Urinary Lipocalin-2 Levels in Pregnant Women with Asymptomatic Fungal Urinary Tract Infection: A Cross-Sectional Study from Enugu Metropolis, Nigeria


ABSTRACT
Background: Fungal urinary tract infection (UTI) during pregnancy is an under-appreciated clinical challenge, with most cases presenting asymptomatically and therefore often undetected. Lipocalin-2 (neutrophil gelatinase-associated lipocalin; NGAL) is an acute-phase protein and an established urinary biomarker of renal tubular stress and urinary tract infection. Its utility in detecting asymptomatic fungal UTI in pregnancy remains unexplored. 
Aim: The purpose of this study was to assess urinary Lipocalin-2 concentrations in pregnant women with asymptomatic fungal UTI (funguria) and to examine associations between Lipocalin-2 levels and key obstetric variables.
Materials and Methods: A hospital-based cross-sectional study was conducted among 72 pregnant women attending antenatal clinics in Enugu metropolis, Nigeria. Participants were allocated to a funguria group (n = 39) and a non-funguria control group (n = 33). Mid-stream urine specimens were analysed for Lipocalin-2 concentration by enzyme-linked immunosorbent assay (ELISA), urinary pH, and specific gravity.
Results: Mean urinary Lipocalin-2 did not differ significantly between the funguria (4.19 ± 0.42 ng/mL) and non-funguria groups (4.38 ± 0.62 ng/mL; p = 0.799). Urinary pH and specific gravity were similarly comparable between groups (p = 0.524 and p = 0.452, respectively). Within the funguria group, gestational age was the only variable significantly associated with Lipocalin-2 level (p < 0.001), with the highest concentrations observed in the second trimester (6.85 ± 0.60 ng/mL). Age, parity, and history of UTI did not significantly influence Lipocalin-2 levels.
Conclusion: Urinary Lipocalin-2 does not appear to be significantly elevated in asymptomatic fungal UTI during pregnancy compared to non-infected controls, suggesting limited utility as a standalone diagnostic biomarker for this condition. The observed gestational age-related variation in Lipocalin-2 warrants further investigation. Routine antenatal funguria screening using culture-based methods remains recommended in this population.
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INTRODUCTION
Urinary tract infection (UTI) is among the most common complications of pregnancy, affecting 2–10% of pregnant women globally and contributing substantially to maternal morbidity [1,2]. The anatomical and physiological adaptations of pregnancy—including progesterone-induced ureteral dilatation, vesicoureteral reflux, urinary stasis, and immunological modulation—create conditions that facilitate microbial ascent and colonisation of the urinary tract [1]. Untreated asymptomatic bacteriuria in pregnancy is associated with progression to symptomatic cystitis and acute pyelonephritis, with downstream risks of preterm birth and low birthweight [2].
Although bacterial organisms are responsible for the majority of UTIs, fungal uropathogens—most notably Candida species—are increasingly recognised as clinically important agents, particularly in sub-Saharan Africa [3,4]. Candiduria may represent bladder colonisation or true infection, and may indicate disseminated candidiasis in vulnerable hosts [5,6]. Pregnancy independently predisposes to Candida colonisation through hormonal changes that alter vaginal flora, reduce local immune defences, and increase glycogen availability [6,7]. Most fungal UTIs in pregnant women are asymptomatic and detectable only through laboratory screening [5].
Lipocalin-2 (LCN2), also known as neutrophil gelatinase-associated lipocalin (NGAL), is a 25-kDa acute-phase glycoprotein stored in the specific granules of human neutrophils, involved in iron homeostasis, innate immunity, and apoptosis [8]. A key antimicrobial mechanism of LCN2 is sequestration of iron-laden catecholate siderophores produced by bacteria, thereby limiting pathogen iron acquisition [9,10]. As a urinary biomarker, LCN2 has been extensively studied in acute kidney injury and bacterial UTI, where it is released from damaged or inflamed renal tubular epithelium [11,12].
Urinary NGAL is elevated in bacterial UTI in children and adults, showing promise as a rapid diagnostic complement to urine culture [12,13,14]. During pregnancy, NGAL levels are further modulated by physiological changes, including increased glomerular filtration rate and placental NGAL secretion [15,16]. However, the response of urinary LCN2 to fungal—as opposed to bacterial—uropathogens has not been characterised, particularly in pregnancy.
