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ABSTRACT

	Background: Klebsiella pneumoniae and Escherichia coli are among the commonest causes of urinary tract infection (UTI) in all ages with notorious antibiotic resistance. The peculiar substandard conditions of living of most undergraduates make them a high-risk group for UTI both symptomatic and asymptomatic.

Aim: The aim of this study was to ascertain the prevalence and antibiotics susceptibility profiles of Klebsiella pneumoniae and Escherichia coli isolated from urine samples of undergraduate students of Alex Ekwueme –Federal University Ndufu Alike Ikwo (AE-FUNAI), residing off campus. 

Methodology: Standard microbiology methods were strictly followed in the collection and analysis of the samples while antibiotic susceptibility profiles of the bacterial isolates were carried out following CLSI guidelines. 
Results: Of the total 60 urine samples collected, the total prevalence of asymptomatic uropathogenic K. pneumoniae and E. coli was 15(25 %) and 31(51.7 %) respectively. Female students had the highest prevalence of K. pneumoniae 11(36.7 %) and E. coli 20(66.7 %) compared to their male counterpart with K. pneumoniae 4(13.3 %) and E. coli 11(36.7 %). The results of antibiotic susceptibility studies revealed that from the male students, K. pneumoniae were mostly susceptible to imipenem 4(100%), ceftriaxone 3(100%) and cefuroxime 3(75%) but showed highest resistance to piperacillin/Tazobactam 4(100%) and polymyxin B 4(100%) while E. coli isolates were susceptible to imipenem 11(100%), cefuroxime 8(73%) and cefoxitin 7(64%) while being resistant to polymyxin B 11(100%), piperacillin/Tazobactam 11(90%) and cefotaxime 8(73%). On the otherhand from the female students, antibiotic susceptibility studies revealed that K. pneumoniae were susceptibility to imipenem 11(100%), amoxicillin-clavulanic acid 7(64%), cefuroxime 6(55%) and showed increased resistance to piperacillin/tazobactam 11(100%), polymyxin B 11(100%) and ciprofloxacin 8(73%). 
Conclusion: Imipenem was found to be the most effective antibiotics for treatment of UTI caused by K. pneumoniae and E. coli. Continuous strategic surveillance and antibiotic stewardship of asymptomatic uropathogens, to effectively manage and monitor resistance trends of UTIs in order to provide guided treatment options for UTI cases are highly recommended.
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1. INTRODUCTION
The pathological invasion of the urinary tract by microbial species is referred to as Urinary tract infection (UTI). These infections occur when pathogenic microorganisms predominantly bacteria colonize the urinary tract leading to symptoms such as dysuria, pollakiuria, and lower abdominal discomfort (Paczosa et al., 2016). Urinary tract infections (UTIs) affect one million people globally each year and are the most common bacterial infections (Flores-Mireles et al., 2015).  UTI poses a threat to public health and overall wellbeing of individuals with regards to morbidity and among other urological cases, has the highest total healthcare cost (Gales et al., 2002). In developing countries, UTIs are reported as one of the most common community and hospital acquired bacterial infections following lower respiratory tract infections, which account for 24% of these cases (Egwu et al., 2023; Tandogdu et al., 2016; Foxman, 2010). It has been reported that about 50% of women experience symptomatic UTI while about 20% of men experience symptomatic UTI during their lifetime (Griebling, 2005). Diabetes, renal transplantation, renal disease, several structural and neurologic abnormalities that interfere with urine flow was among major complications of UTIs (Kolawole et al., 2009). 

UTI symptoms vary widely, from being completely asymptomatic to causing severe illness with high fever and potential bloodstream infection. Urinary tract infections are classified into three types: asymptomatic bacteriuria (ASB), acute cystitis, and acute pyelonephritis (Tullus et al., 2020). Pyelonephritis is a kidney infection characterized by the presence of white blood cells (pyuria) and bacteria (bacteriuria) in the urine. Conversely, cystitis is an infection of the lower urinary tract, typically manifesting with symptoms like urgent or frequent urination, painful urination (dysuria), lower abdominal or pubic pain, and strong-smelling urine. According to Smith (2014) and Ugwu et al. (2019), asymptomatic bacteriuria involves the presence of bacteria in a urine culture at levels up to or exceeding 105 CFU/mL in a person lacking clinical symptoms, a condition that may be cleared by the host’s natural defenses. The vast majority of UTIs present as asymptomatic bacteriuria, primarily affecting the lower urinary tract. In some people, such as pregnant or menopausal women, the elderly, diabetics, prepubertal children, and patients with vesicoureteral reflux, bacteria can ascend to the bladder and kidney, making upper UTIs more likely. According to Stamm and Hooton (2013), UTIs can be symptomatic or asymptomatic, affecting either the lower urinary tract alone or both upper and lower tracts, sometimes localized to one specific area. These sites may include the urethra causing urethritis, prostrate causing prostitis, bladder causing cystitis and kidney causing pyelonephritis. However, once any part of the body is infected, the whole body become at risk of invasion. 

