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Ab s t r Ac t
Background: Healthcare-associated infections are the leading cause of morbidity and mortality in hospitalized patients. Catheter-associated 
urinary tract infection (CAUTI) is a leading infection in ICU settings. This study aims to evaluate the patient and catheter-related factors contributing 
to the urinary tract infection as well as implementing the preventive measures ultimately curbing down the burden of healthcare-associated 
infections.
Material and methods: This is a hospital-based observational study conducted in Department of Microbiology, from October 2020 to September 
2021. A total of 150 patients admitted to Medical Intensive Care Unit (MICU) with the indwelling urinary catheter were included. Urine samples 
were collected with proper aseptic precautions and processed within 2 hours of collection. Identification and antimicrobial susceptibility testing 
of the isolated pathogens was done as per CLSI guidelines 2019.
Results: In this study, the CAUTI rate was 9.4 per 1000 urinary catheter days, while the overall magnitude was 14.67%. It was predominantly 
reported in 51–70-years age group (34%), and females (63.63%) outnumbered males (36.36%), with Escherichia coli being the commonest 
pathogen. The highest incidence was reported in the 3rd week of catheterization with diabetes being a predominant risk factor (17.24%). 
Conclusion: This study provides baseline data on CAUTI rate, pathogens isolated, and risk factors at our institute. The overall goal is to identify, 
educate, and implement best-practice measures for prevention and curbing down the incidence rates of catheter-associated urinary tract 
infections.
Keywords: Catheter-associated urinary tract infection, Healthcare-associated infection, Medical intensive care unit, Urinary tract infection.
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Hi g H l i g H ts
• CAUTI rate was 9.4 per 1000 urinary catheter days.
• Escherichia coli was the predominant isolated pathogen.
• Duration of catheterization was the major risk factor causing 

CAUTI.
• Proper training of healthcare personnel and cautious use of 

antibiotics may reduce the incidence of infections in critical care 
settings. 

in t r o d u c t i o n
Healthcare-associated infections are an important cause of 
prolonged hospital stay, around the globe.1,2 Urinary tract infections 
(UTIs) are considered as one of the most common healthcare-
associated infections (HCAIs) with an estimated prevalence of 
1–10%, accounting for 30–40% of all HCAIs reported by hospital 
settings.3 Majority of infections of urinary tract are directly linked 
to the widespread use of indwelling catheters in these settings.4,5

The Center for Disease Control and Prevention (CDC) provides 
a definition for CAUTI, which pertains to patients who have a 
catheter inserted and left in place for 48 hours or longer.6 Catheter-
associated urinary tract infection has been a significant factor 
contributing to illness and death among hospitalized patients.7,8

The source of infection is either endogenous, i.e., via meatal, 
rectal, and vaginal colonization, or exogenous, i.e., via the cont-
aminated equipment or hands of the healthcare personnel. The 

route of infection can be intraluminal (from the catheter drainage 
tube junction) or extraluminal (contaminated collection bag).9

The risk factors include female gender, extremes of age, 
diabetes mellitus, and prolonged catheterization duration.10 The 
duration of catheterization is the most important factor in the 
development of bacteriuria, as its daily usage increases the risk of 
infection by 3–7%.4

An indwelling catheter interrupts the normal mechanical wash-
out effect of the urinary stream, making patients more susceptible 
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to symptomatic infections. This, in turn, can result in the infection 
ascending from the bladder to the ureter and kidney, ultimately 
requiring the use of antimicrobial medications.11

It can be prevented by maintaining closed urinary drainage 
system and early removal of catheter. Surveillance, proper training 
of healthcare personnel, and implementation of bundle care 
approach aids in reduction of cases in ICU settings.12

Urinary tract is a vast reservoir of resistant microorganisms 
with threat of cross infection.13 Escherichia coli, Klebsiella species, 
Proteus species, Pseudomonas aeruginosa, Staphylococcus aureus, 
Coagulase-negative Staphylococcus, and Enterococcus species are 
the important culprits. It can cause genitourinary complications, 
septicemia, skeletal involvement, and over the years, bladder 
cancer14 that causes distress to the patient, prolonged hospital stay, 
economic loss, and mortality.

The study is planned to determine the proportion, risk 
factors, as well as the etiological agents associated with catheter-
associated UTI and their antibiotic susceptibility profile. This will 
aid in improvising hospital infection control, institutional antibiotic 
policies, and minimizing the burden of hospital-acquired infections.

MAt e r i A l s A n d Me t H o d s

Study Population and Design
The current research is a hospital-based prospective observational 
study carried out at the Department of Microbiology. The study was 
based on an 18-bedded Medical Intensive Care Unit (ICU) and took 
place from October 2020 to September 2021.

