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Abstract: Background: Widespread and rapidly emerging multidrug-resistant uropathogens, particu-
larly carbapenem-resistant pathogens, are a public health concern that impairs the determination of
empirical therapy. This study aims to evaluate the antimicrobial susceptibility profile and factors
associated with catheter-associated urinary tract infection (CA-UTI). Method: This retrospective
study was carried out on a total of 779 urine cultures over a 3-year period. Antimicrobial sensitivity
tests were performed using the standard Kirby–Bauer disk diffusion method. Results: The preva-
lence of CA-UTI in our study was 12.7%; a total of 47% of cultures had multi-drug-resistant (MDR)
uropathogens, and 13% of the cultures showed extended-spectrum beta-lactamase (ESBL)-producing
pathogens. Elderly patients, intensive care unit admissions, and associated comorbidities were
correlated with higher rates of CA-UTI caused by multidrug-resistant uropathogens (p < 0.021, 95%
CI: 0.893–2.010), (p < 0.008, 95% CI: 1.124–5.600), (p < 0.006, 95% CI: 0.953–2.617). Latex catheters
and prolonged catheterization time were associated with increased risk of CA-UTI (p < 0.0001, 95%
CI: 0.743–1.929, p = 0.012, 95% CI: 0.644–4.195). Patients with MDR uropathogens had prolonged
hospital stays, i.e., 49% in more than 2 weeks (p < 0.04, 95% CI: 0.117–3.084). E. coli was the most
common pathogen (26.3%), followed by Acinetobacter baumannii (24.3%). Acinetobacter baumannii
showed the highest MDR pattern (88.5%), followed by Pseudomonas aeruginosa (68%). Acinetobacter
baumannii and Klebsiella pneumoniae were associated with prolonged hospital stays (>2 w at 73.1
and 69%, respectively). Higher antimicrobial resistance against ceftriaxone (85.7%), meropenem
(54.3%), ertapenem (50%), ciprofloxacin (58.5%), amikacin (27%), tigecycline (7.6%), and colistin
(4.6%), was revealed in the study. Conclusion: Aside from the higher antimicrobial resistance against
cephalosporins and fluoroquinolones, the findings of this study revealed that carbapenems are facing
increased rates of antimicrobial resistance and are associated with substantial morbidity, prolonged
hospitalization times, and increased healthcare expenses.

Keywords: catheter-associated UTI; multidrug-resistant; intensive care unit

1. Introduction

Urinary tract infections (UTIs) are the most common infections worldwide and are
a major healthcare obstacle that impacts over 150 million people annually [1]. Catheter-
associated UTI (CA-UTI) is the most common hospital-acquired UTI, accounting for more
than 80% of cases and affecting more than 1 million patients each year [2]. The risk
of CA-UTI increases by 3–7% per day, as 20% of hospitalized patients are catheterized
during admissions (45–79% of patients in intensive care units, as well as 17–23% of pa-
tients in medical and surgical wards) [3]. The term catheter-acquired infection refers to
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asymptomatic bacteriuria (CA-ASB), whereas CA-UTI refers to symptomatic patients [3].
CA-UTI is one of the most common nosocomial infections and leads to significant morbidity
and increased healthcare expenditures, as it is associated with an increased number of
multidrug-resistance (MDR) uropathogens with significant antimicrobial resistance [4,5].
More than 80% of isolated bacteria associated with CA-UTI are resistant to various classes
of antimicrobials.

Several studies have reported well-established risk factors, including the duration of
catheterization, older age, female gender, urological procedures, and not maintaining a
closed drainage system [6]. Many studies have reported that numerous uropathogens are
resistant to commonly used antibiotics, which challenges the treatment and empiric therapy
of patients with CA-UTI with MDR microorganisms [7]. Despite the increasing concern
relating to antimicrobial-resistant pathogens, the number of UTI patients is increasing
swiftly, and the nature of the infection is diverse according to local and geographical
locations [8].

