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Background

Antimicrobial resistance can vary significantly across different regions, making it crucial to understand the distribution of urinary pathogens and their susceptibility to antibiotics in specific settings. This knowledge is essential for guiding effective empirical treatment approaches. Additionally, antimicrobial resistance is an ongoing process that requires routine surveillance and monitoring studies to stay ahead of emerging resistance patterns. In Ethiopia, including southern Ethiopia, there is a lack of recent data regarding the magnitude of the problem of antimicrobial resistance in urinary tract infections (UTIs). Due to limited microbiology laboratory capabilities, routine culture and antibiotic susceptibility testing are not performed in the region. Consequently, the treatment of UTIs in Ethiopia relies on an empirical basis, with physicians prescribing different drugs without the guidance of culture and antibiotic susceptibility tests. This practice can potentially contribute to the overuse of antibiotics and the development of resistant microbial species. To address this knowledge gap and promote the rational use of existing antimicrobials, it is essential to have up-to-date information on the prevalence of uropathogens causing UTIs and their antimicrobial susceptibility patterns. This study aims to determine the most prevalent uropathogens causing UTIs and their susceptibility to antimicrobial agents among individuals suspected of having UTIs in the study area. By conducting this study, we aim to provide valuable insights into the current situation of antimicrobial resistance in UTIs in southern Ethiopia. This information will help guide clinicians in selecting appropriate antibiotics for empirical treatment and contribute to the overall efforts in combating antimicrobial resistance.





Methods and materials

A cross-sectional study was carried out from April to September 2022 at Bule Hora University Teaching Hospital. The study included a total of 279 suspected patients who visited the outpatient department. Sociodemographic data and associated factors were assessed using a pretested questionnaire. Clean catch midstream specimens were collected following standard microbiological procedures. The identification of gram-negative organisms was done using TSI, oxidase, H2S production, gas production, motility, indole production, urease production, citrate utilization, and lysine decarboxylation and deamination. Antibiotic susceptibility testing of the isolates was conducted using the Kirby–Bauer disc diffusion method. Data analysis was performed using SPSS version 25, and descriptive statistics were used to summarize the findings. The results were presented in words and tables. Binary logistic regression was used to determine the statistical association between predictors and outcome variables.





Results

A total of 279 individuals participated in the study. The overall prevalence of gram-negative uropathogens was 11.8%. The predominant bacteria isolated was Escherichia coli (57.7%) followed by Klebsiella species (n = 9, 27.3%) and Proteus species (n = 3, 9.1%).





Conclusion

Bacterial uropathogens, especially resistant strains of E. coli, pose a significant threat. Amoxicillin–clavulanic acid, trimethoprim–sulfamethoxazole, and ciprofloxacin were found to be ineffective against these strains. Regular surveillance of uropathogenic bacteria’s sensitivity to antibiotics can help clinicians make better treatment choices. More research is needed on both gram-positive and gram-negative bacteria, focusing on the molecular characterization of resistant genes.
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Background

Urinary tract infection (UTI) is characterized by the invasion and growth of microbes in any part of the urinary tract, spanning from the renal cortex to the urethral meatus. It ranks as the second most prevalent infectious condition in community medical settings, affecting individuals across all age groups, from neonates to the elderly (Baron et al., 2013).

Globally, UTIs contribute to approximately 150 million cases annually, leading to significant morbidity and mortality (Totsika et al., 2012). Additionally, UTIs can manifest asymptomatically, with reported prevalence rates of 0.37% and 0.47% in boys and girls, respectively, and a 3% prevalence of asymptomatic bacteriuria in women. Notably, studies have indicated a high recurrence rate of UTIs in children, ranging from 19% to 30% in various age groups under 16 years old (Foxman, 2014; Shaikh et al., 2020; Veauthier and Miller, 2020; Guideline, 2023).

Urinary tract infections affecting the kidneys pose a significant and grave health concern across all sex and age demographics (Murgia et al., 2018; Sabih and Leslie, 2022). Women, in particular, face a higher susceptibility to UTIs compared to men, attributed to anatomical differences and the shorter length of the female urethra (Mambatta et al., 2015). UTIs rank among the most prevalent infectious diseases, imposing a substantial financial burden on society, notably impacting young women. Moreover, the incidence of UTIs escalates with age, notably surpassing the age of 65 (Murgia et al., 2018). Furthermore, individuals undergoing urethral catheterization, urological surgeries, and manipulations; long-term elderly male patients; and those with debilitating illnesses are identified as being at a heightened risk of developing nosocomial UTIs (Iacovelli et al., 2014).

