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Abstract. Recurrent urinary tract infections (rUTI) are common among women and are
influenced by anatomical, immunological, and physiological factors, particularly during
pregnancy. Pro-inflammatory cytokines such as interleukin-1f (IL-1p) and interleukin-17A
(IL-17A) play important roles in host immune defense; however, their behavior in pregnant
women with rUTI remains insufficiently explored.

Methods. A total of 90 women, including 60 patients with rUTI and 30 healthy controls were
included in this cross-sectional study. Participants were stratified by pregnancy and rUTI statuses.
Serum levels of IL- 1B and IL-17A were measured using ELISA. Genetic polymorphisms IL1B
rs1143633 and IL17A rs2275913 were identified by PCR amplification followed by sequencing.

Results. Serum concentrations of IL-1§ and IL-17A were significantly higher in women with
RUTIs compared with controls regardless of pregnancy status (p < 0.001). Pregnant women
with rUTI had lower levels of IL- 1B than non-pregnant patients (p = 0.025). IL-17A levels
did not significantly differ between pregnancy groups. Multivariate analysis showed that rUTI
was independently associated with increased cytokine levels after adjustment for age, BMI, and
comorbidities. Sequencing identified polymorphisms ILIB rs1143633 and IL17A rs2275913;
however, there was no clear association between these variants and cytokine concentrations or
disease status.

Conclusions. rUTI is associated with elevated serum IL-1f and IL-17A levels in women,

regardless of their pregnancy status. Pregnancy appears to modulate IL- 15 responses but does
not significantly affect IL-17A expression. The investigated genetic polymorphisms showed no
strong influence on inflammatory responses in this cohort. Our findings highlight the role of
cytokine-mediated immunity in rUTI and support the need for further large-scale studies.

Key words: genetic polymorphism, interleukin- 1, interleukin-17A, pregnancy, urinary tract
infections.
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Konuentpanisa IL-1p Ta IL-17A B cupoBaTiii KpoBi XiHOK 3 pelUAMBYIOYO0I0
iH(eKi€I0 Ce40BUBOI CUCTEMH, CTPATU(IKOBAHA 32 BATITHICTIO: ONMCOBUIM
anaJji3 noaimopdismis IL-1p Ta IL17A

"Vuisepcurer Ti-Kap, cromaronoriyauii gpakyiasret, Kadenpa GyHraMeHTaabHuX Hayk, Ti-Kap, Ipak
2yuisepcurer Ti-Kap, ¢akynasreT npupogHUUYUX Hayk, Kadenpa 6iosorii, Ti-Kap, Ipak

Pe3tome. Peyudusyroua ingpexyis ceuosoi cucmemu (pICC) € nadzsuuaiino nowuperoi cepeo JCIHOK, Wo 3)-
MOBACHO AHAMOMIYHUMU, IMYHOAOTUHUMY Ma Qi3i0N02TMHUMU YUHHUKAMU, 0c00AUB0 nid yac eacimuocmi. [Ipozananvhi
yumokinu, 3okpema inmepaeikin-13 (IL-1B) ma inmepaeiikin-17A (IL-17A), gidieparoms axcaugy ponv 8 iMyHHOMY
3axucmi opeanizmy; 00HaK ix ounamixa y eaeimuux xcinox iz pICC 3aruuwaemocs HedoCMmamHs0o 8UE4EHOI0.

Memoou. Lle odnomomenmue docaioncenni exarouano 90 xcinok, 3 axux 60 nayienmox maru pICC, a 30 cmano-
suau epyny 300p0602o kKonmponio. Yuacnuys cmpamugbixysanu 3a naseuicmio eéaeimnocmi ma pICC. Pieni IL-13 ma
IL-17A y cuposamuyi kpogi susnauasu memooom IDA. lenemuuni nonimopizmu ILIB rs1143633 ma IL17A rs2275913
idenmugbixysanu 3a donomoeoro I1IJIP 3 nodarvuium cekeeHysanHsM.

