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Introduction: Catheter-associated urinary tract infections (CAUTIs) are the most common 
nosocomial infection and a leading cause of morbidity. The aim of this study was to determine 
the prevalence, associated factors and antibiogram of the bacterial isolates among CAUTIs patients.
Methods: A facility-based, cross-sectional study was conducted from March to 
December 2019 at Arba Minch General Hospital, Southern Ethiopia. Clinical and socio- 
demographic data were obtained using a questionnaire. Clean catch midstream urine samples 
were collected and inoculated onto blood agar, MacConkey agar, and cysteine lactose 
electrolyte deficient agar (CLED). The inoculated culture media were incubated in an aerobic 
atmosphere at 37°C for 24 h. After overnight incubation, the bacterial growth on the 
respective media was inspected visually and graded for the presence of significant bacter-
iuria. A significant bacteriuria was considered, if pure culture at a concentration of ≥105 

colony forming unit (CFU)/mL. All isolates were further identified using colony morphology 
and biochemical tests. Antimicrobial sensitivity was determined by modified Kirby–Bauer 
disc diffusion method. Data were analyzed using SPSS version 25. P-value less than 0.05 
was used as statistical significance.
Results: The overall incidence of symptomatic CAUTIs was 39/231 (16.8%). Independent 
predictors of CAUTIs were prolonged (≥7 days) catheterization (AOR = 3.6, 95% CI = 1.0– 
12.2), diabetes mellitus (AOR = 5.3, 95% CI = 1.4–19.6) and insertion of catheter in surgical 
ward (AOR = 3.6, 95% CI = 1.08–12.28). The most common bacterial isolates were E. coli 17/42 
(40.5%), Klebsiella species 9/42 (21.4%) and Enterococcus species 5/42 (11.9%). High (>80%) 
drug resistance was observed against cotrimoxazole, cefoxitin and tetracycline. Ciprofloxacin 
and nitrofurantoin were the most active drugs. The overall prevalence of MDR among isolates 
was 37/42 (88.1%). Most bacterial isolates 30/42 (71.4%) were biofilm producers.
Conclusion: High levels of drug resistance were observed to commonly used antibiotics. In 
our study, biofilm-producing bacterial isolates were the predominant cause of CAUTIs. 
Therefore, continuous surveillance of antimicrobial resistance patterns is necessary to help 
physicians in treatment and management of CAUTIs.
Keywords: catheter-associated urinary tract infections, uropathogens, antimicrobial 
susceptibility, risk factors

Introduction
Catheter-associated urinary tract infections (CAUTIs) continue to be among the 
most common health-care associated infections worldwide: CAUTIs account for 
40% of all hospital-acquired infections and 80% of all nosocomial urinary tract 
infections (UTIs).1 If inadequately treated, CAUTIs may progress to complications 
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such as cystitis, pyelonephritis, Gram-negative bacteremia, 
endocarditis, vertebral osteomyelitis, septic arthritis, and 
meningitis in all patients2 and these lead to discomfort for 
the patient, with an excess mortality rate of 23 deaths per 
1000 inpatients and excess costs of $1000/case, i.e., addi-
tional costs per hospital acquired infection.3

It is estimated that 10–12% of hospitalized patients and 
4% of patients in the community have urinary catheters 
in situ at any given time.4 Female sex, old age, duration of 
hospital stay, impaired immunity, opening a closed system, 
disease comorbidity and measures (i.e., diabetes mellitus, 
renal disease, and use of systemic antibiotics) and subop-
timal aseptic techniques are risk factors of CAUTIs.5,6

Bacteria can enter the bladder during insertion of the 
catheter, through the catheter lumen, or from around the 
outside of the catheter. The most common infecting 
organisms are Escherichia coli, Klebsiella species, 
Proteus species, Enterococcus species, Pseudomonas spe-
cies, Enterobacter species and Serratia species.7 

Antimicrobial resistance among urinary pathogens has 
been an ever-increasing problem in the last few decades; 
there have been significant changes in the antibiogram of 
CAUTIs bacterial isolates and reports on spread of resis-
tance among them.8 The combination of emerging multi-
drug resistant (MDR) bacteria along with the defense 
afforded by biofilm formation are set to make successful 
treatment with systemic antibiotics ever more difficult to 
achieve.9,10 CAUTIs are a major health concern; under-
standing the risk factors, incidence of bacterial isolates, 
biofilm formation and antimicrobial susceptibility patterns 
in catheterized patients is very important for proper treat-
ment and management of CAUTIs since these data are 
lacking in the study area.

