PREVALENCE OF UROPATHOGENIC BACTERIAL INFECTION AND OXIDATIVE STRESS PATTERN AMONG PREGNANT WOMEN ATTENDING ANTENATAL CARE AT ST. PHILOMENA CATHOLIC HOSPITAL, BENIN CITY, NIGERIA

ABSTRACT
Urinary tract infections (UTIs) and oxidative stress are both microbiological and biochemical conditions (respectively) that are common in pregnancy. Their existence in pregnancy possess serious concerns to the detriment of the pregnant woman and fetus if left unmanaged. Hence, this study was designed to evaluate and determine the interplay between UTI and oxidative stress at different trimesters of pregnancy using standard microbiological and biochemical methods. A total of 75 urine samples (70 test urine samples from pregnant women attending antenatal care at St. Philomena Catholic Hospital, and 5 control urine samples from asymptomatic non-pregnant healthy women) were collected. Uropathogens isolated from urine samples were Bacillus cereus, Bacillus subtilis, Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Proteus mirabilis; with a UTI percentage prevalence of 42.9%. Oxidative stress bio-markers analyzed were Catalase (CAT), Malondialdehyde (MDA), Superoxide dismutase (SOD) and Glutathione peroxidase (GPX). The CAT, SOD, MDA and GPX activities level varied highly in 1st trimester and were more stabilized in 2nd and 3rd trimesters. There was significant difference in MDA activity level across different trimesters of pregnancy. The CAT, SOD, and MDA showed negative correlations with bacterial (uropathogens) counts, leading to higher oxidative stress. Gram positive uropathogens were susceptible to ceftriaxone, ciprofloxacin, imipenem and augmentin, while Gram negative uropathogens were susceptible to gentamycin and levofloxacin. While this study provides useful insight into the interaction between urinary tract infection and oxidative stress at different trimesters, further research leading to strategic measures to mitigate oxidative stress in pregnancy is recommended.
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INTRODUCTION

Oxidative stress is a physiological condition that occurs when there is an imbalance between the production of reactive oxygen species (ROS) and the body's ability to detoxify them. Reactive oxygen species are highly reactive molecules that can damage cellular components such as lipids, proteins, and DNA. This damage can lead to various diseases, such as cancer, cardiovascular disease, and neurodegenerative disorders (Olufunmilayo et al., 2023). It is important to note that a balance of enzymatic and non-enzymatic antioxidant mechanisms maintains cellular integrity. Both antioxidant systems get depleted when oxidative stress develops, which causes issues with reproduction (Lin and Beal, 2006; Khansari et al., 2009). Free radicals can be neutralised by enzyme-based antioxidants such as glutathione peroxidase (GPx) and superoxide dismutase (SOD). Contrarily, non-enzymatic antioxidants such as vitamin C, vitamin E, plant polyphenols, and carotenoids halt the chain reactions caused by free radicals. Importantly, antioxidants may be therapeutically effective in the management of issues relating to reproduction (Lu et al., 2018).

Urinary tract infection (UTI) is the most prevalent bacterial infection during pregnancy and can be associated with major obstetric problems. UTI has been recorded among 20% of women during pregnancy, and it is the commonest reason for hospitalization in obstetrical wards (Bacak et al., 2005). It is expected that one in three women of childbearing age will get a UTI (Duarte et al., 2008). UTIs are characterized by the presence of infectious organisms in the genitourinary tract, which cannot be explained by contamination. UTI is the second most prevalent medical consequence of pregnancy (Casanueva and Viteri, 2003). The etiological agents are Escherichia coli, Staphylococcus saprophyticus, Group B streptococci, Pseudomonas spp., Klebsiella spp., Candida spp., etc. Escherichia coli is the major organism implicated in pregnancy. Pregnancy increases the risk of UTIs. Increased progesterone and oestrogen levels in pregnancy produce lower ureter and bladder tone, consequently resulting in urinary stasis as well as media for bacterial growth (Delzell and Lefevre, 2000). An apparent decrease in immunity in pregnant women will boost the proliferation of commensal and non-commensal bacteria (Bhat and Shetty, 2022). A physiological increase in plasma volume during pregnancy decreases urinary concentration, and up to 70% of pregnant women will experience glycosuria, therefore stimulating the growth of bacteria in urine (Imade et al., 2010; Etminan-Bakhsh et al., 2017).

The prevalence of urinary tract infections in pregnant women has been linked to oxidative stress. Studies have shown that increased levels of ROS in pregnant women with UTIs can lead to complications such as preterm labour and low birth weight (Ciragil et al., 2005; Tarique et al., 2021). Thus, managing oxidative stress may be an important factor in preventing and treating UTIs during pregnancy. One possible approach to managing oxidative stress in pregnant women with UTIs is through the use of antioxidants, such as vitamin C and E (Tarique et al., 2021).

Therefore, understanding oxidative stress is crucial for developing strategies to prevent or treat these diseases. Oxidative stress in urinary tract infections (UTIs) in pregnant women has also been studied (Ciragil et al., 2005), with evidence suggesting that it may play a role in the development of complications such as preterm labour and low birth weight. Understanding the mechanisms behind oxidative stress and its impact on health outcomes is essential for improving maternal and foetal health during pregnancy. This study aimed to investigate the relationship between oxidative stress and urinary tract infections (UTIs) at various stages of pregnancy among pregnant women attending antenatal clinic. 
MATERIALS AND METHOD

Study population
A total of seventy-five (75) subjects were used in this study, comprising of seventy (70) pregnant women who were attending routine antenatal care at St. Philomena Catholic Hospital in Benin City, and five (5) healthy asymptomatic non-pregnant women. The pregnant women served as test subjects while the non-pregnant women served as control. 

Inclusion criteria

Pregnant women (within the three trimester of pregnancy) attending antenatal care and non-pregnant asymptomatic healthy women were selected as test and control subjects respectively. 

Exclusion criteria

Women who were on antibiotics therapy were excluded from both the test and control subjects selected.