Pesyromamu. Cuposamkogi konyenmpauyii IL-18 ma IL-17A 6yau docmogipno euwumu y scinok 3 pICC no-
PDIBHSIHO 3 KOHMPOABLHOI 2PYNoio, He3anedcHo 8id cmamycy eaeimuocmi (p < 0,001). Y eacimuux xcinox 3 pICC pigens
1L- 1B 6ys nuxcuum, Hixc y nesazimnux nayieumok (p = 0,025). Pieni IL- 174 cymmego ne 8idpizHsaucs mijxc epynamu
sacimuux i Hegacimuux. bacamogaxmopruii ananiz noxazas, wio pICC He3anexncHo acouitneanracs 3 nideuuleHHAM pieHie
YUMOKIHI6 nicas KopeKuyii 3a 8ikom, iHOeKcom macu mina ma cynymuimu 3axeopioeannamu. CeKeeHy8anHs UI8UN0 NO-
aimopghizmu ILIB rs1143633 ma IL17A rs2275913; o0nak uimkoi acouiayii mixc yumu eapianmamu ma KOHUeHmMpauis-
mu yumoxinie abo pICC He 6cmaHo8aeHO.

Bucnoexu. pICC acouiroromacs 3 niosuuwenumu piguamu [L- 18 ma IL-17Ay cuposamuyi kpogi JciHOK He3aAedHCHO
8i0 6acimnocmi. Bacimuicmo, iMogipHo, modyatoe 8ionosios IL- 13, ane cymmeeso ne énausae na excnpecito IL-17A. Jlo-
caioxceHi eenemuri NOAiMop@izmu He NPOOeMOHCMPY8ANU 3HAYHO020 BNAUBY HA 3aNAAbHi peakuii é yiil koeopmi. Ompu-
Mati pezynvmamu nIOKpecaioms poas YUmMoKiH-onocepedkoganoeo imynimemy y nayienmok 3 pICC ma obrpynmosy-
oMb HeobXiOHicmb nOJarbuux MACUMAaOHUux 00CAi04CceHs.

KniouoBi cioBa: eenemuunuii nosimopghiam, inmepaeiikin- 13, inmepaetixin-17A, eacimuicmo, ingexyii cenosoi
cucmemu.

Introduction. Women often experience urinary
tract infections (UTIs) at various ages. Due to the anat-
omy of the female lower urinary system and its closeness
to the reproductive organs, women are more susceptible
to UTIs than men [1]. UTIs affect approximately 60%
of women, and about 30%—40% experience recurrent
episodes [2]. Female urethras are shorter, which short-
ens the distance for bacterial entry into the bladder. In
addition, conditions such as vulvar vestibulitis and vagi-
nitis increase the vulnerability of the vulvar vestibule to
infection. Sexual activity and excessive use of personal
hygiene products can damage the normal vaginal flora
[3].

Cytokines are the major mediators of immune re-
sponses. They control the activation of B and T lym-

Rasha Salih Nuhair
dr.rasha-bio@sci.utq.edu.iq

phocytes, natural killer cells, monocytes, and granulo-
cytes, and participate in pathways that regulate inflam-
matory processes [4]. Inflammation is involved in the
onset and progression of many urological diseases [5].

Interleukin-17A  (IL-17A) and interleukin-1§
(IL-1B) are two important pro-inflammatory cytokines
that play roles in host defense and tissue inflammation
[6, 7]. IL-17A stimulates the activation of immune cells
and enhances the secretion of pro-inflammatory me-
diators. IL-1p is crucial in mediating the innate im-
mune response in UTI, particularly concerning stimuli
from uropathogenic Escherichia coli [8, 9].