Methods
Study Design, Setting and Population
A facility-based cross-sectional study was conducted from 
March to December 2019 at Arba Minch General Hospital 
(AMGH), Southern Ethiopia. The study population was 
catheterized patients who stayed on a catheter for more 
than 48 h and with signs and symptoms of UTIs at AMGH 
during the study period. Inclusion criteria are catheterized 
patients who stayed on catheter for more than 48 h and 
with at least two of the following signs and symptoms of 
UTIs: fever, suprapubic tenderness, costovertebral angle 
pain or tenderness, urinary urgency, urinary frequency and 
dysuria.11 According to Centers for Disease Control and 

Prevention (CDC) criteria patients are said to have symp-
tomatic CAUTI if there is significant bacteriuria (≥105 cfu/ 
mL) with at least two signs and/or symptoms of acute UTI 
(from the following: fever, suprapubic tenderness, costo-
vertebral angle pain or tenderness, urinary urgency, urinary 
frequency and dysuria) with an indwelling urethral cathe-
ter in place for more than 2 days. Patients were excluded if 
they (a) have recent history of UTI (within 6 months), (b) 
those who were on antimicrobial treatment of urinary tract 
infection or immunosuppressive drugs (within 2 weeks), 
(c) have a positive urine culture with significant bacterial 
count on the day of urinary catheter placement, (d) those 
who were catheterized outside the hospital, (e) those who 
were unconscious or had cognitive impairment, (f) those 
who were catheterized other than Foley catheter (g) isola-
tion of polymicrobial growth in cultures, (h) refused to 
participate or were discharged or transferred to other hos-
pitals with maintained catheter.

Data Collection and Laboratory 
Investigations
Socio-demographic data were collected with a pre-tested, 
well designed questionnaire through face to face interview. 
Patients’ medical data such as comorbidities, reasons for 
admission, admission ward, duration of hospitalization, 
duration of catheterization, reason for catheterization and 
place of catheter insertion were taken from patients’ med-
ical records (supplemented by patient interviews). 
A clinical examination was performed on each participant 
with due emphasis on signs and symptoms compatible 
with UTI (which include at least two of the following 
signs and/or symptoms: fever, suprapubic pain or tender-
ness, costo-vertebral angle pain or tenderness, dysuria, 
urgent or frequent urination and suprapubic pain or tender-
ness). Catheterized patients who stayed on catheter for 
more than 48 hand with at least two of the following 
signs and/or symptoms of UTIs: fever, suprapubic tender-
ness, costovertebral angle pain or tenderness, urinary 
urgency, urinary frequency and dysuria were included in 
this study.

A freshly voided clean catch midstream urine sample 
(10–20 mL) was collected with a wide mouth sterile con-
tainer with screw cap before catheter insertion. In patients 
with short-term (<7 days) catheterization, urine specimens 
were obtained by sampling through the catheter port using 
aseptic technique (disinfecting with 70% alcohol) or, if 
a port is not present, by puncturing the catheter tubing 
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with a needle and syringe after clamping (catheter urine is 
taken in this case because risk of contamination is low). In 
patients with long-term (> 7 days) indwelling catheters, 
urine sample was collected after catheter was replaced 
from the freshly placed catheter. All collection was done 
immediately prior to initiating antimicrobial therapy. The 
urine samples were immediately transported to the 
Microbiology and Parasitology Laboratory of Arba 
Minch University for microbiological investigations.

Urine samples were inoculated simultaneously onto 
blood agar, MacConkey agar, and cysteine lactose electro-
lyte deficient agar (CLED) [Oxoid Ltd Co., Basingstoke, 
UK] using a sterile calibrated inoculating loop capable of 
transferring 0.001 mL. Inoculated culture media were 
incubated in aerobic atmosphere at 37°C for 24 h. After 
overnight incubation, the bacterial growth on the respec-
tive media was inspected visually and graded for the pre-
sence of significant bacteriuria. However, if growth was 
not detected, the culture plates were re-incubated for an 
additional 24 hbefore the culture was considered negative.

