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Background: Urinary tract infections (UTIs) and antibacterial resistance (ABR) 
are important public health problems, but they are not well-studied among 
people living with human immunodeficiency virus (PLHIV) globally, especially 
in low-income countries. Therefore, it is important to regularly measure the 
extent of UTIs and ABR in the most susceptible populations. This study aimed to 
investigate the prevalence of UTIs, associated factors, bacterial causal agents, 
and their antibiotic susceptibility profile among PLHIV in central Ethiopia.

Methods: A hospital-based cross-sectional study was conducted to recruit 
688 PLHIV by a simple random sampling method. Background information was 
gathered through interviews, while clinical information was gathered from recent 
information sheets of patient charts using organized, pretested, and validated 
study tools. Midstream urine was collected aseptically and transported to the 
Microbiology Laboratory of Aklilu Lemma Institute of Pathobiology within 4 h of 
collection, maintaining its cold chain. Standard conventional microbial culture 
methods and matrix-assisted laser desorption ionization-time of flight (MALDI-
TOF) mass spectrometry were used to identify the bacterial isolates at the species 
level. Kirby Bauer’s disk diffusion method was used to determine the antibiotic 
susceptibility profile of the bacterial isolates based on the interpretation guidelines 
of the Clinical Laboratory Standard Institute. Logistic regression models were 
used to examine factors associated with the occurrence of UTIs among PLHIV 
attending selected hospitals in Addis Ababa, and Adama.

Results: Out of 688 PLHIVs involved in the current study, 144 (20.9%) were positive 
for UTIs, whereas the majority were asymptomatic for UTIs. In the multivariable 
logistic regression analysis, only HIV RNA  ≥  200 copies/ml [AOR  =  12.24 (95% 
CI, 3.24, 46.20), p  <  0.01] and being symptomatic for UTIs during the study 
period [AOR  =  11.57 (95% CI, 5.83, 22.97), p  <  0.01] were associated with the 
occurrence of UTIs. The dominant bacterial species isolated were Escherichia 
coli (E. coli; n =  65; 43%), followed by Enterococcus faecalis (E. faecalis; n  =  16; 
10.6%) and Klebsiella pneumoniae (K. pneumoniae; n  =  11; 7.3%). Over half 
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of the E. coli isolates were resistant to antibiotics such as gentamicin (GM; 
n =  44; 67.7%), amikacin (AN; n  =  46; 70.8%), nalidixic acid (NA; n  =  42; 64.6%), 
ciprofloxacin (CIP; n  =  40; 61.5%), and azithromycin (AZM; n  =  45; 69.2%). All of 
the K. pneumoniae isolates (n  =  11; 100%), (n  =  6; 54.5%), and (n  =  7; 63.6%) were 
resistant to [amoxicillin as well as amoxicillin + clavulanic acid], ceftriaxone, and 
sulfamethoxazole + trimethoprim, respectively. All the Staphylococcus aureus 
(S. aureus) isolates were resistant to cefoxitin, which implies methicillin-resistant 
S. aureus (MRSA).

Conclusion: The high prevalence of UTIs and antibiotic resistance revealed 
in the current study needs public health interventions such as educating the 
population about preventive measures and the importance of early treatment of 
UTIs. Our findings also highlight the need to provide UTI screening services for 
PLHIV, and healthcare providers should adopt antibiotic stewardship programs 
to promote and ensure their appropriate and judicious use.

KEYWORDS

human immunodeficiency virus (HIV), urinary tract infections (UTIs), antibacterial 
resistance, bacterial uropathogens, Ethiopia

Background

Urinary tract infections are highly prevalent worldwide, with 
approximately 150 million cases annually (1) among people of all ages; 
however, they are higher among youngsters, elders, and females (2). The 
infection poses significant public health concerns among PLHIV, mainly 
in developing countries (2, 3). This could be  due to the suppressed 
immunity of the population and limited healthcare services in the region, 
which results in a high economic burden and reduced quality of life (3, 4). 
Untreated UTIs can lead to severe complications (5) such as 
pyelonephritis, renal failure, prostatitis, epididymitis, septicemia, 
endocarditis, osteomyelitis, septic arthritis, and meningitis (6, 7) which 
could be severe and sometimes life-threatening (6).

Worldwide, E. coli is the common bacterial causative agent of 
UTIs (2, 8–11). Other bacterial species such as K. pneumoniae, 
Staphylococcus saprophyticus (S. saprophyticus), E. faecalis, group B 
Streptococcus, Proteus mirabilis (P. mirabilis), Pseudomonas aeruginosa, 
and S. aureus also cause UTIs, albeit less frequently (2, 8, 10, 12). 
Rarely occurring bacterial species, such as Bacillus cereus, Enterococcus 
hirae (E. hirae), Staphylococcus species (sciuri, lentus, vitulinus, 
pulvereri, and xylosus), Salmonella species, and Acinetobacter, are also 
implicated as causal agents of UTIs (2, 3, 10, 13–16).

The pathogenesis of the infection involves the bacterial coliforms 
inhabiting the urethral introitus and ascending into the bladder or kidneys 
(5), attaching to the urothelium with the help of their microbial adhesins, 
and binding to specific receptors on the host cells (2, 3, 5). Moreover, 
quorum sensing, a form of bacterial communication, plays a significant 
role in UTI pathogenesis. Bacteria communicate via signaling molecules 
to regulate gene expression, coordinate virulence factor production, and 
biofilm formation (2, 3). This helps sense population density and initiate 
actions, such as producing proteases, toxins, urease enzymes, and iron-
scavenging systems, contributing to infection invasion and establishment 
of infection (3), which is manifested by flank pain, dysuria, pyuria, 
increased urinary frequency/urgency, and fever and chills if the infection 
involves the kidneys or when it is more severe (17). Furthermore, the 
diagnosis of UTIs is based on urine analysis for white blood cells and 

urine culture to identify bacteria and antibiotic susceptibility (18). 
However, antibiotic resistance challenges the effectiveness of 
antimicrobials, mainly in developing countries, due to inappropriate 
antibiotic use and poor antimicrobial stewardship programs (3).

UTIs represent a significant concern among PLHIV, with varying 
prevalence worldwide and in developing countries (19, 20). For 
instance, a systematic review and meta-analysis from Ethiopia 
revealed a 12.8% pooled prevalence of UTIs among PLHIV (20), 
which was supported by findings reported from the region, which 
ranges from 10.3 to 48.7% (4, 9, 21, 22). The burden of UTIs is 
impacted by the socio-demographic, background, and clinical 
characteristics of the population (4, 20, 23). The common causal 
agents of UTIs revealed by studies from developing countries, 
including Ethiopia, are E. coli, S. aureus, K. pneumoniae, Enterococcus 
species, and Enterobacter aerogenes, which is in agreement with global 
reports (9, 21, 24–26). Bacterial uropathogens among PLHIV usually 
demonstrated a higher rate of ABR (27), which is intense in 
low-income countries (27). Studies from low-income countries, 
including Ethiopia, revealed a higher rate of MDR, ranging from 45.9 
to 95% (4, 19, 26–29). Thus, it is important to assess the extent of 
UTIs, and ABR associated with bacterial uropathogens, along with 
suggestions of possible interventions. Therefore, this study aimed to 
determine the prevalence of UTI, its associated factors, and the 
antibacterial susceptibility profile of the bacterial isolates among 
PLHIV attending selected antiretroviral therapy (ART) clinics in 
Addis Ababa and Adama, central Ethiopia.

Materials and methods

Study setting, and study design

A hospital-based cross-sectional study was conducted in central 
Ethiopia (Addis Ababa and Adama cities) among PLHIV from 
October 2022 to April 2023. Addis Ababa, the nation’s capital city, is 
located at a high altitude, 2,400 meters above sea level (30), while 
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Adama is located 99 km southeast of Addis Ababa (31), in the great 
East African rift valley system, 08°32′29″N 39°16′08″E; 1712 meters 
above sea level (31). According to the world population review 
estimates, the population of Addis Ababa and Adama by the year 2024 
would be 3.6 million and 213,995, respectively (32). According to the 
report from the Ethiopian Public Health Institute of 2023, among a 
total of 571, 119 adult PLHIV in Ethiopia, 107,496 were from Addis 
Ababa, while 6,300 were from Adama (33). In Ethiopia, 98% of 
healthcare settings, including all referral hospitals, provide 
comprehensive HIV care services (34). Thus, based on the level of 
comprehensive HIV care given in the hospitals, irrespective of UTI 
screening, four government Hospitals from Addis Ababa: Tikur 
Anbesa Specialized Hospital, Zewditu Memorial Hospital, Menilik the 
II Memorial Hospital, and Ras Desta Hospital, one public Hospital 
from Adama: Adama Comprehensive Hospital, and two private 
Hospitals from Adama: Sr. Aklesia Memorial hospital and Rift Valley 
University Hospital from Adama were included in the current study.