Increasing antimicrobial resistance rates among CA-UTI caused by uropathogens
exhibiting MDR patterns is a worldwide concern. To date, there have been no studies
reported from Somalia. This is the first study aiming to evaluate the prevalence of CA-
UTI, the most common bacterial uropathogens, the length of hospital stay, factors and
comorbidities associated with CA-UTI, and the antimicrobial susceptibility profile against
uropathogens including MDR.

2. Method

This is a retrospective study conducted at Mogadishu Somali Turkish Reccep Tayyip
Erdogan Training and Research Hospital over a 3 year period (from January 2019 to
December 2021). This study included 99 patients with confirmed catheter-associated
urinary tract infection whose urine cultures showed bacterial growth. The Centers for
Disease Control and Prevention (CDC) defines CA-UTI as a symptomatic UTI episode
following urinary catheterization for more than 48 h at the time of diagnosis with a single
uropathogen with >100,000 CFU/mL in one urine culture [4].

All patients with newly inserted urethral catheters who developed CA-UTI in all
ages and gender groups with symptoms of infection and catheter in situ for more than
48 h whose urine cultures showed bacterial growth were included in the study. Non-
catheterized patients, those with positive urine culture within less than 48 h after admission
or antimicrobial use prior to catheterization, were excluded from the study.

The analytic parameters include age, gender, side of admission (intensive care unit,
surgical and medical wards), most common bacterial uropathogens, length of hospital
stay, factors and comorbidities associated with CA-UTI, and the antimicrobial suscepti-
bility profile against uropathogens including MDR. Antimicrobial resistance to at least
one antibiotic drug in three or more antimicrobial classes (extended-spectrum penicillins,
cephalosporins, fluoroquinolones, carbapenems, and aminoglycosides) was considered a
multidrug-resistant uropathogen.

The catheter urine samples were aseptically obtained from the sampling port in the
drainage system with a sterile needle after cleansing the sampling port of the urethral
catheter. Samples were collected in well preserved containers and transferred promptly to
the microbiology and laboratory unit, and were cultured on the selected medium cultures.
The identification of the uropathogens was achieved by a combination of a BD BBL crystal
identification system with a series of biochemical tests according to the system of the
Clinical and Laboratory Standards Institute (CLSI). The growth of a single uropathogen
with >100,000 CFU/mL represents CA-UTI [8]. The production of extended-spectrum
beta-lactamases (ESBL) was identified from positive urine cultures using cephalosporins
(ceftriaxone (30 µg), +cefotaxime (30 µg), +ceftazidime (30 µg)) and amoxicillin–clavulanic
acid (20/10 µg) as the identifying disc to differentiate the patterns of growth between
antibiotics with a lactamase inhibitor and those without. Subsequently, antimicrobial
sensitivity tests were performed using the standard Kirby–Bauer disk diffusion method
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and commercial disks (Oxoid discs). Antimicrobial susceptibility testing (AST) against
uropathogens was determined by the disk diffusion zone of growth inhibition and MIC
values (susceptible (S) and resistant (R) categories) according to the CLSI criteria, except
for breakpoints for tigecycline, where we used the FDA’s criteria for minimum inhibitory
concentration (MICs) breakpoints for susceptible (≤2 mg/L), intermediate (4 mg/L), and
resistant (≥8 mg/L) categories [9]. The minimum inhibitory concentration of 2 µg/mL col-
istin was the clinical breakpoint following the Clinical and Laboratory Standards Institute
and European Committee on Antimicrobial Susceptibility Testing [10]. The studied antibi-
otics against pathogens were ciprofloxacin (5 Mcg), nitrofurantoin (300 Mcg), trimetho-
prim/sulfamethoxazole (1.25/23.75 Mcg), cephazolin (30 µg), meropenem (10 Mcg), er-
tapenem (10 Mcg), piperacillin (100 µg), piperacillin/tazobactam (100/10 Mcg), colistin
(10 Mcg), linezolid (30 Mcg), amikacin (30 Mcg), tigecycline (15 µg), cefepime (30 µg),
ceftazidime (30 µg), clindamycin (2 Mcg), penicillin (G 1 U), vancomycin (30 Mcg), dap-
tomycin (30 Mcg), cefoxitin (30 Mcg), tetracycline (30 Mcg), erythromycin (15 Mcg), and
teicoplanin (30 µg).

