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Abstract:

Background: Chronic kidney disease (CKD) is increasingly recognized as a global public health problem. CKD
patients are prone to comorbidities, such as diabetes mellitus, urinary tract infection (UTI), hypertension, immune-
suppression, anaemia, malnutrition, inflammation, and vitamin deficiencies. However, UTI is known to be the most
significant cause of morbidity and mortality in CKD patients. Therefore, this study aimed to identify the spectrum of
uropathogenic bacteria in patients with CKD at the University of Ilorin Teaching Hospital (UITH), Ilorin, and determine
their susceptibility to selected antibiotics.

Methodology: The study is a descriptive cross-sectional design conducted among 157 patients with CKD recruited
from the renal clinic of UITH between January and June, 2024. Clean-catch voided midstream urine samples were
collected for culture on CLED and blood agar plates and incubated at 37°C for 24 hours. Microbial identification and
antimicrobial susceptibility were performed on the pure colonies of isolated bacteria using the VITEK 2 Compact
system. The data were analyzed for descriptive statistics.

Results: This study reported 22.9% (n=36) prevalence of bacterial uropathogens, with Escherichia coli (22.2%,
n=8) being the most frequently isolated pathogen among the CKD patients. Antimicrobial susceptibility of the Gram-
negative isolates showed high sensitivity to imipenem (85.7%, n=24), ceftazidime (64.3%, n=18), ceftriaxone
(63.0%, n=17), piperacillin-tazobactam (57.1%, n=16), and nitrofurantoin (55.6%, n=15), but high resistance to
gentamicin (53.6%, n=15), augmentin (51.9%, n=14), and ciprofloxacin (50.0%, n=14). Antimicrobial susceptibility
of the Gram-positive isolates showed 100% sensitivity to linezolid and vancomycin, but high resistance to cefoxitin
(60.0%, n=3) and clindamycin (42.9%, n=3).

Conclusion: This study showed a relatively high prevalence of UTI among CKD patients, and the implicated
uropathogens show high susceptibility to the common antibiotics that are clinically accessible.
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Résumeé:

Contexte: L'insuffisance rénale chronique (IRC) est de plus en plus reconnue comme un probléme de santé publique
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mondial. Les patients atteints d'insuffisance rénale chronique (IRC) sont sujets a des comorbidités telles que le
diabete, les infections urinaires, I'hypertension, I'immunosuppression, I'anémie, la malnutrition, I'inflammation et les
carences vitaminiques. Cependant, les infections urinaires constituent la principale cause de morbidité et de mortalité
chez ces patients. Cette étude visait donc a identifier le spectre des bactéries uropathogénes chez les patients atteints
d'IRC au Centre hospitalier universitaire d'Ilorin (UITH) et a déterminer leur sensibilité a certains antibiotiques.
Méthodologie: Il s'agit d'une étude descriptive transversale menée auprés de 157 patients atteints d'IRC recrutés
a la clinique de néphrologie de I'UITH entre janvier et juin 2024. Des échantillons d'urine du milieu de jet, recueillis
par la méthode du jet moyen, ont été mis en culture sur gélose CLED et gélose au sang, puis incubés a 37 °C pendant
24 heures. L'identification microbienne et I'antibiogramme ont été réalisés sur les colonies pures de bactéries isolées
a l'aide du systéme VITEK 2 Compact. Les données ont été analysées statistiquement.

Résultats: Cette étude a rapporté une prévalence de 22,9% (n=36) d’uropathogenes bactériens, Escherichia coli
(22,2%, n=8) étant le pathogéne le plus fréquemment isolé chez les patients atteints d’IRC. La sensibilité aux
antimicrobiens des isolats a Gram négatif a montré une forte sensibilité a I'imipénem (85,7%, n=24), a la ceftazidime
(64,3%, n=18), a la ceftriaxone (63,0%, n=17), a la pipéracilline-tazobactam (57,1%, n=16) et a la nitrofurantoine
(55,6%, n=15), mais une forte résistance a la gentamicine (53,6%, n=15), a I'laugmentin (51,9%, n=14) et a la
ciprofloxacine (50,0%, n=14). L'étude de la sensibilité aux antimicrobiens des isolats a Gram positif a révélé une
sensibilité de 100.0% au linézolide et a la vancomycine, mais une forte résistance a la céfoxitine (60,0%, n=3) et a
la clindamycine (42,9%, n=3).