Estimation of sample size and recruitment 
of study participants

The sample size was estimated using the formula 

[N
Z p p

e
=
( ) −( )2

2

1
], where Z is the standardized score at a 97% 

confidence interval (CI), e = margin of error, P = is the estimated 
proportion of the population with UTIs in the target community, and 
N = total estimated sample size. Thus, considering a 10.3% proportion 
(4), 97% CI, 0.03 margin of error, and 7.5% non-response rate, the total 
estimated sample size was 520 for the study population in Addis Ababa, 
and considering an 11.3% proportion (26), 95% CI, 5% margin of error, 
with the non-response rate (5%), and the total sample size calculated 
was 170 for Adama. The total sample size for the two cities was 688.

The studied populations were PLHIV attending ART clinics of 
selected referral hospitals providing comprehensive HIV care; The 
exclusion criteria include those who consumed two glasses of fluid an 
hour before attending the clinic, as fluid intake dilutes and reduces 
bacteria concentration in the urine (35), (b) received antibiotic treatment 
within a week before attending the clinic, which might affect UTI test 
result (36), (c) those with confirmed sexually transmitted diseases 
(STDs) who exhibit symptoms overlapping with UTIs (37), (d) pregnant 
or lactating mothers who might have immune suppression and an excess 
risk of having UTI (38, 39), menstruating women, could be due to the 
considerable lowering level of estrogen during the menstrual period (40), 
and the blood may contaminate urine samples which can affect UTI 
testing results, (e) individuals <18 years old, as this study focused on adult 
patients. Then, the estimated sample size was proportionally allocated 
across the selected seven ART clinics based on the total number of 
PLHIV attending the clinics during the study period, and a simple 
random sampling method was used to select study participants using the 
list of PLHIV within each clinic as a sampling frame.

Data collection methods

Prospective background characteristics were collected through 
face-to-face interviews, while clinical characteristics were determined 

by reviewing recent information sheets of the patients’ charts. The 
meta-data and urine samples were collected using an expert-validated, 
pretested structured questionnaire adapted from related literature (26, 
28), and checked for content validity index (CVI) rated at 0.82; 
indicating a high level of relevance, and appropriateness of the 
questionnaire in measuring the intended constructs. The data 
collectors were well-qualified nurses who received 2 days of training 
on research methodology, and how to collect the meta-data, and urine 
samples credibly. A total of 10 mL of midstream clean catch urine 
samples were collected in sterile urine cups with cover through 
precautions to prevent contamination and transported to the 
microbiology laboratory of Aklilu Lemma Institute of Pathobiology 
within 4 h of collection, maintaining its cold chain.

A loopful (0.01 mL) of well-mixed, serially diluted urine sample 
was inoculated onto plate count agar (HiMedia laboratory Pvt. Ltd., 
Mumbai, India) and incubated for 24 h at 37°C. When there was a 
delay in processing, the urine samples were stored at −20°C and 
cultured within 4 h. For study participants without symptoms of UTIs, 
a colony-forming unit (cfu) count of ≥105/ml was considered positive 
for UTIs (41, 42), while for participants with symptoms of UTIs, a 
colony count of ≥102cfu/ml (43) was considered positive for UTIs. 
Different microbiological media and biochemical tests (HiMedia 
laboratory Pvt. Ltd., Mumbai, India), such as triple sugar agar (TSA); 
lysine iron agar (LIA); Simmon’s citrate agar; urea, and tryptophan 
broth, eosin-methylene blue (EMB) and cystine–lactose–electrolyte-
deficient agar (CLED) (41, 44, 45) were used to identify the Gram-
negative bacterial isolates, while Gram-positive bacteria were identified 
using Enterococcus agar (EA) and mannitol salt agar (MSA) along with 
Remel Europe Ltd., Dartford, United Kingdom: potassium hydroxide 
(KOH); catalase and coagulase tests (41, 45). Finally, the presumptive 
bacterial isolates were then confirmed using the MALDI-TOF test (46).

The isolated Gram-negative bacteria were tested for 12 
antibacterial agents, while the Gram-positive bacteria were tested for 
18 antibacterial agents using the disk diffusion method and interpreted 
based on the clinical laboratory standard institute guidelines (64, 65). 
In total, 18 antibiotics with the disk potencies utilized (Sensi-Disks, 
Becton, Dickinson and Company, Loveton, United States): GM(10 
microgram(μg)); streptomycin (S:10 μg); AN (30 μg); kanamycin 
(K:30 μg); NA (30 μg), amoxicillin + clavulanic acid (AMC:20/10 μg), 
amoxicillin (AMX:30 μg), ceftriaxone (CRO:30 μg), cephalothin 
(CF:30 μg), cefoxitin (FOX:30 μg), CIP (5 μg), sulfamethoxazole+ 
trimethoprim (SXT:23.75/1.25 μg), tetracycline (TE:30 μg), 
chloramphenicol (C:30 μg), AZM (15 μg), erythromycin (E:15 μg), 
clindamycin (CL:2 μg), and nitrofurantoin (F:30 μg) were used for 
Gram-positive bacteria while all but, erythromycin (E:15 μg), CL 
(2 μg), nitrofurantoin (F:30 μg), cephalothin (CF:30 μg), cefoxitin 
(FOX:30 μg), and CL (2 μg), were used for Gram-negative bacterial 
species. E. coli American type culture collection 25922 (ATCC 25922) 
and S. aureus (ATCC25923) were used as quality control organisms 
for Gram-negative and Gram-positive organisms, respectively.

Isolates resistant to at least one in three or more antibiotic categories 
were considered multi-drug resistant (MDR) and being resistant to at 
least one to two or fewer antibiotic categories were considered extensive 
drug resistant (XDR), while those resistant to all antibiotic categories 
tested were considered pan-drug-resistant (PDR) (47, 48). The multiple 
antibiotic resistance index (MARI) was calculated as MARI = a/b, which 
is the ratio of the number of antibiotics to which an isolate is resistant 
(a) to the total number of antibiotics to which an isolate is tested (b) (49).
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Ethical consideration

The Institutional Research Ethics Review Board of the College of 
Health Sciences (IRERB Minutes Ref No.: AAUMF 03–008) and 
Aklilu Lemma Institute of Pathobiology (IRERB Minutes Ref No.: 
ALIPB IREC/86/14/22) Addis Ababa University reviewed the protocol 
and provided ethical clearance letter.

Comprehensive explanations were given to the study participants 
about the objective of the study in a private room prepared for 
interview, examination, and chart review before obtaining written 
consent. The study participants were assured not to participate and/or 
discontinue the interview at any point in time. The data collected was 
stored in a locker, which can only be  accessed by the principal 
investigator. We assured and implemented that those found culture 
positive for UTIs were treated for the infection under the follow-up 
institution and assigned health care provider.

Data management and analysis

The collected data were entered into Epi-data version 3.1 and 
exported to SPSS version 23 for analysis. Figures and tables were used 
to summarize the data. To measure the association of variables with 
the occurrence of UTIs, we used univariable and multivariable logistic 
regression analyses. Crude odds ratios (CORs) were obtained from the 
univariable regression analysis, while adjusted odds ratios (AORs) 
were derived from the multivariable regression analysis. The results 
from the final models were presented as AOR with a 95% CI, with 
association determined at a threshold of a p-value of <0.05.

Results

Socio-demographic characteristics

Among a total of 688 PLHIV tested for UTIs with a response rate of 
98.1%, the majority (n = 349; 50.7%) fell within the age group 35–49 years, 
and n = 179 (26.0%) fell within the age group ≥50 years or older (Table 1). 
The median age was 42.0 years, with an interquartile range of 35.0 and 
50.0 years old. The majority were females (n = 474; 68.9%), urban 
residents (n = 467; 67.9%), and unmarried (n = 365; 53.1%; Table 1).

A total of 313 participants (45.5%) reported that they were 
practicing vaginal/perineal care less than three times a day. 
Approximately one-fourth (n = 169; 24.6%) had comorbidities such as 
hypertension (n = 36; 5.2%), diabetes (n = 34; 4.9%), renal calculi 
(n = 26; 3.8%), or a history of previous UTIs (n = 73; 10.6%). During 
the course of this study, only 52 participants (7.6%) had symptoms 
associated with UTIs, such as urgency, frequent urination, and dysuria 
during micturition. Over one-third (n = 291; 42.3%) were earning a 
monthly income of less than 3,000 Ethiopian Birr (Table 1).

A total of 218 participants (31.7%) had a history of receiving anti-
tuberculosis drugs, of which 84 (38.5%) were cured, while the remaining 
were still on treatment. Moreover, substantial (n = 51; 7.4%) of the study 
participants were receiving zidovudine-containing antiretroviral drug 
regimens (Table 2). In total, 59 (8.6%) of the study participants had a 
body mass index of less than 18.5wt/ht2, implying undernutrition 
(Table  2). Furthermore, the majority of the study participants 
645(93.7%) were found under T1 World Health Organization clinical 

staging of HIV/AIDS, which implies that the viral load of these PLHIV 
was significantly reduced after starting the ART drugs (Table 2).

Prevalence of UTIs and its associated 
factors

Out of a total of 688 study participants (n = 144; 20.9%) were 
found to have acquired UTIs confirmed by bacterial, culture. Of those 
who acquired UTIs, 36 participants (69.2%) were symptomatic, with 
the most prevalent symptom being dysuria (n = 14; 63.6%) (Table 1).