Ethical clearance

Approval was obtained from Management of the Hospital, followed with informed consent by the selected subjects before the commencement of sample collection and subsequent laboratory analysis. 
Sample collection
A total of seventy-five (75) urine samples were collected for this study using sterile universal containers. Out of the 75 urine samples, 70 were collected from pregnant women across different trimesters, while 5 urine samples were collected from non-pregnant women as control. Samples were preserved at 40C using ice packs and immediately transported to the laboratory for analysis. 
Sample processing 
Urine samples were mixed thoroughly by inverting the containers several times. Using 

a sterile wire loop, the samples were inoculated on MacConkey agar and Nutrient agar. The plates were incubated at 37ºC for 24h. Distinct colonies were sub-cultured on nutrient agar repeatedly to obtain pure cultures. The isolates were stored on nutrient agar slants for identification.  

Identification of the Isolates 
All isolates were Gram stained and examined microscopically. Biochemical tests were carried out based on Gram reactions. (Cheesbrough, 2000).
Antibiotic Susceptibility Test

Antibiotic susceptibility testing of the isolates was carried out using Kirby-Bauer disc diffusion technique which was adopted from Amengialue et. al. (2013) in accordance with National Committee for Clinical Laboratory Standards (NCCLS) guideline. Results were recorded by measuring the zone of inhibition and comparing with the CLSI susceptibility testing (CLSI, 2015).

Biochemical analysis
Freshly collected urine samples were subjected to biochemical analyses for the determination of oxidative stress biomarkers. Adopting the methods reported and used by Sarhet (2018), the following enzymatic biomarkers were assayed: superoxide dismutase (SOD), catalase (CAT), malondialdehyde (using the thiobarbituric acid) and Glutathione peroxidase (GPx).

Statistical analysis
Data obtained from this research was subjected to descriptive statistical analysis, ANOVA and Turkey HSD Post-hoc analysis using the Statistical Package for Social Sciences (SPSS) version 25.0 (IBM Inc., USA) and results presented in tables.  
RESULTS

Table 1 below presents the percentage occurrence of positive and negative bacterial growth cases according to culture media type, indicating the presence of urinary tract infections (UTI) at different stages of pregnancy and in the control group. Positive growth signifies the presence of bacterial infection, while negative growth indicates the absence of bacterial infection. 
Table 1: Percentage occurrence of UTI cases in the study population at different pregnancy  

               stages
	Pregnancy Stage
	Culture Medium
	Positive Growth (%)
	Negative Growth (%)

	1st Trimester
	MacConkey Agar
	37.5%
	62.5%

	1st Trimester
	Nutrient Agar
	37.5%
	62.5%

	2nd Trimester
	MacConkey Agar
	20%
	80%

	2nd Trimester
	Nutrient Agar
	46.67%
	53.33%

	3rd Trimester
	MacConkey Agar
	22.86%
	77.14%

	3rd Trimester
	Nutrient Agar
	28.57%
	71.43%

	Control
	Both Media
	20%
	80%


The descriptive statistics (in table 2) for bacterial counts in the urine of the study population at different stages of pregnancy showed notable variations across trimesters and between the culture media (MacConkey agar and Nutrient agar) used. 
Table 2: Descriptive statistics for bacterial count in urine of study population at different 
               pregnancy stages

	Pregnancy Stage
	Culture Medium
	Mean
	Standard Deviation.
	Min.-Max. (Count)

	1st Trimester 
	MacConkey Agar
	8.5
	 18.72
	0 – 56

	1st Trimester 
	Nutrient Agar
	5.75
	 8.38
	0 – 21

	2nd Trimester 
	MacConkey Agar
	12.6
	 25.02
	0 -100

	2nd Trimester 
	Nutrient Agar
	12.3
	 19.61
	0 – 84

	3rd Trimester 
	MacConkey Agar
	6.57
	 22.11
	0 – 108

	3rd Trimester 
	Nutrient Agar
	13.54 
	 30.26
	0 – 136

	Control
	Both Media
	1.2
	 2.49
	0 – 8


Table 3 present the comparison of microbial counts across pregnancy trimesters in respect to culture media type used. The ANOVA results revealed no statistically significant differences in microbial counts across pregnancy stages (F(2, 145) = 0.560, p = 0.572) or across the combined groups of pregnancy stage and culture medium (F(5, 142) = 0.486, p = 0.786). Similarly, Tukey’s HSD post-hoc comparisons showed no significant pairwise differences in microbial counts between trimesters or between any combinations of stage and culture medium. All observed p-values exceeded 0.05, and the mean differences between groups were relatively small.
Table 3: Summary of ANOVA and Tukey HSD Post-hoc analysis of microbial counts by pregnancy stage and type of culture medium
	ANOVA Summary

	Factor
	Df
	F-value
	p-value
	Significant

	Pregnancy Stage
	(2, 145)
	0.560
	0.572
	No

	Group (Stage × Culture Medium)
	(5, 142)
	0.486
	0.786
	No

	

	Tukey HSD Post-hoc Results for Pregnancy Stage

	Group 1
	Group 2
	Mean Diff
	p-value
	Significant

	1st Trimester
	2nd Trimester
	-4.85
	0.887
	No

	1st Trimester
	3rd Trimester
	-5.88
	0.834
	No

	2nd Trimester
	3rd Trimester
	-1.03
	0.996
	No

	

	Tukey HSD Post-hoc Results for Group (Stage × Medium)