Several predisposing factors usually complicate the occurrence of UTIs (Wagenlehner et al., 2012). Urologic devices such as foley catheters have been identified in more than 80% of UTIs cases and other risk factors including clinical settings has enhanced the existence of several uropathogens (Vásquez et al., 2017; Oh et al., 2014). Urinary tract infections (UTIs) stem from diverse pathogens including both Gram-positive and Gram-negative bacteria as well as fungi. According to the epidemiology of UTIs,  uropathogenic E. coli (UPEC) are the main pathogenic factor for UTIs, accounting for about 75% of uncomplicated UTI cases; however, less common pathogens, such as Klebsiella pneumoniae (K. pneumonia), Staphylococcus saprophyticus (S. saprophyticus), Enterococcus faecalis (E. faecalis), group B Streptococcus (GBS), Proteus mirabilis (P. mirabilis), Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus aureus (S. aureus), and other pathogenic bacteria cause opportunistic UTIs (Mattoo et al., 2021; Simões et al., 2020; Flores-Mireles et al., 2015). 

The worldwide rise of resistant Gram-negative bacteria, particularly E. coli and K. pneumoniae, poses a severe threat, as these two pathogens drive most invasive, treatment-resistant infections (ECDPC, 2013; Van Duijn et al., 2011; Priamchuk et al., 2010; Alvarez-Uria et al., 2018). The emergence and diffusion of multidrug-resistant strains of E. coli is complicating the treatment of several serious infections. Among key contributors to the spread of antibiotic resistance, environment stands out, serving as an unlimited reservoir of several antibiotic resistance genes. E. coli may therefore acquire these resistance genes from the environment and conversely spread it to potential pathogens within and outside the habitats (Da Costa et al., 2013). Uropathogenic E. coli (UPECs) are the main culprits behind urinary tract infections (Subashchandrabose & Mobley, 2015; García-García et al., 2025). As expected, it appears that the virulence of UPECs cannot be ascribed to the carriage of a given factor, but rather to the coordinate expression of multiple genes depending on the urinary districts they colonize (Zagaglia et al., 2022; Zhou et al., 2023; Whelan et al., 2023). To successfully colonize the urinary tract, uropathogenic E. coli (UPEC) must first survive harsh conditions, including urinary flow, nutrient scarcity, low oxygen levels, and high urea concentrations (Neugent et al., 2020). They overcome these challenges through high adhesiveness and persistence. Once in the bladder, these bacteria penetrate the urothelial cells, where they replicate and form intracellular bacterial communities (IBCs) (Conover et al., 2016). Additionally, UPECs can form quiescent intracellular reservoirs (QIRs) that may contain non-replicating bacteria and are able to trigger reactivation by the exfoliation of superficial epithelial cells. This releases bacteria back into the bladder to cause a recurrent infection, restarting the IBC cycle (Tamadonfar et al., 2019; Sharma et al., 2021; Zagaglia et al., 2022).

K. pneumoniae is among the Gram-negative bacterium belonging to the Enterobacteriaceae family. Invasive hypervirulent K. pneumoniae usually affect healthy individuals giving rise to community-acquired infections such as meningitis, pyogenic liver abscess, necrotizing fasciitis, endophthalmitis, and severe pneumonia (Shon et al., 2013). While, several risk factors such as regional healthcare practices, infection control measures, nutrition, the use and misuse of antibiotics, gender, and age could predispose to K. pneumoniae infections (Abbas et al., 2024). Over the past few decades, K. pneumoniae has emerged as a significant healthcare-associated and opportunistic pathogen, primarily affecting immunocompromised individuals (Clegg et al., 2016). This Gram-negative bacterium is now a major cause of both community and hospital-acquired UTIs, especially among patients with underlying comorbidities (Jalil & Al Atbee, 2022). The combination of biofilm formation, immune evasion, and horizontal gene transfer-mediated resistance renders this pathogen particularly difficult to treat in clinical environments (Ahmed et al., 2020).