Conclusion: Cette étude a mis en évidence une prévalence relativement élevée d’infections urinaires chez les
patients atteints d’insuffisance rénale chronique, et les uropathogenes impliqués présentent une forte sensibilité aux
antibiotiques couramment utilisés en pratique clinique.

Mots-clés: Insuffisance rénale chronique, Infection urinaire, Uropathogénes, Antimicrobiens

Introduction: and in need of renal replacement therapy (RRT)
(11).

The prevalence of CKD is estimated to Similar to patients with other acquired
be 13.4%, resulting in a major global health immune deficits or those receiving immuno-
concern (1,2). Its rise to prominence as a signi- suppressive medication, patients with CKD and
ficant global cause of disease and mortality renal failure are at increased risk for infectious
underscores the importance of thorough study complications (12). Because metabolic diseases
and intervention across populations (1,3). Dia- cause secondary immunological changes that
betes mellitus, hypertension, obesity, and an impact numerous resistance components, chro-
aging population are all contributing causes to nic renal failure is therefore a risk factor for
the global increase in CKD (4). However, there urinary tract infections (UTIs) (13,14). Haemo-
are regional differences in the frequency of CKD, dialysis may also weaken the immune system of
with certain factors, including exposure to CKD patients, leaving them more susceptible to
environmental chemicals and infections, playing illnesses like UTIs. Consequently, this could
a role (5). result in recurrent UTIs and kidney infections in

According to recent comprehensive eva- the past (13,14).
luations, the prevalence in sub-Saharan Africa Therefore, CKD could be a risk factor for
(SSA) was between 10.1% and 13.9% (6,7). UTIs, which can manifest as asymptomatic bac-
Additionally, West Africa was found to have the teriuria or symptomatic infection that requires
highest pooled frequency on the continent, at treatment. A study in Nepal reported the pre-
16% (8). In Africa, CKD is typified by young valence of bacteria causing UTIs among CKD
patients, high morbidity, and early mortality. patients to be 15.8%, which was significantly
Ninety percent of CKD patients pass away within high in the setting (15). UTI in CKD patients can
ninety days after beginning dialysis. Nigeria has occur as a mild case of cystitis, which can be
a population of 180 million, yet little is known treated with oral antibiotics, or a serious case of
about the epidemiology of CKD in the general sepsis and multiple organ failures, and usually
population (8). However, the prevalence of CKD severe or potentially fatal infections manifest as
in Nigeria varied from 2.5 to 26%, indicating a complex UTI cases (16). If left undiagnosed or
high prevalence of CKD overall and the need for untreated, a UTI could result in significant dete-
additional research to determine the actual bur- rioration in renal function with progress to adv-
den of CKD in Nigerians (8,9). anced stages of CKD and death (15).

Nevertheless, due to the lack of afforda- The prevalence of CKD in Nigeria is an
bility of the life-saving treatments of renal rep- indication for the investigation of UTI as a com-
lacement therapies, which have been available plication associated with CKD, in order to imp-
for the past thirty years, the disease is silently rove the quality of life of CKD patients. With
killing a large number of Nigerians (10). Mean- paucity of data on the distribution of bacterial
while, the majority of patients with CKD arrive uropathogens and their susceptibility to com-
late to nephrologists in Nigeria, already uremic monly used antimicrobials among CKD patients
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in Nigeria, this study aimed to determine the
spectrum of bacterial uropathogens and their
antibiotic susceptibility among CKD patients att-
ending the University of Ilorin Teaching Hospi-
tal, Ilorin, Nigeria.