The ethical committee of our institution received the ethics approval form (REF. MSTH-
9005). Because we used the electronic medical records in the hospital information system
and there was no harm to the patients, informed consent was not required. The descriptive
univariate study design was used to analyze the analytic parameters. The frequencies and
proportions were presented as point estimates in categorical variables, and the mean (±SD)
in quantitative variables. To detect the significant association between the variables, the
bivariate analysis was used. A p value of <0.05 was considered statistically significant. The
binary logistic regression model included variables that exhibited statistical significance
in the bivariate analysis. The 95% CIs were calculated to determine the association. All
statistical analyses were performed using the Statistical Package for Social Sciences (SPSS-
IBM) for Windows Version 23.

3. Results

This retrospective study was carried out on a total of 779 urine cultures performed in
the microbiology unit of our hospital over a 3-year period. The prevalence of CA-UTI in our
study was 12.7%. The mean age of the patients was 41.2 years. Elderly patients, intensive
care unit admissions, and associated comorbidities were correlated with higher rates of
CA-UTI caused by multidrug-resistant uropathogens (p < 0.021, 95% CI: 0.893–2.010),
(p < 0.008, 95% CI: 1.124–5.600), (p < 0.006, 95% CI: 0.953–2.617). Latex catheters and

prolonged catheterization time were associated with increased risk of CA-UTI, (p < 0.0001,
95% CI: 0.743–1.929, p = 0.012, 95% CI: 0.644–4.195). The mean length of the patients’
hospital stays was 20.9 days. There was no statistically significant difference in terms
of length of hospital stay in ICU and non-ICU patients (p = 0.377). Patients with MDR
uropathogens had prolonged hospital stays, with 49% staying at the hospital for more than
2 weeks (p < 0.04, 95% CI: 0.117–3.084). Sixty-four percent of the CA-UTI patients were
male, and 36.4% were female. There was no statistically significant association between
CA-UTI and gender groups (p = 0.061). Regarding the age distribution of the cases, the
most predominant age group was 19–39 years (about 38.1%), followed by ≥60 years (about
29.3%), 40–59 years (23.75%), and the least predominant age group was under 18 years
(about 10.3%). Most of the study cases were admitted in the ICU (58.5%), and 41.4% were
admitted in the surgical and medical units (Table 1).

According to the distribution of uropathogens, E. coli was the most common pathogen
(26.3%), followed by Acinetobacter baumannii (24.3%), Pseudomonas aeruginosa (19.2%), and
Klebsiella pneumoniae (13.1%). Gram-negative uropathogens constituted 88.9% and Gram-
positive constituted 11.1% of the total pathogens. Acinetobacter baumannii showed the
highest MDR pattern (88.5%) and was the most predominant pathogen in the ICU (73.1),
followed by Pseudomonas aeruginosa (68%). Forty-seven percent of the cases had multidrug-
resistant (MDR) uropathogens. Acinetobacter baumannii and Klebsiella pneumoniae were
associated with prolonged hospital stays (>2 weeks at 73.1% and 69%, respectively). Thir-
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teen percent of the cultures showed ESBL-producing pathogens, and Klebsiella pneumoniae
was the most predominant pathogen in 7/13 cases followed by E. coli (16.6%) (Table 2).
Most of the ESBL-producing pathogens had an MDR pattern (about 61.5%, or 8/13).

Table 1. Factors associated with CA-UTI caused by MDR-uropathogens.

