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Purpose: Urinary tract infections exert a significant negative impact on an individual’s quality of life and cause significant economic 
and public health burdens. Therefore, this study was conducted to identify the common bacterial uropathogens associated with urinary 
tract infections in Wad Medani patients and their susceptibility to antibiotics.
Patients and Methods: This was a cross-sectional study. All urine samples were collected from patients at Wad Medani and 
investigated at the Pathology Center for Diagnosis and Research, Faculty of Medicine, University of Gezira, Sudan, from the 1st of 
January 2021 to the 15th of October 2023.
Results: A total of 2698 urine samples were analyzed during the three years study period, with a mean age of 45.29 ± 18.9 years. 
Among these patients, 1108 (41.8%) were positive for bacterial growth, and 888 (80.14%) were female. A total of 522 (47.1%) were 
gram positive bacteria (GPB), and 586 (52.9%) were gram negative bacteria (GNB). The most frequently isolated bacteria were 
S. aureus 42% (465/1108) and E. coli 38.5% (427/1108), while P. aeruginosa was less detected 3.4% (38/1108). Amikacin 91.5% was 
the most sensitive drug to isolated GPB, while cotrimoxazole 20.9% was the least sensitive drug. In particular, amikacin 94.1% (144/ 
153) was the most sensitive drug to S. aureus, while cotrimoxazole 20.7% (80/386) was the least sensitive drug. Moreover, amikacin 
91.5% was the most sensitive drug to the isolated GNB, while ampicillin 5.7% was the least sensitive drug. Notably, amikacin was the 
most sensitive drug to all the isolated GNB, and ampicillin was the least sensitive drug to all the isolated GNB.
Conclusion: This study reported a moderate uropathogen isolation rate of 41.8%. S. aureus and E. coli were the most frequently isolated 
bacteria, most of which were from female patients. Remarkably, amikacin was the most sensitive drug to isolated GNB and GPB.
Keywords: prevalence, antimicrobial, sensitivity patterns, uropathogens, Wad Medani, Sudan

Introduction
Urinary tract infections (UTIs) are one of the most prevalent infections caused by bacteria and can be detected in both 
community and healthcare settings.1

UTIs exert a significant negative impact on an individual’s quality of life and cause significant economic and public 
health burdens.2 UTIs are a major cause of morbidity in older men and women of all ages and even in infant boys. UTIs 
are caused by both gram-negative and gram-positive bacteria (GPB) in addition to some fungi3, of these, uropathogenic 
Escherichia coli (E. coli) strains are the most common causative agent.4,5

Antimicrobial resistance (AMR) is a challenge that impacts all countries, regardless of their financial standing or 
developmental level.1 In particular, AMR is more severe in developing countries due to irrational antibiotic use and 

Infection and Drug Resistance 2024:17 2131–2140                                                         2131
© 2024 Hamadalneel et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Infection and Drug Resistance                                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 17 February 2024
Accepted: 22 May 2024
Published: 28 May 2024

http://orcid.org/0000-0003-4343-8902
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


inadequate infection prevention strategies.6 The AMR Global World Health Organization (WHO) report on surveillance 
states that Africa and Southeast Asia are the areas without functioning AMR surveillance systems.7

Recently, there has been an increase in the prevalence of uropathogen resistance to previously effective antibiotics,8 

given that most UTI patients start to receive empirical treatment before laboratory results are obtained from urine 
culture.9 A previous study conducted in Sudan showed that multiple drug resistance was found in 90% of the isolated 
bacterial uropathogens.4

Understanding local patterns of antimicrobial resistance is crucial because it can guide empirical and specific 
treatment recommendations.10 Empirical management plans need to be updated on a regular basis to consider changing 
patterns of pathogen susceptibility.11 However, no data have been published from the present study area. Therefore, this 
study was conducted to identify the common bacterial pathogens associated with UTIs in Wad Medani patients and their 
susceptibility to antibiotics, which might be extremely significant in establishing the most appropriate empirical 
antibacterial therapy.

Materials and Methods
Study Site
Wad Medani, Gezira State, Sudan.

Study Design
This was a cross-sectional study.

