,
eosinophils.

Introduction.

Chronic urticaria (CU) is characterized by recurrent
wheals, angioedema, or both for more than six weeks and is
a heterogeneous mast-cell-driven disorder [1-3]. Mast-cell
and basophil activation are central to its pathogenesis, but the
underlying mechanisms vary among patients. These include
IgE-dependent autoallergic pathways, autoimmune mechanisms
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involving antibodies against IgE or the high-affinity IgE receptor
(FceRI), and other inflammatory processes [4-8].

Lead is a widespread environmental toxicant with
neurological, hematological, renal, and cardiovascular effects
and can also alter immune function [9-15]. Experimental
studies have reported effects on lymphocyte function, cytokine
signaling, antigen-presenting cells, and Th1/Th2 balance [14-
17]. Associations between heavy-metal exposure and allergic
disease have also been investigated [18-20]. However, evidence
specifically linking lead exposure with CU is limited, and little
is known about the relationship between blood lead levels
(BLLs) and immunological markers in these patients.

This question is relevant in Georgia, where population studies
have documented substantial childhood lead exposure [21,22].
BLLs declined following public-health interventions, but
subsequent surveillance has shown that lead exposure remains a
concern [23,24]. Current public-health guidance does not define
a safe level of lead exposure, particularly in children [9,25-27].
In this study, BLL >10 pg/dL was used only as an analytical
threshold to identify participants with higher exposure and not
as a safety threshold.

The aim of this study was to compare BLLs in patients with CU
and healthy controls from Western Georgia and to examine the
relationship between BLL and eosinophils, total IgE, histamine,
anti-IgE autoantibodies, and FceRIa autoantibodies. We also
examined the presence of active wheals at blood sampling
and, in an exploratory analysis, combined anti-IgE/FceRIa
autoantibody profiles.

Materials and Methods.

Study Design and Setting: This single-center observational
case-control study was conducted at Medical Clinic “XXI
SAUKUNE” in Kutaisi, Western Georgia, between April 2019
and April 2026. The study included 303 participants: 211 patients
with chronic urticaria (CU) and 92 healthy controls. Participants
were categorized as <18 or >18 years for age-stratified analyses.

Study Population:

The CU group included 83 participants aged <18 years and
128 aged >18 years. CU was defined as recurrent wheals,
angioedema, or both for more than six weeks, in accordance
with international urticaria guidelines [1].

The control group included 92 apparently healthy individuals
from the same geographic region: 31 aged <18 years and 61
aged >18 years. Controls had no history of CU or systemic
autoimmune disease.

Exclusion criteria were acute urticaria, urticarial vasculitis,
mastocytosis, active parasitic or other clinically significant
infection, malignancy, severe systemic autoimmune disease,
and known occupational lead exposure.



Clinical Assessment and Sample Collection:

The presence of visible urticarial wheals was recorded at the
time of blood sampling. Of the 211 patients with CU, 153 had
active wheals and 58 had no visible wheals at sampling.

Blood samples were obtained after a 72-hour interruption of
antihistamines and systemic corticosteroids. Venous blood was
collected and processed according to the requirements of the
respective laboratory assays.

Laboratory Measurements:

BLLs were measured in whole blood by inductively coupled
plasma mass spectrometry (ICP-MS). Eosinophil percentage
was determined using an automated hematology analyzer, with
peripheral blood smear evaluation when required.

Total IgE and histamine were measured using standardized
immunoassays. Anti-IgE autoantibodies and autoantibodies
against the a-subunit of the high-affinity IgE receptor (FceRlIa)
were measured by commercially available ELISA assays (Eagle
Biosciences, USA). Analyses were performed according to the
manufacturers’ instructions with routine internal quality control.

Analytical Definitions:

BLL >10 pg/dL was used as the analytical threshold for
higher lead exposure. This threshold was selected to identify a
more highly exposed subgroup in a population with substantial
background lead exposure and was not considered a public-
health safety threshold.

Categorical analyses used the following thresholds:
eosinophilia >5%, total IgE >200 IU/mL, histamine >1 ng/mL,
anti-IgE autoantibodies >1 ng/mL, and FceRla autoantibodies
>7.5 U/mL. Total IgE >200 IU/mL was used as a conservative
common threshold for clearly elevated total IgE across age
groups. Anti-IgE >1 ng/mL was used as the predefined analytical
threshold based on the assay reporting characteristics, and
FceRlIa >7.5 U/mL was based on the assay reference data.

Autoantibody-Defined Immunophenotypes:

Patients with measurements of both anti-IgE and FceRla
autoantibodies were classified into four mutually exclusive
profiles: neither autoantibody elevated, anti-IgE only, FceRIa
only, and both elevated. These profiles were used for exploratory
comparisons of BLL, active wheals at blood sampling, and age
and were not considered established mechanistic CU endotypes.

Statistical Analysis:

Statistical analyses were performed using Stata version 18.
Continuous variables are presented as median and interquartile
range (IQR) and were compared using the Mann—Whitney U
test. Categorical variables are presented as n (%) and were
compared using Pearson’s y? test or Fisher’s exact test, as
appropriate. Associations between categorical variables were
expressed as odds ratios (ORs) with 95% confidence intervals
(ClIs). Correlations between BLL and continuous immunological
markers were assessed separately in the CU and control groups
using Spearman’s rank correlation coefficient (p).

Binary logistic regression was used to examine the association
of BLL >10 pg/dL with CU case status and, separately within
the CU group, with active wheals at blood sampling. Both
models were adjusted for age group (<18 vs >18 years), and
adjusted odds ratios (aORs) with 95% ClIs were reported.
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For the exploratory immunophenotype analysis, multinomial
logistic regression was performed with the group in which
neither autoantibody was elevated as the reference category.
The model included BLL category (>10 vs <10 pg/dL) and age
group (<18 vs >18 years).

Analyses were based on available measurements for each
variable; denominators therefore varied for biomarkers with
missing measurements. All tests were two-sided, with p<0.05
considered statistically significant.

Ethical Considerations:

The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of
Akaki Tsereteli State University (Approval No. 09/2019,
April 15, 2019). Written informed consent was obtained from
adult participants and from the parents or legal guardians of
participants younger than 18 years.

Results.

Study Population and Blood Lead Levels:

A total of 303 participants were included: 211 patients
with chronic urticaria (CU) and 92 healthy controls. BLL
measurements were available for all participants.

BLLs were significantly higher in patients with CU than in
healthy controls. Median BLL was 10.9 pg/dL (IQR 8.85-12.8)
in the CU group and 7.25 pg/dL (IQR 5.58-10.43) in the control
group (p<0.001) (Table 1 and Figure 1).