Factors
MDR

p-Value 95% CI
Yes No

Age
≤18 y

19–39 y
40–59 y
≥60 y

1
17
12
16

9
20
11
11

p < 0.021 0.893–2.010

Gender
Male

Female
28
18

34
17

p = 0.061 0.643–1.263

Site of admission
Non-ICU

ICU
13
33

28
23

p < 0.008 1.124–5.600

Catheter
Latex

Silicon
37
9

39
14

p < 0.0001 0.743–1.929

Duration of catheterization
2–4 days

5–10 days
>10 days

6
19
21

23
26
4

p = 0.012 0.644–4.195

Comorbidities
Renal failure

Diabetes
Cancer

8
12
3

15
6
8

p < 0.006 0.953–2.617

Length of hospital stay (LOS)
1–7 days
8–14 days
>2 weeks

4
13
29

5
16
30

p < 0.04 0.117–3.084

The antimicrobial resistance pattern against the uropathogens is shown in Table 3.
The highest antimicrobial resistance against uropathogens was associated with cephazolin
(96%), cefuroxime (93.5%), ampicillin (94.3%), ceftriaxone (85%), and amoxicillin–clavulanic
acid (75%). Higher antimicrobial resistance against carbapenems was revealed through the
study, with 54.3% against meropenem, 50% in ertapenem, and 35% toward imipenem. We
revealed an increasing antimicrobial resistance toward tigecycline (7.6%), colistin (4.6%),
and vancomycin (14.3%). Flouroquinolones (ciprofloxacin at 58.5% and levofloxacin at
42.8%), and aminoglycosides (gentamycin at 59.3% and amikacin at 27%) were shown to be
resistant to the pathogens. The study showed that more than half of E. coli isolates (59.5%)
were resistant to fluoroquinolones (ciprofloxacin at 68.7% and levofloxacin at 52.4%), 61.6%
of cephalosporins, and 7–30% of the carbapenems. Increasing antimicrobial resistance
against Pseudomonas aeruginosa was noticed throughout the study in the following drugs:
ceftazidime (53.8%), piperacillin–tazobactam and ciprofloxacin (14.3%), and colistin (14%).
The lowest resistance rate against Acinetobacter baumannii was shown in tigecycline (0%),
and colistin (4%). Staphylococcus aureus showed an antimicrobial resistance rate of about
16.6% against vancomycin and linezolid.
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Table 2. Distribution of uropathogens that showed bacterial growth including ESBL and MDR
pathogens.

Type of Microorganisms No. Patients Percentage

Gram-negative pathogens 88 88.9%

E. coli
ESBL-producing E. coli

MDR
Yes
No

26
4

5
21

26.3%

Klebsiella pneumoniae
ESBL-producing Klebsiella

MDR
Yes
No

13
7

6
7

13.1%

Acinetobacter baumannii
MDR
Yes
No

24

21
3

24.3%

Pseudomonas aeruginosa
MDR
Yes
No

19

9
10

19.2%

Proteus mirabilis
MDR
Yes
No

3

1
2

3%

Enterobacter spp.
ESBL-producing

MDR
Yes
No

1
1

0
1

1%

Pantoea agglomerans
ESBL-producing

MDR
Yes
No

1
1

0
1

1%

Citrobacter freundii
MDR
Yes
No

1

0
1

1%

Gram-positive pathogens 11 11.1%

Staphylococcus aureus
MDR
Yes
No

9

2
7

9.1%

Enterococcus spp.
MDR
Yes
No

2

0
2

2%

Total 99 100.0%
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Table 3. The antimicrobial resistance pattern against the medications including specific antimicrobial
resistance patterns against Gram-negative uropathogens.