Bacterial uropathogens are the most frequently encountered causes of UTI, which can usually be demonstrated for most episodes, and the common bacterial species seen in various patient groups have now been well defined. The frequently isolated organisms include gram negatives like Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, and Enterobacter species and gram-positive bacteria such as Staphylococcus saprophyticus, Enterococcus faecalis, and Streptococcus agalactiae (group B Streptococcus) (Johansen and Naber, 2014; Wiedemann et al., 2014). Escherichia coli, the most prevalent community-acquired UTI, accounts for 70%–95% of acute and uncomplicated UTIs in adults, followed by P. mirabilis, Klebsiella spp., and S. saprophyticus accounting for 5%–10% of the cases collectively. On the other hand, secondary pathogens such as Pseudomonas are mostly seen in complicated UTIs. Additionally, a small fraction of UTIs can have a hematogenous origin with relatively uncommon microorganisms (like Staphylococcus aureus, Candida spp., Salmonella spp., and Mycobacterium tuberculosis) (Lo et al., 2013; Murgia et al., 2018). Moreover, 90% of UTI causative agents were reported from gram-negative bacteria, while the rest (10%) of the cases were from gram-positive bacteria (Seifu and Gebissa, 2018).

In a setting where there is an intake of antibiotics without prescription, antimicrobial susceptibility testing is considered a crucial technique to investigate and decide the appropriate treatment regime along with pathological identification via evaluating and measuring the halos of inhibition around disks according to the standard reference tables which create great insight into an overall antimicrobial susceptibility profile (Murgia et al., 2018; Sakeena et al., 2018).

Since antimicrobial resistance varies regionally, it is necessary to know the distribution of urinary pathogens and their susceptibility to antibiotics in a particular setting (Farrell et al., 2003) that could support the most effective empirical treatment (Farajnia et al., 2009). Moreover, antimicrobial resistance is an evolving process that needs routine surveillance and monitoring studies (Beyene et al., 2011). In Ethiopia, the approach to treating UTIs relies heavily on empirical methods due to limited access to routine culture and antibiotic susceptibility testing. Physicians in the region, including the study area, often prescribe various medications without the guidance of these tests when managing patients with suspected UTIs. This practice may contribute to the misuse of antibiotics and the emergence of resistant microbial strains, posing a significant public health concern.

Moreover, there is a notable lack of recent data, particularly in southern Ethiopia, regarding the prevalence and impact of antimicrobial resistance in UTI cases. To promote the careful use of available antimicrobials, it is imperative to have updated and comprehensive information on antimicrobial resistance patterns accessible across all healthcare levels. These data serve as a crucial tool in guiding treatment decisions and combating the growing challenge of antimicrobial resistance in the region. Therefore, this study was carried out to determine the most prevalent uropathogens that caused UTI and their antimicrobial susceptibility pattern among UTI-suspected individuals in the study area.





Materials and methods




Study design and setting

An institution-based cross-sectional study was undertaken among outpatient attendees at BHUTH, situated 467 km south of Addis Ababa. Bule Hora, the capital of West Guji and located at 5035′N, 38015′E/5.5830N, 38.2500E and 1,716 m above sea level, has an average annual rainfall of 648 mm. Bule Hora is home to one governmental general hospital and one health center, serving a catchment population of approximately 1,296,475 people. The hospital provides outpatient services to an annual total of 172,800 attendees. It is estimated that approximately 70 outpatient attendees per month present with clinically diagnosed UTIs.





Population

All patients attending the OPD of the BHUTH were the source population. All patients who visited the OPD for complaints of a suspected urinary tract infection during the study period were included in the study population, while patients who had taken antibiotics 2 weeks prior to the data collection period and clients on follow-up were excluded.





Sample size and sampling procedure

The sample size was calculated using Epi Info version 7 using the single population proportion formula with the proportion of 18.8% of uropathogens from a previous study (Yismaw et al., 2012), with 95% confidence intervals and a 5% margin of error.

As a result, the initial sample size was determined to be 258. However, accounting for potential non-response rates, the final sample size was adjusted to 279. To reach this final sample size, consecutive patients who provided consent and were available during the study period were included until the intended sample size was successfully attained.





Variables and measurements




Dependent variables

These include the bacterial profile of uropathogens and the antimicrobial susceptibility pattern.





Independent variables

These include sociodemographic characteristics (age, sex, residence, income, educational status, marital status) and clinical factors (presence of symptoms, history of catheterization, history of previous UTI, dysuria, frequency of micturition, blood in urine).