BLL >10 pg/dL was found in 141/211 (66.8%) patients with
CU and 31/92 (33.7%) healthy controls (p<0.001). Participants
with BLL >10 pg/dL had higher odds of CU than those with
BLL <10 pg/dL (OR 3.96; 95% CI 2.36-6.66; p<0.001). The
association remained significant after adjustment for age group
(<18 vs >18 years) (aOR 4.07; 95% CI 2.38-6.96; p<0.001).
Age group was not independently associated with CU case
status (aOR 1.11; 95% CI 0.64-1.94; p=0.707).

Immunological Profile of Patients with Chronic Urti-
caria Compared with Healthy Controls.

Patients with chronic urticaria (CU) differed significantly from
healthy controls across the immunological parameters examined
(Table 2).

Median eosinophil percentage was 6.0% (IQR 3.0-9.0) in
patients with CU and 3.0% (IQR 2.0-4.0) in healthy controls
(p<0.001). Eosinophilia (>5%) was present in 110/211 (52.1%)
patients with CU and 11/92 (12.0%) controls (p<0.001).

Median total IgE was 288 IU/mL (IQR 210-376.5) in the CU
group and 12 IU/mL (IQR 8-30.25) in controls (p<0.001). Total
IgE >200 IU/mL was found in 174/211 (82.5%) patients with
CU and 2/92 (2.2%) controls (p<0.001).

Histamine measurements were available for 204 patients with
CU and all 92 controls. Median histamine was 1.6 ng/mL (IQR
1.0-1.9) and 0.6 ng/mL (IQR 0.4-0.7), respectively (p<0.001).
Histamine >1 ng/mL was present in 156/204 (76.5%) patients
with CU and 6/92 (6.5%) controls (p<0.001).

Anti-IgE autoantibodies were measured in 208 patients with
CU and all 92 controls. Median anti-IgE concentration was 1.0
ng/mL (IQR 0-45.25) in the CU group and 0 ng/mL (IQR 0-0)
in controls (p<0.001). Using the predefined analytical threshold
of >1 ng/mL, elevated anti-IgE was found in 106/208 (51.0%)
patients with CU and 7/92 (7.6%) controls (p<0.001).



FceRlIa autoantibodies were measured in 208 patients with
CU and 75 controls. Median recorded concentrations were
0 U/mL (IQR 0-47.25) and 0 U/mL (IQR 0-0), respectively;
despite identical medians, the distributions differed significantly
(p<0.001). FceRlo concentrations >7.5 U/mL were found in
93/208 (44.7%) patients with CU and 6/75 (8.0%) controls
(p<0.001).

Association Between Blood Lead Levels and Immuno-
logical Markers Within the Chronic Urticaria Group.

Patients with chronic urticaria (CU) were stratified according
to the predefined analytical threshold into a higher-BLL group
(BLL>10 pg/dL; n=141) and a lower-BLL group (BLL <10 pg/
dL; n=70). Immunological markers were compared between the
two groups (Table 3).

Eosinophil percentages were significantly higher in patients
with BLL >10 pg/dL than in those with BLL <10 ug/dL [median
7.0% (IQR 3.0-10.0) vs 4.0% (IQR 2.0-6.75); p<0.001].
Eosinophilia (>5%) was present in 86/141 (61.0%) patients
in the higher-BLL group and 24/70 (34.3%) in the lower-BLL
group. BLL >10 pg/dL. was associated with higher odds of
eosinophilia (OR 3.00; 95% CI 1.65-5.45; p<0.001).

Total IgE did not differ significantly between BLL groups.
Median total IgE was 299 IU/mL (IQR 206-389) in the higher-
BLL group and 276 IU/mL (IQR 237-340) in the lower-
BLL group (p=0.160). Total IgE >200 IU/mL was present in
113/141 (80.1%) and 61/70 (87.1%), respectively, and was not
significantly associated with BLL >10 ng/dL (OR 0.60; 95% CI
0.26-1.34; p=0.208).

Histamine measurements were available for 134 patients in the
higher-BLL group and all 70 patients in the lower-BLL group.
Median histamine was 1.6 ng/mL (IQR 1.1-1.98) and 1.4 ng/
mL (IQR 0.8-1.7), respectively (p=0.007). Histamine >1 ng/mL
was present in 110/134 (82.1%) patients with BLL >10 pg/dL
and 46/70 (65.7%) patients with BLL <10 pg/dL (OR 2.39; 95%
CI 1.23-4.64; p=0.009).

Anti-IgE autoantibody measurements were available for 138
patients in the higher-BLL group and all 70 patients in the lower-
BLL group. Median anti-IgE concentration was 5.2 ng/mL (IQR
0-62.25) and 0 ng/mL (IQR 0-2.75), respectively (p<0.001).
Elevated anti-IgE (>1 ng/mL) was present in 85/138 (61.6%)
patients with BLL >10 pg/dL and 21/70 (30.0%) patients with
BLL <10 pg/dL (OR 3.74; 95% CI 2.02—6.93; p<0.001).

FceRlo autoantibody measurements were also available for
138 patients in the higher-BLL group and all 70 patients in the
lower-BLL group. Median FceRIo concentration was 8.0 U/
mL (IQR 0-74.75) and 0 U/mL (IQR 0-12.75), respectively
(p<0.001). FceRla >7.5 U/mL was present in 74/138 (53.6%)
patients with BLL >10 pug/dL and 19/70 (27.1%) patients with
BLL <10 pug/dL (OR 3.10; 95% CI 1.66-5.79; p<0.001).
Correlation Between Blood Lead Levels and Immuno-
logical Markers.

To assess relationships with BLL independently of the 10
pg/dL threshold, BLL was analyzed as a continuous variable
using Spearman’s rank correlation. Analyses were performed

separately in patients with chronic urticaria (CU) and healthy
controls (Table 4 and Figure 2).
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In the CU group, BLL correlated positively with eosinophil
percentage (p=0.229; p<0.001), histamine concentration
(p=0.158; p=0.024), anti-IgE autoantibody concentration
(p=0.217; p=0.002), and FceRlo autoantibody concentration
(p=0.167; p=0.016). These correlations were modest in
magnitude. Total IgE was not significantly correlated with BLL
(p=0.103; p=0.137).

No significant correlations between BLL and the investigated
immunological markers were observed in healthy controls
(Table 4).

Blood Lead Levels and Immunological Markers Accord-
ing to the Presence of Active Wheals at Blood Sampling.