However, to confirm the occurrence of UTIs, several diagnostic tests such as microscopy, culture, and biochemical assays were carried out. While therapy is usually based on antibiotic susceptibility testing of the bacterial isolates. It is therefore imperative to investigate the occurrence of asymptomatic bacteriuria among students, determine their prevalence and determine the susceptibility of frequently used antibiotics in UTI therapy, as these will give guidance and help to monitor the trends of UTIs among university student.

2. METHODS
2.1 Study Area
The study area of this research is Alex Ekwueme-Federal University Ndufu Alike Ikwo (AE-FUNAI). The University is at Ndufu-Alike, Ikwo Local Government Area, about 25 kilometers from Abakaliki, Ebonyi State and is located on latitude 0608.28’N and longitude 0808.627’E and altitude 55m (AMSL).

2.2 Study population
The study population includes 30 male students and 30 female students of Alex Ekwueme-Federal University Ndufu Alike Ikwo (AE-FUNAI) aged between 18-25 years who are residing off campus.

2.3 Inclusion and Exclusion Criteria 
The participants must be AE-FUNAI students who are residing off campus. While those excluded are students that are not from AE-FUNAI and those who are residing in school hostel.

2.4 Sample Collection 
The participated students were instructed to wash their external genital with mild toilet soap and rinse thoroughly with clean water before the sample collecting about 10 ml of their urine using the sample containers given to them. Early morning midstream urines were collected using sterile universal bottles. The samples were labeled accordingly and transported to laboratory unit of Microbiology Department, AE-FUNAI for laboratory analysis.

2.5 Processing of Urine/Culture 
In the laboratory, the urine samples were first streaked on Cystine Lactose Electrolyte Deficient agar (CLED) and incubated at 37 °C aerobically for 24 hrs. After 24 hrs incubation, the cultures were sub-cultured on EMB agar followed by further incubated at 37 °C for 24 hrs. The identified bacterial isolates were preserved on nutrient agar slants and stored at 4°C (Cheesebrough, 2010).

2.6 Standardization of Test Inoculum 
Overnight cultures were kept ready for antimicrobial testing. Each of the isolate was standardized using colony suspension method (EUCAST, 2000). The test organisms from Nutrient agar plates, incubated at 37oC for 24 hrs were suspended in saline solution (0.85% NaCl). The density of each isolate suspension was matched with 0.5 McFarland standards to give a resultant concentration of 1.0 × 106 cfu/ml (Egwu et al., 2024).

2.7 Antimicrobial Susceptibility Testing (AST)
The susceptibility of the test organisms to the different antibiotics were assayed using Kirby bauer disk diffusion methods which conforms to the recommended standard of the Clinical and Laboratory Standards Institute (CLSI, 2015). Twenty millilitre (20 ml) of freshly prepared Mueller-Hinton agar was poured on each petri dish plates of same size and allowed to solidify. Turbidity of the inoculum of various bacterial isolates compared with 0.5 McFarland standard were streaked onto the surface of a sterile Mueller-Hinton agar plates using a sterile swab stick to ensure even distribution of the inoculum, the plates were allowed to dry and antibiotic discs with different concentrations were placed on the surface of the MH agar plates. The plates were allowed to standby for 30 minutes for pre-diffusion and incubated at 37°C for 24 hours. A transparent ruler was used to measure the diameter of the clear zones of inhibition (mm) and the results were recorded susceptible or resistant accordingly as per CLSI, (2015) criteria.

3. RESULTS
3.1 Morphological and Biochemical Characteristics of Bacterial Isolates
Out of the 60 urine samples collected (30 each from male and female students), the colonial morphology, Gram staining reaction and biochemical characteristics of the cultured samples revealed that the organisms isolated were Klebsiella pneumoniae and E. coli.