A significant bacteriuria was considered, if pure culture 
at a concentration of ≥105 colony forming unit (CFU)/mL 
and for cultures that contained two organisms we only sub- 
cultured the predominant organism because the organism 
of lower numbers is unlikely to be causing disease. If both 
were present at >10,000 CFU/mL, we sub-cultured both 
organisms. The persistence of the same organism on 
repeated urine cultures was considered as a pathogen 
even if the colony counts were low (i.e., <10,000 CFU/ 
mL). All isolates were further identified using colony 
morphology and biochemical tests.12,13

Antimicrobial susceptibility testing was performed 
based on Kirby Bauer disc diffusion method using 
Clinical and Laboratory Standard Institute (CLSI) 
guidelines.14 A homogeneous suspension equivalent to 
that of 0.5 McFarland standards was prepared from an 
overnight pure culture of respective bacteria isolates and 
inoculated to Mueller Hinton agar plates. The inoculated 
plates were left at room temperature to dry for 3–5 min 
and a set of antibiotic discs were placed on the plates. The 
following antibiotic discs with their respective concentra-
tions were used: penicillin (10 μg), ampicillin (10 μg), 
gentamicin (10 μg), ciprofloxacin (5 μg), tetracycline (30 
μg), erythromycin (15 μg), vancomycin (30 μg), chloram-
phenicol (30 μg), norfloxacin (10 μg), nitrofurantoin (300 
μg), cefoxitin (30 μg), and ceftriaxone (30 μg) for Gram- 
positive bacteria and ampicillin (10 μg), piperacillin (100 

μg), cefoxitin (30 μg), cefepime (30 μg), ceftriaxone (5 
μg), gentamicin (10 μg), ciprofloxacin (5 μg), tetracycline 
(30 μg), meropenem (10 μg), amikacin (30 μg), naldixic 
acid (30 μg), norfloxacin (10 μg), nitrofurantoin (300 μg) 
and ceftazidime (30 μg) for Gram-negative bacteria. The 
plates were then incubated at 37°C for 16–18 h. Results 
were interpreted as sensitive, intermediate and resistant 
according to the guidelines of the CLSI.14 Multidrug resis-
tance (MDR) was determined when an organism was 
resistant to greater than three classes (categories) of anti-
microbial agents.12,14,25

Each isolate’s in vitro biofilm-forming ability was 
quantified using the microtiter plate analysis. In brief, 20 
µL of bacterial suspension was adjusted to a 0.5 
McFarland turbidity and then 180 µL of TSB supplemen-
ted with 1% glucose were inoculated on each well in the 
microtiter plate to attain a final volume of 200 µL along 
with positive control organism and incubated at 37°C for 
24 h. A sterile broth was used as a blank and negative 
control. After incubation, the plates were tapped and wells 
washed with 300 μL of phosphate buffer saline (pH 7.2) 
four times to remove free-floating bacteria. Biofilms that 
remained adhered to the walls and the bottom of the wells 
were fixed using methanol and stained with 0.1% crystal 
violet. Excess stain was washed with distilled water and 
the plates were left for air drying. Optical density (OD) 
was measured by using a microplate reader at 
a wavelength of 570 nm. The cut-off optical density 
(OD) was calculated and defined as three standard devia-
tions above the mean OD of the negative control and 
accordingly the OD was found to be 0.214. Finally, the 
OD value of a tested strain was expressed as the average 
OD after subtracting the OD, 0.214 from the measured 
OD. Results were interpreted based on the OD value such 
as non-biofilm producer if OD ≤ 0.214, weak biofilm 
producer if the value was between 0.214 and 0.428, mod-
erate if between 0.428 and 0.856, and strong if OD ≥ 
0.856.15

Data Quality Assurance
Pre-test was conducted in Chencha Hospital (Arba Minch, 
Ethiopia) on 5% of study participants to assure that the data 
collection format was feasible in a closely related setting. 
Standard operational procedures were prepared and fol-
lowed strictly. Cross-checking was done on a daily basis 
for data completeness. Control strains S. aureus ATCC 
25923 and E. coli ATCC 25922 were used.
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Statistical Analysis
Data were entered in to EpiData version 3.1 and exported 
and analyzed using SPSS software version 20 (IBM statis-
tics, Armonk, NY). Categorical variables were analyzed by 
Chi-square test or Fisher’s exact test. Continuous variables 
were analyzed by independent t-tests or Mann–Whitney 
U-test. Parameters were compared using bivariate and multi-
variate logistic regression and chi-square tests. Variables 
with a p-value < 0.25 in bivariable analysis were included 
as candidate variables for multivariable model. The degree 
of association between dependent and independent variables 
was assessed using an adjusted odds ratio with a 95% con-
fidence interval. All tests were 2-tailed, and a p-value of < 
0.05 was taken as a cut-off point to determine the presence 
of a statistically significant association.

Results
Baseline Socio-demographic and Clinical 
Characteristics
A total of 231 hospitalized patients with urinary catheter 
for more than two days were enrolled in this study. Study 
participants were predominantly male (67.5%) in ratio of 
2:1 with a mean age of 49.6 ± 15.5. Overall, study parti-
cipants were catheterized for a total period of 1385 days. 
The mean duration of urethral catheter was 6.0 ± 2.6 days 
ranging between 2 and 30 days. Antibiotic prophylaxis 
was prescribed for 158 (68.4%) participants (Table 1).