Despite the documented burden of Candida species in the genitourinary tract of Nigerian women [17,18], no study has examined urinary LCN2 specifically in the context of asymptomatic fungal UTI during pregnancy in this population. The present study therefore, aimed to assess urinary Lipocalin-2 concentrations in pregnant women with and without asymptomatic fungal UTI attending antenatal clinics in Enugu metropolis, Nigeria, and to explore associations between LCN2 levels and key obstetric parameters.
MATERIALS AND METHODS
Study Design and Setting
A hospital-based cross-sectional study was conducted at antenatal clinics in Enugu metropolis, Enugu State, Nigeria. Enugu is a major urban centre in South-East Nigeria, served by multiple tertiary and secondary health facilities. 
Participants
A consecutive sample of 72 pregnant women was enrolled and allocated into two groups: a funguria group (test group, n = 39), comprising women whose mid-stream urine specimens yielded fungal growth on culture, and a non-funguria group (control group, n = 33), comprising pregnant women with culture-negative specimens. All participants were confirmed asymptomatic for UTI at enrolment. Exclusion criteria included: recent antibiotic or antifungal use, diabetes mellitus, immunosuppressive conditions, renal disease, and symptomatic UTI.
Specimen Collection and Laboratory Analysis
Mid-stream urine (MSU) specimens were collected following standard hygiene instructions. Fungal culture was performed by inoculating urine on Sabouraud Dextrose Agar and incubating at 37°C for 48–72 hours. Urinary Lipocalin-2 concentration was quantified by enzyme-linked immunosorbent assay (ELISA) using a commercially validated human NGAL/Lipocalin-2 kit, with results expressed in nanograms per millilitre (ng/mL). Urinary pH was measured by dipstick analysis, and specific gravity by refractometry.
Statistical Analysis
Data were analysed using standard statistical software. Continuous variables are presented as mean ± standard error of the mean (SEM) or mean ± standard deviation (SD) as appropriate. Between-group comparisons were performed using the independent-samples t-test. One-way analysis of variance (ANOVA) was applied where more than two groups were compared. Statistical significance was defined at p < 0.05 (two-tailed).
RESULTS
Baseline Characteristics
The baseline characteristics of the 72 participants are presented in Table 1. The funguria group (n = 39) was predominantly aged 25–31 years (76.9%), with no participants in the 18–24 age bracket. The non-funguria group (n = 33) was similarly concentrated in the 25–31 year range (51.5%), with additional representation from the 18–24 (27.3%) and 32–38 (21.2%) age groups. Neither group had received recent antibiotic therapy. A prior history of UTI was reported by 23.1% of funguria participants and 39.4% of controls. Gestational age distribution in the funguria group was: first trimester 23.1%, second trimester 30.8%, and third trimester 46.2%.
Urinary Lipocalin-2, pH, and Specific Gravity
Table 2 presents the comparison of urinary parameters between groups. Mean urinary Lipocalin-2 was 4.19 ± 0.42 ng/mL in the funguria group and 4.38 ± 0.62 ng/mL in the non-funguria group (p = 0.799). Urinary pH (7.48 ± 0.17 vs. 7.29 ± 0.26, p = 0.524) and specific gravity (1.013 ± 0.001 vs. 1.012 ± 0.001, p = 0.452) were also comparable. None of the between-group differences was statistically significant (all p > 0.05).
Lipocalin-2 by Age Group
Figure 1 illustrates mean urinary Lipocalin-2 concentrations by age group in both groups. In the funguria group, Lipocalin-2 increased with advancing age, from 3.96 ng/mL in the 25–31 year bracket to 4.87 ng/mL in the 32–38 year bracket. In the non-funguria group, the highest concentration was recorded in the 25–31 year group (5.54 ng/mL), declining in the 32–38 group (3.07 ng/mL). No funguria participants were in the 18–24 age group.
Lipocalin-2 by Baseline Characteristics in the Funguria Group
Table 3 shows Lipocalin-2 concentrations stratified by baseline characteristics within the funguria group. Age group was not significantly associated with Lipocalin-2 (p = 0.386), with mean values of 3.99 ± 0.54 ng/mL (25–31 years) and 4.87 ± 0.17 ng/mL (32–38 years). Parity was also not a significant predictor (p = 0.356). A statistically significant association was observed between gestational age and Lipocalin-2 (p < 0.001): levels were lowest in the first trimester (2.53 ± 0.67 ng/mL), peaked in the second trimester (6.85 ± 0.60 ng/mL), and declined in the third trimester (3.25 ± 0.43 ng/mL). Prior UTI history was not significantly associated with Lipocalin-2 (p = 0.914).
Lipocalin-2 by Parity: Funguria vs. Non-Funguria