	Group 1
	Group 2
	Mean Diff
	p-value
	Significant

	1st Trimester – MACA
	1st Trimester – NA
	4.88
	0.998
	No

	1st Trimester – MACA
	2nd Trimester – MACA
	-3.47
	0.999
	No

	1st Trimester – MACA
	2nd Trimester – NA
	-1.89
	1.000
	No

	1st Trimester – MACA
	3rd Trimester – MACA
	-2.08
	1.000
	No

	1st Trimester – MACA
	3rd Trimester – NA
	-6.92
	0.961
	No

	1st Trimester – NA
	2nd Trimester - MACA
	-8.35
	0.890
	No

	1st Trimester – NA
	2nd Trimester – NA
	-6.76
	0.955
	No

	1st Trimester – NA
	3rd Trimester - MACA
	-6.96
	0.958
	No

	1st Trimester – NA
	3rd Trimester – NA
	-11.80
	0.574
	No

	2nd Trimester – MACA
	2nd Trimester – NA
	1.59
	1.000
	No

	2nd Trimester – MACA
	3rd Trimester - MACA
	1.39
	1.000
	No

	2nd Trimester – MACA
	3rd Trimester – NA
	-3.44
	0.999
	No

	2nd Trimester – NA
	3rd Trimester - MACA
	-0.19
	1.000
	No

	2nd Trimester – NA
	3rd Trimester – NA
	-5.03
	0.993
	No

	3rd Trimester – MACA
	3rd Trimester – NA
	-4.84
	0.995
	No


The results presented in table 4 below indicate varying frequencies of bacteria isolated from urine samples of pregnant women at different stages of pregnancy, highlighting the dynamics of bacterial presence and infection risk. 
Table 4: Occurrence of bacteria isolated from urine samples of the UTI cases at different   

   pregnancy stages

	Isolates
	Frequency at 1st Trimester
	Percentage Occurrence (%)
	Frequency at 2nd Trimester
	Percentage Occurrence (%)
	Frequency at 3rd Trimester
	Percentage Occurrence (%)

	Bacillus cereus
	0
	0
	0
	0
	1
	5.55

	Bacillus subtilis
	0
	0
	1
	5.00
	0
	0

	Escherichia coli
	4
	66.66
	12
	60.00
	8
	44.44

	Staphylococcus aureus
	2
	33.33
	4
	20.00
	6
	33.33

	Pseudomonas aeruginosa
	0
	0
	2
	10.00
	0
	0

	Proteus mirabilis
	0
	0
	1
	5.00
	3
	16.67

	Total
	6
	100.00
	20
	100.00
	18
	100.00


Table 5 below summarizes the descriptive statistics of catalase activity measured across different stages of pregnancy - 1st, 2nd, and 3rd trimesters, as well as in the control group for comparative analysis. Catalase activity, assessed using enzymatic assays and reported in arbitrary units (AU), varied significantly across the pregnancy stages and the control group.  
Table 5: Descriptive statistics of CAT activity in urine of the study population at different 
               stages of pregnancy

	Pregnancy Stage
	Mean
	Median
	Range
	Standard Deviation

	1st Trimester
	0.01
	0.0031
	0.0697
	0.0237

	2nd Trimester
	0.0044
	0.0034
	0.0113
	0.0042

	3rd Trimester
	0.0042
	0.0024
	0.0291
	0.0064

	Control
	0.0076
	0.0060
	0.013
	0.0041


Table 6 below summarizes the descriptive statistics of Glutathione Peroxidases (GPX) activity across different stages of pregnancy (1st, 2nd, and 3rd trimesters) and a control group. 
Table 6: Descriptive statistics of GPX activity in urine of the study population at different 
               stages of pregnancy
	Pregnancy Stage
	Mean
	Median
	Range
	Standard Deviation

	1st Trimester
	0.0863
	0.063
	0.2297
	0.0758

	2nd Trimester
	0.0286
	0.025
	0.074
	0.0206

	3rd Trimester
	0.0364
	0.032
	0.083
	0.0210

	Control
	0.0250
	0.0225
	0.016
	0.0064


Table 7 below summarizes the descriptive statistics of Superoxide Dismutase (SOD) activity across different stages of pregnancy (1st, 2nd, and 3rd trimesters) and a control group. 
Table 7: Descriptive statistics of SOD activity in urine of the study population at different 
               stages of pregnancy 

	Pregnancy Stage
	Mean
	Median
	Range
	Standard Deviation

	1st Trimester
	0.0414
	0.028
	0.078
	0.0285

	2nd Trimester
	0.0154
	0.011
	0.0333
	0.0104

	3rd Trimester
	0.0141
	0.011
	0.023
	0.0082

	Control
	0.0326
	0.0225
	0.029
	0.0120


Table 8 below presents the descriptive statistics of Malondialdehyde (MDA) activity across different stages of pregnancy (1st, 2nd and 3rd trimesters) and a control group. 
Table 8: Descriptive statistics of MDA activity in urine of the study population at different 
               stages of pregnancy

	Pregnancy Stage
	Mean
	Median
	Range
	Standard Deviation

	1st Trimester
	2.287
	1.84
	4.34
	1.547

	2nd Trimester
	1.878
	1.74
	5.54
	1.263

	3rd Trimester
	1.682
	1.51
	4.19
	0.945

	Control
	4.162
	4.39
	2.74
	1.071


Table 9 summarizes the ANOVA and Tukey HSD results of enzyme activities related to oxidative stress at different pregnancy stages among the study population. 
Table 9: Summary of ANOVA and Tukey HSD results for enzyme activities related to oxidative stress at different pregnancy stages in the 
               study population

	Enzyme
	df (Between, Within)
	F-value
	ANOVA p-value
	Group 1
	Mean 1
	Group 2
	Mean 2
	Mean Diff
	Tukey p-value
	Significant

	CAT
	(3, 36)
	1.228
	0.314
	1st Trimester
	0.0184ᵃ
	2nd Trimester
	0.0254ᵃ
	-0.0069
	0.8326
	No

	CAT
	(3, 36)
	1.228
	0.314
	1st Trimester
	0.0184ᵃ
	3rd Trimester
	0.0159ᵃ
	0.0025
	0.9892
	No

	CAT
	(3, 36)
	1.228
	0.314
	1st Trimester
	0.0184ᵃ
	Control
	0.0237ᵃ
	-0.0053
	0.9051
	No