The majority of study participants with confirmed UTIs (n = 80; 
22.9%), (n = 41; 22.9%) were aged 35–49, and at least 50 years, 
respectively. Similarly, among the total study participants with 
confirmed UTIs, 104 (22.3%) were urban residents, 90 (25.2%) were 
females, and 74 (22.9%) were married. In addition, a significant 
proportion of study participants with confirmed UTIs were not 
practicing perineal/vaginal douching (n = 26; 28.3%) and were 
comorbid with chronic diseases (n = 48; 28.4%; Table 1).

The presentation of clinical characteristics in relation to the 
prevalence of UTIs, among those who acquired UTIs (n = 144; 20.9%), 
a significant population (n = 9; 75.0%) had HIV RNA of ≥200 copies/
ml, and the majority (n = 136; 21.1%) were in stage T1 of the World 
Health Organization clinical staging of HIV/AIDS. The higher (n = 12; 
23.5%) proportions were from those who were receiving zidovudine-
containing ART drug regimen of HIV treatment compared to those 
who were taking non-zidovudine-containing ART drug (Table 2).

Additionally, a sizable proportion (n = 29; 21.6%) of study 
participants who had UTIs were receiving anti-tuberculosis medication 
treatment. Similarly, an equivalent proportion (n = 100; 21.3%) of the 
study participants acquired UTIs and did not take anti-TB medications 
because they had not contracted tuberculosis. This suggests that 
individuals who took anti-TB medications regained competent 
immunity to the same extent as those who did not contract tuberculosis 
and did not take anti-TB medications (Table 2). Despite some factors, 
such as younger age (18–34 years old) [COR = 0.57(95% CI: 0.32, 0.99), 
p < 0.05], comorbidity with chronic diseases [COR = 1.75(95% CI: 1.17, 
2.61), p < 0.02], diabetes mellitus [COR = 2.16(95% CI: 1.04, 4.47), 
p < 0.05], having the presence of symptomatic for UTIs [COR = 11(95% 
CI: 5.89, 20.53), p < 0.01], and having HIV RNA ≥ 200 copies/ml 
[COR = 12.02(95% CI: 3.21, 45.01), p < 0.01], were ruled out as factors 
affecting the occurrence of UTIs using univariable logistic regression 
analysis, results from multivariable logistic regression analysis revealed 
only HIV RNA of ≥200 copies/ml [AOR = 12.24 (95% CI, 3.24, 46.20), 
p < 0.01], and being symptomatic for UTIs during the study period 
[AOR = 11.57 (95% CI, 5.83, 22.97), p < 0.01] retained the association 
with the occurrence of UTIs (Tables 1, 2).

Prevalence of bacterial isolates causing 
UTIs

A total of 151 bacterial isolates were isolated from 144 study 
participants who had UTIs, which implies seven study participants 
who acquired UTIs were infected by more than one bacterial causal 
agent. The most frequently occurring bacterial isolates together 
were E. coli and Bacillus cereus. E. coli (n = 65; 45.1%) was the most 
common bacterial isolate identified followed by E. faecalis (n = 16; 
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TABLE 1 Background characteristics of study participants and association with UTIs, N  =  688.

Variables No. tested for 
UTIs: 688

+ve for UTIs 
144(20.9%)

COR(95%CI) AOR(95%CI) p-value

Age

 18–34 160(23.3) 23(14.4) 0.57(0.32, 0.99)* 0.78(0.42, 1.45) 0.42

 35–49 349(50.7) 80(22.9) 1.00(0.65, 1.54) 1.25(0.77, 2.03) 0.37

  ≥50 179(26.0) 41(22.9) 1

Sex

  Male 214(31.1) 54(25.2) 1.44(0.98, 2.12) 1.38(0.87, 2.18) 0.18

  Female 474(68.9) 90(19.0) 1

Residence

  Urban 467(67.9) 104(22.3) 1.30(0.86, 1.95) 1.33(0.83, 2.12) 0.23

  Rural 221(32.1) 40(18.1) 1

Religion

  Christian 563(81.8) 121(21.5) 1.21(0.74, 1.99) 1.24(0.71, 2.18) 0.45

  Muslim 125(18.2) 23(18.4) 1

Marital Status

  Married 323(46.9) 74(22.9) 1.25(0.87, 1.81) 0.99(0.66, 1.50) 0.97

  Unmarried 365(53.1) 70(19.2) 1

Educational Status

  Illiterate 140(20.3) 28(20.0) 0.71(0.40, 1.26) 0.77(0.39, 1.53) 0.45

  Secondary School 421(61.2) 83(19.7) 0.70(0.44, 1.11) 0.75(0.44, 1.29) 0.30

  College and Above 127(18.5) 33(26.0) 1

Occupational Status

  Unemployed 335(48.9) 69(20.6) 0.96(0.67, 1.39) 1.28(0.83, 1.98) 0.26

  Employed 353(51.1) 75(21.3) 1

Income per Month

  <3,000 EB 291(42.3) 55(18.9) 0.81(0.55, 1.18) 0.83(0.54, 1.28) 0.40

  ≥3,000 EB 397(57.7) 89(22.4) 1

Frequency of Vaginal Douching /Perineal care per Day

  Not practicing 92(13.4) 26(28.3) 1.53(0.89, 2.62) 1.31(0.70, 2.46) 0.41

  < Three times 313(45.5) 60(19.2) 0.92(0.62, 1.38) 0.85(0.54, 1.33) 0.47

  ≥ Three times 283(41.1) 58(20.5) 1

History of Comorbidity with Chronic Diseases

  Comorbid 169(24.6) 48(28.4) 1.75(1.17, 2.61)* 1.52(0.71, 3.28) 0.28

  Not comorbid 519(75.4) 96(18.6) 1

Previous History for Chronic Diseases (169)

  Diabetic Mellitus 34(20.1) 12(35.3) 2.16(1.04, 4.47)* 1.50(0.58, 3.88) 0.41

  Hypertension 36(21.3) 9(25.0) 1.28(0.59, 2.78) 0.91(0.34, 2.46) 0.86

  UTIs 73(43.2) 21(28.8) 1.62(0.94, 2.78) 0.87(0.36, 2.10) 0.75

  Renal Caliculi 26(15.4) 7(26.9) 1.41(0.58, 3.43) 0.46(0.15, 1.44) 0.18

Manifestation of UTIs Symptoms currently

  Yes 52(7.6) 36(69.20) 11(5.89, 20.53)* 11.57(5.83, 22.97) <0.01*

  No 636(92.4) 108(17.00) 1 1

Unemployed includes house wife, student, farmer, daily laborers, and merchants; unmarried includes widowed, living together, divorced, and single; Christianity includes orthodox, protestant, 
and catholic; secondary education level includes primary level also, illiterate includes both able to write and read, and unable to write and read, comorbidity includes diabetes mellitus, 
hypertension, renal caliculi, and previous history of UTIs; 1(Reference), *(statistically significant at p > 0.05), urinary tract infections (UTIs), Ethiopian birr (EB).
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11.1%), K. pneumoniae (n = 11; 7.6%). Likewise, a number of 
different rarely identified UTIs causing bacterial isolates accounting 
for a total of n = 59 (41%) includes P. mirabilis (n = 08; 5.6%), 
Klebsiella oxytoca (n = 06; 4.2%), Enterobacter cloacae (n = 04; 2.8%), 
Enterobacter bugandensis (n = 02; 1.4%), E. faecium (n = 06; 4.2%), 
S. xylosus (n = 04; 2.8%), and S. sciuri (n = 04; 2.8%). The remaining 
rarely causing UTIs accounts for n = 11 (7.7%) were Klebsiella 
aerogenes, Fusobacterium nucleatum, Enterobacter amnigenus, 
Enterobacter asburiae, Cronobacter sakazakii, Alcaligenes faecalis, 
Salmonella species, Pseudomonas fulva, Staphylococcus pasteuri, 
S. saprophyticus, and E. hirae (Figure 1).

Cross-tabulating the bacterial isolates rarely causes UTIs to 
selected study variables, the single bacterial isolates: Salmonella 
species, Fusobacterium nucleatum, Klebsiella aerogenes, Pseudomonas 
fulva, Alcaligenes faecalis, Cronobacter sakazakii, Enterobacter 
asburiae, Enterobacter amnigenus, Staphylococcus pasteuri, and 
E. hirae, were identified from study participants with older ages 
(35 years or older), living in urban areas, having history of chronic 
illness such as diabetes mellitus, hypertension, renal caliculi, and 
previous history of UTIs, no/less frequently practicing vaginal or 
perineal care, and currently exhibiting symptoms of UTIs. Conversely, 
Alcaligenes feacalis, Fusobacterium nucleatum, Enterobacter asburiae, 

Enterobacter amnigenus, and E. hirae were identified among 
asymptomatic study participants for UTIs.

Additionally, of the bacterial isolates that were found causing 
UTIs in this study, approximately one-third (n = 104; 68.9%) were 
Gram-negative, with the remainder being Gram-positive (Figure 1).