Materials and method:

Study setting:

The study was conducted at the Univer-
sity of Ilorin Teaching Hospital (UITH). The
hospital was selected because it is the only ter-
tiary healthcare facility in Ilorin serving large
population with advanced health challenges and
a referral centre for hospitals in Kwara, Oyo,
Osun, Niger, Kogi, and Ekiti States in Nigeria.

Study design, sample size, and method of samp-
ling:

The study was a descriptive cross-sec-
tional design to determine the prevalence of ba-
cterial uropathogens among patients with CKD
and determine their antibiotic susceptibility. To
determine the sample size, the prevalence of
10.1% of CKD reported in a study conducted in
Sub-Saharan Africa (7) was incorporated into
the formula (17); N=Z2 PQ(1-P)/d?, where N =
minimum desired sample size, Z= normal
standard deviation at 95% confidence interval
(= 1.96), Q = 1-P, and d= precision (allowable
error) of 5% (0.05), which gave a sample size
of 138.

However, a total of 157 CKD patients
were selected using consecutive sampling tech-
nique to recruit patients who satisfied the inclu-
sion criteria and showed signs of a UTI during
the period of January and June 2024, whether
they were hospitalized in the nephrology unit or
attended the renal clinic.

Inclusion and exclusion criteria:

Consenting CKD patients who willingly
provided their urine samples and who had not
been placed on antibiotics were included in the
study. Patients’ prescription history was assess-
ed, and information on patients’ medication his-
tory were further obtained to identify those who
have not been on antibiotics. However, patients
who have not been clinically diagnosed with
CKD, CKD patients on antibiotics, and those who
did not give consent to participate were exclud-
ed from the study.

Ethical consideration:

Ethical approval was obtained from the
University of Ilorin Teaching Hospital Ethical Re-
view Committee with the ERC approval number
of ERC PAN/2023/05/0361 before commencing
the project. All participants were informed about
the purpose of the research, benefits, and risks,
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with certainty that their participation was vol-
untary and guaranteeing the confidentiality of
data and their right to partake or withdraw from
the study. All participants included in the study
provided written informed consent to participate
in the study.

Sample and data collection:

A midstream voided urine specimen of
each CKD patient was collected into a sterile
leak-proof universal bottle. Patients were pro-
perly instructed on how to collect clean catch
urine. Samples were transported immediately
for processing and analysis. Bio data of the sam-
ple, including specimen types, clinical diagno-
sis, gender, hospital unit, and age, was record-
ed in a format created especially for the rese-
arch.

Laboratory analysis of urine samples:

Each urine sample was properly mixed
and aseptically inoculated onto the CLED and
blood agar plates to aid the growth of bacteria
owing to the availability of the nutrient on the
media. The inoculated agar plates were incu-
bated at 37°C for 24 hours. Bacterial growth
colonies were Gram-stained following standard
procedure (18), and microbial identification and
antimicrobial susceptibility testing were perfor-
med using the VITEK 2 Compact system.

Data analysis:

Data were analyzed using SPSS version
25.0. Descriptive statistics (chart, frequency,
and percentage) were used to summarize the
data.

Results:

Demographic characteristics of the participants:

Majority of the participants were fema-
les (54.8%, n=86), and in the age group above
60 years (37.6%, n=59), while the age group
1-10 years (1.3%, n=2) was the least frequent
(Table 1).

Table 1: Socio-demographic characteristics of patients
with chronic kidney disease in UITH Ilorin

Variables Frequency Percentage
Gender

Male 71 45.2
Female 86 54.8
Age group (years)

1-10 2 1.3
11-20 8 5.1
21-30 16 10.2
31-40 17 10.8
41-50 23 14.6
51-60 32 20.4
Above 60 59 37.6
Total 157 100.00
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Prevalence of bacterial pathogens:

Of the total samples from 157 CKD par-
ticipants, a prevalence of 22.9% (n=36) of bac-
terial uropathogens was reported (Fig 1). Esch-
erichia coli was the most frequently isolated ba-
cterium among the participants (22.2%, n=8),
followed by Klebsiella pneumoniae (19.4%,
n=7). Staphylococcus lentus, Staphylococcus
lugdunensis, Streptococcus mutans, Acineto-
bacter species, and Enterococcus faecalis were
the least frequently isolated pathogens, with
2.8% (n=1) each (Table 2).