	CAT
	(3, 36)
	1.228
	0.314
	2nd Trimester
	0.0254ᵃ
	3rd Trimester
	0.0159ᵃ
	0.0095
	0.6977
	No

	CAT
	(3, 36)
	1.228
	0.314
	2nd Trimester
	0.0254ᵃ
	Control
	0.0237ᵃ
	0.0016
	0.9946
	No

	CAT
	(3, 36)
	1.228
	0.314
	3rd Trimester
	0.0159ᵃ
	Control
	0.0237ᵃ
	-0.0078
	0.7797
	No

	GPX
	(3, 36)
	1.069
	0.376
	1st Trimester
	0.0332ᵃ
	2nd Trimester
	0.0373ᵃ
	0.0041
	0.936
	No

	GPX
	(3, 36)
	1.069
	0.376
	1st Trimester
	0.0332ᵃ
	3rd Trimester
	0.0446ᵃ
	0.0114
	0.643
	No

	GPX
	(3, 36)
	1.069
	0.376
	1st Trimester
	0.0332ᵃ
	Control
	0.0395ᵃ
	0.0063
	0.849
	No

	GPX
	(3, 36)
	1.069
	0.376
	2nd Trimester
	0.0373ᵃ
	3rd Trimester
	0.0446ᵃ
	0.0072
	0.787
	No

	GPX
	(3, 36)
	1.069
	0.376
	2nd Trimester
	0.0373ᵃ
	Control
	0.0395ᵃ
	0.0022
	0.986
	No

	GPX
	(3, 36)
	1.069
	0.376
	3rd Trimester
	0.0446ᵃ
	Control
	0.0395ᵃ
	-0.0051
	0.896
	No

	MDA
	(3, 36)
	3.506
	0.025
	1st Trimester
	3.013ᵇ
	2nd Trimester
	3.390ᵇ
	0.3770
	0.608
	No

	MDA
	(3, 36)
	3.506
	0.025
	1st Trimester
	3.013ᵇ
	3rd Trimester
	4.223ᵃ
	1.2101
	0.030
	Yes

	MDA
	(3, 36)
	3.506
	0.025
	1st Trimester
	3.013ᵇ
	Control
	2.958ᵇ
	-0.0553
	0.999
	No

	MDA
	(3, 36)
	3.506
	0.025
	2nd Trimester
	3.390ᵇ
	3rd Trimester
	4.223ᵃ
	0.8331
	0.172
	No

	MDA
	(3, 36)
	3.506
	0.025
	2nd Trimester
	3.390ᵇ
	Control
	2.958ᵇ
	-0.4323
	0.537
	No

	MDA
	(3, 36)
	3.506
	0.025
	3rd Trimester
	4.223ᵃ
	Control
	2.958ᵇ
	-1.2654
	0.023
	Yes

	SOD
	(3, 36)
	0.170
	0.916
	1st Trimester
	0.0207ᵃ
	2nd Trimester
	0.0215ᵃ
	0.00085
	0.997
	No

	SOD
	(3, 36)
	0.170
	0.916
	1st Trimester
	0.0207ᵃ
	3rd Trimester
	0.0194ᵃ
	-0.0013
	0.995
	No

	SOD
	(3, 36)
	0.170
	0.916
	1st Trimester
	0.0207ᵃ
	Control
	0.0209ᵃ
	-0.0002
	1.000
	No

	SOD
	(3, 36)
	0.170
	0.916
	2nd Trimester
	0.0215ᵃ
	3rd Trimester
	0.0194ᵃ
	-0.0022
	0.985
	No

	SOD
	(3, 36)
	0.170
	0.916
	2nd Trimester
	0.0215ᵃ
	Control
	0.0209ᵃ
	-0.0010
	0.998
	No

	SOD
	(3, 36)
	0.170
	0.916
	3rd Trimester
	0.0194ᵃ
	Control
	0.0209ᵃ
	0.0012
	0.996
	No


The correlation of oxidative stress-related enzyme activities and bacterial counts in the urine samples which provides insights into the relationship between oxidative stress and urinary tract infections (UTIs) across different stages of pregnancy - 1st trimester, 2nd trimester, and 3rd trimester is shown in table 10.

Table 10: Correlation analysis of oxidative stress-related enzyme activities and bacterial   

                 counts in the urine of the study population

	 
	Mean Bacteria Count (CFU/ml)
	Mean Catalase (CAT) Activity
	Mean Glutathione Peroxidases (GPX) Activity
	Mean Superoxide Dismutase (SOD) Activity
	Mean Malondialdehyde (MDA) Activity

	Mean Bacteria Count (CFU/ml)
	1
	
	
	
	

	Mean Catalase (CAT) Activity
	-0.484
	1
	
	
	

	Mean Glutathione Peroxidases (GPX) Activity
	0.019548
	0.836372
	1
	
	

	Mean Superoxide Dismutase (SOD) Activity
	-0.66936
	0.970714
	0.681972
	1
	

	Mean Malondialdehyde (MDA) Activity
	-0.94163
	0.309032
	-0.25508
	0.528453
	1


In tables 11 and 12 are shown the antibiotics susceptibility test results for gram-positive and gram-negative bacteria isolated from urine samples of the study population. 
Table 11: Antibiotics susceptibility test for gram positive bacteria in urine samples from 
                 the study population.

	Isolates
	CXM (30µg)
	GN

(10µg)
	CTX

(25µg)
	CRO

(45µg)
	ZEM

(5µg)
	LBC

(5µg)
	CIP

(5µg)
	IMP

(5µg)
	AZN

(15µg)
	OFX

(5µg)
	ERY

(15µg)
	AUG

(30µg)

	Bacillus cereus
	S
	R
	R
	S
	R
	R
	S
	S
	S
	S
	R
	S

	Bacillus subtilis
	S
	R
	R
	S
	R
	R
	S
	S
	S
	R
	S
	S

	Staphylococcus aureus
	R
	R
	R
	S
	R
	R
	S
	S
	R
	R
	R
	S


Key: S= Sensitive; R= Resistant; CXM = cefuroxime; GN= gentamycin; CTX= cefotaxime; CRO =ceftriaxone; ZEM = cefixime; LBC = levofloxacin; CIP = ciprofloxacin; IMP = imipenem; AZN = azithromycin; OFX = ofloxacin; ERY =erythromycin; AUG = Amoxicillin-Clavulanate.