Antibiotic resistance pattern and multiple 
antibiotic resistance index

The study revealed, that among Gram-negative bacterial isolates, 
all K. pneumoniae, Enterobacter cloacae, and Enterobacter bugandensis 
isolates were resistant to amoxicillin + clavulanic acid. All isolates of 
Enterobacter bugandensis were resistant to ciprofloxacin, azithromycin, 
and gentamicin. All P. mirabilis isolates were resistant to amoxicillin 
(Table 3; Supplementary Table 1).

All eight rarely isolated Gram-negative bacteria associated with 
UTIs, namely, Klebsiella aerogenes, Fusobacterium nucleatum, 
Enterobacter amnigenus, Enterobacter asburiae, Cronobacter sakazakii, 
Alcaligenes faecalis, Salmonella species, and Pseudomonas fulva, were 
resistant to amoxicillin. Additionally, four of these rare isolates, 
namely, Enterobacter amnigenus, Enterobacter asburiae, Alcaligenes 

TABLE 2 Clinical characteristics and association with the occurrence of UTIs, N  =  688.

Variables No. tested for 
UTIs: 688

+ve for UTIs 
144(20.9%)

COR(95%CI) AOR(95%CI) p-value

HIV RNA

  ≥ 200 copies/ml 12(1.7) 9(75.0) 12.02(3.21, 45.01)* 12.24(3.24, 46.20) <0.01*

  <200 copies/ml 676(98.3) 135(20.0) 1

WHO HIV Clinical Staging

  T1 645(93.7) 136(21.1) 0.27(0.02, 4.30) 0.20(0.01, 3.41) 0.27

  III 41(6.0) 7(17.1) 0.21(0.01, 3.70) 0.17(0.01, 3.16) 0.23

  IV 2(0.3) 1(50.0) 1

ART Drug Regimen Receiving

  ZDV Containing 51(7.4) 12(23.5) 1.18(0.60, 2.31) 1.20(0.59, 2.43) 0.62

  Non-ZDV Containing 637(92.6) 132(20.7) 1

History of Anti-Tuberculosis Treatment

  Yes 218(31.7) 45(20.6) 0.98(0.66, 1.45) 1.07(0.40, 2.86) 0.89

  No 470(68.3) 99(21.1) 1

Outcome of the Anti-Tuberculosis Treatment

  Did not take 470(68.3) 100(21.3) 1.24(0.68, 2.27) 1.32(0.43, 4.03) 0.63

  Improved 134(19.5) 29(21.6) 1.27(0.64, 2.54) 1.15(0.55, 2.37) 0.71

  Cured 84(12.2) 15(17.9) 1

Nutritional Status Based on BMI(wt/ht2)

  <18.5 wt/ht2 59(8.6) 17(28.8) 1.37(0.59, 3.16) 1.50(0.63, 3.55) 0.36

  18.5–24.9 wt/ht2 406(59.0) 75(18.5) 0.77(0.39, 1.50) 0.80(0.40, 1.61) 0.54

  25–29.9 wt/ht2 166(24.1) 39(23.5) 1.04(0.51, 2.13) 1.12(0.54, 2.35) 0.76

  ≥ 30wt/ht2 57(8.3) 13(22.8) 1 1

UTIs, Urinary tract infections; T1, HIV stage after ART initiated, ZDV, zidovudine; WHO, World Health Organization; HIV, human immunodeficiency virus; wt/ht2, weight for height square; 
BMI, body mass index; wt/ht2, weight for height square; category of nutritional status: under nutrition (BMI: < 18.5wt/ht2), normal (BMI: 18.5–24.9wt/ht2), over nutrition (BMI: 25–29.9wt/
ht2), and obese (BMI:≥ 30wh/ht2).
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faecalis, and Salmonella species, demonstrated resistance to 
amoxicillin with clavulanic acid as well as other broad-spectrum 
antibiotics, including ciprofloxacin, ceftriaxone, azithromycin, 
gentamicin, and nalidixic acid (Table 3; Supplementary Table 1).

Over half of the E. coli isolates demonstrated resistance to multiple 
antibiotics: gentamicin (n = 44; 67.7%), amikacin (n = 46; 70.8%), 
nalidixic acid (n = 42; 64.6%), ciprofloxacin (n  = 40; 61.5%), and 
azithromycin (n = 45; 69.2%). Additionally, a significant proportion of 
K. pneumoniae isolates were resistant to amoxicillin (n = 11; 100%), 
amoxicillin + clavulanic acid (n = 11; 100%), ceftriaxone (n = 6; 54.5%), 
and sulfamethoxazole + trimethoprim (n = 7; 63.6%; Table  3; 
Supplementary Table 1).

All isolates of E. faecalis (n = 16; 100%), E. faecium (n = 6; 100%), and 
the single E. hirae isolate exhibited resistance to several antibiotics, 
including gentamicin, amikacin, nalidixic acid, chloramphenicol, 
ciprofloxacin, amoxicillin, amoxicillin + clavulanic acid, sulfamethoxazole 
+ trimethoprim, streptomycin, cefoxitin, kanamycin, clindamycin, and 
cephalothin. Additionally, all E. faecalis isolates (n = 16; 100%) were 
resistant to ceftriaxone, while only one E. faecium isolate (16.7%) showed 
resistance to ceftriaxone. None of the E. hirae isolates were resistant to 
ceftriaxone (Table 3; Supplementary Table 1).

All isolates of S. xylosus (n = 4; 100%), along with the single 
isolates of S. pasteuri and S. saprophyticus, were resistant to 
cefoxitin, amoxicillin, and amoxicillin + clavulanic acid. 
Additionally, these bacteria exhibited resistance to several 

broad-spectrum antibiotics, including amikacin, ciprofloxacin, 
ceftriaxone, erythromycin, kanamycin, clindamycin, and 
cephalothin (Table 3; Supplementary Table 1).

All S. aureus isolates were resistant to cefoxitin, amoxicillin, 
amoxicillin + clavulanic acid, and clindamycin. Additionally, over half 
of these isolates were resistant to ciprofloxacin, ceftriaxone, 
kanamycin, and cephalothin. These resistance patterns indicate that 
all S. aureus isolates in the study were methicillin-resistant, 
highlighting a significant challenge in treating infections caused by 
these bacteria (Table 3; Supplementary Table 1).

All bacterial isolates in the study were resistant to at least one 
antibacterial agent, with the highest multiple antimicrobial resistance 
index (MARI) observed among E. faecalis, S. xylosus, and E. coli. This 
indicates significant variability in ABR among the isolates 
(Supplementary Table 1).

A total of 138 isolates (91.4%) were resistant to at least one 
antibiotic in three or more categories, indicating MDR. Of these, 43 
isolates (31.2%) were resistant to all but two or three of the antibiotic 
categories tested, classifying them as XDR. The high variability in the 
MARI among the isolates that developed MDR and XDR highlights a 
concerning trend in the increasing complexity and capriciousness of 
ABR (Supplementary Table 1).

Discussion

Of the 688 study participants, 144 (20.9%) had culture-confirmed 
UTIs, with most being asymptomatic. This finding aligns with study 
from Ethiopia (18%) (22), Nigeria (19.3%) (50), and Tanzania (21.4%) 
(51). However, it is higher than other findings from Ethiopia, which 
range from 10.3 to 14.1% (4, 26, 28). Conversely, our study’s UTI 
prevalence is lower than the findings from South Africa (48.7%) (9), 
and another study from Nigeria (57.3%) (19). The observed differences 
could be attributed to several factors, including geographic location, 
sample size, immune status, and the level of adherence to ART drugs 
among the study participants.

Higher HIV RNA copies and the manifestation of UTI symptoms 
were found to be positively associated with the occurrence of UTIs. 
The most frequently identified bacterial uropathogen was E. coli, 
followed by E. faecalis and K. pneumoniae. Additionally, several rare 
UTI-causing bacterial isolates were identified, which exhibited high 
levels of ABR.

The link between higher levels of HIV RNA copies and the 
occurrence of UTIs highlights the intricate relationship between viral load 
and susceptibility to opportunistic infections, including UTIs. Elevated 
viral load often correlates with higher viral replication and a more active 
HIV infection, leading to the progressive depletion of CD4 cells. This 
results in a weakened immune system, increasing the risk of opportunistic 
infections. Various factors can influence this susceptibility, such as 
co-infections with other viruses, genetic factors, geographic location, 
lifestyle choices, nutrition, stress, and pregnancy, all of which contribute 
to a greater risk of acquiring infections such as UTIs (2).

Furthermore, the link between clinical symptoms of UTIs and the 
occurrence of UTIs may be attributed to the irritation of the bladder 
trigone or urethra. This irritation causes the bladder to contract, 
resulting in more frequent and painful urination (52).