Pregnancy is a unique physiological condition
characterized by hormonal changes, immune system
modulation, and an increased tendency for UTI [10].
These factors may influence inflammatory cytokine
production during infection and affect the host’s im-
mune defense. However, few studies have examined the
influence of pregnancy on IL-1f and IL-17A expression
in recurrent UTI (rUTTI). Several studies have indicated
that variations in cytokine genes, such as IL-1B, inter-
leukin-1 receptor antagonist (IL-1RN), and tumor ne-
crosis factor (TNF)-alpha, are associated with inflam-
matory diseases, cancer, and glomerulonephritis [9, 11,
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12]. The genes that encode the IL-1 family of proteins
include IL-1a, IL-1p, IL-1 receptor types I and II, and
IL-1RN. These genes are co-located on the 2q region
of human chromosome 2 and exhibit polymorphism,
meaning they can exist in several forms due to genetic
diversity. Additionally, they are closely positioned on
the chromosome [12]. Various genetic variations have
been documented for IL-1f. Single-nucleotide poly-
morphisms (SNPs) may influence gene regulation and
cytokine expression rather than altering protein struc-
ture. The /L 1B gene has undergone extensive investiga-
tion in relation to malignancies, inflammatory condi-
tions, and infectious disorders [11, 13, 14]. However,
limited information is available regarding the relation-
ship between /L 1B and IL17A polymorphisms and cir-
culating cytokine levels in pregnant women with rUT]I.

Therefore, this study aimed to conduct pregnan-
cy-stratified immunogenetic profiling of IL-1B and
IL-17A by evaluating serum cytokine levels in relation
to ILIB rs1143633 and IL17A rs2275913 polymor-
phisms in women with rUTI.

Materials and methods. Study design and partici-
pants. This cross-sectional study was carried out be-
tween February and April of 2024 at Al-Habobi Teach-
ing Hospital in Thi-Qar Province, Iraq. Ninety women
were recruited in the study, thirty of whom were healthy
controls and sixty of whom had been diagnosed with
rUTI. All participants provided written informed con-
sent, and the study protocol was approved by the lo-
cal ethics committee (Approval No. 3/11/903, June 2,
2022), in accordance with the principles of the Declara-
tion of Helsinki.

rUTI was defined as the presence of three or
more infection episodes within one year, confirmed by
clinical symptoms and positive urine culture findings.
Women without a history of UTI, no recent use of an-
tibiotics within four weeks prior to enrollment, and no
known inflammatory or chronic conditions made up
the control group.

Participants were categorized based on pregnancy
status at the time of sampling. Demographic and clini-
cal information was collected for all women, including
age, body mass index (BMI), place of residence, mari-
tal status, pregnancy status, and the presence of chronic
diseases.

Blood sample collection and processing. Blood sam-
ples from rUTI patients were collected before initiation
of antibiotic therapy. Five milliliters of venous blood
were taken from each participant under aseptic condi-
tions. Two milliliters were added to plain gel tubes for
clotting at room temperature, which took about thirty
minutes. Samples were centrifuged to separate serum
that was kept at —20°C until it could be analyzed for
cytokines.

The remaining three milliliters of blood were col-
lected in EDTA tubes and immediately stored at —20°C
for molecular analysis.

Determination of IL-18 and IL-174. Serum con-
centrations of IL-1B and IL-17A were determined
using enzyme-linked immunosorbent assay (ELISA)
kits from a commercial source (Elabscience, China)
according to the instructions provided by the manu-
facturer.

The detection range for IL-1p was 0.63—40 pg/
mL with a sensitivity of 0.39 pg/mL; for IL-17A, it was
0.78—50 pg/mL with a sensitivity approximately equal
to 0.49 pg/mL.

All serum samples and reagents were allowed to
come to room temperature before use. Standards and
samples (100 pL) were added to the wells and incubated
for 90 minutes at 37°C. After removal of liquid, 100 uL
biotin-conjugated antibody was added and incubated
for an hour at 37°C, followed by washing steps then
finally adding HRP-avidin solution (100 uL), which
would also be incubated for another half an hour un-
der the same conditions. The last wash was done; TMB
substrate (90 uL) was added and kept in the dark for re-
action development between 15 and 30 minutes. It was
stopped with a stop solution of fifty microliters, then
read absorbance at four hundred fifty nanometers using
a microplate reader, Biotic USA. All samples were run
in duplicate.

Extraction of DNA. DNA was extracted from
whole blood using the phenol—chloroform extraction
method with a volume of 2 mL. Briefly, blood samples
were mixed with red blood cell lysis buffer and centri-
fuged to remove erythrocytes; the pellet obtained was
lysed using nuclear lysis buffer, sodium dodecyl sulfate
(SDS), proteinase K, and phenol.