Table 12: Antibiotics susceptibility test for gram negative bacteria in urine samples from 
                 the study population.

	Isolates
	NF (300µg)
	NA

(30µg)
	ACX

(10µg)
	AUG

(30µg)
	CXM

(30µg)
	GN

(10µg)
	OFX
(5µg)
	IMP

(10µg)
	LBC

(5µg)
	ZEM
(5µg)
	CTX

(25µg)
	CRO

(45µg)

	Pseudomonas aeruginosa
	S
	R
	R
	S
	R
	S
	R
	R
	S
	R
	R
	S

	Proteus mirabilis
	S
	R
	S
	R
	S
	S
	R
	R
	S
	S
	R


	S

	Escherichia coli
	R


	S
	S
	R
	R
	S
	S
	R


	S
	R
	S
	R




Key:S= Sensitive; R= Resistance; NF =nitrofurantoin; NA=nalidixic acid; ACX= ampiclox; AUG= amoxicillin-clavulanate; CXM=cefuroxime; GN= gentamycin; OFX= ofloxacin; IMP= imipenem; LBC=levofloxacin; ZEM=cefexime; CTX= cefotaxime; CRO= ceftriaxone.

DISCUSSION
The empirical findings of this research provide significant insight on the prevalence of uropathogenic bacterial infection and oxidative stress pattern, as well as their interaction at various stages of pregnancy. Result in table 1 shows variation in the percentage growth of isolates in respect to the type of media used. In the first trimester, both MacConkey agar and Nutrient agar recorded a positive growth in 37.5%, with a negative growth in 62.5%.  This shows that bacterial infection was present in slightly more than one-third of the cases. For second trimester, there was a noticeable difference between the two media. MacConkey agar had positive growth in 20% of cases, whereas Nutrient agar had positive growth in 46.67% of cases. Negative growth was observed in 80% and 53.33% of cases for MacConkey agar and Nutrient agar, respectively. This indicates a higher prevalence of bacterial infection detected by Nutrient agar in the second trimester compared to MacConkey agar. In the third trimester, MacConkey agar had positive growth in 22.86% of cases, while Nutrient agar recorded positive growth in 28.57% of cases. Negative growth was observed in 77.14% and 71.43% of cases for MacConkey agar and Nutrient gar, respectively. The prevalence of bacterial infection slightly increased in the third trimester compared to the second trimester, particularly for MacConkey agar. The control group, which represents asymptomatic non-pregnant healthy women, showed positive growth in 20% of cases and negative growth in 80% of cases. This indicates that bacterial infection was less prevalent in the control group compared to pregnant women across different trimesters. A study by Kolawole et al. (2009) found that out of 100 urine samples, 41% were culture-positive, while another study conducted by Hooton et al. (2010) observed a higher positivity rate of 60% in a similar sample size. The prevalence of UTI-causing bacteria and the diagnostic criteria might be comparable in different settings. This difference could be attributed to stricter selection criteria for symptomatic patients, highlighting the impact of clinical criteria on positivity rates. Conversely, a study by Foxman et al. (2000) reported a lower positivity rate of 30% in a larger cohort. This could be due to differences in population demographics, such as a lower incidence of UTIs in the studied population or better preventive measures in place.  
In the first trimester, the mean bacterial count using MacConkey agar was 8.5 with a high standard deviation of 18.72, indicating considerable variability among cases, with counts ranging from 0 to 56 (table 2). For Nutrient agar, the mean bacterial count was 5.75 with a standard deviation of 8.38, showing less variability compared to MacConkey agar, and counts ranging from 0 to 21. In the second trimester, the mean bacterial count using MacConkey agar was 12.6 with a standard deviation of 25.02, reflecting high variability with counts ranging from 0 to 100. Similarly, for Nutrient agar, the mean bacterial count was 12.3 with a standard deviation of 19.61, also indicating considerable variability, with counts ranging from 0 to 84. The third trimester showed a mean bacterial count 6.57 using MacConkey agar, with a standard deviation of 22.11, again indicating high variability, with counts ranging from 0 to 108. For Nutrient agar, the mean bacterial count was higher at 13.54 with a standard deviation of 30.26, showing significant variability, with counts ranging from 0 to 136. In contrast, the control group, which represents non-pregnant women, had a mean bacterial count of 1.2 with a standard deviation of 2.49, indicating low variability, with counts ranging from 0 to 8. This suggests a lower prevalence of bacterial infection in the control group compared to pregnant women. The control group showed the lowest bacterial counts, highlighting the increased risk of bacterial infection during pregnancy. Akinloye et al., (2006) reported high incidence (21.9%) of bacteriuria during the third trimester of pregnancy compared with that in the first trimester (7.7%), while the level in the second trimester was 22.5%