Data collection procedure

Information regarding sociodemographic details and selected associated factors concerning urinary tract infections was gathered through a structured questionnaire administered via interviews. The questionnaire was initially developed in English and subsequently translated into Afaan Oromo and Amharic. To ensure accuracy, the translations were then reverted back to English for validation. Data collection was facilitated by trained data collectors working within the Outpatient Department (OPD) setting. For each participant, a single clean catch/midstream urine sample was collected specifically for culture analysis, maintaining strict adherence to standardized collection protocols.





Laboratory specimen collection

All specimens were promptly collected and transported to the microbiology laboratory in sterile containers. In cases where delays were anticipated, samples were stored in the hospital laboratory’s refrigerator. The urine specimens underwent both presumptive and further identification procedures with strict adherence to standard operational procedures (SOPs).

Upon reaching the laboratory, the specimens were processed without delay. For samples designated for culture, urine specimens were inoculated onto sterile MacConkey (Mac) agar plates within 30 min of collection. Subsequently, the plates were placed in an overnight incubation at 37°C. Identification was carried out based on colony morphology, gram staining, and biochemical tests, ensuring meticulous attention to detail in the laboratory procedures.

On the initial day, the urine specimens were plated on MacConkey agar and then placed in an incubator set at 35°C–37°C for a duration of 18–48 h. Subsequently, on the following day, standard microbiological protocols were employed to characterize the bacterial colonies that had developed on each culture medium. This involved a detailed analysis of colony morphology, gram staining, and the implementation of biochemical tests on the colonies from each plate in accordance with established procedures.

For gram-negative organisms, a series of tests including TSI, oxidase, H2S production, gas production, motility, indole production, urease production, citrate utilization, and lysine decarboxylation and deamination were conducted. Antimicrobial susceptibility testing was carried out for all gram-negative isolates on Mueller–Hinton agar utilizing the standardized Kirby–Bauer diffusion technique as per the guidelines of the Clinical and Laboratory Standards Institute (CLSI). The selection and number of antibiotics used varied depending on the isolated organism, ensuring a tailored approach to antimicrobial testing.





Data quality control

The SOPs meticulously followed during the preparation of reagents, culture media, specimen processing, culturing, and microscopic examination adhered to the guidelines established by the Ethiopian Public Health Institute (EPHI) and relevant textbooks. Upholding the quality of the bacterial culture process, the control strains E. coli ATCC 25922 and P. aeruginosa ATCC 27853 were employed.

In order to uphold the precision of the collected data, a pretest of the data collection tool (questionnaire) was conducted on a 5% sample of the total study population, distinct from those included in the main study. Corrections were promptly implemented based on the pretest feedback, ensuring data completeness before entry into the system.





Data management and analysis

After coding, the data were checked for completeness, inconsistency, and outliers by looking at their distribution. Incomplete and inconsistent data were excluded from the analysis. Data were analyzed using SPSS version 25. Descriptive statistics like percentage and frequency were used to describe the study sample. Binary and logistic regression was used to determine the statistical association between predictors and outcome variables. A P-value <0.05 with a 95% confidence interval was considered statistically significant.






Results




Sociodemographic characteristics of the participants

The study included a total of 279 outpatients, achieving a 100% response rate. The mean age of the mothers involved was 30.1 years, with a standard deviation of 4.8 years. Notably, more than half of the participants (n = 160, 57.3%) fell within the age range of 25–34 years, implying a relatively youthful sample. Regarding residency, the majority of the participants (n = 187, 67.0%) were urban residents, indicating a predominant focus on an urban population. In terms of the occupational distribution of the participants, a significant proportion (n = 94, 33.7%) were housewives.

Furthermore, a large majority of the participants (n = 246, 88.1%) were married, indicating that the study primarily included individuals in committed relationships. In terms of educational background, it is noteworthy that a significant proportion (n = 109, 39.1%) of the participants did not attend formal education. This highlights the importance of considering educational disparities and their potential impact on the study findings (Table 1).


Table 1 | Sociodemographic characteristics of outpatient attendants at Bule Hora University Teaching Hospital, 2022.







Clinical characteristics of the participants

An important observation in terms of clinical factors is that a significant proportion of both urine culture-positive and culture-negative patients were asymptomatic. Specifically, 23 (79.3%) of the culture-positive patients and 198 (79.2%) of the culture-negative patients reported no symptoms. This suggests that the presence of bacteria in urine does not always align with the presence of symptoms.