Sample Size and Data Collection
All urine samples were collected from patients at Wad Medani and investigated at the Pathology Center for Diagnosis and 
Research, Faculty of Medicine, University of Gezira, Sudan, from the 1st of January 2021 to the 15th of October 2023; these 
patients were included in the study.

Inclusion Criteria
All patients were aged ≥ 18 years.

Exclusion Criteria
Patients aged < 18 years.
Antibiotics were tested for less than 20% of bacteria.
Antibiotics are not included in the Clinical and Laboratory Standard Institute (CLSI) guidelines for specific bacteria.12

Sample Collection and Laboratory Methods
Sample Collection 
After the patients were instructed to clean their genitals, a freshly voided midstream urine sample (10–20 mL) was 
collected in a wide-mouthed sterile, dry, and leak-proof container.13 For patients with catheters, urine was aspirated 
directly from the catheter using a sterile syringe and needle and then deposited in a sterile container.14

Identification of the Isolated Organism 
The collected urine samples were inoculated onto MacConkey agar and blood agar plates using a calibrated loop 
(0.001 mL).13 Cultures were incubated in an aerobic atmosphere at 37°C for 24 hours. A positive urine culture was 
defined as a colony count of ≥105CFU/mL for midstream urine.14 For all positive cultures, morphological characteristics, 
Gram staining, and confirmatory biochemical tests were used to identify the bacterial isolates. Gram-positive bacteria 
were identified by the catalase reaction, coagulase test, optochin test, bacitracin test, and hemolytic activity test on blood 
agar. Additionally, gram-negative bacteria (GNB) were identified by inoculation on MacConkey agar plates, followed by 
biochemical tests such as H2S production, indole production, utilization of citrate/carbohydrates, urease tests, and 
oxidase tests.13
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Antimicrobial Susceptibility 
The antimicrobial susceptibilities of the bacterial isolates were ascertained by Mueller–Hinton agar plates (Oxoid, 
England) using the Kirby–Bauer disk diffusion method according to CLSI guidelines 2020.12 GPB isolates were tested 
against the following antimicrobials: Ampicillin (10 µg), Cotrimoxazole (1.25/23.75 µg), Tetracycline (30 µg), 
Ciprofloxacin (5 µg), Levofloxacin (5 µg), Chloramphenicol (30 µg), Ofloxacin (5 µg), Amikacin (30 µg), 
Nitrofurantoin (300 µg), Norfloxacin (10 µg), and Amoxicillin/Clavulanic (20/10 µg),12 while GNB isolates were tested 
against the antimicrobials previously mentioned as well as Ampicillin/Sulbactam (10/10 µg), Ceftriaxone (30 µg), and 
Cefotaxime (30 µg).12 The CLSI 2020 guideline breakpoints were used to interpret zone diameters.12

Quality Control 
As part of the standard practice throughout the whole laboratory work process, quality control procedures were used to 
ensure the validity of the results. Before usage, the normal shelf life of the culture media, staining reagents, and antibiotic 
discs was examined.15 All culture plates and antibiotic discs were prepared and autoclaved at 121 °C for 15 minutes, after 
which the plates were kept at the stated refrigeration temperature. The standard reference bacterial strains were examined 
as a positive control on agar plates with antibiotic discs and biochemical assays.15 The samples were handled carefully by 
qualified microbiologists.

Variable Definition 
Coliform: included bacteria species of genera other than E. coli and Klebsiella (Citrobacter, Enterobacter, Serratia, etc.).

Statistical Analysis
The Statistical Package for the Social Science (SPSS) version 27.0 was used to analyze the data. Qualitative data are 
presented as frequencies (percentages). Quantitative data are presented as the mean ± standard deviation.

Results
Sociodemographic Characteristics
A total of 2698 urine samples were analyzed during the three years study period; 1998 (73.9%) were from female 
patients, 700 (25.9%) were from male patients, and the mean (±standard deviation) age of the study participants was 
45.29 ± 18.9 years.

Bacterial Profile
In total, our results showed that 1108 (41.8%) of the urine specimens were positive for bacterial growth, of which 522 
(47.1%) were GPB, while GNB accounted for 586 (52.9%). Female patients accounted for the vast majority of positive 
urine culture 888 (80.14%) and male accounted for 222 (19.86)%. In addition, most of the positive culture urine samples 
occurred at 2022 662 (59.7%). Integrated data from three years, as well as the overall distribution of GNB and GPB 
incidence, are shown in (Table 1).