The distribution of bacterial isolates causing UTIs revealed in the 
current study shows approximately three-fourths (n = 104; 68.9%) 

FIGURE 1

Proportion of bacterial species isolated among the PLHIV-acquired 
UTIs. Others includes: Proteus mirabilis (n  =  08; 5.6%); Klebsiella 
oxytoca (n  =  06; 4.2%); Enterobacter cloacae (n =  04; 2.8%); 
Enterobacter bugandensis (n  =  02; 1.4%); Klebsiella aerogenes (n  =  01; 
0.7%); Fusobacterium nucleatum (n  =  01;0.7%); Enterobacter 
amnigenus (n  =  01;0.7%); Enterobacter asburiae (n  =  01;0.7%); 
Cronobacter sakazakii (n  =  01;0.7%); Alcaligenes faecalis 
(n  =  01;0.7%); Salmonella species (n  =  01;0.7%); Pseudomonas fulva 
(n  =  01;0.7%); Staphylococcus aureus (n  =  08; 5.6%); Bacillus cereus 
(n  =  06; 4.2%); Enterococcus faecium (n  =  06; 4.2%); Staphylococcus 
xylosus (n  =  04; 2.8%); Staphylococcus sciuri (n  =  04; 2.8%); 
Staphylococcus pasteuri (n =  01; 0.7%); Staphylococcus 
saprophyticus (n  =  01; 0.7%); and Enterococcus hirae (n =  01; 0.7%).
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were Gram-negative organisms. This distribution aligns with study 
findings from Ethiopia (28), South  Africa (9), and Uganda (53). 
However, studies from other regions in Nigeria (19) and India (54) 
reported Gram-positive bacteria as the most prevalent UTI-causing 
bacteria among PLHIV. This variation could be due to differences in 
geographic location, characteristics of the study population, and the 
laboratory methodologies used for bacterial isolation in the 
different regions.

The frequent isolation of E. coli could be due to certain strains, 
known as uropathogenic E. coli (UPEC), possessing specialized 
virulence factors. These include adhesins (fim and pap operons), toxins 
(hemolysin and cytotoxic-necrotizing factors), and siderophores (fyuA 
gene), which facilitate their ability to cause UTIs. These virulence 
factors enable UPEC to adhere to the urinary tract epithelium, evade 
the host immune response, and acquire essential nutrients, thereby 
increasing their pathogenic potential (2). This finding aligns with 
studies conducted globally (55), as well as in Ethiopia (28), Nigeria 
(56), Uganda (53), and Croatia (57). However, contrary to our study, 
findings from Nigeria (19), Ghana (24), and India (54) revealed that 
the most frequently isolated bacterial species causing UTIs was 
S. aureus.

The identification of E. faecalis as the second most frequent 
bacterial species in this study, with a higher prevalence of ABR, 
could be due to its significant impact on vulnerable populations, 
such as those living with HIV (58). This pathogen’s resilience and 
adaptability make it particularly problematic in 
immunocompromised individuals, contributing to its prominence 
in such settings (58). This finding is consistent with studies from 

Tanzania (27) and Croatia (57), raising concerns regarding public 
health implications, especially in areas with limited access to effective 
antibiotics. The prevalence of E. faecalis and its resistance to 
antibiotics highlights the need for improved infection control 
measures and the development of more effective treatment strategies 
in such regions.

The less frequently isolated bacterial species causing UTIs 
reported in the current study raise concerns about the emergence 
of new pathogens contributing to UTI occurrence. This issue is 
significant for global public health, as it highlights the need for 
ongoing vigilance and research. The scientific community needs 
to investigate these emerging bacteria, understand their 
pathogenic mechanisms, and develop effective treatment and 
preventive strategies to address the evolving landscape of 
UTI pathogens.

The higher prevalence of bacterial uropathogens, including rarely 
identified pathogens causing UTIs, as revealed by studies in the 
region, highlights growing concerns about increasing ABR globally. 
This escalating threat of antimicrobial resistance (AMR) poses a 
substantial challenge to public health, particularly among PLHIV in 
sub-Saharan African countries where resources are limited (59). 
Addressing this issue requires a multi-faceted approach: enhanced 
surveillance, antibiotic stewardship, infection control measures, 
research and development, public awareness and education, 
strengthening healthcare systems, and global collaboration.

The finding that all bacterial isolates were resistant to at least one 
antibacterial agent, along with the high levels of MDR, underscores 
the gravity of the problem. This situation is concerning as it implies 

TABLE 3 Antimicrobial susceptibility profile of bacterial strains isolated from urine culture-positive study participants, N  =  151.

Bacterial 
isolates

% Resistant

Gram-
negative

GM AN NA C CIP CRO TE AMC AZM SXT S AMX FOX K F ERY CL CF

% % % % % % % % % % % % % % % % % %

E. coli; 

N = 65

67.7 70.8 64.6 26.2 61.5 13.8 50.8 23.1 69.2 29.2 52.3 36.9 NT NT NT NT NT NT

K. 

pneumoniae; 

N = 11

18.2 9.1 36.4 27.3 45.5 54.5 45.5 100 18.2 63.6 45.5 100 NT NT NT NT NT NT

Other; 

N = 28

57.1 28.6 28.6 35.7 35.7 32.1 25.0 35.7 25.0 32.1 46.4 82.1 NT NT NT NT NT NT

Gram-positive

E. faecalis; 

N = 16

100 100 100 100 100 100 0.0 100 93.7 100 100 100 100 100 37.5 0.0 100 100

Other; 

N = 31

41.9 41.9 51.6 51.6 67.7 45.2 29.0 28 35.5 45.2 54.8 100 83.9 77.4 58.1 41.9 90.3 67.7

Resistant also includes a moderate level of resistance; Abbreviations used for antibacterial disks: GM, gentamicin; AN, amikacin; NA, nalidixic acid; C, chloramphenicol; CIP, ciprofloxacin; 
CRo, ceftriaxone; TE, tetracycline; AMC, amoxicillin + clavulanic acid; AZM, azithromycin; SXT, sulfamethoxazole + trimethoprim; S, streptomycin; AMX, amoxicillin; CL, clindamycin; F, 
nitrofurantoin; K, kanamycin; ERY, erythromycin; FOX, cefoxitin; CF, cephalothin; NT, not tested. Other Gram-negative bacteria include Proteus mirabilis, N = 08, Klebsiella oxytoca, N = 06, 
Enterobacter cloacae, N = 04, Enterobacter bugandensis, N = 02, Klebsiella aerogenes, N = 01, Fusobacterium nucleatum, N = 01, Enterobacter amnigenus, N = 01, Enterobacter asburiae, N = 01, 
Cronobacter sakazakii, N = 01, Alcaligenes faecalis, N = 01, Salmonella species, N = 01, and Pseudomonas fulva, N = 01, while other Gram-positive bacteria include: Staphylococcus aureus, 
N = 08, Bacillus cereus, N = 06, Enterococcus faecium, N = 06, Staphylococcus xylosus, N = 04, Staphylococcus sciuri, N = 04, Staphylococcus pasteuri, N = 01, Staphylococcus saprophyticus, 
N = 01, Enterococcus hirae, N = 01.
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limited treatment options, an increased risk of complications, and 
significant public health implications.

The higher prevalence of ABR observed in the current study 
among E. coli isolates to various antibiotics: ciprofloxacin (61.5%), 
azithromycin (69.2%), and nalidixic acid (64.6%). This finding aligns 
with studies from Nigeria (50) and Ethiopia (4), indicating a 
broadening issue of AMR.

However, the variation in resistance patterns, such as the lower 
resistance rate reported in Harar, Ethiopia (20.5%) (22), highlights 
the multifactorial nature of AMR. Differences in resistance patterns 
across regions can be attributed to factors such as local antibiotic 
prescribing practices, infection control measures, healthcare 
infrastructure, and the prevalence of resistance genes. This highlights 
the need for region-specific strategies to monitor and address 
resistance trends effectively.

The observed high prevalence of ABR among P. mirabilis to 
various antibiotics, such as amoxicillin, amoxicillin+clavulanic acid, 
and gentamicin, aligns with study findings from Nigeria (50) and 
Ethiopia (22). This widespread resistance poses significant challenges 
for treatment. However, the contrasting results from India (60) 
highlight the variability of antibiotic resistance patterns across 
different regions. This variability highlights the importance of local 
surveillance and tailored treatment strategies to effectively manage 
and address antibiotic resistance in different settings.

The World Health Organization has identified MRSA as a 
significant pathogen that poses serious health risks (61). MRSA alone 
was responsible for over 100,000 deaths in 2019 (62). The current 
study found that all S. aureus isolates were resistant to cefoxitin, 
indicating a 100% prevalence of MRSA. This rate is notably higher 
than the 27.9% prevalence reported in Ireland (63).

The high prevalence of MRSA in this study may be attributed to 
factors such as the inappropriate use of antibiotics, which can drive 
the development and spread of resistant strains. This highlights the 
urgent need for improved antibiotic stewardship and infection 
control measures.

This study highlights a crucial aspect that could further enhance 
its comprehensiveness, investigating other potential causative agents 
of UTIs beyond bacterial isolates. By including viruses and fungi, 
researchers could gain a more complete understanding of the 
prevalence, etiology, and management of UTIs among PLHIV. Such 
an approach would provide a broader perspective on the range of 
pathogens involved, potentially leading to more effective diagnostic 
and treatment strategies.

Conclusion

The current study revealed a high prevalence of UTIs and 
elevated levels of ABR as compared to similar studies in other regions. 
Independent predictors for UTI occurrence identified in the study 
include higher HIV RNA copies and the manifestation of UTI 
symptoms during the study period. The predominant bacterial 
isolates in this population were E. coli, K. pneumoniae, and E. faecalis. 
This finding highlights the need for targeted surveillance, raising 
public awareness, integrating UTI screening programs for PLWH, 
establishing measures for responsible antibiotic use and antibiotic 

stewardship programs, and tailoring treatment strategies to address 
the unique challenges posed by these pathogens and resistance 
patterns in the study population. The study also found several rare 
UTI-causing bacterial species which need to be investigated.