Medications Total/Resistant E. coli Klebsiella
pneumoniae

Pseudomonas
aeruginosa

Acinetobacter
baumannii

Cephazolin 25 (96%) 85.7% 100% 100% 100%

Cefotaxime 24 (79.2%) 66.6% 100% 50% 100%

Cefoxitin 41 (70.7%) 50% 71.4% 75% 100%

Cefuroxime 46 (93.5%) 100% 85.7% 85.7% 100%

Ceftriaxone 7 (85.7%) 100% 100% 100%

Ceftazidime 26 (53.8%) 53.8% 50%

Cefepime 20 (85%) 81.8% 100%

Cefixime 20 (55%) 66% 60% 30% 100%

Ampicillin 53 (94.3%) 100% 100% 100% 100%

Cefoperazone–sulbactam 49 (30.6%) 6.6% 60% 0% 100%

Amoxicillin–clavulanic acid 40 (75%) 53.3% 85.7% 88.9% 100%

Gentamicin 54 (59.3%) 61.5% 71.4% 45.5% 100%

Amikacin 63 (27%) 0% 0% 20% 73.6%

SMX-TMP 53 (84.9%) 91% 77.7% 89% 100%

Ciprofloxacin 65 (58.5%) 68.7% 50% 14.3% 94.1%

Levofloxacin 28 (42.8) 52.4% 66.6% 100%

Nitrofurantoin 3 (100%)

Fosfomycin 3 (33.3%)

Imipenem 54 (35.3%) 7.1% 11.1% 15.4% 92.8%

Meropenem 46 (54.3%) 10% 57.1% 50% 93.7%

Ertapenem 34 (50%) 30% 37.5% 80% 85.7%

Linezolid 10 (40%) 8.3%

Piperacillin 26 (69.2%) 20% 57% 100%

Piperacillin–tazobactam 37 (48.6%) 33% 25% 14.3% 100%

Vancomycin 7 (14,3%)

Tigecycline 26 (7.6%) 0% 0% 10.5% 0%

Colistin 43 (4.6%) 0% 0% 14% 4%

Daptomycin 6 (33.3%)

Clindamycin 8 (12.5%)

Ampicillin/sulbactam 7 (14.3%)

4. Discussion

Widespread and rapidly emerging multidrug-resistant (MDR) uropathogens, par-
ticularly carbapenem-resistant pathogens, are a public health concern that impairs the
determination of empirical antibiotic therapy [11]. Carbapenem-resistant Enterobacte-
riaceae (CRE) isolates have grown in number in the last decades. This is a healthcare
challenge requiring complex and prolonged antimicrobial management due to the associ-
ated morbidity and mortality despite the related MDR and XDR pattern. A prospective
study of a total of 105 urine cultures from catheterized patients admitted to the intensive
care unit reported that Gram-negative MDR uropathogens had higher antimicrobial re-
sistance against meropenem (53.84%), imipenem (19.23%), and amikacin (46.15%), which
coheres with our findings (35–54% antimicrobial resistance against carbapenems) [12].
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Jayakaran, et al. reported that Gram-negative MDR uropathogens exhibited 37.6% antimi-
crobial resistance against carbapenems, mainly in ICU patients, which corresponds to the
current study [13]. Knowledge about the local antimicrobial resistance rates, surveillance,
and better adherence to the guidelines for improved diagnosis and management, and
the future development of new antibiotic agents, are essential for the consideration of an
optimal treatment of the MRD uropathogens.

The study showed that more than half of E. coli isolates (59.5%) were resistant to fluoro-
quinolones (ciprofloxacin in 68.7% and levofloxacin in 52.4%) and 61.6% of cephalosporins,
which matches a consensus review in the Asia-Pacific region on the increased rates of an-
timicrobial resistance; this review reported that nearly half of Escherichia coli urinary isolates
were resistant to fluoroquinolones and cephalosporins [14]. E.coli displayed high rates of
antimicrobial resistance against fluoroquinolones (71%), which is higher than our find-
ings [15]. Acinetobacter baumannii was the most frequent pathogen that exhibited an MDR
and XDR pattern. Fortunately, the pathogens revealed a satisfiable sensitivity rate against
tigecycline (100%) and colistin (96%). Klebsiella pneumoniae-related catheter-associated uri-
nary tract infections were related to a higher rate of extended-spectrum β-lactamase (ESBL)
expression (54%) and multidrug resistance (MDR) pattern (46%). Klebsiella pneumoniae were
associated with prolonged hospital stays >2 weeks (69%) [16].