Antimicrobial susceptibility of bacterial uropath-
ogens:
The antimicrobial susceptibility of the

Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 395-401

Gram-positive isolates showed 100% sensitivity
to linezolid and vancomycin, but high resistance
of 60.0% (n=3) and 42.9% (n=3) to cefoxitin
and clindamycin, respectively (Table 3). The
antimicrobial susceptibility of the Gram-nega-
tive bacteria showed sensitivity to imipenem
(85.7%, n=24), ceftazidime (64.3%, n=18),
ceftriaxone (63.0%, n=17), piperacillin-tazo-
bactam (57.1%, n=16), and nitrofurantoin
(55.6%, n=15), but the isolates were resistant
to gentamicin (53.6%, n=15), augmentin
(51.9%, n=14), and ciprofloxacin (50.0%,
n=14) (Table 4 ).

Percentage

= Uropathogens

= No Growth

= Mixed Growth

Fig 1: Prevalence of uropathogens among patients with chronic kidney disease in UITH Ilorin

Table 2: Frequency Distribution of bacterial uropathogens isolated from patients with chronic kidney disease in UITH Ilorin

Bacterial isolates Frequency Percentage
Gram-negative 29 82.6
Escherichia coli 8 22.2
Klebsiella pneumoniae 7 19.4
Klebsiella oxytoca 3 8.3
Enterobacter cloacae 3 8.3
Proteus mirabilis 3 8.3
Serratia ficaria 2 5.6
Pseudomonas aeruginosa 2 5.6
Acinetobacter specie 1 2.8
Gram-positive 7 17.4
Staphylococcus saprophyticus 2 5.6
Staphylococcus lugdunensis 1 2.8
Staphylococcus hominis 1 2.8
Staphylococcus lentus 1 2.8
Streptococcus mutans 1 2.8
Enterococcus faecalis 1 2.8
Total 36 100.0

398



Spectrum of bacterial uropathogens in chronic kidney disease

Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 395-401

Table 3: Antimicrobial susceptibility of Gram-positive isolates from patients with chronic kidney disease in UITH Ilorin

Antibiotics No of isolates tested No sensitive (%) No intermediate (%) No resistant (%)
Cefoxitin 5 2 (40) 0 3 (60)
Linezolid 7 7 (100) 0 0
Erythromycin 7 4 (57.1) 2 (28.6) 1 (14.3)
Clindamycin 7 4 (57.1) 0 3 (42.9)
Gentamicin 5 3 (60) 1 (20) 1 (20)
Tetracycline 5 4 (80) 0 1 (20)
Levofloxacin 5 3 (60) 2 (40) 0
Nitrofurantoin 7 6 (85.7) 0 1(14.3)
Vancomycin 7 7 (100) 0 0

Table 4: Antimicrobial susceptibility of Gram-negative bacterial isolates from patients with chronic kidney disease in UITH Ilorin

Antibiotics No of isolates tested No sensitive (%) No intermediate (%) No resistant (%)
Ceftazidime 28 18 (64.3) 2(7.1) 8 (28.6)
Augmentin 27 10 (37.0) 3(11.1) 14 (51.9)
Ceftriaxone 27 17 (63.0) 0 10 (37.0)
Piperacillin-Tazobactam 28 16 (57.1) 0 12 (42.9)
Gentamicin 28 12 (42.9) 1(3.6) 15 (53.6)
Ciprofloxacin 28 13 (46.4) 1 (3.6) 14 (50)
Imipenem 28 24 (85.7) 1(3.6) 3(10.7)
Nitrofurantoin 27 15 (55.6) 5 (18.5) 7 (25.9)
Discussion: ents. This finding may be because E. coli is a