Table 4 presents Lipocalin-2 levels by parity in both groups. No statistically significant differences were observed at any parity level (all p > 0.05). The highest mean Lipocalin-2 in the funguria group was at parity 4 (6.67 ± 0.58 ng/mL), whilst in the non-funguria group it was at parity 2 (5.70 ± 3.01 ng/mL).
Lipocalin-2 by Gestational Age: Funguria vs. Non-Funguria
[bookmark: _GoBack]Table 5 shows Lipocalin-2 concentrations across trimesters in both groups. Second-trimester concentrations were highest in both the funguria group (6.77 ± 2.10 ng/mL) and the non-funguria group (5.83 ± 3.31 ng/mL). No significant between-group differences were detected at any trimester (first trimester p = 0.427; second trimester p = 0.806; third trimester p = 0.382).
DISCUSSION
This study examined urinary Lipocalin-2 in pregnant women with asymptomatic fungal UTI compared to non-infected pregnant controls attending antenatal clinics in Enugu, Nigeria. The principal finding is that mean urinary LCN2 did not differ significantly between the funguria and non-funguria groups, suggesting that asymptomatic fungal urinary tract colonisation does not reliably induce measurable LCN2 elevation. This contrasts with the well-documented elevation of uNGAL in symptomatic bacterial UTI and acute pyelonephritis [12,13,14].
The absence of a significant between-group difference is mechanistically plausible. LCN2 is predominantly induced through Toll-like receptor (TLR) signalling triggered by bacterial lipopolysaccharide [9]. Fungi, including Candida species, signal through distinct pattern recognition receptors—notably Dectin-1 and TLR2—which may be less potent inducers of LCN2 secretion in the urinary tract [8]. Furthermore, as participants were asymptomatic, fungal burden was presumably low, and tubular inflammation insufficient to drive measurable LCN2 elevation above baseline.
The Lipocalin-2 concentrations observed (approximately 4.19–4.38 ng/mL) are substantially lower than those reported in bacterial UTI and pyelonephritis, where median uNGAL values frequently exceed 50–100 ng/mL in adults [12,14]. This may reflect the low-grade nature of asymptomatic fungal colonisation, the distinct fungal immune response, or physiological modulation of uNGAL during normal pregnancy. Wang et al. [15] demonstrated elevated urinary NGAL and KIM-1 in preeclamptic pregnancies, confirming tubular sensitivity to gestational stress, and Odum et al. [16] confirmed that urinary NGAL excretion also rises with advancing gestation in healthy pregnancies, potentially obscuring infection-related changes in this population.
A key finding was the statistically significant association between gestational age and urinary LCN2 in the funguria group (p < 0.001), with a peak in the second trimester (6.85 ± 0.60 ng/mL). This pattern is consistent with published data on NGAL dynamics in pregnancy, as the second trimester coincides with peak glomerular hyperfiltration and maximal renal physiological adaptations [15,16]. Although similar trends were observed in the non-funguria group, between-group comparisons did not reach significance, likely due to limited subgroup sample sizes.
The high prevalence of asymptomatic funguria in this cohort is consistent with prior sub-Saharan African reports. Pregnancy predisposes to Candida colonisation through elevated oestrogen, altered vaginal microbiota, and feto-placental immune tolerance [6,7]. In Nigeria, Candida species are well-documented urogenital pathogens [17,18], and asymptomatic candiduria during pregnancy may carry risks of preterm birth and adverse outcomes [6,19].
Age and parity were not significantly associated with urinary LCN2 in either group. The predominance of women in the 25–31 age bracket reflects typical antenatal attendance patterns in this setting [2]. Limitations of this study include its cross-sectional design, modest sample size, absence of species-level fungal identification and serum LCN2 measurement, and recruitment from a single urban centre, all of which limit causal inference and generalisability. Future longitudinal, multicentre studies with larger cohorts and multi-biomarker panels are warranted.
CONCLUSION
Urinary Lipocalin-2 is not significantly elevated in pregnant women with asymptomatic fungal UTI compared to uninfected controls in this Nigerian antenatal cohort, suggesting limited standalone diagnostic utility. Gestational age significantly modulates urinary LCN2, with peak concentrations in the second trimester, consistent with known pregnancy physiological adaptations. These findings reinforce the importance of culture-based funguria screening in antenatal care and highlight the need for further research into host biomarker responses to fungal urinary colonisation during pregnancy.
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Table 1. Baseline characteristics of the study population.