Moreover, a majority of individuals in both the culture-positive and culture-negative groups did not have a previous history of UTI. Specifically, 22 (75.9%) of the culture-positive patients and 174 (69.6%) of the culture-negative patients had no prior history of UTI. This highlights that UTIs can manifest in individuals without a previous record of the condition.

When assessing the history of catheterization and gastrourinary abnormalities, it is intriguing to observe that nearly all culture-positive patients (n = 25, 86.2%) and culture-negative patients (n = 244, 97.6%) did not have a history of catheterization. Similarly, 237 (94.8%) of the culture-negative patients did not report any gastrourinary abnormalities. These findings suggest that these factors may not play a significant role in the presence of uropathogenic bacteria (Table 2).


Table 2 | Clinical characteristics of outpatient attendants at Bule Hora University Teaching Hospital, 2022.



Generally, in the study, a total of 33 gram-negative organisms were isolated, where E. coli is the most prevalent (n = 19, 57.6%) and the rest includes Klebsiella species (n = 9, 27.3%), Proteus species (n = 3, 9.1%), and Pseudomonas species (n = 2, 6.0%). None of those organisms were resistant to antibiotics used in the study. Finally, the majority of E. coli isolates were resistant to amoxicillin–clavulanic acid (54%), trimethoprim–sulfamethoxazole (63.4%), and ciprofloxacin (53.0%) (Table 3).


Table 3 | Antimicrobial resistance pattern of bacterial isolates from outpatient attendants at Bule Hora University Teaching Hospital, 2022.








Discussion

Studies have demonstrated variations in the prevalence of urinary tract infections across different population groups, ranging from 9.16% to 43.69% (Kashef et al., 2010; Beyene and Tsegaye, 2011; Eshwarappa et al., 2011; Muvunyi et al., 2011; Alemu et al., 2012; Yismaw et al., 2012; Ayoade et al., 2013; Kabew et al., 2013; Irenge et al., 2014; Can et al., 2015; Guyomard-Rabenirina et al., 2016; Lehrasab et al., 2016). These studies have identified various causal organisms and risk factors associated with urinary tract infections. The current study reveals a prevalence of gram-negative organisms at 10.4%. This finding aligns with similar studies conducted in different regions of Ethiopia, such as 11.6% in Addis Ababa (Assefa et al., 2008), 10.4% in Gondar (Alemu et al., 2012), and 9.5% in Bahir Dar (Emiru et al., 2013). Moreover, these results are consistent with the findings from studies conducted in India, Iran, and other regions of Ethiopia (Beyene and Tsegaye, 2011; Eshwarappa et al., 2011; Yismaw et al., 2012; Ayoade et al., 2013).

The study findings indicate that E. coli is the most prevalent pathogen at 57.6%, followed by Klebsiella species at 27.3%. These results are consistent with the studies conducted in India, Pakistan, South Africa, and Addis Ababa (Eshwarappa et al., 2011; Demilie et al., 2014; Guyomard-Rabenirina et al., 2016; Lehrasab et al., 2016). The high prevalence of E. coli in these findings may be attributed to its significant presence in the rectal area, leading to contamination of the genitalia and migration to the urinary tract, thus causing UTIs. Moreover, E. coli’s possession of specialized virulence factors such as P-fimbriae and S-fimbriae adherence factors enables them to colonize and invade the urinary epithelium effectively. This enhances their capacity to adhere to both vaginal and uroepithelial cells (Kot, 2017).

The majority of E. coli isolates demonstrate resistance to key antibiotics, with rates of resistance at 54% for amoxicillin–clavulanic acid, 63.4% for trimethoprim–sulfamethoxazole, and 53.0% for ciprofloxacin. These findings are consistent with a study conducted at the University of Gondar Comprehensive Specialized Hospital in northwest Ethiopia, which revealed that over 75% of gram-negative isolates exhibited resistance to amoxicillin–clavulanate (80.1%) and trimethoprim–sulfamethoxazole (78.3%).

Escherichia coli isolates exhibited significant resistance rates to trimethoprim–sulfamethoxazole (76.5%) and amoxicillin–clavulanate (74%) (Kasew et al., 2022). Similar resistance rates were observed in Sudan, at 90% for amoxicillin–clavulanate and at 88% for trimethoprim–sulfamethoxazole (Mechal et al., 2021). Additionally, ciprofloxacin resistance was noted at 28.8% in another study (Belete and Saravanan, 2020).