Pseudomonas aeruginosa is responsible for 12% of all catheter-associated UTIs, making
it the third most common organism isolated from CA-UTI patients, as noticed in our study,
after E. coli and Acinetobacter baumannii [17]. Increasing antimicrobial resistance against
Pseudomonas aeruginosa was noticed throughout the study. A study of 40 patients with
CA-UTI conducted by Barbadoro P and associates reported that the most common isolated
pathogen was Pseudomonas aeruginosa (41.5%); all the isolated Pseudomonas aeruginosa were
shown to be extensively drug resistant against medications, being susceptible only to
colistin (100%) [6].

Elderly patients, latex catheters, prolonged catheterization time, and intensive care unit
admissions were found to increase the likelihood of CA-UTI caused by MDR uropathogens [18].
A systematic review and meta-analysis of a total of 8785 UTI patients with and without
catheters over 10 years by Li F, et al. reported that female gender, prolonged duration of
catheterization and previous catheterization, diabetes, prolonged hospital stay, and inten-
sive care unit admission led to a high risk for catheter-associated urinary tract infection
in patients [19]. A total of 58.5% of our cases were admitted to the ICU, and ICU stay was
significantly associated with the development of CA-UTI (odds ratio 1.122, 95% confidence
interval 1.074–1.173, p < 0.001) as reported by Kim, B et al. [20].

The prevalence of CA-UTI in our study was 12.7%, which corresponds with that of
previously reported studies [19]. Regarding the gender distribution of CA-UTI, our studies
revealed that being male is a risk factor, with males accounting for 64.6% of cases, which
agrees with the previously reported studies on this topic [19]. E. coli was the most common
pathogen (26.3%), followed by Acinetobacter baumannii (24.3%), Pseudomonas aeruginosa
(19.2%), and Klebsiella pneumoniae (13.1%). A systematic review including 75 five studies
reported Candida spp. to be the most frequent pathogen isolated from CA-UTI patients
(27.4%), followed by Escherichia spp. (23.41%) and Enterococcus spp. (15.0%) [15]. Similar to
our findings, many studies have reported that E. coli followed by Klebsiella pneumoniae, was
the most commonly isolated uropathogen from urine cultures [21]. In our study, 47% of
cases had MDR uropathogens (antimicrobial resistance to at least one antibiotic drug in
three or more antimicrobial classes). A cross-sectional study conducted in southern Ethiopia
reported a higher rate of MDR isolates in 37 out of 42 patients (88.1%) [22]. CA-UTI is
associated with a prolonged length of hospital stay (extra 900,000 days per year), increased
comorbidity, and increased mortality rates (estimated 7500 deaths annually) [17].

The constant monitoring and reporting of local antimicrobial resistance patterns is cru-
cial to help clinicians in the treatment and management of CAUTIs caused by uropathogens
exhibiting multidrug-resistant patterns.
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Strengths and limitations: This is a retrospective study missing some important factors
that impact the development of CA-UTI caused by uropathogens exhibiting MDR patterns,
including previous catheterization and previous antimicrobial use. Although this study is
the first study reported from Somalia, it is a single-center-based study and the sample size
is small. Continuous surveillance of the local antimicrobial resistance pattern is essential
for the identification of an optimal treatment.

5. Conclusions

Increasing antimicrobial resistance rates among CA-UTI caused by uropathogens
exhibiting MDR patterns is a worldwide concern. Forty-seven percent of the cases had
multidrug-resistant (MDR) uropathogens. Acinetobacter baumannii showed the highest
MDR patterns. Fortunately, the lowest resistance rates were displayed against tigecycline
and colistin. The findings of this study revealed that being elderly, intensive care unit
admissions, latex catheters, and prolonged catheterization time were found to increase the
likelihood of CA-UTI caused by MDR uropathogens. Widespread and rapidly emerging
MDR uropathogens, particularly carbapenem-resistant pathogens, are a public health
concern that impairs the determination of empirical antibiotic therapy.
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4. Tenke, P.; Mezei, T.; Bőde, I.; Köves, B. Catheter-associated Urinary Tract Infections. Eur. Urol. Suppl. 2017, 16, 138–143. [CrossRef]
5. Kennedy, E.H.; Greene, M.T.; Saint, S. Estimating hospital costs of catheter-associated urinary tract infection. J. Hosp. Med. 2013, 8,

519–522. [CrossRef] [PubMed]
6. Barbadoro, P.; Labricciosa, F.M.; Recanatini, C.; Gori, G.; Tirabassi, F.; Martini, E.; Gioia, M.G.; D’Errico, M.M.; Prospero, E.