This study reported the prevalence of
bacterial uropathogens to be 22.9%, which agr-
ees with 26% rate reported by Chaudary et al.,
(19) but contrast the 70.6% rate reported by
Raphael and Udo (20). This difference in rates
may be due to differences in the regions and
hospital settings of the studies. In patients with
CKD, infectious complications are much higher,
similar to individuals on immunosuppressive
medications or those with other forms of acqui-
red immune deficiency (12). The risk of infection
in CKD patients has been reported to be three
times higher than the general population (21).
Also, the vulnerability of CKD patients to disea-
ses such as UTI is due to prolonged haemodia-
lysis, compromising their immune system func-
tion, resulting in recurrent UTIs and ascending
renal infection. More so, chronic renal failure
serves as a contributing factor for the develop-
ment of UTIs due to secondary immunological
changes brought on by metabolic diseases that
impact several resistance components (13,14).

In this study, E. coli is the most frequ-
ently isolated bacterium in the CKD patients,
contributing to about 22.2% of the total isola-
tes, followed by K. pneumoniae (19.4%) and K.
oxytoca (8.3%). This is similar to the studies of
Pugalendhi et al., (22) and Shankar et al., (23),
who both reported E. coli (47.7%) and K. pneu-
moniae (15.4%), and E. coli (61.8%) and K.
pneumoniae (13.7%), respectively, as the most
frequent bacterial isolates with a lower frequen-
cy of other bacteria uropathogen in CKD pati-

ubiquitous bacterium and is the most predomi-
nant bacterium in UTI, hence a high tendency
for E. coli to be reported in CKD patients. Also,
numerous virulence factors, such as flagella,
lipopolysaccharides, toxins, surface vesicles,
polysaccharide capsules, fimbrial and non-fim-
brial adhesins, and iron acquisition system, ena-
ble E. coli to survive and cause infection in the
urinary tract. Thus, E. coli frequently targets the
urethra, bladder, and kidneys (24).

Assessing the antibiotic susceptibility of
the bacterial uropathogens, Gram-positive bac-
teria had higher susceptibility to linezolid and
vancomycin compared to other antibiotics, while
60% and 42.9% of the isolates were resistant
to cefoxitin and clindamycin, respectively. This
finding is similar to that reported by Shankar et
al., (23), with higher susceptibility of Gram-
positive cocci to linezolid and vancomycin. This
indicates the continued efficacy of these anti-
biotics against Gram-positive bacteria. This may
partly be because these drugs cannot be bought
easily over the counter, as they are mainly used
in hospitals.

In this study, most of the Gram-nega-
tive bacteria showed high sensitivity to ceftazi-
dime, ceftriaxone, piperacillin-tazobactam, imi-
penem, and nitrofurantoin, but were resistant to
augmentin, gentamicin, and ciprofloxacin. This
finding contrast that of Thapa et al., (25), who
reported higher resistance of Gram-negative
bacteria to ceftazidime and ceftriaxone, but agr-
ees with their findings of high susceptibility to
meropenem and nitrofurantoin. Our study rep-
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ort absence of multi-drug resistance among the
uropathogens from the CKD patients, which
may be an important factor in management of
the patients, with potential improved outcomes
as resistance appears not to be a challenge.
This study has some limitations. We
could not determine the distribution of isolated
bacterial pathogens across the 5 stages of CKD,
which would be beneficial in determining the
stages that are most at risk of UTI. Additionally,
the study did not take into account the risk
factors that influence the prevalence of UTI.
However, the study leverages the strength of
the automated method (Vitek 2 system) used
for bacteria identification and susceptibility test-

ing.
Conclusion:

This study reported 22.9% prevalence
of uropathogenic bacteria, with E. coli being the
predominant pathogen among CKD patients.
Bacterial uropathogens isolated from CKD pati-
ents in this study show high susceptibility to the
common antibiotics that are clinically accessi-
ble, indicating that antimicrobial resistance is
not significantly high among CKD patients. Fut-
ure research should explore the association
between the stages of CKD and UTlIs, and other
risk factors should be considered.