Overall, Staphylococcus aureus (S. aureus) was the most frequently isolated bacteria 42% (465/1108), most of which 
was isolated from female patients aged 45–59 years 140 (15.76%), and the least incidence in male patients aged 18 −29 
years 10 (4.54%), as shown in (Table 2). E. coli was the second most common bacteria isolated 38.5% (427/1108), most 
of which were obtained from female patients aged ≥ 60 years 100 (11.26%), and male patients aged 45–59 years were the 
least 6(2.73%) incidence (Table 2). Pseudomonas aeruginosa (p. aeruginosa) 3.4% (38/1108) was less detected bacteria, 
most of which were isolated from male patients aged ≥ 60 years 12 (5.54%) (Table 2). With respect to GPB, our data 
revealed that S. aureus was the most abundant bacteria, while E. coli was the most common bacteria isolated from GNB 
(Table 1).

Antimicrobial Susceptibility Profile
The obtained data showed that out of 15 drugs were tested. Regarding GPB, our data showed that amikacin 91.5% was 
the most sensitive drug to the isolated GPB, followed by chloramphenicol 78.2%, while cotrimoxazole 20.9% was the 
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least sensitive drug to GPB (Figure 1). Concerning S. aureus, amikacin 94.1% (144/153) was the most sensitive drug, 
followed by chloramphenicol 76% (146/192), while cotrimoxazole 20.7% (80/386) was the least sensitive drug (Table 3). 
On the other hand, Streptococcus species (spp) showed the highest sensitivity to chloramphenicol 92.85% (26/28), and 
the least sensitivity to cotrimoxazole 22% (11/50) (Table 3).

Regarding GNB, our data showed that amikacin 91.5% was the most sensitive drug to the isolated GNB, followed by 
chloramphenicol 83.8%, while ampicillin 5.7% was the least sensitive drug to GNB (Figure 2). Notably, amikacin was 
the most sensitive drug to all isolated GNB. Which showed 91.2% (239/262) sensitivity to E.coli, 89.3% (25/28) to 
P. aeruginosa, 90.7% (39/43) to coliform, and 97.7% (43/44) to Klebsiella spp. Other remarkable results showed that 
ampicillin was the least sensitive drug to all isolated GNB. Which revealed 6.2% (13/210) sensitivity to E.coli, 9.5% (2/ 
21) to coliform, and completely resistant to Klebsiella spp (0/31) as represented in (Table 4).

Table 1 Isolated Uropathogens Among the Three Years

Isolated Bacteria 2021  
N (%)

2022  
N (%)

2023  
N (%)

Total  
N (%)

Gram-negative 65 (52) 313 (47.3) 208 (64.8) 586 (52.9)

Escherichia coli 48 (38.4) 226 (34.1) 153 (47.7) 427 (38.5)

Klebsiella species 10 (8) 30 (4.5) 20 (6.2) 60 (5.4)

Coliforma 3 (2.4) 36 (5.4) 22 (6.9) 61 (5.5)

Pseudomonas aeruginosa 4 (3.2) 21 (3.2) 13 (4) 38 (3.4)

Gram-positive 60 (48) 349 (52.7) 113 (35.2) 522 (47.1)

Staphylococcus aureus 55 (44) 317 (47.9) 93 (29) 465 (42)

Streptococcus species 5 (4) 32 (4.9) 20 (6.2) 57 (5.2)

Total 125 (11.3) 662 (59.7) 321 (29) 1108

Notes: aIncluded bacteria species of genera other than E. coli and Klebsiella (Citrobacter, 
Enterobacter, Serratia, etc.).