3.2 Percentage Prevalence of K. pneumoniae and E. coli Recovered From Urine Samples of Apparently Healthy Students of AE-FUNAI
The results of the percentage prevalence of K. pneumoniae and E. coli among male students was 4(13.3%) and 17(56.7%) respectively. While, the prevalence of K. pneumoniae and E. coli among female students are 11(36.7%) and 20(66.7) respectively. The total percentage prevalence of K. pneumoniae and E. coli among AE-FUNAI students residing off campus are 15(25%) and 31(51.7%) respectively.
















Table 1: Morphological and Biochemical Characteristics of Test Bacteria
	Colonial morphology
	Grams
Reaction
	Biochemical Characteristics of 
the Bacterial Isolates
	Possible Bacteria Isolated

	
	
	CT
	OT
	I T
	Citrate
	MT
	

	
Large, circular, pinkish and mucoid colonies often with dark spots on EMB agar
	
-
	
+
	
-
	
-
	
+
	
-
	
K. pneumoniae

	
Colony sizes were about 2-3 mm, blue-black colour with green metallic sheen

	
-
	
+
	
-
	
+
	
-
	
+
	
E. coli


Key: CT- Catalase test; OT- Oxidase Test; IT- Indole Test; MR - Methyl red; + = Positive; - = Negative

Table 2: Percentage Prevalence of K. pneumoniae and E. coli Recovered from Urine Samples of Apparently Healthy Male and Female Students of AE-FUNAI.
	Total Number of Urine Samples Analyzed (n=60)
	Number (% Prevalence) of Bacteria Isolated

	
	K. pneumoniae (%)
	E. coli (%)

	Male students (n=30)
Female students (n=30)
Total % prevalence   
	4(13.3)
11(36.7)
15(25)
	11(36.7)
20(66.7)
 31(51.7)



3.3 Antimicrobial Susceptibility and Resistance Profiles of K. pneumoniae and E. coli recovered from Urine Samples of Apparently Healthy Male Students of AE-FUNAI.

The results revealed that the isolated K. pneumoniae were most susceptible to imipenem 4(100%), ceftriaxone 3(100%) and cefuroxime 3(75%) but showed highest resistance to piperacillin/Tazobactam 4(100%) and polymyxin B 4(100%). 

The isolated E. coli isolates were susceptible to imipenem 11(100%), cefuroxime 8(73%) and cefoxitin 7(64%) while being resistant to polymyxin B 11(100%), piperacillin/Tazobactam 11(90%) and cefotaxime 8(73%).

Table 3: Antimicrobial Susceptibility and Resistance Profiles of K. pneumoniae and E. coli Recovered from Urine Samples of Apparently Healthy Male Students of AE-FUNAI.
	
Antibiotics 
Used (µg)

	
	K.  pneumoniae (n=4)
	E. coli (n=11)

	
	Susceptible (%)
	Resistance (%)
	Susceptible (%)
	Resistance (%)

	
CXM- 30 
	
3(75)
	
1(25)
	
8(73)
	
3(27)

	AUG - 30 
	2(50)
	2(25)
	7(64)
	4(36)

	CRO – 30
	3(100)
	1(25)
	5(45)
	6(55)

	CIP – 30
	2(50)
	2(50)
	5(45)
	6(55)

	FOX - 30 
	2(50)
	2(50)
	7(64)
	4(36)

	TZP - 110 
IMP-30
CTX-30
PB-100 IU
	0(0)
4(100)
2(50)
0(0)
	4(100)
0(0)
2(50)
4(100)
	1(9)
11(100)
3(27)
0(0)
	10(90)
0(0)
8(73)
11(100)


Keys: Cefuroxime (CXM- 30 µg); Amoxicillin-Clavulanic acid (AUG-30 µg); Ceftriaxone (CRO-30 µg); Ciprofloxacin (CIP- 5 µg); Cefoxitin (FOX-30 µg); Piperacillin/TAZOBACTAM (TZP-110 µg); Imipenem (IMP- 30 µg); Cefotaxime (CTX-30 µg); Polymyxin B (PB-100 IU).

3.4 Antimicrobial Susceptibility and Resistance Profiles of K. pneumoniae and E. coli Recovered from Urine Samples of Apparently Healthy Female Students of AE-FUNAI.

The result revealed that among the isolated K. pneumoniae, they showed increased susceptibility to imipenem 11(100%), amoxicillin-clavulanic acid 7(64%), cefuroxime 6(55%) and resisted the effects of piperacillin/tazobactam 11(100%), polymyxin B 11(100%) and ciprofloxacin 8(73%). 