Prevalence of CAUTIs and Associated 
Factors
Out of 231 patients catheterized, CAUTIs was identified in 
39 patients giving an overall prevalence rate of 16.88%. 
The rate of incidence of symptomatic CAUTIs per 1000 
catheter days was 28.15. CAUTIs was highest 25/42 
(66.6%) in the age group of >60 years, in patients admitted 
in surgical ward 28 (71.8%), patients hospitalized for more 
than 10 days and patients having underlying diseases 25/ 
42 (64.1%).

Multivariate analysis showed that factors such as inser-
tion of catheter outside operation room, prolonged dura-
tion of catheterization (7 days) and diabetes mellitus were 
independent risk factors for CAUTIs. The odds of occur-
rence of symptomatic CAUTIs were found to be 3.18 
times more in diabetes mellitus patients compared with 
their counterparts (p<0.001, adjusted OR = 3.18, 95 CI: 
1.348–7.517). The incidence of CAUTIs was increased by 
more than 3-fold when the catheter was inserted out of the 

operation room (p<0.001, adjusted OR = 3.65, 95% CI: 
1.08–12.28). Significantly higher rate of development of 
CAUTIs was observed among patients catheterized for 
seven days and above (adjusted OR = 5.36, 95 CI: 1.45– 
19.68) [Table 1].

Diversity of Bacteria Isolated from 
Patients with CAUTIs
A total of 42 bacterial isolates belonging to nine different 
genera were isolated from 39 patients Amongst the 42 
isolates, Escherichia coli was found to be the most fre-
quently isolated organism 17 (40.47%). Among the bacter-
ial isolates 33/42 (78.57%) were Gram-negative bacilli and 
9/42 (22.5%) were Gram-positive cocci (Figure 1).

Antibiotic Susceptibility Profiles of 
Bacterial Isolates
The pattern of antibiotic sensitivity of the organisms caus-
ing CAUTIs was analyzed by comparing the various drug 
groups with different sensitivity percentages. Regardless 
of the isolated bacterial species, we found that among all 
the urinary isolates the range of resistance to ampicillin, 
cotrimoxazole and tetracycline were 40–100%, 75–90% 
and 66.7–86.6%, respectively. However nitrofurantoin 
was found to be effective in both Gram-positive and 
Gram-negative isolates with sensitivity of 40/42 (95.2%) 
followed by gentamicin and cefoxitin with sensitivity of 
14/42 (33.4%). Resistance against the commonly 
prescribed fluoroquinolone group ranged from 29/42 
(69%) for ciprofloxacin up to 30/42 (71.4%) for norflox-
acin [Tables 2 and 3].

Multi-drug Resistance (MDR) Isolates of 
CAUTIs
Out of 42 isolates, 37 (88.1%) were found to have multi- 
drug resistance (MDR). All Klebsiella species showed 
MDR followed by 16/17 (94.1%) of E. coli [Table 4].

Prevalence of Biofilm Formation
Out of the 42 bacteria isolated, 30 were found to be 
in vitro biofilm producers showing a prevalence of 
71.4%. Strong biofilm formation was noted in 16/42 
(53.3%) and a moderate level of biofilm formations in 
10/42 (33.3%). Only a weak biofilm formation was 
observed in 4/42 (13.3%) cases and absolutely no such 
phenomenon was seen in 12/42 (28.5%). Biofilm forma-
tion was very prominent in Gram-positive bacteria 33/42 
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Table 1 Socio-demographic, Clinical Characteristics and Associated Factors Among Patients with Symptomatic CAUTIs

Variable and Category Total 
Tested

Number and % of Bacterial 
CAUTIs

COR [95% 
CI]

P-value AOR [95% 
CI]

P-value

Gender

Male 156 (67.5) 30 (76.9) 1 1 1 1

Female 75 (32.5) 9 (23.1) 0.5[0.2–1.2] 0.17 1.1[0.1–7.7] 0.91

Age groups in years

18–29 27 (11.7) 1 (2.6) 1 1 1 1
30–39 40 (17.3) 7 (17.9) 5.5[0.6–47.6] 0.121 8.6[0.8–84.8] 0.06

40–49 44 (19.0) 3 (7.7) 1.9[0.1–19.2] 0.582 4.2[0.2–27.9] 0.31
50–59 48 (20.8) 3 (7.7) 1.7[0.1–17.5] 0.641 1.7[0.0–38.5] 0.71

