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Abstract. Urinary tract infections (UTIs) are prevalent among individuals with 
urolithiasis. Bacterial pathogens are commonly associated with UTIs; however, fungal 
infections are increasingly recognised, particularly in patients with pre-existing urological 
abnormalities.

The present cross-sectional study aimed to investigate the relationship between 
UTIs caused by Candida species (Candida spp.) and selected interleukins (ILs) and 
complement component 2 (C2) and 4 (C4) in patients with urolithiasis.

Methods. One hundred urine samples were collected from patients with urolithiasis and 
twenty urine samples from healthy individuals (controls). Candida spp. were detected 
in 47% of the urine samples from patients (versus none in the control group), based on 
growth characteristics on Sabouraud dextrose agar (SDA) and staining with Gram stain 
and lactophenol cotton blue (LPCB). Urine levels of IL-6, IL-17, IL-22, C2, and C4 
were measured using commercially available ELISA assay kits.

Results. The most common species was Candida albicans (C. albicans) (59.5%), while 
the least common was Candida krusei (C. krusei) (6.3%). Levels of IL-6, IL-17 and 
IL-22 were significantly increased (P < 0.05) in urolithiasis patients (19.6 ± 2.4 pg/ml, 
77.8 ± 16.34 pg/ml and 93.5 ± 11.9 pg/ml, respectively) compared with the control group 
(11.5 ± 3.7 pg/ml, 22.5 ± 6.41 pg/ml and 38.6 ± 9.4 pg/ml, respectively). Levels of C2 
were significantly reduced (P < 0.05) in patients compared with the control group (51.03 
± 9.44 ng/ml vs. 195.21 ± 13.8 ng/ml).

Conclusions. The obtained data indicate that Candida-associated UTIs in patients with 
urolithiasis are accompanied by a pronounced local immune response and may worsen 
the course of the underlying disease. Measurement of urinary levels of IL-6, IL-17, IL-
22, and C2 may be useful as additional biomarkers of Candida infection and the intensity 
of the inflammatory process. These markers could potentially improve diagnosis and risk 
stratification of complications in this patient population.
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Introduction. Urinary tract infections (UTIs) are 
among the most common infectious diseases worldwide 
and may involve the kidneys, bladder, or urethra [1]. 
Clinically, UTIs are classified as uncomplicated (uUTIs) 
or complicated (cUTIs) [2]. The ability of uropathogens 
to adhere to and invade host tissues is mediated by vari-
ous virulence factors [3–6]. In the presence of predis-
posing risk factors, even mild or atypical UTIs can prog-
ress to severe and life-threatening infections [7].

Urolithiasis is a prevalent urological condition that 
significantly increases the risk of urinary tract infection 
and associated morbidity. Globally, approximately 12% 
of the population is affected by kidney stones, with re-
currence rates of 70–81% in men and 47–60% in wom-
en [8, 9].

Candida species represent the leading cause of 
healthcare-associated fungal infections worldwide 

[10,11]. In healthy individuals, Candida spp. exist as 
harmless commensals on the skin and mucosal surfaces 
[12]. However, in immunocompromised patients or 
those with predisposing conditions (e.g., diabetes mel-
litus, chronic kidney disease, malignancy, or indwelling 
urinary catheters), these organisms can become oppor-
tunistic pathogens and cause urinary candidiasis [13].

Host immune responses to Candida are complex 
and involve both humoral and cellular mechanisms. 
Effective clearance of Candida infections typically re-
quires a predominant T-helper 1 (Th1) response char-
acterized by the production of interferon-γ (IFN-γ), 
whereas a shift toward a T-helper 2 (Th2) profile, with 
cytokines such as interleukins (IL)-4 and IL-10, may 
impair fungal elimination due to their anti-inflamma-
tory effects [14–16]. An exaggerated Th2 response can 
suppress essential proinflammatory pathways, thereby 
facilitating persistence of the infection.

The present study aimed to investigate the associa-
tion between Candida-associated UTIs and levels of se-
lected interleukins (IL-6, IL-17, IL-22) and complement 
components (C2 and C4) in patients with urolithiasis.