The isolated E. coli isolates were susceptible to imipenem 20(100%), cefotaxime 12(60%) and amoxicillin-clavulanic acid 11(55%). While showing resistance to piperacillin/Tazobactam 20(100%), polymyxin B 20(100%), ceftriaxone 12(60%) and ciprofloxacin 12(60%).












Table 4: Antimicrobial susceptibility profiles of K. pneumoniae and E. coli recovered from urine samples of apparently healthy female students of AE-FUNAI.
	
Antibiotics 
Used (µg)

	
	K.  pneumoniae (n=11)
	E. coli (n=20)

	
	Susceptible (%)
	Resistance (%)
	Susceptible (%)
	Resistance (%)

	
CXM- 30 
	
6(55)
	
5(45)
	
10(50)
	
10(50)

	AUG - 30 
	7(64)
	4(36)
	11(55)
	9(45)

	CRO – 30
	5(45)
	6(55)
	8(40)
	12(60)

	CIP – 30
	3(27)
	8(73)
	8(40)
	12(60)

	FOX - 30 
	5(45)
	6(55)
	9(45)
	11(55)

	TZP - 110 
IMP-30
CTX-30
PB-100 IU
	0(0)
11(100)
4(36)
0(0)
	11(100)
0(0)
7(64)
11(100)
	0(0)
20(100)
12(60)
0(0)
	20(100)
0(0)
8(40)
20(100)



Keys: Cefuroxime (CXM- 30 µg); Amoxicillin-Clavulanic acid (AUG-30 µg); Ceftriaxone (CRO-30 µg); Ciprofloxacin (CIP- 5 µg); Cefoxitin (FOX-30 µg); Piperacillin/Tazobactam (TZP-110 µg); Imipenem (IMP- 30 µg); Cefotaxime (CTX-30 µg); Polymyxin B (PB-100 IU).






























4. DISCUSSION

Asymptomatic urinary tract infections (UTIs) also known as bacteriuria is characterized by invasion of the urinary tract of individual by bacteria without symptoms. This is usually common among undergraduates, with studies reporting various prevalence rates and higher incidences among female students compared to their male counterpart. The aim of this study was therefore to ascertain the prevalence and antibiotic susceptibility profiles of Klebsiella pneumoniae and Escherichia coli isolated from urine samples of undergraduate students of AE-FUNAI, residing off campus. The result of the analysis of 30 urine samples collected from male students showed that the prevalence of K. pneumoniae and E. coli was 4(13.3 %) and 11(36.7 %) respectively. While among their female counterpart, the prevalence of K. pneumoniae and E. coli was 11(36.7 %) and 20(66.7 %) respectively. The result further revealed total prevalence of K. pneumoniae and E. coli among the undergraduate student of AE-FUNAI residing off campus to be 15(25%) and 31(51.7%) for K. pneumoniae and E. coli respectively. This result is comparable with E. coli (26%) and Staphylococcus aureus 23(48%) reported in a similar study carried out to detect the prevalence of asymptomatic bacteriuria among university students in Agulu, Anambra, Nigeria as reported by Ugwu et al. (2019). The result is also comparable with the findings of similar study carried out to detect antibiotic susceptibility pattern of isolates from urine of students in Benue State Polytechnic, Ugbokolo, Nigeria, where they reported the prevalence of 22 (46.8%) for E. coli and 14 (29.7) for K. pneumoniae (Adikwu et al., 2020). Urinary tract infections (UTIs) are the most common infections in humans that can affect any part of the urinary system including kidneys, ureters, bladder or urethra (Marwan et al., 2017). Thus, the high prevalence of uropathogens recorded in this study is therefore not unexpected. 

The high prevalence rate of E. coli 31(51.7%) observed in this study were associated with age group of the students between 18-25 years. This age group has been reported to be sexually active and sexual activity has been implicated to increased prevalence of UTIs (Seifu and Gebissa, (2018). Similar findings from a Malaysian study also reported approximately 76% of medical and nursing female students between the age of 21–29 years with UTIs thus, justifying the result of this finding (Zalina et al., 2011). 