At the time of blood sampling, 153 of 211 patients with chronic
urticaria (72.5%) had visible active wheals, whereas 58 patients
(27.5%) had no active wheals.

BLL >10 pg/dL was present in 113/153 (73.9%) patients with
active wheals and 28/58 (48.3%) patients without active wheals
(Table 5). BLL >10 pg/dL was associated with higher odds of
active wheals at blood sampling (OR 3.03; 95% CI 1.61-5.68;
p<0.001). Median BLL was also higher in patients with active
wheals than in those without active wheals [11.2 pg/dL (IQR
9.8-13.8) vs 9.85 ng/dL (IQR 5.43-12.33); p<0.001].

Patients with active wheals had higher eosinophil percentages
[median 7.0% (IQR 3.0-9.0) vs 3.0% (IQR 2.0-6.75); p<0.001]
and higher histamine concentrations [1.7 ng/mL (IQR 1.5-2.1)
vs 0.8 ng/mL (IQR 0.6-0.9); p<0.001] than patients without
active wheals.

Anti-IgE and FceRla autoantibody concentrations were
also higher in patients with active wheals. Median anti-IgE
concentration was 2.2 ng/mL (IQR 0-64.5) compared with 0
ng/mL (IQR 0-9.5) in patients without active wheals (p=0.001).
Median FceRla concentration was 11.0 U/mL (IQR 0-89)
compared with 0 U/mL (IQR 0-0) (p<0.001).

Total IgE did not differ significantly between the groups
[median 289 IU/mL (IQR 233-378) vs 277 IU/mL (IQR 209—
360); p=0.343].

In the age-adjusted logistic regression model, BLL >10 pg/
dL remained associated with active wheals at blood sampling
(aOR 3.36; 95% CI 1.75-6.45; p<0.001). Age group was not
significantly associated with active wheals in this model
(p=0.104).

Age-Specific Patterns of Blood Lead Exposure and Im-
munological Markers.

Age-stratified analyses compared participants aged <18
years with those aged >18 years. The CU group included 83
participants aged <18 years and 128 aged >18 years; the control
group included 31 and 61 participants, respectively (Table 6).

Within the CU group, BLLs were higher in participants aged
<18 years than in adults. Median BLL was 11.8 pg/dL (IQR
10.05-13.95) in the younger group and 10.6 pg/dL (IQR 6.95-
12.50) in adults (p<0.001). BLL >10 pg/dL was present in 63/83
(75.9%) younger patients and 78/128 (60.9%) adults (p=0.024).

Median total IgE was also higher in younger patients [342 U/
mL (IQR 265-435) vs 276 IU/mL (IQR 205.75-345); p<0.001].
However, the proportion with total IgE >200 IU/mL did not
differ significantly between age groups [70/83 (84.3%) vs
104/128 (81.3%); p=0.565].



Table 1. Blood Lead Levels in Patients with Chronic Urticaria and Healthy Controls.

Parameter CU patients (n=211) Healthy controls (n=92) p-value
BLL, pg/dL, median (IQR) 10.9 (8.85-12.8) 7.25 (5.58-10.43) <0.001
BLL >10 pg/dL, n (%) 141 (66.8) 31(33.7) <0.001

Note: Data are presented as median (IQR) or n (%). BLL, blood lead level; CU, chronic urticaria; IQR, interquartile range. Continuous BLL values
were compared using the Mann—Whitney U test and categorical distributions using Pearson's y? test.

Table 2. Immunological Characteristics of Patients with Chronic Urticaria and Healthy Controls.

Parameter CU patients Healthy controls p-value
Eosinophils, %, median (IQR) 6.0 (3.0-9.0) 3.0 (2.0-4.0) <0.001
Eosinophilia >5%, n/N (%) 110/211 (52.1) 11/92 (12.0) <0.001
Total IgE, TU/mL, median (IQR) 288 (210-376.5) 12 (8-30.25) <0.001
Total IgE >200 IU/mL, n/N (%) 174/211 (82.5) 2/92 (2.2) <0.001
Histamine, ng/mL, median (IQR) 1.6 (1.0-1.9) 0.6 (0.4-0.7) <0.001
Histamine >1 ng/mL, n/N (%) 156/204 (76.5) 6/92 (6.5) <0.001
Anti-IgE autoantibodies, ng/mL, median (IQR) 1.0 (0-45.25) 0 (0-0) <0.001
Elevated anti-IgE >1 ng/mL, n/N (%) 106/208 (51.0) 7/92 (7.6) <0.001
FceRlo autoantibodies, U/mL, median (IQR) 0(0-47.25) 0 (0-0) <0.001
Elevated FceRlIo >7.5 U/mL, n/N (%) 93/208 (44.7) 6/75 (8.0) <0.001

Note: Data are presented as median (IQR) or n/N (%). CU, chronic urticaria; IgE, immunoglobulin E; FceRla, a-subunit of the high-affinity
IgE receptor; IQR, interquartile range. Continuous variables were compared using the Mann—Whitney U test and categorical variables using
Pearson’s y? test or Fisher s exact test, as appropriate. Values recorded as 0 for anti-IgE represented concentrations <1 ng/mL; values recorded
as 0 for FceRlo represented concentrations below the assay limit of quantification (LoQ, 0.694 U/mL). FceRlo. >7.5 U/mL was used as the assay-
based cut-off for categorical analysis.

Table 3. Immunological Markers According to Blood Lead Level Within the Chronic Urticaria Group.

Parameter BLL <10 pg/dL (n=70) BLL >10 pg/dL (n=141) OR (95% CD)t p-value
Eosinophils, %, median (IQR) 4.0 (2.0-6.75) 7.0 (3.0-10.0) — <0.001
Eosinophilia >5%, n/N (%) 24/70 (34.3) 86/141 (61.0) 3.00 (1.65-5.45) <0.001
Total IgE, ITU/mL, median (IQR) 276 (237-340) 299 (206-389) — 0.160
Total IgE >200 TU/mL, n/N (%) 61/70 (87.1) 113/141 (80.1) 0.60 (0.26-1.34) 0.208
Histamine, ng/mL, median (IQR) 1.4 (0.8-1.7) 1.6 (1.1-1.98) — 0.007
Histamine >1 ng/mL, n/N (%) 46/70 (65.7) 110/134 (82.1) 2.39 (1.23-4.64) 0.009
Anti-IgE autoantibodies, ng/mL, median (IQR) |0 (0-2.75) 5.2 (0-62.25) — <0.001
Elevated anti-IgE >1 ng/mL, n/N (%) 21/70 (30.0) 85/138 (61.6) 3.74 (2.02-6.93) <0.001
FceRlIa autoantibodies, U/mL, median (IQR) 0(0-12.75) 8.0 (0-74.75) — <0.001
Elevated FceRIa >7.5 U/mL, n/N (%) 19/70 (27.1) 74/138 (53.6) 3.10 (1.66-5.79) <0.001