These findings underscore that certain antibiotics may not be reliable for empirical therapy due to prolonged high levels of reported resistance. This study, along with several of our previous works (Gezmu et al., 2016; Mama et al., 2019), aligns with this long-standing trend of antibiotic resistance, highlighting the need for caution when selecting treatment options.




Limitations of the study

The study’s scope did not encompass gram-positive, anaerobic organisms and lacked molecular characterization of resistant genes. To achieve a thorough comprehension of uropathogenic bacteria and their resistance mechanisms, it is vital to consider the entire spectrum of organisms involved, including gram-positive and anaerobic species. Serological identification can provide valuable insights into the specific strains and variants present in the samples.

Moreover, the molecular characterization of resistant genes is crucial to unravel the genetic foundations of antibiotic resistance. Identifying the specific genes and mechanisms at play can inform the development of targeted interventions and more effective treatment strategies.

Future research endeavors should address these limitations by incorporating a broader array of organisms, conducting serological identification, and performing molecular characterization of resistant genes. This holistic approach will advance our understanding of uropathogenic bacteria and facilitate the formulation of enhanced treatment protocols.





Conclusions

The escalating presence of antibiotic-resistant bacterial uropathogens, particularly E. coli, underscores the urgency of the situation. Alarmingly, commonly used antibiotics such as amoxicillin–clavulanic acid, trimethoprim–sulfamethoxazole, and ciprofloxacin are showing reduced efficacy against these pathogens.

To tackle this pressing issue, it is imperative to conduct regular surveillance on the susceptibility of uropathogenic bacteria. This proactive measure will furnish clinicians with essential data to make well-informed decisions regarding the most suitable antibiotics for treatment. Furthermore, it is advisable to undertake further research focusing on both gram-positive and gram-negative bacteria, with a specific emphasis on molecular profiling of resistant genes.
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S, sensitivity; AMP, ampicillin; GEN, gentamicin; Aug, augmentin; CXT, cefoxitin; CTX, cefotaxime; CIP, ciprofloxacin; MER, meropenem; COT, cotrimoxazole; CAZ, ceftazidime; CAF,
chloramphenicol; TET, tetracycline; NIT, nitrofurantoin; S, sensitive; I, intermediate; R, resistant.
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Variables Positive (n = 29) Negative (n = 250)

No. (%) No. (%)
Sex
Male 8 (27.6) 66 (26.4)
Female 21 (72.4) 184 (73.6)
Age
15-24 years 5(17.5) 38 (15.2)
25-34 years 16 (55.2) 144 (57.6)
>35 years 8 (27.6) 68 (27.2)
Residence
Urban 21 (72.4) 166 (66.4)
Rural 8 (27.6) 84 (33.6)
Occupation
Housewife 11 (37.9) 83 (33.2)
Employee 4(13.8) 46 (18.4)
Merchant 7 (24.1) 48 (19.2)
Daily laborer 4 (13.8) 32 (12.8)
Farmer 3(10.3) 41 (16.4)

Marital status

Single 1(34) ‘ 7 (2.8)

Married 24 (82.8) 222 (88.8)
Widowed 1(3.4) 14 (5.6)
Divorced 3(10.3) 7 (2.8)

Education status

No formal education | 9 (31.0) 100 (40.0)
Primary education 14 (48.3) 88 (35.2)
Secondary and above | 6 (20.7) 62 (24.8)
Income
<500 8 (27.6) 76 (30.4)
501-1,000 6 (20.7) 63 (25.2)

>1,000 15 (51.7) 111 (44.4)
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Variables Positive (n = 29)  Negative (n = 250)

No. (%) No. (%)

Presence of symptoms

Yes 6 (20.7) 52 (20.8)

No 23 (79.3) 198 (79.2)

Previous history of UTI |

Yes 7 (24.1) 76 (30.4)

No 22 (75.9) 174 (69.6)

Catheterization history ‘
Yes 4 (13.8) 6 (2.4)

No 25 (86.2) 244 (97.6)

Gastrourinary abnormalities ‘

Yes 0 (0.0) 13 (5.2)
No 29 (100) 237 (94.8)
Dysuria ’
Yes 3(10.3) 29 (11.6)
No 26 (89.7) 221 (88.4)

Blood in urine ‘

Yes 2 (6.9) 15 (6.0)
No 27 (93.1) 235 (94.0)

Incomplete urination ‘

Yes 2(6.9) 34 (13.6)

No 27 (93.1) 216 (86.4)

Presence of pubic pain ‘
Yes 7 (24.1) 15 (6.0)

No 22 (75.9) 235 (94.0)