Table 2 Uropathogens in Different Age Groups and Sex in the Study Population

Isolated Bacteria 18–29 Years 30–44 Years 45–59 Years ≥ 60 Year Total

Male Female Male Female Male Female Male Female

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Gram-negative 30 (13.64) 77 (8.67) 30 (13.64) 102 (11.49) 20 (9.09) 116 (13.06) 82 (37.27) 129 (14.53) 586 (52.89)

Escherichia coli 24 (10.90) 62 (7) 21 (9.54) 75 (8.44) 6 (2.73) 86 (9.68) 53 (24.09) 100 (11.26) 427 (38.54)

Klebsiella spp. 4 (1.82) 4 (0.45) 3 (1.36) 11 (1.24) 6 (2.73) 11 (1.24) 8(35.45) 13 (1.46) 60 (5.41)

Coliforma 0 9 (1.01) 2 (0.91) 11 (1.24) 4 (1.82) 15 (1.69) 9 (4.09) 11 (1.24) 61 (5.50)

Pseudomonas 2 (0.91) 2 (0.22) 4 (1.82) 5 (0.56) 4 (1.82) 4 (0.45) 12 (5.54) 5 (0.56) 38 (3.43)

Gram-positive 11 (5) 64 (7.21) 11 (5) 124 (13.96) 15 (6.82) 161 (18.13) 21 (1.82) 115 (12.95) 522 (47.11)

S. aureus 10 (4.54) 61 (6.87) 8 (3.64) 113 (12.73) 13 (5.91) 140 (15.76) 21 (1.82) 99 (11.15) 465 (41.96)

Streptococcus spp 1 (0.45) 3 (0.34) 3 (1.36) 11 (1.24) 2 (0.91) 21 (2.36) 0 16 (1.8) 57 (5.14)

Total 41 (18.64) 141 (15.88) 41 (18.64) 226 (25.45) 35 (15.91) 277 (31.19) 103 (46.82) 244 (27.48) 1108

Notes: aColiform Bacteria: include species of the genera other than E.coli and Klebsiella (Citrobacter, Enterobacter, Serratia. etc.).
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Discussion
Although UTIs continue to be one of the most prevalent illness patterns identified globally, treating UTIs has become 
more difficult as a result of the increasing development of antibiotic resistance.

Overall, the results of this investigation showed that the uropathogen isolation rate was 41.8%, which is considerably 
in agreement with that reported in a study conducted in Pakistan 36.1%.16 However, this isolation rate was more than two 
studies were conducted in Addis Ababa, Ethiopia, and Yamen reported isolation rates of 9.8% and 18%, respectively.17,18 

In addition, a study conducted in Khartoum, Sudan, revealed an isolation rate of 19.5%.19 A significantly greater isolation 
rate of 71% was reported in a study conducted in Dhaka, Bangladesh;20 this difference might be related to variations in 
the study population and geographical region.

The majority of isolated bacteria in this study were GNB, as has been noted in the majority of studies carried out 
elsewhere in the world. Our findings were in line with those of a study conducted in Pakistan, which showed that GNB 
were predominant;16 a study performed in Irbil, Iraq, revealed that most uropathogens were GNB 82.44%.21 Moreover, 
a study conducted in Addis Ababa, Ethiopia, reported that GNB were responsible for 84% of UTIs.1

Overall, in the present study, S. aureus was the most frequently isolated bacteria, followed by E. coli. The prevalence 
of these bacteria among UTI patients may not be surprising, given that S. aureus is found within the skin’s normal flora; 
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Figure 1 Overall Gram-positive strains’ sensitivity to common antibiotics tested.

Table 3 Sensitivity of Gram Positive Bacteria to Different 
Antimicrobial Agents

Antibiotic S. aureus Streptococcus Species

Cotrimoxazole 20.7% (80/386) 22% (11/50)
Tetracycline 45.7% (100/219) 51.35% (19/37)

Ciprofloxacin 73% (294/403) 46% (23/50)

Levofloxacin 75.2% (124/165) 72.41 (22/29)
Chloramphenicol 76% (146/192) 92.85% (26/28)

Ofloxacin 54.1% (79/146) 73.9% (17/23)

Amikacin 94.1% (144/153) 73.9% (17/23)
Nitrofurantoin 53.5% (76/142) 72.7% (16/22)

Norfloxacin 52.7% (194/368) 46.5% (20/43)

Amoxicillin/clavulanic NA 45% (9/20)
Ampicillin NA 40% (8/20)