Materials and methods. This cross-sectional 
study was conducted in full accordance with the prin-
ciples of the Declaration of Helsinki and approved by 
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Імунологічні маркери кандидо-асоційованої інфекції сечової системи  
у хворих на уролітіаз: роль інтерлейкінів і компонента комплементу
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Резюме. Інфекції сечової  системи (ІСС) є поширеними серед пацієнтів з уролітіазом. Бактеріальні па-
тогени традиційно пов’язані з ІСС, однак грибкові інфекції отримують дедалі більше визнання, особливо у паці-
єнтів із наявними урологічними порушеннями.

Метою цього одномоментного дослідження було визначити взаємозв’язок між ІСС, спричиненою Candida 
(Candida spp.) та концентрацією інтерлейкінів (ІЛ) -6, -17, -22 і компонента комплементу 2 (C2) і 4 (С4) у 
пацієнтів з уролітіазом.

Методи. У дослідження включено 100 зразків сечі від пацієнтів з уролітіазом та 20 зразків сечі від здо-
рових добровольців (контрольна група). Визначення Candida spp. проводили шляхом посіву на щільне поживне 
середовище Сабуро (Sabouraud dextrose agar, SDA) з подальшою оцінкою ростових характеристик колоній. Іден-
тифікацію підтверджували мікроскопією мазків, забарвлених за Грамом та лактофенол-бавовняним синім 
(lactophenol cotton blue).  Концентрацію ІЛ-6, -17, -22, а також компонентів комплементу C2 і C4 у сечі визна-
чали імуноферментним методом за допомогою комерційних наборів згідно з інструкціями виробника.

Результати. Найпоширенішим видом була Candida albicans (C. albicans) (59,5%), а найрідше визначався 
Candida krusei (C. krusei) (6,3%). Рівні ІЛ-6, -17 та -22 були статистично-значущо підвищеними (P < 0,05) 
у пацієнтів з уролітіазом (19,6 ± 2,4 пг/мл; 77,8 ± 16,34 пг/мл та 93,5 ± 11,9 пг/мл відповідно) порівняно з 
контрольною групою (11,5 ± 3,7 пг/мл; 22,5 ± 6,41 пг/мл та 38,6 ± 9,4 пг/мл, відповідно). Проте, рівні C2 були 
достовірно зниженими (P < 0,05) у пацієнтів порівняно з контрольною групою (51,03 ± 9,44 нг/мл проти 195,21 
± 13,8 нг/мл).

Висновки. Отримані дані свідчать, що Candida-асоційовані ІСС у пацієнтів з уролітіазом супроводжу-
ються вираженою місцевою імунною відповіддю та можуть погіршувати перебіг основного захворювання. ви-
значення рівнів ІЛ-6, -17, -22 і C2 у сечі може бути корисним уякості  додаткових біомаркерів кандидозної 
інфекції та інтенсивності запального процесу, що потенційно дозволить покращити діагностику та стратифі-
кацію ризику ускладнень у цій категорії хворих.

Ключові слова: інфекції сечових шляхів, уролітіаз, Candida spp., кандидоз.
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the Ethics Committee of the Institute of Genetic En-
gineering and Biotechnology for Postgraduate Studies, 
University of Baghdad, Iraq (Reference No. 30/7289, 
dated 30 November 2023). Informed consent was ob-
tained from all participants before inclusion in the 
study.

Sample collection. Between October to December  
of 2024, a hundred urine samples were collected from 
urolithiasis patients who visited the Saladin Province 
teaching hospital. Twenty further urine samples were 
taken from people who seemed to be in good health to 
act as controls.

Isolation of Candida species from urine samples. 
After being incubated at 37°C for 48 hours, all urine 
samples were cultured on Sabouraud Dextrose Agar 
supplemented with 0.5 µg/mL chloramphenicol (Hi-
media, India). The characteristics of the Candida colo-
nies, including their shape, ability to form germ tubes, 
and number of chlamydospores, were used to identify 
the species. Under 40× and 100× oil immersion magni-
fication, Gram staining and Lactophenol Cotton Blue 
preparations were used for the microscopic investiga-
tion. Carbohydrate fermentation assays provided addi-
tional evidence of species difference.