Note: Data are presented as median (IQR) or n/N (%). BLL, blood lead level; CU, chronic urticaria, IgE, immunoglobulin E; FceRlo, o-subunit
of the high-affinity IgE receptor; IOR, interquartile range; OR, odds ratio,; CI, confidence interval. Continuous variables were compared using
the Mann—Whitney U test and categorical variables using Pearson's y? test or Fishers exact test, as appropriate. 1ORs represent the odds of the
indicated elevated immunological marker in patients with BLL >10 ug/dL relative to those with BLL <10 ug/dL. Total IgE >200 IU/mL was used
as a conservative common threshold across age groups. Anti-IgE >1 ng/mL and FceRlo. >7.5 U/mL were based on the respective assay reference
data. Values recorded as 0 for anti-IgE represented concentrations <l ng/mL; values recorded as 0 for FceRlo. represented concentrations below
the assay limit of quantification (LoQ, 0.694 U/mL). Histamine measurements were available for 134/141 patients and anti-IgE and FceRlo
measurements for 138/141 patients in the BLL >10 ug/dL group.

Table 4. Spearman Correlations Between Blood Lead Levels and Immunological Markers in Patients with Chronic Urticaria and Healthy Controls.

Immunological marker CU patients, n p p-value Healthy controls, n p p-value
Eosinophils (%) 211 0.229 <0.001 92 0.185 0.078
Total IgE (IU/mL) 211 0.103 0.137 92 —0.028 0.791
Histamine (ng/mL) 204 0.158 0.024 92 0.079 0.454
Anti-IgE autoantibodies (ng/mL) 208 0.217 0.002 92 0.012 0.911
FceRlo autoantibodies (U/mL) 208 0.167 0.016 75 —0.081 0.490

Note: p, Spearman's rank correlation coefficient; CU, chronic urticaria; BLL, blood lead level; IgE, immunoglobulin E; FceRla, a-subunit of the
high-affinity IgE receptor. Correlations were calculated between continuous BLL values and each immunological marker. Statistical significance
was defined as p<0.05.



Table 5. Blood Lead Levels and Immunological Markers According to the Presence of Active Wheals at Blood Sampling in Patients with Chronic
Urticaria.

Parameter Active wheals present (n=153) No active wheals (n=58) p-value
BLL, pg/dL, median (IQR) 11.2 (9.8-13.8) 9.85(5.43-12.33) <0.001
BLL >10 pg/dL, n/N (%) 113/153 (73.9) 28/58 (48.3) <0.001
Eosinophils, %, median (IQR) 7.0 (3.0-9.0) 3.0 (2.0-6.75) <0.001
Total IgE, TU/mL, median (IQR) 289 (233-378) 277 (209-360) 0.343
Histamine, ng/mL, median (IQR) 1.7 (1.5-2.1) 0.8 (0.6-0.9) <0.001
Anti-IgE autoantibodies, ng/mL, median (IQR) 2.2 (0-64.5) 0(0-9.5) 0.001
FceRla autoantibodies, U/mL, median (IQR) 11.0 (0-89) 0 (0-0) <0.001

Note: Data are presented as median (IQR) or n/N (%), as indicated. CU, chronic urticaria;, BLL, blood lead level; IgE, immunoglobulin E; FceRla,

o-subunit of the high-affinity IgE receptor; IQR, interquartile range. Active wheals were defined as visible urticarial wheals present at the time of
blood sampling. Histamine, anti-IgE, and FceRlo measurements were available for 150 of 153 patients with active wheals and for all 58 patients

without active wheals. Continuous variables were compared using the Mann—Whitney U test; categorical variables were compared using Pearson s

x° test or Fisher s exact test, as appropriate.

Table 6. Age-Specific Distribution of Blood Lead Levels and Immunological Markers in Patients with Chronic Urticaria and Healthy Controls.

Parameter CU <18 years CU >18 years p-value Controls <18 years | Controls >18 years p-value
(n=83) (n=128) (n=31) (n=61)
BLL, pg/dL, median (IQR) 11.8 (10.05-13.95) 10.6 (6.95-12.50) |<0.001 10.4 (7.95-11.55) 6.2 (5.20-8.00) <0.001
BLL >10 pg/dL, n/N (%) 63/83 (75.9) 78/128 (60.9) 0.024 19/31 (61.3) 12/61 (19.7) <0.001
Eosinophils, %, median (IQR) 5.0 (3.0-9.0) 6.0 (3.0-9.0) 0.678 3.0 (2.0-5.0) 2.0 (2.0-3.0) 0.023
Eosinophilia >5%, n/N (%) 41/83 (49.4) 69/128 (53.9) 0.522 6/31(19.4) 5/61 (8.2) 0.119
Total IgE, IU/mL, median (IQR) 342 (265-435) 276 (205.75-345) <0.001 10 (8-38.5) 16 (8-24) 0.747
Total IgE >200 [U/mL, n/N (%) 70/83 (84.3) 104/128 (81.3) 0.565 1/31 (3.2) 1/61 (1.6) 1.000
Histamine, ng/mL, median (IQR) 1.6 (1.0-2.1) 1.5 (1.1-1.75) 0.074 0.6 (0.4-0.7) 0.6 (0.4-0.7) 0.937
Histamine >1 ng/mL, n/N (%) 62/81 (76.5) 94/123 (76.4) 0.984 3/31(9.7) 3/61 (4.9) 0.401
ﬁg‘}“{r;ig’fnjgi‘;ingg‘ﬁ)‘“ 17 (1-55) 0 (0-23) <0.001 0 (0-0) 0 (0-0) 0.774
Anti-IgE >1 ng/mL, /N (%) 66/83 (79.5) 40/125 (32.0) <0.001 2/31(6.5) 5/61 (8.2) 1.000
FceRlIa autoantibodies, U/mL,
median (IQR) 8 (0-89) 0 (0-21) 0.018 0 (0-0) 0 (0-0) 0.255
FceRlo >7.5 U/mL, /N (%) 43/83 (51.8) 50/125 (40.0) 0.094  1/30 (3.3) 5/45 (11.1) 0.392

Note: Data are presented as median (IQR) or n/N (%). CU, chronic urticaria; BLL, blood lead level; IgE, immunoglobulin E; FceRlo, a-subunit of
the high-affinity IgE receptor; IQR, interquartile range. Participants were stratified as <18 years and >18 years. Total IgE >200 IU/mL was used
as a conservative common threshold across age groups. Anti-IgE >1 ng/mL and FceRlo. >7.5 U/mL were based on the respective assay reference
data. Continuous variables were compared using the Mann—Whitney U test and categorical variables using Pearson’s y? test or Fisher s exact test,

as appropriate. Denominators vary where individual biomarker measurements were unavailable.