Centrifugation followed by transfer of the aqueous
phase into another tube mixed with chloroform—iso-
amyl alcohol (24:1). The precipitation process involves
sodium acetate plus cold isopropanol wash in seventy
percent ethanol, air drying before dissolving it in DN-
ase/RNase-free water.

DNA concentration and purity were assessed using
a spectrophotometer (NanoDrop, Thermo Fisher Sci-
entific), and samples with A260/A280 ratios between
1.8 and 2.0 were selected for PCR amplification.

PCR amplification of ILIB and IL174. PCR am-
plification was performed in a total volume of 25 puL,
which contained 50—100 ng genomic DNA, 1x PCR
buffer, 1.5 mM MgCl,, 0.2 mM dNTPs, 0.5 pM of each
primer, 1.25 U Taq DNA polymerase (Thermo Fisher
Scientific, USA), and nuclease-free water. Primer se-
quences used for /L /Band IL 174 amplification are pre-
sented in Table 1. Primer sequences used for /L 1B and
1L 174 amplification are presented in Table 1.
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Table 1
Primers used for PCR amplification
Gene Primer sequences (5" — 3 Product size Reference
v [ e m

Thermal cycling conditions included initial dena-
turation at 94°C for 30 seconds followed by 35 cycles of
denaturation at 94°C for 30 seconds, annealing at 57°C
for IL-1pB and 61°C for 1L-17A for 40 seconds and ex-
tension at 68°C for one minute with a final extension at
this temperature for five minutes.

Gel electrophoresis _and sequencing. The PCR
products were separated on a gel consisting of an aga-
rose solution at a concentration equal to that of the
ethidium bromide-stained ladder (100 bp DNA lad-
der) under UV light.

Amplicons of expected size were purified using a
PCR purification kit and subjected to Sanger sequenc-
ing in both forward and reverse directions (Bioneer,
Korea). Sequence chromatograms were analyzed using
Chromas software and aligned with reference sequences
using NCBI BLAST. /L1B sequences were compared
with GenBank accession NG_008851.1, and IL17A se-
quences with accession LC780105.1. SNPs were identi-
fied by comparison with the dbSNP database, confirm-
ing IL1Brs1143633 and /L17A1s2275913 variants.

Genetic analysis. Genotype frequencies were cal-
culated and summarized descriptively. Because of the
small sample size, genetic association analyses are
treated as exploratory; hence, no definite risk estimates
were derived.

Statistical analysis. Statistical analysis was per-
formed using SPSS version 26. Continuous variables

were presented as mean * standard deviation (SD),
while categorical variables were expressed as numbers
and percentages. Baseline characteristics were com-
pared between groups using the independent sample
t-test for continuous variables and the chi-square test
or Fisher’s exact test for categorical variables, as appro-
priate.

Serum levels of IL-1B and IL-17A showed non-
normal distribution and were therefore analyzed using
non-parametric tests. Comparisons between two groups
were performed using the Mann—Whitney U test, while
comparisons among more than two groups were con-
ducted using the Kruskal—Wallis test.

Multivariable linear regression analysis using log-
transformed cytokine values was applied to assess the
independent association between rUTI and cytokine
levels after adjustment for age, BMI, and comorbidi-
ties. A p-value less than 0.05 was considered statistically
significant.

Results. Characteristics of the study cohort. Among
90 women included in the study, there were 52 (57.8%)
pregnant women and 38 (42.2%) non-pregnant wom-
en. Of the pregnant participants, 43 (82.7%) had rUTI
and 9 (17.3%) served as healthy controls. Among non-
pregnant women, 17 (44.7%) had rUTIs and 21 (55.3%)
were controls. There was no significant difference in
age between rUTI patients and controls within either
pregnancy group (Table 2).