Immune markers. Urine levels of interleukin-6 
(IL-6), interleukin-17 (IL-17), interleukin-22 (IL-22), 

complement component C2 (Sunlong, China), and 
complement component C3 (Sunlong, China) were 
measured using commercially available assay kits. The 
procedures were executed in a meticulous manner in 
line with the protocols provided by the manufacturers.

Statistical analysis. All data were coded and en-
tered into IBM SPSS Statistics software, version 25.0 
(IBM Corp., Armonk, NY, USA). The normality of 
distribution of continuous variables was assessed using 
the Shapiro–Wilk test. Since all continuous variables 
demonstrated a normal distribution, they are presented 
as mean ± standard deviation (M ± SD).

Comparisons of continuous variables between two 
independent groups were performed using the indepen-
dent-samples Student’s t-test. Categorical variables are 
expressed as absolute numbers and percentages (n, %) 
and were compared using the χ2 test or Fisher’s exact 
test, as appropriate.

A two-tailed p-value < 0.05 was considered statisti-
cally significant for all analyses [17].

Results. Demographic and clinical characteristics 
of the study participants. A total of 100 patients diag-
nosed with urolithiasis and 20 healthy controls were 
enrolled in the study. The demographic and clini-
cal characteristics of both groups are summarized in  
Table 1. 

Table 1

Demographic characteristics of the study population

Variables Patients 
(n = 100)

Controls
(n = 20) p-value

Age, years 
 M ± SD
 Range 

45.59 ± 11.17
21-66

42.45 ± 11.45
22-61 0.225

Sex 
 Male 
 Female 

77 (77%)
23 (23%)

13 (65%)
7 (35%) 0.258

BMI, kg/m2

 M ± SD
 Range

27.84 ± 3.03
22.5-36.2

28.18 ± 3.33
21.8-34.0 0.358

Smoking
 Never
 Ex/current smokers

69 (69%)
31 (31%)

16 (80%)
4 (20%) 0.323

Comorbidities 
Hypertension
Diabetes mellitus 
Chronic kidney disease 

14 (14%)
12 (12%)
3 (3%)

2 (10%)
1 (5%)

0

0.631
0.693
1.00

Affected side
 Right 
 Left
 Both

45 (42%)
47 (47%)
8 (8%)

Stone size, cm
 M ± SD
 Range 

3.81 ± 1.57
1.5-7.0

Disease duration, years
 M ± SD
 Range 

4.82 ± 3.11
1.1-14.5

Abbreviations:	 BMI: body mass index, M: mean, SD: standard deviation, 
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As indicated in Table 1, there was no significant 
difference (p = 0.225) in the mean age between the 
sick group (45.59 ± 11.17 years) and the control group 
(42.45 ± 11.45 years). With 77% of patients being male 
and 65% of controls being male (p = 0.258), the gender 
distribution was also similar between the two groups. 

There was no significant difference in the body 
mass index (BMI), with patients averaging 27.84 ± 3.03 
kg/m2 and controls 28.18 ± 3.33 kg/m2 (p = 0.358). 
With 31% of patients and 20% of controls being current 
or past smokers (p = 0.323), there was also no signifi-
cant difference in smoking habits. 

There were no statistically significant differences 
(p > 0.05) between the groups in terms of comorbid ill-
nesses; however, 14% of patients and 10% of controls 
had hypertension, 12% had diabetes mellitus, and 5% 
had chronic kidney disease. 

Among the patients surveyed, 8% had stones on 
both sides of their kidneys, 47% on the left, and 45% on 
the right. With a range of 1.5-7.0 cm, the average stone 
size was 3.81 ± 1.57 cm, and the average duration of the 
disease was 4.82 ± 3.11 years, with a range of 1.1-14.5 
years.

Out of the 100 urine samples analyzed, Candida 
species were detected in 47% of cases (47/100) based on 
colony morphology on Sabouraud Dextrose Agar and 
confirmed by Gram staining and Lactophenol Cotton 
Blue staining (Fig. 1).

Fig. 1. Candida grows in Sabouraud’s dextrose agar.

According to growth characteristics and biochemi-
cal activity, four species of Candida were isolated, as 
shown in Table 2.