60–69 44 (19.0) 25 (66.6) 13.8[1.7–108] 0.012 7.3[0.2–212.0] 0.24

≥70 28 (12.1) - - -

Admission ward

Medical 38 (16.5) 4 (10.3) 1 1 1 1
Surgical 143 (61.9) 28 (71.8) 2.0[0.6–6.3] 0.20 2.8[0.1–80.8] 0.53

Obs/Gyn 47 (20.3) 6 (15.4) 1.2[0.3–4.7] 0.75 40.78[0.3–4.8] 0.11

ICU 3 (1.3) 1 (2.6) 4.2[0.3–58.0] 0.27 18.1[0.49–78] 0.13

Reason for admission

Benign prostatic hyperplasia 81 (35.1) 25 (64.1) 5.8[0.7–46.8] 0.09 9.1[0.2–2] 0.21
Others 150(65.2) 14 (35.9) 1

Reason for catheterization
Urine incontinence 9 (3.9) 1 (2.6) 1 1 1 1

Pre/post-operative drainage 111 (48.1) 9 (23.1) 0.8[0.09–7.5] 0.8 1.3[0.3–5.92] 0.6

Urine output measurement 16 (6.9) 1 (2.6) 0.5[0.02–9.7] 0.67 3.8[1.1–13.61] 0.03
Urine retention 82 (35.5) 26 (66.7) 3.4[0.4–28.7] 0.25 1.[0.2–11.07] 0.60

Keeping patient dry 13 (5.6) 2 (5.1) 1.4[0.1–18.] 0.77 3.3[0.12–89.7] 0.47

Place of catheter insertion

Operation room 76 (32.9) 8 (20.5) 1 1 1

Emergency ward 49 (21.2) 7 (17.9) 1.4[0.4–4.1] 0.52 1.3[0.3–5.9] 0.65
Surgical ward 60 (26.0) 18 (46.2) 3.6[1.4–9.1] 0.00 3.8[1.1–13.6] 0.03

Obs and Gyn ward 19 (8.2) 3 (7.7) 1.5[0.3–6] 0.52 1.66[0.2–11.0] 0.60

Medical ward 27 (11.7) 3 (7.7) 1.0[0.2–4.3] 0.93 3.314[0.1–89] 0.47

Duration of Catheterization

Short duration (<7 days) 140 (60.6) 15 (38.5) 1 1 1 1
Long duration (<7 days) 91 (39.4) 24 (61.5) 3.0[1.5–6.2] 0.00 3.08[1.2–7.4] 0.01

Comorbidity
Chronic heart disease 12 (5.2) 2 (5.1) 0.9[0.2–4.6] 0.98 - -

Chronic kidney disease 5 (2.2) 1 (2.6) 1.2[0.1–1.3] 0.85 - -

Diabetes mellitus 8 (20.5) 3.0[1.9–7.7] 0.02 5.1[1.4–19] 0.013
Hypertension 34 (17.7) 5 (2.2) 2.2[0.7–6.6] 0.16 1.6[0.0.3–7.1] 0.5

Hospitalization
<10 days 134 (58.0) 13 (33.3) 1

≥10 days 97 (42.0) 26 (66.7) 3.4[1.6–7.0] 0.00 2.4[0.9–6.03] 0.05

History of catheterization 50 (21.6) 8 (20.5) 3.0[1.1–7.7] 0.02 1.12[0.4–3.40] 0.74
Taking antimicrobial 

prophylaxis

158 (68.4) 31 (79.5) 1.9[0.8–4.5] 0.10 0.1[0.01–2.76] 0.20

Abbreviations: CAUTIs, catheter-associated urinary tract infections; COR, crude odds ratio; AOR, adjusted odds ratio; CI, confidence interval; Obs/Gyn, obstetrics and 
gynecology; ICU, intensive care unit.
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(77.8%) compared with Gram-negative isolates 29/42 
(69.7%) [Table 5].

Discussion
In our study the overall prevalence of symptomatic 
CAUTIs was 16.9% (95% CI: 12.3–22.3). This finding is 
similar to studies conducted in China 15.8%,16 Uganda 
15.3%17 and Sudan 16.37%.18 The prevalence of 
CAUTIs in our study is lower than studies done in India 
42.9%2 and Nigeria 60.9%.19 However it is higher than 
studies conducted in USA 1.41%,6 Italy 6.2%20 and 
Australia 0.9%.21 The variation in prevalence of CAUTIs 
might be due to various reasons such as the gender of the 
patient, infection prevention policies which include aseptic 
task, catheter care, duration of catheterization and close 
drainage system. In addition overall variation in preva-
lence of CAUTIs could be attributed to difference in 
study protocols, sample size, methodological variation 
and duration of study.