Table 2
Baseline characteristics of participants according to pregnancy status and rUTI diagnosis
Variable Pregnant women Non-pregnant women
(n=52) (n=38)
rUTI (n=43) | Control (n=9) | p-value rUTI (n=17) | Control (n=21) | p-value

Age, years 327 +76 31637 0.581 316+37 538 +6.6 0.235
Overweight, n (%) 35 (814%) 3(33.3%) 0.009 14 (82.3%) 12 (571%) ons
Rural residency, n (%) 32 (744%) 3(33.3%) 0.017 1 (64.7%) 6 (28.6%) 0.028
Married marital status, n (%) 37 (86.0%) 5 (55.5%) 0.036 13 (76.5%) 17 (80.9%) 0.7
Gestational age, weeks 264 + 61 248+53 042 - - -
Comorbidities, n (%) 9 (20.9%) 1(111%) 0.501 4 (23.5%) 1(4.7%) 0.091

As shown in Table 2, in pregnant women, over-
weight was significantly more common in those with
rUTI compared with controls. A similar trend was ob-
served in non-pregnant women, although the differ-

ence did not reach statistical significance. Rural resi-
dence was also more frequent among rUTI patients
than controls in both pregnant women and non-preg-
nant women.
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Among pregnant women, a higher proportion of
rUTI patients were married compared with controls.
In non-pregnant women, marital status did not dif-
fer significantly between rUTI patients and controls.
Comorbid conditions were slightly more common
in rUTI patients than in controls in both pregnancy
groups. However, these differences were not statisti-
cally significant.

Serum IL-1p5 and IL-17A levels. Serum IL-1f con-
centrations were significantly higher in women with

®
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rUTI compared with controls in both pregnant and
non-pregnant groups (Fig. 1A; p < 0.0001). Among
rUTI patients, pregnant women showed slightly lower
IL-1p levels than non-pregnant women (p = 0.025).

Similarly, serum IL-17A levels were markedly
elevated in rUTI patients compared with controls re-
gardless of pregnancy status (Fig. 1B; p < 0.0001). No
significant difference in IL-17A concentrations was
observed between pregnant and non-pregnant women
with rUTI (p =0.971).
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Fig. 1. Serum IL-1f and IL-17A concentrations in the studied cohort.

In multivariate linear regression using log-trans-
formed cytokine values, rUTI remained significantly
associated with higher IL-1f levels, after adjusting for
age, BMI, and comorbidities (p < 0.001). The same
pattern was observed for IL-17A. Log-transformed
IL-17A levels were significantly higher in women with
rUTI compared with controls after adjustment (p <
0.001), while age, BMI, and comorbidities showed no
significant association.

Molecular detection and sequencing of ILIB and
IL17A. PCR amplification of /LIB and ILI7A genes
produced fragments of 245 bp and 344 bp, respectively,
that was confirmed by agarose gel electrophoresis. All
samples generated clear, distinct bands, while the nega-
tive controls did not show any amplification.

Sequencing analysis of the PCR products dem-
onstrated approximately 99% similarity with reference
sequences in GenBank, confirming the identity of the
amplified regions. /L 1B sequences aligned with the ref-
erence sequence NG_008851.1, and /L 174 sequences
aligned with LC780105.1.

SNP was identified in each gene. In the /L 1B gene,
a G>A substitution at position 114 of the amplified
fragment was detected and corresponded to rs1143633.
Only homozygous genotypes (GG and AA) were ob-
served, while the heterozygous genotype was not de-
tected in the studied samples.

In the IL17A4 gene, an A>G substitution was iden-
tified within the 344 bp amplicon and corresponded to

1s2275913. The heterozygous (AG) and minor homozy-
gous (GG) genotypes were detected, whereas the major
homozygous genotype (AA) was not observed.

The dbSNP database confirmed that these variants
had been detected and verified their genomic positions:
one in the intronic region of /LB and another in the
promoter region of IL17A4. Due to the limited sample
size, genetic findings were considered exploratory and
require validation in larger cohorts.

Discussion. The present study aimed to charac-
terize systemic inflammatory responses in women with
rUTI by evaluating serum IL-1f and IL-17A Ilevels.
A key novel aspect of this work is the stratification by
pregnancy status, which allowed assessment of how
physiological changes during pregnancy influence im-
mune responses to infection.