Table 2

Growth characteristics and biochemical activity of Candida species isolated from the urine  
of patients with urolithiasis

Candida spp Germ tube 
formation

Chlamydospores 
formation

Sugar fermentation 

Su
cr

os
e

Gl
uc

os
e

M
al

to
se

ga
la

ct
os

e

Tr
eh

al
os

e

C. albicans + + - + + + +
C. tropicalis - - + + + + +

C.parapsilosis - - - + - - -
C.Krusei - - - + - +/- -

Candida albicans was the most prevalent species (28 isolates, 59.5%), whereas Candida krusei was the least 
frequent (3 isolates, 6.3%) (Fig. 2).

Fig. 2. Distribution of Candida spp. isolated from urine samples of patients with urolithiasis. 
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Urine level of interleukins and complement components. Concentrations of selected interleukins in the research 
groups are displayed in Table 3. 

Table 3

Interleukin concentration in urine from healthy humans and Urolithiasis patients infected with UTI

Interleukins Patients (n = 100) Controls (n =2 0)  p-value

IL-6, pg/ml 19.6 ± 2.4 11.5 ± 3.7 0.009

IL-17, pg/ml 77.8 ± 16.34 22.5 ± 6.41 <0.001

IL-22, pg/ml 93.5 ± 11.9 38.6 ± 9.4 <0.001

As presented in Table 3, urinary levels of all studied 
cytokines (IL-6, IL-17, and IL-22) were significantly 
higher in patients with urolithiasis compared to healthy 
controls (p < 0.001 for all markers).

Urinary concentrations of complement com-
ponents C2 and C4 in patients with urolithiasis and 
healthy controls are presented in Table 4.

Table 4

 Urine complement concentrations from healthy humans and Urolithiasis patients infected with UTI

Complement (ng/ml)  Patients (n = 100) Controls (n = 20)  p-value

C2, ng/ml 51.03 ± 9.44 195.21 ± 13.8 <0.001

C4, ng/ml 138.12 ± 15.06 149.82 ± 11.93 0.451

Patients with urolithiasis exhibited significantly 
lower urinary C2 levels compared to healthy controls (p 
< 0.001), suggesting possible consumption or impaired 
production within the classical complement pathway. 
No significant difference was observed in urinary C4 
levels between the two groups (p = 0.451).

Discussion. Candida spp. were found in 47% of 
UTI patients in this investigation, indicating a high 
incidence of fungal involvement. Our findings con-
firm Altayyar et al. [18] and Ghaddar et al. [19]’s sig-
nificant Candida prevalence in UTI samples. This study 
found that vaginal swabs isolated Candida better than 
urine samples, similar to Sahal and Bilkay [20]. Moh-
sin and Ali [21] cultivated samples on SDA, a selective 
medium that promotes fungal growth, and identified 
isolates using macroscopic and microscopic methods.  
SDA is still a standard medium in clinical mycol-
ogy due to its selectivity for Candida spp. and the use 
of antimicrobials such as cycloheximide and chlor-
amphenicol to reduce bacterial contamination [22]. 
To confirm the morphological diagnosis, we stained 
with Lactophenol Cotton Blue (LPCB). Potassium 
hydroxide (KOH) treatment often produces Candi-
da-like hyphae, pseudohyphae, and budding yeast 
cells [23-25]. The germ tube test distinguished Can-
dida albicans from other non-albicans species [26].  
Musa et al. [27] examined urine samples from pregnant 
women using Chromogenic Agar, an early Candida spe-
cies categorization method based on colony pigmen-
tation. Candida albicans (23.52%), krusei (17.66%), 
dubliniensis (11.76%), tropicalis (5.68%), and glabrata 
(41.18%) were discovered. Overall positivity was 8.67%. 
These findings highlight the great variety of Candida 
species and the significance of selective medium and mi-
croscopy for urinary tract Candida infection detection. 

In this study, urolithiasis patients had greater levels 
of IL-6, IL-17, and IL-22, indicating an enhanced in-
flammatory and immunological response. This supports 
Romani et al. [28], who showed that wild-type controls 
were less vulnerable to systemic candidiasis than IL-
6-deficient animals [29]. IL-17, a host defense cyto-
kine, is mostly produced by T-helper 17 (Th17) cells 
during Candida infections. IL-17 induces chemokines 
to attract and activate macrophages and neutrophils, 
improving Candida spp. phagocytic clearance [30]. 
IL-17 also induces the synthesis of strong antifungal 
antimicrobial peptides, including defensins and cathe-
licidins [31]. Thus, IL-17 production or signaling is-
sues are commonly connected to long-term or systemic 
Candida infections [32]. 