Table 7. Autoantibody-Defined Immunophenotypes and Their Association with Blood Lead Levels, Active Wheals, and Age in Patients with Chronic
Urticaria.

Characteristic Neither autoantibody  Anti-IgE only FceRlIa only Both elevated p-value
elevated (n=75) (n=40) (n=27) (n=66)

Immunophenotype distribution, n (%) 75 (36.1) 40 (19.2) 27 (13.0) 66 (31.7) —

BLL >10 pg/dL, n/N (%) 34/75 (45.3) 30/40 (75.0) 19/27 (70.4) 55/66 (83.3) <0.001

Active wheals at blood sampling, n/N (%) 43/75 (57.3) 23/40 (57.5) 23/27 (85.2) 61/66 (92.4) <0.001

Age <18 years, n/N (%) 14/75 (18.7) 26/40 (65.0) 3/27 (11.1) 40/66 (60.6) <0.001

Note: The analysis included 208 patients with CU with measurements of both anti-IgE and FceRla autoantibodies. Immunophenotypes were
defined using anti-IgE >1 ng/mL and FceRlo. >7.5 U/mL. Active wheals refer to visible urticarial wheals present at blood sampling. BLL, blood
lead level; CU, chronic urticaria; IgE, immunoglobulin E; FceRla, a-subunit of the high-affinity IgE receptor. Comparisons were performed
using Pearson s y? test or Fishers exact test, as appropriate. These immunophenotypes were defined for exploratory analysis and do not represent
established mechanistic CU endotypes.
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Table 8. Age-Adjusted Association of BLL >10 ug/dL with Autoantibody-Defined Immunophenotype Membership in Patients with Chronic Urticaria.

Autoantibody-defined immunophenotype Age-adjusted OR (BLL >10 vs <10 pg/dL) 95% CI1 p-value
Neither autoantibody elevated 1.00 (reference) — —
Anti-IgE only 3.26 1.32-8.05 0.011
FceRla only 2.92 1.13-7.51 0.026
Both autoantibodies elevated 5.49 2.38-12.70 <0.001

Note: Multinomial logistic regression was performed among 208 patients with CU. The group with neither autoantibody elevated was the reference
outcome category. The model included BLL category (=10 vs <10 ug/dL) and age group (<18 vs >18 years). Adjusted ORs represent the association
of BLL >10 ug/dL with membership in each autoantibody-positive immunophenotype relative to the reference group. OR, odds ratio; CI, confidence
interval; BLL, blood lead level; IgE, immunoglobulin E; FceRlo, o-subunit of the high-affinity IgE receptor.
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Figure 1. Distribution of BLLs in patients with chronic urticaria and healthy controls. Individual observations are shown with box-and-whisker
summaries. The dashed horizontal line indicates the analytical threshold of BLL >10 ug/dL.
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The largest age-related difference was observed for anti-IgE
autoantibodies. Median anti-IgE concentration was 17 ng/mL
(IQR 1-55) in patients aged <18 years and 0 ng/mL (IQR 0-23)
in adults (p<0.001). Elevated anti-IgE (=1 ng/mL) was present
in 66/83 (79.5%) younger patients and 40/125 (32.0%) adults
(p<0.001).

Median FceRIa autoantibody concentration was also higher in
younger patients [8 U/mL (IQR 0-89) vs 0 U/mL (IQR 0-21);
p=0.018]. In contrast, the proportion with FceRIla >7.5 U/mL
did not differ significantly [43/83 (51.8%) vs 50/125 (40.0%);
p=0.094].

No significant age-related differences were observed within
the CU group for eosinophil percentage, eosinophilia >5%,
histamine concentration, or histamine >1 ng/mL (Table 6).

Among healthy controls, younger participants also had
higher BLLs. Median BLL was 10.4 pg/dL (IQR 7.95-11.55)
in controls aged <18 years and 6.2 pg/dL (IQR 5.20-8.00) in
adults (p<0.001). BLL >10 ng/dL was present in 19/31 (61.3%)
younger controls and 12/61 (19.7%) adult controls (p<0.001).
Eosinophil percentage was modestly higher in younger controls
(p=0.023), whereas no significant age-related differences
were observed for total IgE, histamine, anti-IgE, or FceRla
autoantibodies.

Autoantibody-Defined Immunophenotypes and Their
Association with Blood Lead Levels and Active Wheals.

An exploratory analysis was performed in 208 patients with
CU who had measurements of both anti-IgE and FceRla
autoantibodies. Four mutually exclusive immunophenotypes
were defined using anti-IgE >1 ng/mL and FceRla >7.5 U/mL:
neither autoantibody elevated, anti-IgE only, FceRIa only, and
both autoantibodies elevated.

Of the 208 patients, 75 (36.1%) had neither autoantibody
elevated, 40 (19.2%) had elevated anti-IgE only, 27 (13.0%) had
elevated FceRIa only, and 66 (31.7%) had elevations of both
autoantibodies (Table 7).

The frequency of BLL >10 pg/dL differed across the four
groups (p<0.001): 34/75 (45.3%) in the group with neither
autoantibody elevated, 30/40 (75.0%) in the anti-IgE-only
group, 19/27 (70.4%) in the FceRla-only group, and 55/66
(83.3%) in the dual-positive group.

Active wheals at blood sampling also differed across
immunophenotypes (p<0.001). They were present in 43/75
(57.3%) patients with neither autoantibody elevated, 23/40
(57.5%) in the anti-IgE-only group, 23/27 (85.2%) in the
FceRlIa-only group, and 61/66 (92.4%) in the dual-positive
group (Figure 3).

Age distribution differed significantly across the four groups
(p<0.001). Participants aged <18 years accounted for 14/75
(18.7%) of the group with neither autoantibody elevated, 26/40
(65.0%) of the anti-IgE-only group, 3/27 (11.1%) of the FceRlIa-
only group, and 40/66 (60.6%) of the dual-positive group.