Data availability statement

The data presented in the study are deposited in the Mendeley 
data repository. This data can be found here: https://data.mendeley.
com/datasets/cg8y6cvs3f/1, DOI: 10.17632/cg8y6cvs3f.1.

Ethics statement

The studies involving humans were approved by College of Health 
Sciences, and Aklilu Lemma Institute of Pathobiology Addis Ababa 
University. The studies were conducted in accordance with the local 
legislation and institutional requirements. Written informed consent 
for participation in this study was provided by the participants’ legal 
guardians/next of kin.

Author contributions

KG: Writing – review & editing, Writing – original draft, 
Visualization, Validation, Supervision, Software, Resources, Project 
administration, Methodology, Investigation, Formal analysis, Data 
curation, Conceptualization. EY: Software, Methodology, Writing – 
review & editing, Formal analysis, Data curation. HA: Methodology, 
Writing – original draft, Supervision, Project administration, 
Conceptualization. GM: Writing – review & editing, Software, Formal 
analysis, Data curation. GB: Writing – review & editing. SB: Writing 
– review & editing. WA: Writing – review & editing, Supervision, 
Resources, Project administration, Methodology, Funding acquisition, 
Conceptualization. TE: Writing – review & editing, Supervision, 
Resources, Project administration, Methodology, Funding acquisition.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study is 
supported by the Addis Ababa University Thematic Research Support 
Center with funding number RD/LT 025/2019.

Acknowledgments

The authors would like to thank Addis Ababa University for 
funding this research, Aklilu Lemma Institute of Pathobiology 
laboratory staff members, and study participants for their valuable 
time. The authors also express their gratitude to the Wudassie 
Diagnostic Center for allowing the use of matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) 
for the identification of bacterial isolates at the species level.

https://doi.org/10.3389/fpubh.2024.1394842
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://data.mendeley.com/datasets/cg8y6cvs3f/1
https://data.mendeley.com/datasets/cg8y6cvs3f/1
https://doi.org/10.17632/cg8y6cvs3f.1


Gebremedhin et al. 10.3389/fpubh.2024.1394842

Frontiers in Public Health 10 frontiersin.org

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1394842/
full#supplementary-material

References
 1. Öztürk R, Murt A. Epidemiology of urological infections: a global burden. World J 

Urol. (2020) 38:2669–79. doi: 10.1007/s00345-019-03071-4

 2. Amaya-Tapia G, Ibarra-Nieto G, Rivas OC, Sánchez JLG. Urinary tract infection 
in HIV/AIDS patients In: DW Hegazy, FDAA El and DLJ Lwegasila, editors. Urinary 
tract infections. Rijeka: IntechOpen (2023)

 3. Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary tract infections: 
epidemiology, mechanisms of infection and treatment options. Nat Rev Microbiol. 
(2015) 13:269–84. doi: 10.1038/nrmicro3432

 4. Tessema NN, Ali MM, Zenebe MH. Bacterial associated urinary tract infection, 
risk factors, and drug susceptibility profile among adult people living with HIV at 
Haswassa university comprehensive specialized hospital, Hawassa. Southern Esthiopia 
Scientific Reports. (2020) 10:10790. doi: 10.1038/s41598-020-67840-7

 5. Farajnia S, Alikhani MY, Ghotaslou R, Naghili B, Nakhlband A. Causative agents 
and antimicrobial susceptibilities of urinary tract infections in the northwest of Iran. Int 
J Infect Dis. (2009) 13:140–4. doi: 10.1016/j.ijid.2008.04.014

 6. National Healthcare Safety Network. Urinary tract infection (catheter-associated 
urinary tract infection [CAUTI] and non-catheter-associated urinary tract infection 
[UTI]) Events Definitions: Centers for Disease Control and Prevention. (2022) Retrieved 
from https://www.cdc.gov/nhsn/pdfs/pscmanual/7psccauticurrent.pdf (Accesed January 
24, 2024).

 7. Sabih A, Leslie SW. Complicated urinary tract infections. Treasure Island (FL): 
(2023). Retrieved from https://www.ncbi.nlm.nih.gov/books/NBK436013/ (Accesed 
February 9, 2024).

 8. Vasudevan R. Urinary tract infection: an overview of the infection and the 
associated risk factors. J Microbiol Experimentation. (2014) 1:42–54. doi: 10.15406/
jmen.2014.01.00008

 9. Iweriebor BC. Uropathogens isolated from HIV-infected patients from Limpopo 
Province. South Africa African J Biotechnol. (2012) 11:10598–604. doi: 10.5897/
AJB10.2413

 10. Çoban B, Ülkü N, Kaplan H, Topal B, Erdoğan H, Baskın E. Five-year assessment 
of causative agents and antibiotic resistances in urinary tract infections. Turk pediatri 
arsivi. (2014) 49:124–9. doi: 10.5152/tpa.2014.1505

 11. Jensen MLV, Siersma V, Søes LM, Nicolaisdottir D, Bjerrum L, Holzknecht BJ. 
Prior antibiotic use increases risk of urinary tract infections caused by resistant 
Escherichia coli among elderly in primary care: A case-control study. Antibiotics (Basel, 
Switzerland). (2022) 11:11. doi: 10.3390/antibiotics11101382

 12. Imam Talha H. Bacterial urinary tract infections. (2023). Retrieved from https://
www.merckmanuals.com/professional/authors/imam-talha. (Accesed February 3, 2024).

 13. Sato K, Ichiyama S, Ohmura M, Takashi M, Agata N, Ohta M, et al. A case of 
urinary tract infection caused by Bacillus cereus. J Inf Secur. (1998) 36:247–8. doi: 
10.1016/S0163-4453(98)80032-7

 14. Nakamura T, Ishikawa K, Matsuo T, Kawai F, Uehara Y, Mori N. Enterococcus hirae 
bacteremia associated with acute pyelonephritis in a patient with alcoholic cirrhosis: a 
case report and literature review. BMC Infect Dis. (2021) 21:999. doi: 10.1186/
s12879-021-06707-2

 15. Kwok AYC, Chow AW. Phylogenetic study of Staphylococcus and Macrococcus 
species based on partial hsp60 gene sequences. Int J Syst Evol Microbiol. (2003) 53:87–92. 
doi: 10.1099/ijs.0.02210-0

 16. Al-Mathkhury H, Flayyih M, Alghrair Z. Pathological study on Staphylococcus 
Xylosus isolated from patients with urinary tract infections. J Al-Nahrain University. 
(2008) 11:123–30. doi: 10.22401/JNUS.11.2.18

 17. Li R, Leslie SW. Cystitis. (2023). Retrieved from https://pubmed.ncbi.nlm.nih.
gov/29494042/ (Accesed February 3, 2024).

 18. Bettcher CM, Campbel E, Petty LA, Rew KT, Zelnik JC, Lane GI. Ambulatory 
urinary tract infection (UTI) in adults, pregnant women and minors key points 
diagnosis. United States of America: University of Michigan Health System (2021).

 19. Kemajou TS, Ajugwo AO. Antibiotic resistance of bacterial isolates from HIV 
positive patients with urinary tract infection (UTI) in Portharcourt, Nigeria. J AIDS & 
Clinical Res. (2016) 7:8–11. doi: 10.4172/2155-6113.1000594

 20. Yigzaw M, Habtegiorgis S, Assfaw W, Alemu S, Birlew T, Bekele G, et al. Magnitude 
and associated factors of urinary tract infections among adults living with HIV in 
Ethiopia. Systematic review and meta-analysis PLOS ONE. (2022) 17:e0264732. doi: 
10.1371/journal.pone.0264732

 21. Akinbami A, Bode-Shojobi I, Ajibola S, Oshinaike O, Adediran A, Ojelabi O, et al. 
Prevalence of asymptomatic bacteriuria in HIV infected patients in a tertiary Hospital 
in Lagos. Nigeria World J AIDS. (2013) 3:105–10. doi: 10.4236/wja.2013.32014

 22. Marami D, Balakrishnan S, Seyoum B. Prevalence, antimicrobial susceptibility 
pattern of bacterial isolates, and associated factors of urinary tract infections among 
HIV-positive patients at Hiwot Fana specialized university hospital, eastern Ethiopia. 
The Canadian journal of infectious diseases & medical microbiology = Journal canadien 
des maladies infectieuses et de la microbiologie medicale. (2019) 2019:1–8. doi: 
10.1155/2019/6780354

 23. Getaneh T, Negesse A, Dessie G, Desta M, Tigabu A. Prevalence of urinary tract 
infection and its associated factors among pregnant women in Ethiopia: a systematic 
review and Meta-analysis. Biomed Res Int. (2021) 2021:1–12. doi: 10.1155/2021/6551526

 24. Barnie PP, Akwetey S, Swallah MM, Omane D, Acheampong D, Kwakye-Nuako 
G. Occurrence and distribution of bacterial Uropathogens among antiretroviral therapy 
users and non-users. Cape Coast Teaching Hospital. (2019) 8:543–9. Available at: http://
onlinejournal.org.uk/index.php/ajmu

 25. Giannakopoulos X, Sakkas H, Ragos V, Tsiambas E, Bozidis P, Evangelou AM, et al. 
Impact of enterococcal urinary tract infections in immunocompromised – neoplastic 
patients. J BUON. (2019) 24:1768–75.