The ANOVA results (table 3) revealed no statistically significant differences in microbial counts across pregnancy stages or across the combined groups of pregnancy stage and culture medium. Similarly, Tukey’s HSD post-hoc comparisons showed no significant pairwise differences in microbial counts between trimesters or between any combinations of stage and culture medium. All observed p-values exceeded 0.05, and the mean differences between groups were relatively small. These findings suggest that pregnancy stage does not significantly influence microbial load in urine samples, neither does the interaction between pregnancy stage and the type of culture medium used in this study. The consistency in microbial counts across trimesters implies that physiological or immunological changes during gestation may not directly affect microbial colonization levels detectable by standard culturing methods. Likewise, the lack of significant differences between culture media indicates that both media types performed comparably in isolating urinary tract microbes. The absence of significant variation in microbial counts across pregnancy stages and culture conditions highlights a stable pattern of urinary microbial presence throughout gestation. Clinically, this suggests that routine microbial screening and diagnostic protocols may not need trimester-specific adjustments. Furthermore, from a methodological perspective, the comparable performance of MacConkey agar and Nutrient agar supports the use of either medium in resource-limited settings, where cost or availability might dictate selection.  In contrast, the report of Kolawole et al. (2009) highlighted the impact of culture media on bacterial growth patterns. Their findings indicated that while nutrient agar supports a wide range of bacteria, selective media like MacConkey agar can significantly influence the observed bacterial counts due to their selectivity. 
In the 1st and 2nd trimesters, Bacillus cereus was not isolated from any urine samples, resulting in a 0% occurrence (table 4). However, in the 3rd trimester, it was isolated in 1 case, accounting for 5.55% of the bacterial isolates. Bacillus subtilis was not isolated in the 1st and 3rd trimesters, reflecting a 0% occurrence. In the 2nd trimester, it was isolated in 1 case, making up 5.00% of the isolates. Escherichia coli was the most frequently isolated bacteria across all trimesters. In the 1st trimester, it accounted for 4 cases (66.66%), in the 2nd trimester for 12 cases (60.00%), and in the 3rd trimester for 8 cases (44.44%). These high percentages underscore the predominance of E. coli in UTIs during pregnancy, though its occurrence slightly decreases in the later stages. Staphylococcus aureus was isolated in 2 cases (33.33%) in the 1st trimester, 4 cases (20.00%) in the 2nd trimester, and 6 cases (33.33%) in the 3rd trimester. The consistent presence of Staphylococcus aureus across all trimesters indicates its significant role in UTIs throughout pregnancy, with a notable increase in the 3rd trimester. Pseudomonas aeruginosa was not isolated in the 1st and 3rd trimesters (0% occurrence). It was found in 2 cases (10.00%) in the 2nd trimester. This suggests that Pseudomonas aeruginosa may be an uncommon pathogen in UTIs among pregnant women, with an occasional presence in mid-pregnancy. Proteus mirabilis was not found in the 1st trimester (0% occurrence), isolated in 1 case (5.00%) in the 2nd trimester, and increased to 3 cases (16.67%) in the 3rd trimester. The rising frequency in the later stages of pregnancy indicates that Proteus mirabilis becomes more prevalent as pregnancy progresses. This result highlights the dynamics in occurrence of bacterial isolates in UTIs across different stages of pregnancy. Escherichia coli was consistently the most frequent isolate, emphasizing its primary role in UTIs during pregnancy and the need for targeted prevention and treatment strategies. The presence of Staphylococcus aureus throughout pregnancy, especially its increased occurrence in the 3rd trimester, indicates its significant impact on maternal health. Ayoade et al (2013) had reported the isolation of Staphylococcus aureus, Escherichia coli, Pseudomonas and Klebsiella species in the urine samples of university students with asymptomatic urinary tract infections while Ugbogu et al (2010) isolated Staphylococcus aureus, Proteus sp., Escherichia coli and Klebsiella sp. from the urine samples of the pregnant women with asymptomatic bacteriuria in Aba, Abia State, Nigeria. The increase of Proteus mirabilis in the 3rd trimester implies a need for vigilance and possibly tailored interventions in later pregnancy stages to manage its rising occurrence. However, Amengialue et al. (2013) and Ehiaghe et al., (2020), had reported a low prevalence of the bacteria. The low prevalence of Proteus mirabilis might indicate that the sampled population had fewer complicated UTIs or specific risk factors that promote Proteus infections, such as urinary catheters or structural abnormalities in the urinary tract.