Because both BLL and immunophenotype distribution
differed by age, multinomial logistic regression was performed
with adjustment for age group (<18 vs >18 years). The group
with neither autoantibody elevated was used as the reference
outcome category. BLL >10 npg/dL was associated with
membership in the anti-IgE-only phenotype (aOR 3.26; 95%

13

CI 1.32-8.05; p=0.011), the FceRlIa-only phenotype (aOR 2.92;
95% CI 1.13-7.51; p=0.026), and the dual-positive phenotype
(aOR 5.49; 95% CI 2.38-12.70; p<0.001) (Table 8). The largest
age-adjusted association was observed for the dual-positive
phenotype.

Discussion.

Patients with chronic urticaria (CU) had higher blood lead
levels (BLLs) than healthy controls, and BLL >10 pg/dL
was more frequent among patients with CU. The association
remained significant after adjustment for age. Within the CU
group, higher BLL was associated with eosinophilia, histamine,
and anti-IgE and FceRla autoantibodies, but not with total
IgE. Higher BLL was also associated with the presence of
active wheals at blood sampling. These findings indicate that
the relationship between lead exposure and CU in this cohort
was linked to selected inflammatory and autoreactive immune
features rather than to generalized elevation of circulating IgE.

Lead has recognized immunomodulatory effects in addition
to its neurological, hematological, renal, and cardiovascular
toxicity. Experimental studies have shown effects on lymphocyte
function, cytokine regulation, antigen-presenting cells, and Th1/
Th2 balance [14-17]. Lead exposure has also been examined
in relation to allergic disease [18-20]. CU, however, is a
heterogeneous mast-cell-driven disorder in which autoallergic,
autoimmune, and other inflammatory mechanisms may coexist
[1,3,5,8]. Evidence directly examining lead exposure in CU is
limited. The present findings therefore identify an association
that requires confirmation rather than establishing lead exposure
as a cause of CU.

The relationships observed with eosinophils and histamine are
relevant to the inflammatory characteristics of CU. Eosinophils
participate in the inflammatory network of chronic spontaneous
urticaria [28], while histamine released from activated mast
cells and basophils is a major mediator of wheals and pruritus
[1,3,4]. In our patients, both eosinophil percentage and
histamine concentration were associated with BLL and were
higher in those with active wheals. BLL was also higher in
patients with active wheals, and the association between BLL
>10 pg/dL and active wheals persisted after adjustment for age.
Because activity was defined by the presence of wheals at blood
sampling rather than by a longitudinal measure such as UAS7
[1,29], these findings describe activity at the time of sampling
and not overall disease severity.

An important finding was the absence of a significant
relationship between BLL and total IgE. Although lead exposure
has previously been linked to changes in IgE regulation and
Th2-related responses [14-18], total IgE in our cohort was
associated neither with BLL nor with the presence of active
wheals. In contrast, anti-IgE and FceRlIa autoantibodies were
more frequent at higher BLLs, and their concentrations showed
positive correlations with BLL. Thus, total IgE alone did not
reflect the immunological pattern associated with higher lead
exposure in these patients.

Autoantibodies against IgE and FceRI have been implicated
in autoimmune mechanisms in subsets of chronic spontaneous
urticaria [20,29-31]. Their presence in our study should not,
however, be considered diagnostic of type IIb autoimmune CSU,



which requires additional diagnostic and functional evidence
[5,7,8]. Similarly, the anti-IgE antibodies measured in this study
are distinct from IgE autoantibodies directed against specific
self-antigens, which are associated with a different autoreactive
mechanism [30-32]. These distinctions are important when
interpreting the autoantibody findings.

Combined analysis of anti-IgE and FceRIa autoantibodies
showed additional heterogeneity within the CU group. BLL >10
pg/dL was most frequent in patients with both autoantibodies
elevated, and this group also had the highest frequency of
active wheals. Age was relevant because younger patients had
higher BLLs and were more frequently represented in anti-
IgE-positive profiles. Nevertheless, after adjustment for age,
BLL >10 pg/dL remained associated with each autoantibody-
positive immunophenotype, with the strongest association for
the dual-positive group (aOR 5.49; 95% CI 2.38-12.70). These
profiles were defined for exploratory analysis and should not be
interpreted as established CU endotypes. Functional mast-cell
or basophil assays would be needed to determine the biological
relevance of the detected autoantibodies.

Age-related differences in lead exposure should be considered
in the environmental context of Georgia. Younger participants
had higher BLLs in both the CU and control groups, consistent
with previous reports of substantial childhood lead exposure in
the country [21-24]. Higher BLL among younger participants
was therefore not specific to CU. However, the association
between BLL >10 pg/dL and CU remained significant after
adjustment for age. The pronounced age difference in anti-IgE
positivity was observed within the CU group but not among
healthy controls. Although adjustment for age addressed an
important potential confounder, residual confounding by
environmental, demographic, and clinical factors cannot be
excluded.

The BLL >10 pg/dL cut-off used in this study was selected to
identify a more highly exposed subgroup within a population
with substantial background lead exposure. It should not be
interpreted as a biological or public-health safety threshold.
Current public-health guidance recognizes adverse effects at
lower BLLs, particularly in children, and does not define a level
of lead exposure that can be considered without risk [9,25-27].

The study has several strengths. BLL and multiple
immunological markers were assessed in patients and
geographically comparable controls, biomarkers were analyzed
as both continuous and categorical variables, and the main
associations were examined with adjustment for age. The
analysis of combined autoantibody profiles provided an
additional approach to the immunological heterogeneity of CU.

Several limitations should also be considered. The single-center,
observational design does not establish temporality or causality.
BLL was measured at one-time point and therefore does not
represent cumulative exposure. Some biomarker measurements
were unavailable for a small number of participants. Regression
models were adjusted primarily for age; individual-level sex data
were not available for inclusion in these models, and potentially
relevant factors such as atopic background, residential and
environmental exposures, socioeconomic characteristics, and
exposure to other toxicants were not comprehensively assessed.
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Clinical activity was determined from the presence of wheals
at blood sampling rather than a validated longitudinal activity
score, and functional testing of the detected autoantibodies was
not performed.

The present findings warrant further investigation of
lead exposure as a possible modifier of inflammatory and
autoreactive immune activity in CU, particularly in populations
with substantial environmental exposure. They do not establish
lead as a cause of CU, justify routine lead screening solely
because a patient has CU, or demonstrate that reducing lead
exposure would improve urticaria. Prospective studies should
include repeated assessment of lead exposure, validated
longitudinal measures of CU activity, broader control of
potential confounders, and functional evaluation of autoreactive
pathways. Replication of the association between higher BLL
and the dual-positive anti-IgE/FceRla profile in independent
populations would be particularly informative.