Catheter-associated urinary tract infection: Role of the setting of catheter insertion. Am. J. Infect. Control 2015, 43, 707–710.
[CrossRef] [PubMed]

http://doi.org/10.1186/s13756-019-0656-6
http://www.ncbi.nlm.nih.gov/pubmed/31827779
http://doi.org/10.1186/2047-2994-3-23
http://www.ncbi.nlm.nih.gov/pubmed/25075308
http://doi.org/10.1016/j.eursup.2016.10.001
http://doi.org/10.1002/jhm.2079
http://www.ncbi.nlm.nih.gov/pubmed/24038833
http://doi.org/10.1016/j.ajic.2015.02.011
http://www.ncbi.nlm.nih.gov/pubmed/25840715


Trop. Med. Infect. Dis. 2022, 7, 42 9 of 9

7. Almalki, M.A.; Varghese, R. Prevalence of catheter associated biofilm producing bacteria and their antibiotic sensitivity pattern. J.
King Saud Univ.-Sci. 2020, 32, 1427–1433. [CrossRef]

8. Mohamed, A.H.; Mohamud, M.F.Y.; Mohamud, H.A. Epidemiology and antimicrobial susceptibility pattern of uropathogens
in patients with the community-and hospital-acquired urinary tract infections at a tertiary hospital in somalia. Jundishapur J.
Microbiol. 2020, 13, 1–7. [CrossRef]

9. Humphries, R.; Bobenchik, A.M.; Hindler, J.A.; Schuetz, A.N. Overview of Changes to the Clinical and Laboratory Standards
Institute Performance Standards for Antimicrobial Susceptibility Testing, M100, 31st Edition. J. Clin. Microbiol. 2021, 59, e0021321.
[CrossRef]

10. Satlin, M.J.; Lewis, J.S.; Weinstein, M.P.; Patel, J.; Humphries, R.M.; Kahlmeter, G.; Giske, C.G.; Turnidge, J. Clinical and Laboratory
Standards Institute and European Committee on Antimicrobial Susceptibility Testing Position Statements on Polymyxin B and
Colistin Clinical Breakpoints. Clin. Infect. Dis. 2020, 71, E523–E529. [CrossRef]

11. Zowawi, H.M.; Harris, P.N.; Roberts, M.J.; Tambyah, P.A.; Schembri, M.A.; Pezzani, M.D.; Williamson, D.A.; Paterson, D.L. The
emerging threat of multidrug-resistant Gram-negative bacteria in urology. Nat. Rev. Urol. 2015, 12, 570–584. [CrossRef] [PubMed]

12. Maharjan, G.; Khadka, P.; Siddhi Shilpakar, G.; Chapagain, G.; Dhungana, G.R. Catheter-Associated Urinary Tract Infection and
Obstinate Biofilm Producers. Can. J. Infect. Dis. Med. Microbiol. 2018, 2018, 7624857. [CrossRef] [PubMed]

13. Jayakaran, J.; Soundararajan, N.; Shanmugam, P. Phenotypic and genotypic characterization of multidrug-resistant isolates from
patients with catheter-associated urinary tract infection in a tertiary care hospital. J. Lab. Physicians. 2019, 11, 206–211. [CrossRef]
[PubMed]

14. Hsueh, P.R.; Hoban, D.J.; Carmeli, Y.; Chen, S.Y.; Desikan, S.; Alejandria, M.; Ko, W.C.; Binh, T.Q. Consensus review of the
epidemiology and appropriate antimicrobial therapy of complicated urinary tract infections in Asia-Pacific region. J. Infect. 2011,
63, 114–123. [CrossRef]