Abbreviations: S. aureus, Staphylococcus aureus; NA, Not applicable.
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therefore, they can easily colonize the urinary tract and lead to infections, while E. coli is the most prevalent bacteria in 
the gastrointestinal tract and colon, from where it ascends to the urinary system and exploits its well-established 
virulence characteristics to colonize the urinary tract. The findings of this study were different from those of most 
published studies reporting that E. coli was the most predominant isolate. In two different hospital based studies 
conducted in Khartoum, Sudan, the most isolated bacteria were E. coli and Klebsiella pneumoniae.4,19 This variation 
might be linked to the difference in the study patients and settings, given that our study was laboratory based and 
encompassed outpatients and inpatients. Another study performed on outpatients at a tertiary care hospital in Pakistan 
revealed that E. coli 68.9% was the leading uropathogenic bacteria, followed by Klebsiella pneumoniae 8.9% and 
S. aureus 6.7%.16 Furthermore, a study carried out in Addis Ababa, Ethiopia, showed that E. coli was the most 
commonly isolated 50% followed by Enterococcus spp at 12% and Enterobacter spp. at 12%.1 This variation might 
be correlated with differences in study patients and settings.
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Figure 2 Overall Gram-negative strains’ sensitivity to common antibiotics tested.

Table 4 Sensitivity of Gram Negative Bacteria to Different Antimicrobial Agents

Antibiotic Species Escherichia coli P. aeruginosa Klebsiella spp Coliforma

Ampicillin/sulbactam 25.4% (49/193) NA 36% (9/25) 35% (14/40)

Cotrimoxazole 34.7% (139/401) NA 42.1% (24/57) 34.4% (21/61)

Tetracycline 39.6% (99/250) NA 75.6% (31/41) 45.5% (20/44)
Cefotaxime 55.7% (124/225) NA 32.4% (11/34) 25% (7/28)

Ciprofloxacin 73% (254/348) 66.7% (18/27) 77.5% (31/40) 69.6% (39/56)

Levofloxacin 77.3% (157/203) 72.2% (13/18) 76.9% (20/26) 65% (26/40)
Chloramphenicol 87.8% (166/189) NA 83.3% (20/24) 65% (26/40)

Ofloxacin 59.4% (114/192) 31.3% (5/16) 61.5% (16/26) 31.65 (12/38)

Amikacin 91.2% (239/262) 89.3% (25/28) 97.7% (43/44) 90.7% (39/43)
Nitrofurantoin 57.5% (104/181) NA 47.6% (10/21) 50% (17/34)

Norfloxacin 60.5% (204/337) 45.8% (11/24) 64.1% (25/39) 55.1% (27/49)

Amoxicillin/clavulanic 7.7% (12/155) NA 10.5% (2/19) 11.8 (2/17)
Ampicillin 6.2% (13/210) NA 0% (0/31) 9.5% (2/21)

Ceftriaxone 44.2% (88/199) NA 44.4% (12/27) 57.9% (22/38)

Notes: aIncluded bacteria species of genera other than E. coli and Klebsiella (Citrobacter, Enterobacter, Serratia, etc.). 
Abbreviations: P. aeruginosa, Pseudomonas aeruginosa; NA, Not applicable.
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Our study showed that female patients accounted for the vast majority of the positive urine cultures. This finding was 
supported by several studies worldwide; of those, a study conducted in Khartoum, Sudan, revealed that females 
accounted for 60% of UTI patients.4 In addition, a multicenter study conducted in Eritrea showed that 64.9% of UTI 
patients were female.22 Another study carried out in Al-Kut, Iraq, reported that 84.88% of the study population were 
female UTI patients.23 Furthermore, a study conducted in Madinah, Saudi Arabia, showed that the percentage of female 
patients 52.1% was slightly higher than that of male patients 47.9%.24 It is commonly recognized that women are more 
likely to develop UTIs because of the anatomical and physiological features of the urinary tract.25

In our study, there was a progressive increase in the incidence of positive urine culture with female age during the 
entire study period. These findings were supported by a review study covering all aspects of UTIs, from prevalence to 
management, revealed that the incidence of UTIs in women increases proportionately with patient age, exceeding 10% 
annually for women older than 60 years.26 Moreover, comprehensive observational research on UTIs in older individuals 
conducted in the United Kingdom revealed that in women, the incidence of UTIs increased from 11.4 to 14.3% in 
individuals aged 75 to 84 years and from 9 to 11% in individuals aged 65 to 74 years.27 Furthermore, in a study 
conducted in India, the occurrence of UTIs in females increased from 9% at ages 18–30 to 24% at ages >45 years.28 