Diabetic mellitus patients were more than 5 times more 
likely to develop CAUTIs than their counterparts and this 
was found to be statistically significant. Our result is in 
line with different studies conducted in Egypt,23 India2 and 
Korea.22 This may be due to impairment of host defenses, 
including decreased polymorphonuclear leukocyte 

mobilization, chemotaxis, and phagocytic activity related 
to hyperglycemia, and this increases the adherence of 
bacteria to the bladder epithelial cells.24 Moreover, the 
presence of glycosuria may favor growth of bacteria and 
promote their colonization and biofilm formation on cathe-
ter surface when urinary catheters are indwelling. Place 
where catheter is inserted showed a statistically significant 
association with CAUTIs. Patients who had catheter inser-
tion at the surgical ward were 3.6 times more likely to 
develop CAUTIs than patients who had catheter insertion 
in the operation room. This finding is comparable with 
findings of a study conducted in Italy.20 This might be due 
to inappropriate technique of catheter insertion, poor hand 
hygiene and not following aseptic technique of catheter 
insertion. Therefore, the need to review the existing policy 
and guidelines on the insertion and care of urinary catheter 
in our health-care settings is indisputable.

The most frequently isolated UTI pathogens were 
E. coli (40.47%) followed by Klebsiella spp (21.43%) 
which was comparable with studies conducted in 
Uganda17 and Ethiopia.25 The predominance of these bac-
teria in the gut as normal flora may result in an infection of 
the urinary tract by contaminating the urethra and ascend-
ing into the bladder during catheter insertion. Studies 
conducted in Italy,20 Thailand26 and Sudan18 showed that 

Figure 1 Bacterial profiles among CAUTI patients at Arba-Minch General Hospital, South Ethiopia (proportion of bacterial isolates).
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P. aeruginosa or Enterococcus species were the most 
frequent bacterial isolates. This difference in distribution 
of bacterial isolates may be due to differences in environ-
mental conditions, duration of catheterization and the 
organisms’ uniqueness to each facility.

The present study showed that Gram-negative bacteria 
isolates showed high level of resistance to the commonly 
prescribed drugs. Gram-negative bacteria isolates were 
resistant to ampicillin (100%), tetracycline (86.6%) and 
cotrimoxazole (83.3%) which is similar to studies 

conducted in Korea27 and Nigeria.7 However 
bacterial isolates showed high level of susceptibility to 
nitrofurantoin (96.7%), amikacin (84.8%) and meropenem 
(87.9%). The lower resistance to these drug could be their 
rare local availability and higher cost compared with 
others. In contrast to our findings decreased susceptibility 
was observed for nitrofurantoin in Uganda17 and Nigeria.7

In the present study 73.8% of bacterial isolates were 
in vitro positive for biofilm formation with 69.7% and 
88.9% for Gram-negative and Gram-positive isolates, 

Table 2 Antimicrobial Susceptibility Pattern of Gram-Negative Bacteria Isolated from Urine Culture of Symptomatic CAUTIs Patients

Antimicrobial Agents 
Tested

DSP Total N = 
30

E. coli N = 
17

Klebsiella spp. 
N = 9

Citrobacter spp. 
N = 1

Enterobacter spp. 
N = 2

Proteus spp. 
N = 1

No.(%) No.(%) No. (%) No. (%) No. (%) No. (%)

Ampicillin S 0 0(0) 0(0) 0(0) 0(0) 0(0)
R 30(100) 17(100) 9(100) 1(100) 2(100) 1(100)

Gentamicin S 9(30) 4(23.5) 4(44.5) 0(0) 1(50) 0(0)
R 21(70) 13(64.7) 5(55.5) 1(100) 1(50) 1(100)

Amikacin S 26(86.6) 15(88.2) 7(77.8) 1(100) 2(100) 1(100)
R 4(13.3) 2(11.8) 2(22.2) 0(0) 0(0) 0

Tetracycline S 4(13.3) 2(11.3) 1(11) 0(0) 1(50) 0(0)
R 26(86.6) 15(88.2) 8(89) 1(100) 1(50) 1(100)

Ciprofloxacin S 8(26.6) 3(17.6) 3(33.3) 0(0) 2(100) 0(0)
R 22(73.3) 14(82.4) 6(66.7) 1(100) 0 1(100)

Norfloxacin S 8(26.6) 3(17.7) 4(44.4) 0(0) 2(100) 0(0)
R 22(73.3) 14(82.3) 5(55.6) 1(100) 0 1(100)