 26. Fenta GM, Legesse MH, Weldearegay GM. Bacteriuria and their antibiotic 
susceptibility patterns among people living with HIV attending Tikur Anbessa 
specialized and Zewditu memorial hospital ART clinics, Addis Ababa, Ethiopia. J 
Bacteriol Parasitol. (2016) 7:07. doi: 10.4172/2155-9597.1000292

 27. Ngowi BN, Sunguya B, Herman A, Chacha A, Maro E, Rugarabamu LF, et al. 
Prevalence of multidrug resistant UTI among people living with HIV in northern 
Tanzania. Infection and Drug Resistance. (2021) 14:1623–33. doi: 10.2147/IDR.S299776

 28. Hantalo A, Haile K, Bisetegen F, Woldeamanuel Y, Haile Hantalo A, Haile Taassaw 
K, et al. Isolation and antibiotic susceptibility pattern of bacterial Uropathogens and 
associated factors among adult people living with HIV/AIDS attending the HIV Center 
at Wolaita Sodo University Teaching Referral Hospital, South Ethiopia. HIV/AIDS 
(Auckland, NZ). (2020) 12:799–808. doi: 10.2147/HIV.S244619

 29. Alemu A, Dagnew M, Alem M, Gizachew M. Uropathogenic bacterial isolates and 
their antimicrobial susceptibility patterns among HIV/AIDS Patients Attending Gondar 
University Specialized Hospital Gondar, Northwest Ethiopia. J Microbiol Res. Rev. (2013) 
1:42–51.

 30. Britannica T. Editors of Encyclopaedia (2021, October 22). Addis Ababa. 
Encyclopedia Britannica. (2022) Retrieved from https://www.britannica.com/place/
Addis-Ababa (Accesed July 15, 2024).

 31. The Wikipedia free encyclopedia. Adama town description. (2023). Retrieved from 
https://en.wikipedia.org/wiki/Adama (Accessed on July, 24, 2023).

 32. World Population Review. Ethiopia population 2024 (live). (2024). Retrieved from 
https://worldpopulationreview.com/countries/ethiopia-population (Accessed on July, 
24, 2023).

 33. Ethiopian Public Health Institute. HIV related estimates and projections in 
Ethiopia for the year 2021–2022 August 2022 Addis Ababa. (2023) Retrieved from 
https://ephi.gov.et/wp-content/uploads/2021/02/HIV-Estimates-and-projection-for-
the-year-2022-and-2023.pdf (Accesed February 15, 2024).

 34. Ethiopian Public Health Institute. Service provision assessment 2021–22. (2023). 
Retrieved from https://dhsprogram.com/pubs/pdf/SPA36/SPA36.pdf (Accesed February 
15, 2024).

https://doi.org/10.3389/fpubh.2024.1394842
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1394842/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1394842/full#supplementary-material
https://doi.org/10.1007/s00345-019-03071-4
https://doi.org/10.1038/nrmicro3432
https://doi.org/10.1038/s41598-020-67840-7
https://doi.org/10.1016/j.ijid.2008.04.014
https://www.cdc.gov/nhsn/pdfs/pscmanual/7psccauticurrent.pdf
https://www.ncbi.nlm.nih.gov/books/NBK436013/
https://doi.org/10.15406/jmen.2014.01.00008
https://doi.org/10.15406/jmen.2014.01.00008
https://doi.org/10.5897/AJB10.2413
https://doi.org/10.5897/AJB10.2413
https://doi.org/10.5152/tpa.2014.1505
https://doi.org/10.3390/antibiotics11101382
https://www.merckmanuals.com/professional/authors/imam-talha
https://www.merckmanuals.com/professional/authors/imam-talha
https://doi.org/10.1016/S0163-4453(98)80032-7
https://doi.org/10.1186/s12879-021-06707-2
https://doi.org/10.1186/s12879-021-06707-2
https://doi.org/10.1099/ijs.0.02210-0
https://doi.org/10.22401/JNUS.11.2.18
https://pubmed.ncbi.nlm.nih.gov/29494042/
https://pubmed.ncbi.nlm.nih.gov/29494042/
https://doi.org/10.4172/2155-6113.1000594
https://doi.org/10.1371/journal.pone.0264732
https://doi.org/10.4236/wja.2013.32014
https://doi.org/10.1155/2019/6780354
https://doi.org/10.1155/2021/6551526
http://onlinejournal.org.uk/index.php/ajmu
http://onlinejournal.org.uk/index.php/ajmu
https://doi.org/10.4172/2155-9597.1000292
https://doi.org/10.2147/IDR.S299776
https://doi.org/10.2147/HIV.S244619
https://www.britannica.com/place/Addis-Ababa
https://www.britannica.com/place/Addis-Ababa
https://en.wikipedia.org/wiki/Adama
https://worldpopulationreview.com/countries/ethiopia-population
https://ephi.gov.et/wp-content/uploads/2021/02/HIV-Estimates-and-projection-for-the-year-2022-and-2023.pdf
https://ephi.gov.et/wp-content/uploads/2021/02/HIV-Estimates-and-projection-for-the-year-2022-and-2023.pdf
https://dhsprogram.com/pubs/pdf/SPA36/SPA36.pdf


Gebremedhin et al. 10.3389/fpubh.2024.1394842

Frontiers in Public Health 11 frontiersin.org

 35. McCollum BJ, Garigan T, Earwood J. PURL: can drinking more water prevent 
urinary tract infections? J Fam Pract. (2020) 69:E19–20. doi: 10.1136/
bmjebm-2018-111143

 36. Phuoc Anne A. How long do antibiotics stay in your system? What does antibiotic 
half-life mean? (2024). 1–7. Retrieved from https://www.verywellhealth.com/how-long-
do-antibiotics-stay-in-your-system-7561099?print (Accesed July 20, 2024).

 37. Bent S, Nallamothu BK, Simel DL, Fihn SD, Saint S. Does this woman have an 
acute uncomplicated urinary tract infection? JAMA. (2002) 287:2701–10. doi: 10.1001/
jama.287.20.2701

 38. WHO and UNAIDS. Hiv in P Regnancy: A R Eview. (2005). Retreived from 
https://www.unaids.org/sites/default/files/media_asset/jc151-hiv-in-pregnancy_en_1.
pdf (Accesed February 15, 2024).

 39. Somé EN, Engebretsen IMS, Nagot N, Meda NY, Vallo R, Kankasa C, et al. HIV-1 
disease progression in immune-competent HIV-1-infected and breastfeeding mothers 
participating in the ANRS 12174 clinical trial in Burkina Faso, South Africa, Uganda 
and Zambia: a cohort study. BMJ Open. (2018) 8:e019239–14. doi: 10.1136/
bmjopen-2017-019239

 40. Muturi M. Scholarship @ Claremont effect of poor menstrual health on UTI 
diagnosis to the keck science department.  (2023). Retrieved from https://scholarship.
claremont.edu/cgi/viewcontent.cgi?article=1161&context=pitzer_theses (Accesed 
February 15, 2024).

 41. Collins and Lyne’s. Microbiological methods Collins and Lyne’s eighth edition.  
(2004). Retreieved from https://mmstcchemistry.weebly.com/ (Accesed February 3, 
2024).

 42. Chen Y-C, Chang C-C, Chiu THT, Lin M-N, Lin C-L, Chen YC, et al. The risk of 
urinary tract infection in vegetarians and non-vegetarians: a prospective study. Sci Rep. 
(2020) 10:906. doi: 10.1038/s41598-020-58006-6

 43. McNulty CA, Jones L. Diagnosis of urinary tract infections quick reference tool 
for primary care for consultation and local adaptation about Public Health England. 
England: PHE publications (2020).

 44. Perilla MJ, Ajello G, Bopp C, Elliott J, Facklam R, Popovic T, et al. Manual for the 
laboratory identification and antimicrobial susceptibility testing of bacterial pathogens 
of public health importance in the developing world. Haemophilus influenzae Neisseria 
meningitidis Streptococcus pneumoniae Neisseria gonorrhoeae Salm. US: Atlanta Georgia 
United States Centers for Disease Control and Prevention [CDC] National Center for 
infectious diseases. (2003): 1–62.

 45. National Institute of Open Schooling. Bacterial identification tests. (2012):122–134. 
Retrieved from https://nios.ac.in/media/documents/dmlt/Microbiology/Lesson-11.pdf 
(Accesed February 5, 2024).