A study that examined why UTIs are more common in elderly women revealed that there are several risk factors, such as 
hormonal factors (hypoestrogenism leading to genital atrophy), anatomical alterations (uterine prolapse), and functional 
changes (urinary incontinence).25,29

In particular, the prevalence of E. coli among female patients was greater than that among men, and the highest rate 
was detected after 60 years of age. This result was in line with a study conducted in Brazil that reported that the 
prevalence of E. coli in women was 1.5 times greater than that in men.30 In addition, a study conducted in Bangladesh 
revealed that the prevalence of E. coli was 63.6% in women and 36.4% in men.31 Moreover, this result was in agreement 
with a study conducted in Peshawar, Pakistan, which reported that the prevalence of E. coli in female patients was 
72.7%.16 The high prevalence of E. coli in females might be linked to the fact that E. coli lives in the periurethral area 
and the shorter distance between the anal opening, the vaginal cavity and the urethra.25

Regarding GPB, amikacin, chloramphenicol, and ciprofloxacin were the most sensitive drugs to isolated GPB, while the 
least sensitive drugs were tetracycline and cotrimoxazole. This finding was different from that of a study conducted in Bahir 
Dar, Northwest Ethiopia, in which the most sensitive drugs to GPB were ciprofloxacin 77.8%, penicillin 72.8%, and 
erythromycin 72.7%.32 However, a study conducted in Addis Ababa, Ethiopia, revealed that GPB exhibited 100% total 
resistance to penicillin.17 Furthermore, a study conducted on diabetic patients in al-Kut, Iraq, showed that gentamicin 11%, 
teicoplanin 6% and, vancomycin 6% were the most sensitive drugs, while oxacillin 49%, tetracycline 46%, and trimethoprim/ 
sulfamethoxazole 45% were the least sensitive drugs.23 This variation could be related to the regulation of antibiotic use and 
policies, in addition to the difference in the frequency of each antibiotic used among countries.

In particular, for S. aureus, amikacin was the most sensitive drug, followed by chloramphenicol, levofloxacin, and 
ciprofloxacin. This result contradict that reported previously in Shandi, Sudan, which showed that gentamicin was the most 
susceptible drug to S. aureus, followed by ceftriaxone, while the most resistant drugs were ceftazidime and cloxacillin.33 In 
addition, a study carried out in Yemen revealed that the drugs most susceptible to S. aureus were cefepime, ampicillin, and 
nitrofurantoin.18 Furthermore, the results of our study contradict those of a study conducted on Romanian female patients, 
which revealed that linezolid, levofloxacin, and nitrofurantoin were the most sensitive drugs for S. aureus.34 Moreover, a study 
conducted in Eritrea reported that vancomycin 26.1%, rifampin 14.5%, and chloramphenicol 21.5% were the most sensitive 
drugs, while penicillin 95% and oxacillin 76.9% were the most resistant drugs.22 However, a study conducted in Madinah, 
Saudi Arabia, revealed that the most sensitive drugs were vancomycin, nitroxoline, and trimethoprim/sulfamethoxazole, while 
the most resistant drugs were penicillin and ampicillin.24 This difference might be related to the difference in study patients 
and geographic region, in addition to the availability of antimicrobial agents tested, given that some drugs, such as vancomycin 
and gentamycin, were not included in this study because they were tested in less than 20% of GPB.

Regarding GNB, our data showed that amikacin, chloramphenicol, and levofloxacin were the most sensitive drugs, 
and ampicillin, amoxicillin/clavulanic acid and ampicillin/sulbactam were the most resistant drugs. This result differed 
from that of a study conducted in Khartoum, Sudan, in which amikacin was one of the drugs that showed high resistance 
to GNB.4 A study conducted in Bahir Dar, Northwest Ethiopia, reported that GNB had high sensitivity to ciprofloxacin, 
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while in concordance, ampicillin was the most resistant drug against GNB.32 Furthermore, a study conducted in Addis 
Ababa, Ethiopia, showed that GNB strains are highly sensitive to nitrofurantoin and meropenem, while in concordance, 
ampicillin is the most resistant drug against GNB.17 However, in a study conducted on Romanian female patients, the 
most sensitive drugs for GNB were imipenem and meropenem, while the most resistant drugs were levofloxacin, 
ceftazidime, and amikacin.34 This difference could be linked to the difference in study patients and settings.