Conclusion.

Patients with chronic urticaria had higher blood lead levels
than healthy controls, and this association remained significant
after adjustment for age. Within the CU group, higher BLLs
were associated with eosinophilia, histamine, anti-IgE
autoantibodies, FceRla autoantibodies, and the presence of
active wheals at blood sampling, but not with total IgE.

In the exploratory autoantibody analysis, BLL >10 pg/dL
showed the strongest age-adjusted association with the dual-
positive anti-IgE/FceRIa phenotype. These findings support
a relationship between higher lead exposure and selected
inflammatory and autoreactive features of CU.

Because the study was observational, causality cannot
be established. Prospective studies with repeated BLL
measurements, longitudinal assessment of CU activity, broader
adjustment for confounders, and functional evaluation of
autoantibodies are needed to confirm these associations.
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JOmbogMmo  MMHGH039M0s s BYyzool  gdudmbogos:
00mbmemyom®mo J5M30M900L T9z35L9ds

Bobos Foganoysdgt*, 06Hobg gbszadgl, sbs Lowsasdg?, swo
Jmdmwsdg?, serobs gobmGodg?

13006035 , XXI 15939969, 93530 M gmeol bsbgardfogm
“1603960L0GHIE0, JMMs0L0, LogsGMNzgwm

230006039, XXIb59939969%, bodo@mnggewmbi«ybogg®dlbo@g®o,
J090b0, LodoOmzgeom

300593500905m5  3MBEBHMMEOLy s LaBMYsMYdIMH030
X9BIOMG™MdoL  gOmzbmwo 396¢Mo (NCDC), 3530

J96gomol  Lobgwdfogm  «bogzg®lo@gdo, Juomsolo,
LogoMmggeom.

LEMIFO.

dqbosgoo:  JOmbozmo  MGEGH03Mos  (CU)  sGob
3LEHME0Gd0m 2496306HmdqdmEo 55350000,
H0Imol  3000mgbgbdo  Imbsfogmdl  sbogdomo
©5  0FGHM0dNbmEo  dgdoboBdgdo.  Byzosl  8godwos
08996996 bobGgday  Bgdmddggds, omMBgs  dobo

3930060 JOMbo3Me MMHGH035M00L0sb bo3argdo ool
dgLfogeoo.

90Bsbo:  Lobbewdo @ygzool ©mbol (BLL) 3538060l
99535905 JOHMb03M MOEH035M0LMB, LolbEOL sgdoL
dmd9bBHdo  5dBHoMMmo  MOHGH0ZSMOMo  gugdgbdgdol
3OLYOMBLID Qo d96Bgm 03996mEma0H
053969090 msb.

0900mE9d0:  9Mm39bGH®M0s6  case-control  33¢93580
dmboffoergmds  ilagmgom  bodotmggemlb 303 3o6o:
JOmbogmwo  MGG03sM00l  ddmbg 211 353096¢)0
@5 92 xsbIOmgwo  LogmbGHMmem  3o6o. Lolbwdo
3yzo0b ©mbg 24960LsBEgMs 0bmJzomce
d90yz0mgdgemo  3eaHBdol  Bob-LBgdGHO™IYGHOOOm.
99535b@s  gmbBobmgowgdo, Loghomm IgE, 3oLEsdobo,
anti-IgE o FceRIa s@mab@obbgmangdo. BLL =10 pg/dL
3580myg969d90 0ym ¢g4300L MBOH® Jomowo gdudmbogools
Jobobfot  @oblobezdme  sbswobWE  BrgmL.
sbME305309d0 FgBILES X FMBRMSIMOOLO TgIMIOJO0m,
130MIGBOL 3MOYWHF00MS O SB3BY 3MMYIEHOMIOMWO
69309600 BsoBoom.



890093900:  BLL  d6Hmbogmmo  «m@03stool  ddmby
3530969000 MRM® oo 04m, 300069 XbIGM
3MbEHMMEqdd0. BLL 210 pg/dL g09mgmobs 353096Egd0L
66.8%-bs> 5 3mb@HMegdol 33.7%-do (OR 3.96; 95%
CI 2.36-6.66; p<0.001); 3938060 96093bgem3zs60 ©oMBs
2bo3By  3MmOgdBHoMgdol  dg0gasg (@OR  4.07; 95%
CI 2.38-6.96; p<0.001). CU xauvxndo 9x6mm ds0sgo
BLL 5353806900  0gm  9mHBobmzowoslomsbh s
30L@s00bob, anti-IgE s FeeRIa s99¢mob@olbgmemgdol
MO oo 3539698 gdmsb, TogMsd 96 LogHomm
IgE-booob. BLL =10 pg/dL sbg3g 5393006Hgdweo oym
Lolbol 5©gdol dmdgbGHdo sJ@owcmo MOEGH03M0MEO
9@99963Hq00L  sOBYOMDLMD  sL3DY  3MMgJEHOMIOOL
9999y (aOR 3.36; 95% CI 1.75-6.45; p<0.001). Lsdogdm
365¢00Bdo anti-IgE/FeeRIa m®Bsd500 ©000gd0m X ami3do
439@5%Y 35000 0gm M3 BLL 210 pg/dL-ob (83.3%),
obg 99BHowmo  MOEGH0IIMoMo  gwgdgb@gdol  (92.4%)
LbobdoMy. 08 35309630mMsb FgsMgdom, GMIgddos
303 9O 39BHMIBEGHOLbYMEo 56O ogm ImBs@gdveno,
MM35390 ©5J00m XanL BLL 210 pg/dL-0056 gggmsby
dogmo sb03%g 3M9JBH0MIOMo 3539060 3Jmbs (aOR
5.49; 95% CI 2.38-12.70; p<0.001).

©513365: JOMbO3MWo MOE035M00L IJmbyg 353095637080
BLL  xsbdGoge  3mbGHOM@madmsb  dgstgdom
M3Om domoewo  ogm. CU xanxzdo Mx6em  350swo
BLL  ©535380690vmo  oym  gmbobmzowoslomsb,
30L@500bmsb, anti-IgE s FeceRIa 599 mab@obbgmemgdmsb
5 5JBHOMO OGO ggdgbEgdmsb, FogMod 56
Losg@omnm IgE-Lmsb. s0bodbmero sbmEosogdo LsFommgdl
LAYV 3OML39IHI 33€939000.

bo3356dm  Lo@yzgdo:  JOmbozmwo  MOHGH035M00,
AY300L gdudmbBoEos, bLolbberdo Gyzool ©mby, anti-IgE
3BHMIBFGHoLbgmwgdo, FeeRla  s@mob@obbgmegdo,
30L@sd0bo, gmbobmgowgdo.