The oxidative stress biomarkers (enzyme-based antioxidants) at different trimesters of pregnancy, as well as the control group, were assayed and reported in arbitrary units (AU). In the 1st trimester, catalase activity ranged widely from 0.0023 to 0.072 AU, with a mean of 0.0120 AU and a standard deviation of 0.0237 AU (table 5). This variability suggests significant metabolic changes and oxidative stress responses early in pregnancy. In contrast, for 2nd trimester, catalase activity showed more stability, with a mean of 0.0044 AU and a standard deviation of 0.0042 AU, indicating a potentially regulated metabolic state during mid-pregnancy. For 3rd trimester, catalase activity exhibited moderate variability, with a mean of 0.0042 AU and a standard deviation of 0.0064 AU, possibly reflecting continued metabolic adaptations as the pregnancy progressed towards term. The control group demonstrated a mean catalase activity of 0.0076 AU and a standard deviation of 0.0041 AU. This serves as a baseline for understanding variations observed in pregnancy stages, highlighting differences in antioxidant defence mechanisms and metabolic demands between pregnant and non-pregnant states. These findings underscore the dynamic nature of catalase activity throughout pregnancy, influenced by maternal physiological changes and potential implications for oxidative stress management and maternal-fetal health. Monitoring catalase activity throughout trimesters offers insights into the maternal oxidative status and antioxidant defences, crucial for managing pregnancy-related oxidative stress and reducing associated complications. Catalase's role in protecting fetal tissues underscores its impact on fetal development, emphasizing the need for maintaining optimal antioxidant levels during gestation. Clinically, understanding these dynamics informs prenatal care strategies, potentially leading to personalized interventions and biomarkers for assessing maternal oxidative stress. This is consistent with other research indicating reduced antioxidant enzyme activity during pregnancy, which may be due to increased oxidative stress and higher metabolic demands (Toescu et al., 2002). 
The mean GPX activity in the 1st trimester was 0.0863 AU, with a median of 0.063 AU, indicating a relatively high level of variability (standard deviation of 0.0758 AU) and a wide range from 0.035 to 0.264 AU. This suggests significant metabolic and oxidative changes occurring early in pregnancy. In 2nd trimester, the mean GPX activity was lower at 0.0286 AU, with a median of 0.025 AU and a smaller range from 0.008 to 0.082 AU, reflecting a more stable metabolic state with less variability (standard deviation of 0.0206 AU). The 3rd trimester showed a mean GPX activity of 0.0364 AU, with a median of 0.032 AU and a range from 0.006 to 0.089 AU, indicating moderate variability (standard deviation of 0.0210 AU) and continued metabolic adaptations as the pregnancy progresses towards term. Comparatively, the control group had a mean GPX activity of 0.0250 AU, with a median of 0.0225 AU, and a narrow range from 0.017 to 0.033 AU, suggesting stable and lower oxidative stress levels in non-pregnant individuals, with the least variability among the groups (standard deviation of 0.0064 AU). These findings underscore the dynamic nature of GPX activity throughout pregnancy, influenced by maternal physiological changes and oxidative stress responses. The high variability in the 1st trimester highlights the significant metabolic shifts and oxidative stress management needed early in pregnancy, which could have implications for fetal development and maternal health. The stability observed in the 2nd trimester suggests a more regulated antioxidant defence mechanism, possibly due to adaptations to oxidative stress. The moderate variability in the 3rd trimester reflects ongoing metabolic adjustments as the body prepares for labour and delivery. Understanding these variations in GPX activity has clinical relevance, as it can inform prenatal care strategies to monitor and manage oxidative stress, potentially leading to personalized interventions to support maternal and fetal health. The high variability GPX activity in the 1st trimester may reflect the body's initial response by maternal physiological changes and oxidative stress. Similar findings were reported by Raijmakers et al. (2001), who noted elevated GPX activity early in pregnancy to protect against oxidative damage. The reduction in GPX activity in the 2nd and 3rd trimesters could indicate a depletion of antioxidant reserves due to sustained oxidative stress, a phenomenon observed in other studies as well (Sharma et al., 2006). 
The mean SOD activity in the 1st trimester was 0.0414 AU, with a median of 0.028 AU, indicating a relatively high level of variability (standard deviation of 0.0285 AU) and a wide range from 0.011 to 0.089 AU. This suggests significant oxidative stress and enzymatic responses early in pregnancy. In the 2nd trimester, the mean SOD activity was lower at 0.0154 AU, with a median of 0.011 AU and a range from 0.0017 to 0.035 AU, reflecting a more stable metabolic state with less variability (standard deviation of 0.0104 AU). The 3rd trimester showed a mean SOD activity of 0.0141 AU, with a median of 0.011 AU and a range from 0.007 to 0.039 AU, indicating moderate variability (standard deviation of 0.0082 AU) and continued enzymatic adaptations as the pregnancy progresses towards term. Comparatively, the control group had a mean SOD activity of 0.0326 AU, with a median of 0.0225 AU, and a narrow range from 0.017 to 0.046 AU, suggesting stable and lower oxidative stress levels in non-pregnant individuals, with less variability compared to the 1st trimester but more variability than the 2nd and 3rd trimesters (standard deviation of 0.0120 AU). These findings highlight the dynamic nature of SOD activity throughout pregnancy, influenced by maternal physiological changes and oxidative stress responses. The high variability in the 1st trimester underscores the significant oxidative stress and metabolic adjustments occurring early in pregnancy, which could have implications for fetal development and maternal health. The stability observed in the 2nd trimester suggests a more regulated antioxidant defence mechanism, possibly due to adaptations to oxidative stress. The moderate variability in the 3rd trimester reflects ongoing enzymatic adjustments as the body prepares for labour and delivery. The higher SOD activity in the 1st trimester aligns with findings by Myatt (2010), which suggested increased antioxidant defense mechanisms early in pregnancy to counteract the initial oxidative stress surge during placental development. The observed decline in SOD activity as pregnancy progresses is also consistent with studies indicating that antioxidant defenses might be overwhelmed by increased oxidative stress in later trimesters (Rani et al., 2006). Understanding these variations in SOD activity has clinical relevance, as it can inform prenatal care strategies to monitor and manage oxidative stress, potentially leading to personalized interventions to support maternal and fetal health. 
In the 1st trimester, the mean MDA activity is 2.287 AU, with a median of 1.84 AU and a wide range of 4.34 AU (from 0.89 to 5.23 AU). The standard deviation is 1.547 AU, indicating considerable variability in MDA activity, which reflects significant oxidative stress and metabolic activity early in pregnancy. In 2nd trimester, the mean MDA activity was slightly lower at 1.878 AU, with a median of 1.74 AU. The range is broader at 5.54 AU (from 0.009 to 5.55 AU). Still, the standard deviation is 1.263 AU, suggesting a reduction in variability compared to the 1st trimester, possibly indicating a more stabilized metabolic state. In the 3rd trimester, the mean MDA activity further decreases to 1.682 AU, with a median of 1.51 AU and a range of 4.19 AU (from 0.25 to 4.26 AU). The standard deviation is 0.945 AU, showing less variability, which might reflect continued metabolic adjustments as the pregnancy progresses toward term. The control group shows a mean MDA activity of 4.162 AU, significantly higher than the pregnant groups, with a median of 4.39 AU and a range of 2.74 AU (from 2.74 to 5.48 AU). The standard deviation is 1.071 AU, indicating moderate variability. These findings highlight the dynamic changes in MDA activity throughout pregnancy, influenced by maternal physiological changes and oxidative stress responses. The high variability in the 1st trimester underscores significant oxidative stress and metabolic adjustments occurring early in pregnancy, which could have implications for fetal development and maternal health. The decreased variability of MDA activity in the 2nd and 3rd trimesters suggest a more stabilized metabolic state as pregnancy progresses, which might reflect the body's adaptation to oxidative stress. The significantly higher MDA activity in the control group compared to the pregnant groups indicates that non-pregnant individuals might experience higher oxidative stress levels, which could be due to various factors not present during pregnancy. However, this discrepancy could be due to differences in lifestyle, diet, or pre-existing conditions between the control and pregnant groups (Berger et al., 2012). Lower MDA levels in the 3rd trimester suggest effective adaptation mechanisms or compensatory antioxidant responses in late pregnancy, which is contrary to some reports that indicate increased oxidative stress markers as pregnancy progresses (Mihu et al., 2011). Understanding these variations in MDA activity is crucial for informing prenatal care strategies to monitor and manage oxidative stress, potentially leading to personalized interventions to support maternal and fetal health. 
In table 9, the analysis of variance (ANOVA) revealed no statistically significant differences in catalase (CAT), glutathione peroxidase (GPX), and superoxide dismutase (SOD) activities across pregnancy stages and the control group (p > 0.05 for all). However, malondialdehyde (MDA), a marker of lipid peroxidation, showed a significant overall difference (F = 3.506, p = 0.025). Post-hoc Tukey tests confirmed significant pairwise differences in MDA levels between the 1st and 3rd trimesters (p = 0.030), and between the 3rd trimester and control group (p = 0.023), indicating increased oxidative stress during late pregnancy. This means that while antioxidant enzyme activities (CAT, GPX, SOD) remained relatively stable across pregnancy stages, MDA levels rose significantly in the 3rd trimester. This indicates that the enzymatic antioxidant defence may not adequately compensate for elevated oxidative stress occurring later in pregnancy. The lack of significant changes in enzymatic activities may reflect physiological regulation aimed at maintaining redox homeostasis, but the significant increase in lipid peroxidation highlights a possible imbalance in oxidative stress response during the 3rd trimester. This underscore the importance of monitoring oxidative stress biomarkers, particularly MDA, in pregnant women, especially in the 3rd trimester. The observed increase in lipid peroxidation may contribute to pregnancy-related complications if left unmanaged. Thus, enhancing antioxidant support through dietary or clinical interventions during late pregnancy could be considered. 
The correlation analysis of oxidative stress-related enzyme activities and bacterial counts in the urine samples provides insights into the relationship between oxidative stress and urinary tract infections (UTIs) across different stages of pregnancy (table 10). There was a moderate negative correlation (r = -0.484) between mean bacterial count and mean catalase (CAT) activity. This suggests that as the bacterial count in urine increases, CAT activity tends to decrease. This reduction in CAT activity with higher bacterial presence indicates a decrease in the antioxidant defence mechanism during UTIs in pregnant women, potentially leading to increased oxidative stress. The correlation between mean bacterial count and mean glutathione peroxidases (GPX) activity was very weak and positive (r = 0.019548). This near-zero correlation implies that GPX activity remains relatively stable and is not significantly affected by bacterial count in urine. GPX activity’s minimal change suggests it may have a different regulatory mechanism that is less influenced by UTIs. A strong negative correlation (r = -0.66936) was observed between mean bacterial count and mean superoxide dismutase (SOD) activity. This indicates that higher bacterial counts are associated with significantly lower SOD activity. The substantial decrease in SOD activity with increased bacterial presence underscores the impact of UTIs on reducing antioxidant defences, leading to heightened oxidative stress in pregnant women. The correlation between mean bacterial count and mean malondialdehyde (MDA) activity was very strong and negative (r = -0.94163). This strong inverse relationship indicates that higher bacterial counts correspond to markedly lower MDA activity. MDA is a marker of lipid peroxidation and oxidative stress, and its significant decrease with increased bacterial presence highlights a complex interplay between oxidative stress-induced damage and bacterial proliferation during UTIs.