However, the association between IL-17 expres-
sion and neutrophil recruitment appears complex. Yano 
et al. [33] showed no correlation between vaginal IL-
17 levels and early neutrophil migration. Chemotactic 
proteins from epithelial cells stimulate early neutrophil 
recruitment after Candida albicans exposure, accord-
ing to studies. Interesting, neutrophil counts increased 
steadily but IL-17 levels rose slowly throughout resolu-
tion. Increased immunological activity can worsen tis-
sues and symptoms in vulvovaginal candidiasis, which 
is a critical clinical issue because neutrophil infiltration 
is linked to symptoms [34]. In general, the ILs were ap-
plied in different medical fields [35-37], but IL-6, IL-
17, and IL-22 levels are considerably greater in uroli-
thiasis patients than in healthy controls, suggesting that 
inflammatory cytokine activity may rise with severity. 
An acute inflammation marker, IL-6, may be associat-
ed with more severe or symptomatic stone disease, oc-
casionally aggravated by infection [38]. Due to mucosal 
injury, persistent inflammation, or fungal co-infection, 
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Th17 cells release more IL-17 and IL-22, indicating 
an active immune system. In addition to protecting lo-
cal tissues, these cytokines can aggravate tissue injury, 
impede healing, and cause stones to recur or develop 
chronic problems [39]. Thus, their growth may indi-
cate disease severity and prognosis in individuals with 
infectious or immune-mediated urolithiasis. According 
to our findings, patients had considerably lower urine 
complement C2 levels than healthy controls. Heiden-
reich and Dierich [40] discovered that Candida albicans 
did not change adherence to C2-coated erythrocytes. 
Recurrent Candida infections were related to reduced 
C2 levels, even if complement C4 levels were not sub-
stantially different between the control and patient 
groups, according to Atallah et al. [41]. C4 concentra-
tions were greater in vulvovaginal candidiasis patients, 
suggesting that C4 protects against fungal infection 
[42]. C4 activity, which facilitates leukocyte migra-
tion to infection sites, may improve fungal infection 
clearance. C2 and C4 perform distinct but potentially 
complementary roles in the host’s Candida defenses.  
This study’s low C2 levels suggest immunological dys-
regulation or stone-induced inflammation that con-
sumes complement components, reducing classical 
complement pathway activation. This dysfunction 
may impede the immunological response, causing re-
peated or severe clinical episodes, delayed inflamma-
tion resolution, or persistent urinary infections [43]. 
Even if C4 concentrations remained stable, comple-
ment activation imbalance may affect disease dura-
tion and progression. These findings show a link be-
tween complement dysfunction, notably reduced C2 
activity, and disease severity in urolithiasis patients.  
This research improves our understanding of Candida-
induced urolithiasis immune responses; however, there 
are several limitations. The small sample size, especially 
of the control group (n = 20), limits statistical power 

and generalizability. Lack of fungal burden quantifica-
tion and molecular identification methods like PCR 
may have affected Candida detection sensitivity and 
species distinction, which suggests employing the mo-
lecular techniques in detection, because they were ap-
plied in different medical areas [44-47].  Serum cyto-
kine and complement levels were not evaluated simul-
taneously, which would have helped explain local and 
systemic immune responses. Uncontrolled variables 
such as stone composition, comorbidities, and antibi-
otic treatment may have impacted infection susceptibil-
ity and immunological activity.

Conclusions. The present study demonstrates that 
Candida albicans was the predominant species respon-
sible for Candida-associated UTIs in patients with uro-
lithiasis, confirming its leading role among Candida 
species in this clinical setting. Candida-associated UTIs 
in patients with urolithiasis are accompanied by a pro-
nounced local immune response and may worsen the 
course of the underlying disease. Measurement of uri-
nary levels of IL-6, IL-17, IL-22, and C2 may be useful 
as additional biomarkers of Candida infection and the 
intensity of the inflammatory process. These markers 
could potentially improve diagnosis and risk stratifica-
tion of complications in this patient population.
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