The main finding is that both IL-1p and IL-17A
were significantly elevated in women with rUTI com-
pared with healthy controls. We also found significantly
lower levels of IL-1p in pregnant women with rUTI
compared with non-pregnant patients. IL-17A levels
remained similarly elevated in both groups. In multi-
variate regression analysis, rUTI was independently as-
sociated with increased IL-1p and IL-17A levels after
controlling for age, BMI, and comorbidities. We be-
lieve that rUTI itself is a major driver of cytokine eleva-
tion; pregnancy and other host factors determine what
specific inflammatory responses occur rather than the
general activation of the immune system.
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Elevated levels of IL-17A in patients with rUTI
are an important mediator in mucosal defense through
neutrophil recruitment during rUTI [15-17]. The fact
that both pregnant and non-pregnant women have sim-
ilar responses of IL-17A indicates that this pathway is
not altered during pregnancy, which means antibacte-
rial defenses will continue to operate effectively.

On the other hand, lower levels of IL-1f in preg-
nant women with rUTI compared to non-pregnant pa-
tients is a finding that makes biological sense since preg-
nancy involves immune modulation to avoid excessive
inflammation that would damage a growing fetus [10].
It has been shown that pregnancy promotes immune
tolerance through suppression of pro-inflammatory cy-
tokine responses, including reduced stimulated IL-13
production, which protects maternal-fetal interfaces
but may predispose to recurrent infections by attenuat-
ing early innate inflammatory defenses [18]. While this
immune modulation may be protective for maternal-
fetal health, it could predispose one to recurrent infec-
tions by not allowing early inflammatory responses.

Several demographic and clinical factors were as-
sociated with higher rUTI prevalence in this study.
Increased BMI was more frequent among infected
women, particularly in pregnant participants. Obesity is
known to induce chronic low-grade inflammation and
impair immune regulation, potentially reducing bacte-
rial clearance [19-22]. Rural residency was also more
common among rUTI patients, which may reflect envi-
ronmental factors, hygiene conditions, and limited ac-
cess to healthcare.

Pregnancy itself was strongly associated with rUTI
occurrence, in agreement with previous reports high-
lighting the role of hormonal changes, urinary stasis,
and anatomical modifications during gestation in pro-
moting infection risk [23].

Chronic diseases were also more frequent among
rUTI patients, as studies have shown that metabolic
disorders compromise host immune defenses and fa-
cilitate bacterial persistence [24-27].

Molecular sequencing revealed rs1143633 in the
IL 1B gene and 152275913 in the /L 174 gene; both were
previously reported in other populations [28-31]. Due
to limited sample size and descriptive genetic analysis,
clear associations with rUTI or cytokine levels could
not be established. This study’s inflammatory patterns
seem mainly influenced by infection-related processes
and physiological status rather than these specific ge-
netic variants, thereby supporting a concept about rUTI

References:

based on complex immune and environmental interac-
tions.

Several limitations should be considered when in-
terpreting the present findings. First, the sample size
was relatively small, especially in stratified subgroups,
which has limited the power for detection of genetic as-
sociations and may also have an effect on the strength/
stability of multivariable models. Second, the genetic
analysis in this study was preliminary and limited to the
identification of selected polymorphisms, without ex-
tensive genotyping or functional analysis. In addition,
cytokine concentrations were assessed at a single sam-
pling point, which does not allow evaluation of how in-
flammatory responses change over the course of infec-
tion or following therapy. Finally, data on the bacterial
species and their antibiotic resistance were not includ-
ed, although such factors may influence the cytokine
levels. Future studies with larger cohorts, longitudinal
sampling, and combined microbiological and genetic
analyses are needed to clarify the dynamic immune re-
sponses in pregnant women with rUTI.

Conclusions. The present study demonstrates that
rUTI was associated with increased levels of serum IL-
1B and IL-17A independently of pregnancy status, age,
BMI, and comorbidities. Although pregnancy is shown
to be associated with a higher rate of recurrent infection,
cytokine levels were mainly influenced by the presence
of rUTI. IL-1B levels were lower in pregnant women
with rUTI compared with non-pregnant patients.

No clear link was found between the identified
SNPs and either cytokine levels or disease status, sug-
gesting that inflammatory responses were mainly driven
by clinical and physiological factors rather than by these
genetic variations.

Overall, these findings emphasize the importance
of inflammatory immune responses in the development
of rUTI, particularly among high-risk groups such as
pregnant women.
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