The results from the antibiotic susceptibility test for Gram-positive bacteria in urine samples revealed distinct patterns of sensitivity and resistance among different bacterial species. The resistance to gentamycin and erythromycin by Bacillus cereus can be attributed to the production of aminoglycoside-modifying enzymes and efflux mechanisms that pump out the antibiotic from the cell (Phelps and McKillip, 2002). The resistance seen in B. subtilis to certain antibiotics such as gentamycin and cefotaxime may be due to its ability to form endospores and biofilms, which can protect it from antibiotic action (Vlamakis et al., 2013). The high resistance rates in S. aureus, particularly to antibiotics like gentamycin and erythromycin, can be explained by the widespread dissemination of resistance genes such as mecA, which confers resistance to methicillin and other β-lactams, and erm genes, which confer resistance to macrolides like erythromycin (Chambers and DeLeo, 2009).

The antibiotic susceptibility test results for Gram-negative bacteria provide critical insights into the resistance patterns and treatment options for infections caused by these organisms. The sensitivity to gentamycin and levofloxacin is consistent with studies highlighting their effectiveness against P. aeruginosa due to their mechanisms of action. However, resistance to imipenem, cefexime, and cefotaxime is consistent with Livermore's (2002) findings that Pseudomonas aeruginosa often harbors β-lactamases that degrade these antibiotics. Resistance to imipenem and amoxicillin-clavulanate is consistent with other studies (Ehiaghe et al., 2022), indicating the presence of resistance mechanisms. The sensitivity to nalidixic acid, ampiclox, and gentamycin is consistent with previous studies showing their effectiveness in treating E. coli UTIs. However, resistance to nitrofurantoin and amoxicillin-clavulanate has been increasing, suggesting the rise of resistance genes.

CONCLUSION AND RECOMMENDATION

While urinary tract infection remains a major concern, its interplay with oxidative stress in pregnancy is well established by the activity level of the enzyme-based markers assayed in this study. The phases of pregnancy can be evaluated using biochemical markers of oxidative stress. There is little doubt that there is oxidative stress during pregnancy because of the reported decline in the antioxidant enzyme defence, especially superoxide dismustase, Malondialdehyde and catalase, and the proportionally stability of glutathione peroxidase levels throughout the trimesters. This implies that the reactive oxygen species produced during this time may be too much for the body’s antioxidant system to handle. To comprehend the ramifications off this study and create mitigation measures for oxidative stress and uropathogenic infection in pregnant women, more research is required. 
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