Nalidixic-acid S 7(23.3) 2(11.3) 4(44.4) 0(0) 1(50) 0(0)
R 23(76.6) 15(88.2) 5(55.6) 1(100) 1(50) 1(100)

Nitrofurantoin S 29(99.6) 17(100) 9(100) 1(100) 2(100) 0(0)
R 1(0.5) 0(0) 0(0) 0(0) 0(0) 1(0)

Cotrimoxazole S 3(10) 2(11.8) 1(11.1) 0(0) 0(0) 0(0)
R 27(90) 15 8(88.9) 1(100) 2(100) 1(100)

Cefepime S 9(30) 5(29.4) 3(33.3) 0(0) 1(50) 0(0)
R 21(70) 12(70.6) 6(66.7) 1(100) 1(50) 1(100)

Ceftriaxone S 9(30) 5(29.44) 3(33.3) 0(0) 1(50) 0(0)
R 21(70) 12(70.6) 6(66.7) 1(100) 1(50) 1(100)

Cefoxitin S 6(33.3) 5(29.4) 4(44.4) 0(0) 1(50) 0
R 24(86.7) 12(70.6) 5(55.6) 1(100) 1(50) 1(100)

Meropenem S 26(86.7) 15(88.2) 7(77.8) 1(100) 2(100) 1(100)
R 4(13.3) 2(11.3) 2(22.2) 0 0 0(0)

MDR Yes 29(96.6) 16(94.1) 9(100) 1(100) 1(100) 1(100)
No 1(0.4%) 1 0 0 0 0

Abbreviations: DSP, drug susceptibility pattern; MDR, multidrug resistant; spp, species; S, sensitive; I, intermediate; R, resistance.
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respectively. This finding is comparable with studies 
reported from India 71.23%,28 Pakistan 73.4%13 and 
Ethiopia 79.7%.25 However lower biofilm-forming 

bacteria than the present study were reported in Egypt 
with 43.3%29 and India 27%.30 The difference in biofilm- 
formation patterns among bacterial isolates may be due to 

Table 3 Antimicrobial Susceptibility Pattern of Gram-Positive Bacterial Isolates from Urine Culture of Symptomatic CAUTIs Patients

Drugs Bacterial Isolates

DSP S. aureus (n = 3) CoNS (n = 1) Enterococcus spp. (n = 5) Total (n = 9)

PEN S 1(33.3) 0(0) 1(20%) 2(22.2%)
I 0(0) 0(0) 0(0) 0(0)

R 2(66.7%) 1(100%) 4(80%) 7(77.8%)

AMP S NA NA 3(60%) 3(60%)
I NA NA 0(0) 0(0)

R NA NA 2(40%) 2(40%)

GEN S 1(33.3%) 0(0) NA 1(25%)
I 1(33.3%) 0(0) NA 1(25%)

R 1(33.3%) 1(100%) NA 2(50%)

ERY S 1(33.3%) 0(0) 1(20%) 2(22.2%)
I 0(0) 0(0) 0(0) 0(0)

R 2(66.7%) 1(100%) 4(80%) 7(77.8%)

TET S 2(66.7%) 0(0) 1(20%) 3(33.3%)
I 0(0) 0(0) 0(0) 0(0)

R 1(33.3%) 1(100%) 4(80%) 6(66.7%)

CPR S 2(66.7%) 1(100%) 2(40%) 5(55.6%)
I (0) 0(0) 0(0) 0(0)
R 1(33.3%) 0(0) 3(60%) 4(44.4%)

NOR S 2(66.7%) 1(100%) 1(20%) 3(33.3%)
I 0(0) 0(0) 0(0) 1(11.1%)

R 1(33.3%) 0(0) 4(80%) 5(55.6%)

NIT S 3(100%) 1(100%) 4(80%) 8(89.9%)
I 0(0) 0(0) 1(20%) 1(11.1%)
R 0(0) 0(0) 0(0) 0(0)

COT S 1(33.3%) 0(0) NA 1(25%)
I 0(0) 0(0) NA 0(0)

R 2(66.7%) 1(100%) NA 3(75%)

CHL S 2(66.7%) 1(100%) 1(20%) 4(44.4%)

I 0(0) 0(0) 0(0)

R 1(33.3%) 0(0) 4(80%) 5(55.6%)

VAN S NA NA 4(80%) 4(80%)
I NA NA 0(0) 0(0)

R NA NA 1(20%) 1(20%)

CXT S 2(66.7%) 0(0) NA 2(50%)
I 0(0) 0(0) NA 0(0)
R 1(33.3%) 1(100%) NA 2(50%)

Abbreviations: NA, not applicable; DSP, drug susceptibility pattern; PEN, penicillin; AMP, ampicillin; GEN, gentamicin; ERY, erythromycin; TET, tetracycline; CPR, 
ciprofloxacin; NOR, norfloxacin; NIT, nitrofurantoin; CHL, chloramphenicol; VAN, vancomycin; CTR, ceftriaxone; CXT, cefoxitin; S, sensitive; I, intermediate; R, resistance; 
spp, species.
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differences in strain types, number of bacterial isolates, 
sample sizes, geographic locations, and methodological 
variations to assess biofilm formation.