XpoHndeckas KPallMBHUIIA U BO3ZeICTBIE CBUHIIA: OLl€HKA
MMMYHOJIOTHYECKUX MapKEPOB

Hana IlaBnakapgze'*, Vipune Ilxakaznze!, Ana Cunaraznze?,
Jamu Kobymnaznse3, Anuna Ilaxypunzed

Kmuruka «XXI Bex», l'ocynmapcTBeHHBIN yHHBepCHTET
Axaxus lleperenu, Kyraucu, I'pysus

2Knuanka «XXI Bek», YuuBepcurer ['pysum, Kyraucw,

I'pysusa
SHamuoHanpHBIH IIeHTp KOHTpOJsL 3aboseBaHUU U
obmecrsernoro 370poBea  (NCDC), TI'ocymapcTBeHHBIH

yausepcuteT Axakus lleperenu, Kyraucu, I'pysus
Annoramus.
Beenenne: Xpouunveckas kpanusruia (XK) mpezacrasiser
co6oit 3a60/IeBaHMe, OIIOCPefOBAaHHOE TYYHBIMM KIETKAMHU,
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B IIATOTeHe3e KOTOPOTO YYaCTBYIOT BOCHAJIUTENbHBIE WU
ayTOMMMYyHHbIe MexaHu3Mbl. CBHUHeIl CIIOCOOeH BIUATH
Ha UMMYHHYIO CHCTEMY, OJHAKO ero CBf3b C XPOHHYECKOH
KpallMBHUIIEH U3yYeHa HeZOCTaTOYHO.

Lens: Ouenurs cBA3p ypoBHA cBuHIA B KpoBu (BLL)
C XpOHUYECKOM KpaluBHUIleH, HaJIudheM aKTHUBHBIX
YPTHUKAapHBIX 3JIEMEHTOB HA MOMEHT B3ATHA KpOBH U
BBIGPAHHBIMU MMMYHOJIOTHYECKIMHU IIOKA3aTeIAMHU.

Mertopsl: B omHOII@HTpOBOE HCCIeZOBaHMe THUIIA «CIydaii—
KOHTpOJNb» ObuIu BKIIOueHB! 303 yuacTHMKA u3 3amagHOM
I'pysum: 211 manmueHTOB C XPOHHUYECKOH KpalUBHUIEH U
92 310pOoBEIX JIHIIA KOHTPOIBHOM rpynnsl. BLL onpezemnaniu
METOZOM MACC-CIIEKTPOMETPUM C WHIYKTHBHO CBA3aHHOM
maa3moi. OuenuBanu s03uHO(MIIBI, 00muit IgE, rucramus,
ayroanturesna anti-Igf wm  FceRIa. BLL =10 wmxr/mn
MCIIOJIB30BAIH KaK 3apaHee YCTaHOBJICHHBIN aHaIUTHIeCKUH
mopor Gojiee BBICOKOH SKCIIO3HIIMM CBUHIA. ACCOIMALUU
OLIEHMBAIM C IIOMOIIBIO MEXIPYIIOBBIX CpPaBHEHUH,
xoppenanuu CHupMeHa M PErpecCHOHHOrO aHauIu3a C
TIOIIPaBKOM Ha BO3pacT.

PesympraTsr: BLL 6511 BbINIe Y IAIIE€HTOB C XPOHUYECKOH
KpallMBHUIIEH, YeM y 3ZOPOBBIX JUI, KOHTPOJIBHON TPYIIIIHL.
BLL =10 mxr/mn BeiaBiaeH y 66,8% mnaunuentos u 33,7%
xouTponsHsix aun (OR 3,96; 95% CI 2,36-6,66; p<0,001);
CBSI3b COXpaHsIACh mmocie mompaBky Ha Bospact (aOR 4,07;
95% CI 2,38-6,96; p<0,001). B rpymne XK Gomee BrICOKMIA
BLL 6sin cBsizaH ¢ do3uHOuiIvell u 06ojlee BBHICOKMMU
YPOBHAMM TMCTaMMHA, ayToaHTuTes anti-Igk u FceRla, HO He
o6mero IgE. BLL >10 MKr/ax Takxe GBI CBA3aH C HAIMIUEM
AKTUBHBIX YPTUKAPHBIX 3JIEMEHTOB HA MOMEHT B3ATHA KPOBU
mocyie mompasku Ha BospacT (aOR 3,36; 95% CI 1,75-6,45;
p<0,001). B nouckoBoM aHaH3e IPyIIa C OZHOBPEMEHHBIM
nossimenueM anti-IgE u FceRlo mmena mHambosee BBICOKyIO
gacrotry BLL >10 mxr/mr (83,3%) u akTHBHBIX YPTUKapHBIX
amementoB (92,4%). Ilo cpaBHeHuio c mauueHTamMu Ge3
IIOBBINIEHUA 0OOMX ayTOAHTHUTEJI 3Ta TPYIIIIa UMeJIa Hauboiree
CUJIBHYIO CKOPPEKTHPOBAHHYIO IO Bo3pacTty cBasb ¢ BLL =10
mkr/zi (aOR 5,49; 95% CI 2,38-12,70; p<0,001).

3akiarodyeHue: Y IAIUEeHTOB C XPOHHYECKOH KpallMBHUIIEH
BLL 6bur BbINlE, YeM Y 34OPOBBIX JIAL, KOHTPOJIbHOM
rpynnsl. B rpynne XK Gosnee Bricoxmit BLL 6v1 cBA3an
¢ D03MHOQIINEH, THUCTAaMHHOM, ayTOAHTHTEJIAMK anti-
IgE u FceRla u HamuuumeM aKTHBHBIX YPTHKApPHBIX
a/1eMeHTOB, HO He ¢ obmuM IgE. Dt accomuanuu Tpebyror
MOATBEPXKIEHUA B  IIPOCIIEKTUBHBIX  MCCJI€JOBAHHAX.
KoroueBsle cioBa: XpoHHWYeCKas KPallMBHUIA, SKCIO3UIIUA
CBUHIIA, YPOBeHb CBMHIIA B KPOBH, ayToaHTHUTesna anti-IgE,
ayroanturena FceRla, rucramuH, 503MHOUIIEL.
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