Acknowledgements:

The authors acknowledge the staff of
the department of medical microbiology and
parasitology, and the staff of the renal centers,
for their support and guidance through the com-
pletion of the study. The guidance of Professor
G.P. Oyeyiola, Dr. Aliyu Badadoko, and Mr. Bello
Adegoke is acknowledged.

Contributions of authors:

AJA conceptualized the idea and design-
ed the study, and was involved in data acquisi-
tion, interpretation and writing of the manu-
script; KAB was involved in data interpretation,
validation and writing of the manuscript; TJO
was involved in data analysis and interpretation,
writing, revising and proofreading of the manu-
script; DSO was involved in data interpretation
and validation, reviewing and proofreading of
the manuscript and AAAII supervised the study
and was involved in conceptualization, design,
data acquisition and interpretation, reviewing
and proofreading of the manuscript. All authors
approved the final version of the manuscript
submitted for publication.

400

Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 395-401

Source of funding:
No external funding was received

Conflict of interest:

Authors declare no conflict of interest

References:

1. Lv, J-C., and Zhang, L-X. Prevalence and Disease
Burden of Chronic Kidney Disease. In: Advances in
Experimental Medicine and Biology. Springer
Singapore; 2019: 3-15.
http://dx.doi.org/10.1007/978-981-13-8871-2 1

2. Kovesdy, C. P. Epidemiology of chronic kidney disease:
an update 2022. Kidney International Supplements.
2022; (1): 7-11. doi:10.1016/j.kisu.2021.11.003

3. Lankinen, R., Hakamaki, M., Metsdrinne, K., et al.
Cardiovascular Determinants of Mortality in Advanced
Chronic Kidney Disease. Am J Nephrol. 2020; 9: 726-
735. doi:10.1159/000509582

4, Smyth, L. J., Duffy, S., Maxwell, A. P., and McKnight,
A. J. Genetic and epigenetic factors influencing chronic
kidney disease. Am J Physiol -Renal Physiol. 2014; 7:
F757-F776. doi:10.1152/ajprenal.00306.2014

5. Friedman, D. J. Genes and environment in chronic
kidney disease hotspots. Curr Opinion Nephrol Hypert.
2019; 1: 87-96. d0i:10.1097/mnh.0000000000000470

6. Stanifer, J. W., Jing, B., Tolan, S., et al. The epidemio-
logy of chronic kidney disease in sub-Saharan Africa: a
systematic review and meta-analysis. Lancet Glob
Health. 2014; 3: e174-e181.
d0i:10.1016/52214-109x(14)70002-6

7. Abd ElHafeez, S., Bolignano, D., D’Arrigo, G., Dounousi,
E., Tripepi, G., and Zoccali, C. Prevalence and burden
of chronic kidney disease among the general population
and high-risk groups in Africa: a systematic review. BMJ]
Open. 2018; 1: e015069.
doi:10.1136/bmjopen-2016-015069

8. Olanrewaju, T. O., Aderibigbe, A., Popoola, A. A., et al.
Prevalence of chronic kidney disease and risk factors in
North-Central Nigeria: a population-based survey. BMC
Nephrol. 2020; 1. doi:10.1186/s12882-020-02126-8

9. Chukwuonye, I. I., Ogah, O., Anyabolu, E., et al.
Prevalence of chronic kidney disease in Nigeria:
systematic review of population-based studies. Int ]
Nephrol. Renovasc Dis. 2018: 165-172.
doi:10.2147/ijnrd.s162230

10. Ibitoba, F. A., Akpor, O. A., and Akpor, O. B. Prevalence
and risk factors of chronic kidney disease among
commercial motorcyclists in Ado-Ekiti, Ekiti State,
Nigeria. Sci Afr. 2022: e01136.
doi:10.1016/j.sciaf.2022.e01136