Czajkowski et al. (2021) reported that female students have higher rates of UTIs basically because of their anatomical differences compared to the male students. Specifically, females have a shorter urethra which allows microorganisms to reach the bladder more easily than the males.  The proximity of the female urethra to the anus and vagina invariably increases contamination risks. Also, sexual activity, poor toilet hygiene, and holding urine also increase prevalence among undergraduate women (Elorfaly, 2024). The above reports from different authors justify the increased report of UTIs especially among female undergraduate students observed in this study. These conditions favor the growth of uropathogens (Seifu and Gebissa, 2018). 

The results of antibiotic susceptibility studies of the isolated asymptomatic uropathogens from the male students showed that the isolated K. pneumoniae were susceptible to imipenem 4(100%), ceftriaxone 3(100%) and cefuroxime 3(75%). Also, the isolated E. coli was susceptible to imipenem 11(100%), cefuroxime 8(73%) and cefoxitin 7(64%). Among the female undergraduate, the isolated K. pneumoniae were susceptible to imipenem 11(100%), amoxicillin-clavulanic acid 7(64%), cefuroxime 6(55%). Also, the isolated E. coli was susceptible to imipenem 20(100%), cefotaxime 12(60%) and amoxicillin-clavulanic acid 11(55%). However, all the isolates from both genders showed great resistance to piperacillin/Tazobactam, polymyxin B and ciprofloxacin. The result of high susceptibility of the isolated uropathogens to imipenem, amoxicillin-clavulanic acid and cefuroxime is similar to the result of the study undertaken to detect uropathogens and antibiotic resistance in the community and hospital-induced urinary tract infected children (Demir and Kazanasmaz, 2020). In their study they reported resistance of E. coli and Klebsiella species to imipenem as 403(0.9%) and 99(8.1%) for out-patients. This is an indication that imipenem remains first line treatment options for uropathogenic E. coli and K. pneumoniae (Demir and Kazanasmaz 2020). 


From the study, female students showed increased resistance to ciprofloxacin among the isolated E. coli 12(60%) and K. pneumoniae 8(73%). Similarly, a study by Kabita et al. (2024) noted a significant increase in ciprofloxacin from 41% to 90%; p < 0.001) between 2017 and 2021 which is in agreement with present findings where high resistance to ciprofloxacin was observed. E. coli demonstrated resistance rates of 60% to ciprofloxacin; which is 63.9% in Eastern Nepal (Sah et al., 2023) and 32.67% in a 2025 study from Nepalese tertiary care setting (Thapa et al., 2025). However, the resistance of E. coli and K. pneumoniae to ciprofloxacin and other commonly used antibiotics in this study is justifiable as the antibiotics are mostly prescribed and used in the hospitals within the area.  Also, the increased resistance of commonly used antibiotics in this study may be associated with the non-judicious use of antibiotics and their availability over the counter without doctor’s prescription by most undergraduate students and other individuals in Nigeria. Studies has also shown that antibiotics frequently used in the treatment of bacterial uropathogens— especially E. coli, K. pneumoniae, and Enterococcus species—are indeed experiencing a significant loss of susceptibility, leading to high rates of resistance, particularly to commonly used first-line agents (Muhammad et al., 2020, Chowdhury et al., 2024). The misuse, overuse and underuse of these first-line agents in empirical treatment, allows most bacterial species to evolve and survive, thus multi-drug resistant (MDR) strains are created.  

5. CONCLUSION

Of the total 60 urine samples collected from undergraduate students at AE-FUNAI residing off campus, the study identified the total prevalence of asymptomatic uropathogenic K. pneumoniae and E. coli of 15(25%) and 31(51.7%) respectively. An increased resistance of these uropathogens was observed against piperacillin/tazobactam, polymyxin B and ciprofloxacin used for UTI therapy. However, imipenem, amoxicillin-clavulanic acid, cefotaxime and cefuroxime were found to be the most effective antibiotics for UTI therapy caused by K. pneumoniae and E. coli. Although most commonly used antibiotics for UTI therapy experienced relatively mild resistance, our findings strongly suggest continuous surveillance and strategic antibiotic stewardship to effectively manage and monitor resistance trends of UTIs and provide guided treatment options for UTIs. While this study provides valuable insights into the prevalence of antibiotic-resistant K. pneumoniae and E. coli in Ebonyi students, some limitations exist. The relatively small sample size and lack of molecular methods for bacterial identification dictated by resource constraints, limits the ability to generalize these results to the entire student population.
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