In particular, for E. coli, amikacin was the most sensitive drug, followed by chloramphenicol, levofloxacin, and 
ciprofloxacin, while ampicillin and amoxicillin/clavulanic acid were the most resistant drugs. These findings were in line 
with those of a study conducted in Khartoum, Sudan, which revealed that ampicillin, cotrimoxazole, and amoxicillin- 
clavulanic acid were the most resistant drugs.19 In addition, a study conducted in Addis Ababa, Ethiopia, showed that the 
most resistant drugs to E. coli were trimethoprim-sulfamethoxazole 85.7%, ampicillin 76.9%, and amoxicillin/clavulanic 
71.4%.1 Moreover, a study conducted in South Africa reported that the cotrimoxazole 65.1%, cefuroxime 27.3%, and 
amoxicillin-clavulanic acid 17.1% among the most resistance drugs.35 In contrast, ampicillin and cefepime were the most 
sensitive drugs to E. coli in a study conducted in Yemen.18 However, this result differed from that of a hospital based 
study conducted in Khartoum, Sudan, in which the drugs most resistant to E. coli were ampicillin, cefepime, amikacin, 
and ciprofloxacin.4 These differences might be linked to differences in the study patients and settings, given that our 
study was laboratory based and encompassed outpatients and inpatients.

In particular, P. aeruginosa in this study exhibited high sensitivity to amikacin and levofloxacin, which differs from the 
findings of a study conducted in Khartoum, Sudan, in which amikacin exhibited a 69.3% resistance rate to P. aeruginosa.4 

Another study performed in Yemen revealed that the most sensitive drug for P. aeruginosa was cefepime.18 However, in a study 
conducted in Madinah, Saudi Arabia, the most sensitive drugs were gentamicin and piperacillin/tazobactam, while the most 
resistant drugs were imipenem, meropenem, and levofloxacin.24 This difference might be correlated with the difference in 
antibiotics tested.

Strengths and Limitations
As a strength of this study, we evaluated the prevalence and sensitivity patterns of uropathogens over a three-year period, 
which provided an accurate depiction of the prevalence and resistance patterns of uropathogens. Furthermore, the data 
were collected from the Pathology Center for Diagnosis and Research, Faculty of Medicine, University of Gezira. This 
facility works as the reference laboratory and encompasses all hospital settings at Wad Medani.

The current study has some limitations. In particular, (1) complete patient data were not available because this was 
a retrospective study, such as patient setting, inpatient or outpatient status, and comorbidity status. (2) Furthermore, a few 
bacterial isolates were not recognized at the species level, and a few antimicrobial susceptibility tests were not performed 
due to the acquisition of antibiotic disks. (3) In addition, some antimicrobial agents, such as vancomycin, linezolid for 
GPB, meropenem, and piperacillin/tazobactam for GNB, despite their useful therapeutic options, were excluded from the 
study because they tested for less than 20% of specific bacteria.

Conclusions
This study reported a moderate uropathogen isolation rate of 41.8%. S. aureus and E. coli were the most frequently 
isolated bacteria, the vast majority of which were from female patients. Remarkably, amikacin was the most sensitive 
drug to GNB and GPB, while the most resistant drug to GBP was cotrimoxazole, and GNB was ampicillin. Incorporating 
these findings allows for the planning of long- and short-term strategies as well as the use of effective empirical antibiotic 
choices for UTIs such as amikacin and levofloxacin.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request.

Ethical Approval
The study protocol was approved by the Ethical Committee, Faculty of Medicine, University of Gezira (7/9/2023). 
Patient consent was also waived by the Ethical Committee, Faculty of Medicine, University of Gezira (7/9/2023) because 
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this was a retrospective study in which the samples were collected for diagnostic purposes independently of the study, 
and the data were provided to us anonymously. This study complied with the Declaration of Helsinki.
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