11. Adejumo, O., Akinbodewa, A., Okaka, E., Alli, O., and
Ibukun, I. Chronic kidney disease in Nigeria: Late
presentation is still the norm. Nig Med J. 2016; 3: 185.
d0i:10.4103/0300-1652.184072

12. Cristea, O. M., and Avramescu, C. S. Urinary tract
infection with Klebsiella pneumoniae in Patients with
Chronic Kidney Disease. Curr Health Sci J. 2017; 2:
137-148. d0i:10.12865/CHSJ1.43.02.06

13. Scherberich, J. E., Funfstick, R., and Naber, K. G.
Urinary tract infections in patients with renal
insufficiency and dialysis — epidemiology, pathogenesis,
clinical symptoms, diagnosis and treatment. 2021.
doi:10.3205/ID000076

14. Dicu-Andreescu, 1., Penescu, M. N., Cdpusa, C., and
Verzan, C. Chronic Kidney Disease, Urinary Tract
Infections and Antibiotic Nephrotoxicity: Are There Any
Relationships? Medicina. 2022; 1: 49.
doi:10.3390/medicina59010049



http://dx.doi.org/10.1007/978-981-13-8871-2_1

Spectrum of bacterial uropathogens in chronic kidney disease

15.

16.

17.

18.

19.

20.

Almaiman, L., Allemailem, K. S., El-Kady, A. M., et al.
Prevalence and Significance of Pyuria in Chronic Kidney
Disease Patients in Saudi Arabia. J Personalized Med.
2021; 9: 831. d0i:10.3390/jpm11090831

Dimitrijevic, Z., Paunovic, G., Tasic, D., Mitic, B., and
Basic, D. Risk factors for urosepsis in chronic kidney
disease patients with urinary tract infections. Sci Rep.
2021; 1. doi:10.1038/s41598-021-93912-3

Charan, J., and Biswas, T. How to Calculate Sample Size
for Different Study Designs in Medical Research? Indian
J Psychol Med. 2013; 2: 121-126.
doi:10.4103/0253-7176.116232

Cheesbrough, M. Laboratory Practice in Tropical
Countries. Part II. Cambridge, England: Cambridge
University Press; 2012.

Chaudhary, R. Bacteriology of Urinary Tract Infection of
Chronic Renal Failure Patients Undergoing for
Haemodialysis. J Microbiol Exp. 2016; 3.
doi:10.15406/jmen.2016.03.00089

Raphael, J. E., and Udo, K. Bacteriological Spectrum of
Urine Culture in Patients with Obstructive Uropathy. Am
J Med Sci Med. 2022; 10 (1): 18-22.
doi:10.12691/ajmsm-10-1-3

401

21.

22.

23.

24,

25.

Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 395-401

Eshwarappa, M., Dosegowda, R., Aprameya, 1., Khan,
M., Kumar, P, and Kempegowda, P. Clinico-microbiolo-
gical profile of urinary tract infection in South India.
Indian J Nephrol. 2011; 1: 30.
doi:10.4103/0971-4065.75226

Pugalendhi, S., Dutta, T. K., R. H, S. L. A clinical and
microbiological profile of urinary tract infection in
patients with chronic kidney diseases. Int J Adv Med.
2019; 3: 911. doi:10.18203/2349-3933.ijam20192263
Shankar, M., and Narasimhappa, S, N. S. M. Urinary
Tract Infection in Chronic Kidney Disease Population: A
Clinical Observational Study. Cureus. 2021.
doi:10.7759/cureus.12486

Zhou, Y., Zhou, Z., Zheng, L., et al. Urinary Tract
Infections Caused by Uropathogenic Escherichia coli:
Mechanisms of Infection and Treatment Options. Int ]
Mol Sci. 2023; 13: 10537. d0i:10.3390/ijms241310537
Thapa, T. B., Pokhrel, S., Lamichhane, A., et al.
Prevalence and antibiogram of bacteria causing urinary
tract infection among patients with chronic kidney
disease. Open Med. 2023; 1.
doi:10.1515/med-2023-0824