	Variable
	Funguria (n=39) n
	Funguria (n=39) %
	Non-funguria (n=33) n
	Non-funguria (n=33) %

	Age group (years)
	
	
	
	

	18–24
	–
	–
	9
	27.3

	25–31
	30
	76.9
	17
	51.5

	32–38
	9
	23.1
	7
	21.2

	Parity
	
	
	
	

	0
	–
	–
	1
	3.0

	1
	12
	30.8
	14
	42.4

	2
	6
	15.4
	8
	24.2

	3
	12
	30.8
	6
	18.2

	4
	3
	7.7
	3
	9.1

	5
	6
	15.4
	1
	3.0

	Gestational age
	
	
	
	

	First trimester
	9
	23.1
	7
	21.2

	Second trimester
	12
	30.8
	14
	42.4

	Third trimester
	18
	46.2
	12
	36.4

	Recent antibiotic use
	
	
	
	

	None
	39
	100
	33
	100

	Prior history of UTI
	
	
	
	

	Yes
	9
	23.1
	13
	39.4

	No
	30
	76.9
	20
	60.6


UTI = urinary tract infection. Values are n (%).


Table 2. Comparison of urinary Lipocalin-2, pH, and specific gravity between funguria and non-funguria groups.

	Parameter
	Funguria (n = 39)
	Non-funguria (n = 33)
	p-value

	Urinary Lipocalin-2 (ng/mL)
	4.19 ± 0.42
	4.38 ± 0.62
	0.799

	Urinary pH
	7.48 ± 0.17
	7.29 ± 0.26
	0.524

	Specific gravity
	1.013 ± 0.001
	1.012 ± 0.001
	0.452


Values are mean ± SEM. p-values from independent-samples t-test. SEM = standard error of mean.


Table 3. Urinary Lipocalin-2 concentrations in the funguria group by baseline characteristics.

	Variable
	n
	Lipocalin-2, ng/mL (Mean ± SEM)
	p-value

	Age group (years)
	
	
	

	18–24
	–
	–
	

	25–31
	30
	3.99 ± 0.54
	

	32–38
	9
	4.87 ± 0.17
	0.386

	Parity
	
	
	

	1
	12
	3.75 ± 1.09
	

	2
	6
	4.20 ± 0.72
	

	3
	12
	3.68 ± 0.66
	

	4
	3
	7.00 ± 0.00
	

	5
	6
	4.70 ± 0.22
	0.356

	Gestational age
	
	
	

	First trimester
	9
	2.53 ± 0.67
	

	Second trimester
	12
	6.85 ± 0.60
	

	Third trimester
	18
	3.25 ± 0.43
	< 0.001*

	Prior history of UTI
	
	
	

	Yes
	9
	4.06 ± 1.43
	

	No
	30
	4.23 ± 0.36
	0.914


Values are mean ± SEM. *Statistically significant at p < 0.05. SEM = standard error of mean; UTI = urinary tract infection.


Table 4. Urinary Lipocalin-2 levels by parity in pregnant women with and without funguria.

	Parity
	n (F)
	Funguria Mean ± SD (ng/mL)
	n (NF)
	Non-funguria Mean ± SD (ng/mL)
	p-value

	1
	12
	3.75 ± 3.77
	15
	4.28 ± 3.78
	0.360

	2
	6
	4.20 ± 1.75
	8
	5.70 ± 3.01
	0.136

	3
	12
	3.68 ± 2.28
	6
	2.82 ± 2.89
	0.727

	4
	3
	6.67 ± 0.58
	3
	5.19 ± 5.45
	0.656

	5
	6
	4.70 ± 0.55
	1
	2.20 ± 0.00
	–


Values are mean ± SD (ng/mL). p-values from independent-samples t-test. – = p-value not calculable (single observation). F = funguria; NF = non-funguria; SD = standard deviation.


Table 5. Urinary Lipocalin-2 levels by gestational age in pregnant women with and without funguria.

	Gestational Age
	n (F)
	Funguria Mean ± SD (ng/mL)
	n (NF)
	Non-funguria Mean ± SD (ng/mL)
	p-value

	First trimester
	9
	2.53 ± 2.00
	7
	2.86 ± 3.80
	0.427

	Second trimester
	12
	6.77 ± 2.10
	14
	5.83 ± 3.31
	0.806

	Third trimester
	18
	3.25 ± 1.81
	12
	3.57 ± 3.28
	0.382


Values are mean ± SD (ng/mL). p-values from independent-samples t-test. F = funguria; NF = non-funguria; SD = standard deviation.
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Figure 1. Mean urinary Lipocalin-2 concentrations (ng/mL) by age group in pregnant women with funguria (dark bars) and without funguria (light bars). No participants in the funguria group were aged 18–24 years.
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