15. Peng, D.; Li, X.; Liu, P.; Luo, M.; Chen, S.; Su, K.; Zhang, Z.; He, Q.; Qiu, J.; Li, Y. Epidemiology of pathogens and antimicrobial
resistanceof catheter-associated urinary tract infections in intensivecare units: A systematic review and meta-analysis. Am. J.
Infect. Control 2018, 46, e81–e90. [CrossRef]

16. Liu, X.; Sai, F.; Li, L.; Zhu, C.; Huang, H. Clinical characteristics and risk factors of catheter-associated urinary tract infections
caused by Klebsiella Pneumoniae. Ann. Palliat. Med. 2020, 9, 2668–2677. [CrossRef]

17. Cole, S.J.; Records, A.R.; Orr, M.W.; Linden, S.B.; Lee, V.T. Catheter-associated urinary tract infection by Pseudomonas aeruginosa
is mediated by exopolysaccharide-independent biofilms. Infect. Immun. 2014, 82, 2048–2058. [CrossRef]

18. Quijada-Martínez, P.; Flores-Carrero, A.; Labrador, I.; Millán, Y.; Araque, M. Microbiological Profile and Molecular Character-
ization of Multidrug-Resistant Gram-Negative Bacilli Producing Catheter-Associated Urinary Tract Infections in the Internal
Medicine Services of a Venezuelan University Hospital. Austin. J. Infect. Dis. 2017, 4, 1–8.

19. Li, F.; Song, M.; Xu, L.; Deng, B.; Zhu, S.; Li, X. Risk factors for catheter-associated urinary tract infection among hospitalized
patients: A systematic review and meta-analysis of observational studies. J. Adv. Nurs. 2019, 75, 517–527. [CrossRef]

20. Kim, B.; Pai, H.; Choi, W.S.; Kim, Y.; Kweon, K.T.; Kim, H.A.; Ryu, S.Y.; Wie, S.H.; Kim, J. Current status of indwelling urinary
catheter utilization and catheter-associated urinary tract infection throughout hospital wards in Korea: A multicenter prospective
observational study. PLoS ONE 2017, 12, e0185369. [CrossRef]

21. Sabir, N.; Ikram, A.; Zaman, G.; Satti, L.; Gardezi, A.; Ahmed, A.; Ahmed, P. Bacterial biofilm-based catheter-associated urinary
tract infections: Causative pathogens and antibiotic resistance. Am. J. Infect. Control 2017, 45, 1101–1105. [CrossRef] [PubMed]

22. Oumer, Y.; Dadi, B.R.; Seid, M.; Biresaw, G.; Manilal, A. Catheter-associated urinary tract infection: Incidence, associated factors
and drug resistance patterns of bacterial isolates in southern ethiopia. Infect. Drug Resist. 2021, 14, 2883–2894. [PubMed]

http://doi.org/10.1016/j.jksus.2019.11.037
http://doi.org/10.5812/jjm.107453
http://doi.org/10.1128/JCM.00213-21
http://doi.org/10.1093/cid/ciaa121
http://doi.org/10.1038/nrurol.2015.199
http://www.ncbi.nlm.nih.gov/pubmed/26334085
http://doi.org/10.1155/2018/7624857
http://www.ncbi.nlm.nih.gov/pubmed/30224941
http://doi.org/10.4103/JLP.JLP_22_19
http://www.ncbi.nlm.nih.gov/pubmed/31579254
http://doi.org/10.1016/j.jinf.2011.05.015
http://doi.org/10.1016/j.ajic.2018.07.012
http://doi.org/10.21037/apm-20-1052
http://doi.org/10.1128/IAI.01652-14
http://doi.org/10.1111/jan.13863
http://doi.org/10.1371/journal.pone.0185369
http://doi.org/10.1016/j.ajic.2017.05.009
http://www.ncbi.nlm.nih.gov/pubmed/28629757
http://www.ncbi.nlm.nih.gov/pubmed/34335034

	Introduction 
	Method 
	Results 
	Discussion 
	Conclusions 
	References