Conclusion
The overall magnitude of catheter-associated urinary tract 
infection was 16.9%. Escherichia coli, Klebsiella spp. and 
Enterococcus spp. were the predominant etiologies of 
CAUTIs among catheterized patients. Nitrofurantoin, ami-
kacin and meropenem are the drugs of choice for empirical 
therapy of CAUTIs. The majority of bacterial isolates had 
higher rates of resistance to commonly prescribed antimi-
crobials. Therefore, treatment and management of 
CAUTIs should be based on the knowledge of bacterial 
etiology and their antibiotic resistance patterns. Periodic 
monitoring of antimicrobial resistance patterns helps phy-
sicians to choose antimicrobial agents for empiric treat-
ment of CAUTIs.

Limitation of the Study
It was not possible to include fungal pathogens due to budget 
constraints and the laboratory setup where the research was 
conducted. Additionally, for antimicrobial susceptibility test-
ing of vancomycin it is recommended to use the minimum 
inhibitory concentration (MIC) method, but this was not 
included because of budget constraints.

Abbreviations
UTI, Urinary tract infection; BPH, Benign prostatic hyper-
plasia; CAUTIs, Catheter-Associated Urinary Tract 
Infections; AOR, Adjusted odd ratio; CFU, Colony forming 
unit; CLSI, Clinical and Laboratory Standards Institute; 
CLED, Cysteine Lactose Electrolyte Deficient Agar; 
CoNS, Coagulase negative Staphylococcus; CI, Confidence 
Interval; COR, Crude odd ratio; FDA, Food and Drug 
Administration; HAI, Hospital acquired infection; ICU, 
Intensive Care Unit; IUC, indwelling urinary catheter; 
MDR, Multi-drug Resistance; MHA, Mueller Hinton Agar; 
MRSA, Methicillin Resistant Staphylococcus aureus; spp., 
species; TSI, Triple Sugar Iron agar.

Data Sharing Statement
The datasets generated and/or analyzed during the current 
study are not publicly available due to ethical and con-
fidentiality reasons but are available from the correspond-
ing author on reasonable request under the Ethics 
Committee’s approval.

Ethics Approval and Consent to 
Participate
The proposal of this study was ethically approved by 
Institutional Review Board (IRB) of Arba Minch 
University College of Medicine and Health Sciences. 

Table 5 Biofilm Formation of Bacterial Isolates from CAUTIs Patients of Arba-Minch General Hospital, 2019

Biofilm Formation

Bacterial Isolates Biofilm Forming

No. (%) SBF (%) MBF (%) WBF (%) NBF (%)

E. coli 17(40.5) 5(29.4%) 4(23.5%) 2(11.8%) 6(35.3%)

Klebsiella spp. 9(21.4) 2(22.2%) 2(22.2%) 2(22.2%) 3(33.3%)

Citrobacter spp. 1(2.4) _ 1(100%) _ _

Enterobacter spp. 2(4.8) 1(50%) _ _ 1(50%)

Proteus spp. 1(2.4) 1(100%) _ _ _

P. aeruginosa 3(7.1) 2(66.7%) 1(33.3%)

S. aureus 3(7.1) 1(33.3%) 1(33.3%) _ 1(33.3%)

CoNS 1(2.4) 1(100%) _ _ _

Enterococcus spp. 5(11.9) 3(60%) 1(20%) _ 1(20%)

Total 42(100) 16(53.3%) 10(33.3%) 4(13.3%) 12(28.6%)

Abbreviations: BF, biofilm formers; NBF, non-biofilm formers; SBF, strong biofilm formers; MBF, moderate biofilm formers; WBF, weak biofilm formers; CONS, coagulase- 
negative staphylococci; spp., species.

https://doi.org/10.2147/IDR.S311229                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2021:14 2892

Oumer et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Permission was obtained from Arba Minch General 
Hospital. The study participants’ age was ≥18. Before 
starting data collection, the purpose of the study was 
explained to all study participants and written informed 
consent was obtained. This study was conducted in accor-
dance with the Declaration of Helsinki.
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