 46. De Bruyne K, Slabbinck B, Waegeman W, Vauterin P, De Baets B, Vandamme P. 
Bacterial species identification from MALDI-TOF mass spectra through data analysis 
and machine learning. Syst Appl Microbiol. (2011) 34:20–9. doi: 10.1016/j.
syapm.2010.11.003

 47. Rafailidis PI, Kofteridis D. Proposed amendments regarding the definitions of 
multidrug-resistant and extensively drug-resistant bacteria. Expert Rev Anti-Infect Ther. 
(2022) 20:139–46. doi: 10.1080/14787210.2021.1945922

 48. Maddukuri G, Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, 
et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an 
international expert proposal for interim standard definitions for acquired resistance. 
Clin Microbiol Infect. (2012) 18:268–81. doi: 10.1111/j.1469-0691.2011.03570.x

 49. Afunwa RA, Ezeanyinka J, Afunwa EC, Udeh AS, Oli AN, Unachukwu M. Multiple 
antibiotic resistant index of gram-negative Bacteria from bird droppings in two 
commercial poultries in Enugu. Nigeria Open J Med Microbiol. (2020) 10:171–81. doi: 
10.4236/ojmm.2020.104015

 50. Essien UC, Iheukwumere CC, Davou GI, Sheyin Z, Okolie CE, Ede FR, et al. 
Prevalence and predictors of asymptomatic urinary tract infection among HIV positive 
patients in Jos. Int J Curr Microbiol App Sci. (2015) 4:454–62.

 51. Chaula T, Seni J, Ngwalida N, Kajura A, Mirambo MM, De Vinney R, et al. Urinary 
tract infections among HIV-positive pregnant women in Mwanza City, Tanzania, are 
high and predicted by Low CD4+ count. Int J Microbiol. (2017) 2017:1–7. doi: 
10.1155/2017/4042686

 52. Maddukuri G. Phatophysiology of dysuria. (2022). Available at: https://www.
google.com/search?client=firefox-b-d&q=Phatophysiology+of+Dysuria (Accesed 
February 15, 2024).

 53. Abongomera G, Koller M, Musaazi J, Lamorde M, Kaelin M, Tasimwa HB, et al. 
Spectrum of antibiotic resistance in UTI caused by Escherichia coli among HIV-infected 
patients in Uganda: a cross-sectional study. BMC Infect Dis. (2021) 21:1–7. doi: 10.1186/
s12879-021-06865-3

 54. Rashmi KSS, Ravikumar KLL, Jagadeesh N, Bhagyashree HNN, Jagadeesh N, et al. 
Asymptomatic bacteriuria in HIV/AIDS patients: occurrence and risk associated with 
low CD4 counts. J Evol Med Dent Sci. (2013) 2:3358–66. doi: 10.14260/jemds/705

 55. Tandogdu Z, Wagenlehner FME. Global epidemiology of urinary tract infections. 
Curr Opin Infect Dis. (2016) 29:73–9. doi: 10.1097/QCO.0000000000000228

 56. Kanu AM, Mgbajiaka N, Abadom N. Prevalence of urinary tract infection among 
HIV patients in aba. Nigeria Int J Infectious Dis. (2016) 45:229. doi: 10.1016/j.
ijid.2016.02.517

 57. Schönwald S, Begovac J, Skerk V. Urinary tract infections in HIV disease. Int J 
Antimicrob Agents. (1999) 11:309–11. doi: 10.1016/S0924-8579(99)00036-9

 58. Ali S, Alemayehu M, Dagnew M, Gebrecherkos T. Vancomycin-resistant 
enterococci and its associated risk factors among HIV-positive and -negative clients 
attending Dessie referral hospital. Northeast Ethiopia Int J Microbiol. (2018) 2018:1–9. 
doi: 10.1155/2018/4753460

 59. B-Lajoie M-R, Drouin O, Bartlett G, Nguyen Q, Low A, Gavriilidis G, et al. 
Incidence and prevalence of opportunistic and other infections and the impact of 
antiretroviral therapy among HIV-infected children in Low- and middle-income 
countries: a systematic review and Meta-analysis. Clin Infect Dis. (2016) 62:1586–94. doi: 
10.1093/cid/ciw139

 60. Ifeanyichukwu I. Frequency and Antibiogram of Uropathogens isolated from urine 
samples of HIV infected patients on antiretroviral therapy. American J BioSci. (2013) 
1:50. doi: 10.11648/j.ajbio.20130103.11

 61. Center for Disease Control. Antibiotic Resistance Threats in the United States. 
(2019). Atlanta, GA: Human Services, CDC. doi: 10.15620/cdc:82532

 62. World Health Organization. Global priority list of antibiotic-resistant Bacteria 
to guide research, Discovery, and Development. (2017). Retrieved from https://
policycommons.net/artifacts/1818147/global-priority-list-of-antibiotic-resistant-
bacteria-to-guide-research-discovery-and-development/ (Accesed February 20, 
2024).

 63. Looney AT, Redmond EJ, Davey NM, Daly PJ, Troy C, Carey BF, et al. Methicillin-
resistant Staphylococcus aureus as a uropathogen in an Irish setting. Medicine. (2017) 
96:e4635. doi: 10.1097/MD.0000000000004635

 64. CLSI. Methods for antimicrobial dilution and disk susceptibility testing of 
infrequently isolated or fastidious Bacteria; proposed guideline. Guidelines CLSI. (2016) 
35:24. Retrieved from https://clsi.org/media/1450/m45ed3_sample.pdf (Accesed 
February 26, 2024)

 65. CLSI. Catalogue 2019  - the highest standards for Global Health care. (2019). 
Retrieved from https://clsi.org/media/3266/catalog2019_web.pdf (Accesed February 15, 
2024)

https://doi.org/10.3389/fpubh.2024.1394842
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1136/bmjebm-2018-111143
https://doi.org/10.1136/bmjebm-2018-111143
https://www.verywellhealth.com/how-long-do-antibiotics-stay-in-your-system-7561099?print
https://www.verywellhealth.com/how-long-do-antibiotics-stay-in-your-system-7561099?print
https://doi.org/10.1001/jama.287.20.2701
https://doi.org/10.1001/jama.287.20.2701
https://www.unaids.org/sites/default/files/media_asset/jc151-hiv-in-pregnancy_en_1.pdf
https://www.unaids.org/sites/default/files/media_asset/jc151-hiv-in-pregnancy_en_1.pdf
https://doi.org/10.1136/bmjopen-2017-019239
https://doi.org/10.1136/bmjopen-2017-019239
https://scholarship.claremont.edu/cgi/viewcontent.cgi?article=1161&context=pitzer_theses
https://scholarship.claremont.edu/cgi/viewcontent.cgi?article=1161&context=pitzer_theses
https://mmstcchemistry.weebly.com/
https://doi.org/10.1038/s41598-020-58006-6
https://nios.ac.in/media/documents/dmlt/Microbiology/Lesson-11.pdf
https://doi.org/10.1016/j.syapm.2010.11.003
https://doi.org/10.1016/j.syapm.2010.11.003
https://doi.org/10.1080/14787210.2021.1945922
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.4236/ojmm.2020.104015
https://doi.org/10.1155/2017/4042686
https://www.google.com/search?client=firefox-b-d&q=Phatophysiology+of+Dysuria
https://www.google.com/search?client=firefox-b-d&q=Phatophysiology+of+Dysuria
https://doi.org/10.1186/s12879-021-06865-3
https://doi.org/10.1186/s12879-021-06865-3
https://doi.org/10.14260/jemds/705
https://doi.org/10.1097/QCO.0000000000000228
https://doi.org/10.1016/j.ijid.2016.02.517
https://doi.org/10.1016/j.ijid.2016.02.517
https://doi.org/10.1016/S0924-8579(99)00036-9
https://doi.org/10.1155/2018/4753460
https://doi.org/10.1093/cid/ciw139
https://doi.org/10.11648/j.ajbio.20130103.11
https://doi.org/10.15620/cdc:82532
https://policycommons.net/artifacts/1818147/global-priority-list-of-antibiotic-resistant-bacteria-to-guide-research-discovery-and-development/
https://policycommons.net/artifacts/1818147/global-priority-list-of-antibiotic-resistant-bacteria-to-guide-research-discovery-and-development/
https://policycommons.net/artifacts/1818147/global-priority-list-of-antibiotic-resistant-bacteria-to-guide-research-discovery-and-development/
https://doi.org/10.1097/MD.0000000000004635
https://clsi.org/media/1450/m45ed3_sample.pdf
https://clsi.org/media/3266/catalog2019_web.pdf


Gebremedhin et al. 10.3389/fpubh.2024.1394842

Frontiers in Public Health 12 frontiersin.org

Glossary

A/A Acid/acid

A/K Acid/base

A/R Acid/red

AIDS Acquired immunodeficiency syndrome

ART Antiretroviral therapy

ATCC American Type Culture Collection

CLED Cystine–lactose–electrolyte-deficient agar

EMB Eosin-methylene blue

HIV Human immunodeficiency virus

LIA Lysine iron agar

MARI Multiple antibiotic resistance index

MDR Multidrug resistance

MRSA Methicillin-resistant Staphylococcus aureus

PDR Pan-drug resistance

PLHIV People living with HIV

RNA Ribonucleic acid

SPP Species

TSA Triple sugar agar

UPEC Uropathogenic E. coli

UTIs Urinary tract infections

WHO World Health Organization

XDR Extensive drug resistance
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