Sample Size
A total of 150 patients satisfying the inclusion and exclusion criteria, 
admitted to the medical ICU requiring urinary catheter (Foley’s 
catheter), were surveyed during this period and were followed up 
from admission until the outcome (discharge/death).

Ethical Clearance
The study protocol was proceeded after the approval of the 
Institutional Ethical Clearance Committee and Research Review 
Board (82/MC/EC/2020). 

Inclusion Criteria 
• Patient having at least one of the following signs or symptoms:

− Fever (>38.0°C).
− Suprapubic tenderness.
− Costovertebral angle pain or tenderness. 

• Patient having an indwelling urinary catheter that was in place 
for >2 days on the date of event.

• Patient having a urine culture with no more than two species  
of organisms identified, at least one of which is a bacteria of 
≥105 CFU/mL.

Exclusion Criteria
• Mixed flora (>2 species of microorganisms).
• Candida species or yeast not otherwise specified.
• Mold and dimorphic fungi.

Collection of Data
The cases fulfilling the inclusion criteria were identified for 
surveillance. The required data were collected as per the 
standardized HAI case report form for each case daily at the same 
time, which included:

• Numerator data (patient demographic, clinical, urinary catheter, 
and diagnosis of a CAUTI event).

• Denominator data (the daily number of patients with urinary 
catheter).

• Urinary catheter-related information (site, duration of insertion, 
disconnection of catheter, and use of any antimicrobials) was 
collected from the patient’s record file and analyzed. 

• Event time frame – It is a 14-day period (considering date of 
event = day 1) when UTI is considered to be ongoing. Organisms 
identified during the event time frame are added to the case 
report form of the initial UTI. No new UTIs can be reported for 
the patient during these 14 days.

Specimen Processing 
The uncentrifuged urine samples were semiquantitatively cul-
tured with standard nichrome loop of diameter 1.3 mm (delivering  
1 μL) on 5% sheep blood and MacConkey agar that was incubated 
aerobically at 37°C for 18–24 hours. Isolates were subjected to Gram 
staining and further identification by the biochemical reactions 
along with their antimicrobial susceptibility testing by Kirby–Bauer 
disk diffusion method.

Statistical Analysis
The descriptive statistics for quantitative and qualitative data 
were calculated as mean, standard deviation, and proportions, 
respectively. The association between qualitative variables is tested 
through Chi-square test.

re s u lts
This study comprised of 150 patients admitted to the MICU. They 
were followed and monitored from the date of Foley’s catheter 
insertion to the appearance of symptoms. Urine samples were 
received and processed at the microbiology laboratory. 

Rate of CAUTI per 1000 urinary catheter days (UCD).

Among 150 catheterized patients, CAUTI was reported in 22 
(14.67%), whereas 14 (9.3%) had Candida isolates and 114 (76%) 
were sterile (Table 1). CAUTI rate was 9.4 per 1000 urinary catheter 
days, while the overall magnitude was 14.67%. The majority of 
cases were reported in the 51–70-years age group (34%) followed 
by 11–30 years (28.66%), while the least was in >70-years group 
(16%) (Table 2). CAUTI cases were the highest in the third week 
(50%) followed by the second (34.48%) and first (3.81%) week 
(Table 3). Higher magnitude (17.24%) of CAUTI was observed 
in diabetic patients. The most common pathogen isolated was  
E. coli 9 (6%) followed by Enterococcus species 6 (4%), Pseudomonas 
species 5 (3.33%), Enterobacter aerogenes 3 (2%), Klebsiella species, 
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Table 1: Distribution of isolates among catheterized patients (n = 150) 

Isolates No. of catheterized patients

CAUTI 22 (14.67%)

Sterile 114 (76%)

Candida 14 (9.3%)

Total 150
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and Acinetobacter species 1 (0.67%) each (Table 4). Antibiotic 
susceptibility pattern of Gram-negative bacilli revealed high 
susceptibility (100%) to Nitrofurantoin, followed by Imipenem 
and Colistin (92.85%) (Table 5). 

di s c u s s i o n 
Over 5 million patients in critical care hospital settings undergo 
urinary catheter insertion, putting them at an increased risk for 
CAUTI and its associated consequences.15 Globally, the urinary 
catheter is recognized as the primary factor that increases the 
chances of developing UTIs. In the event that the catheter is 
not implanted aseptically, it may act as a portal of entry for the 
pathogen.16,17 In this study, the CAUTI rate was calculated as 9.4 
per 1000 urinary catheter days in 150 catheterized patients with 
2316 catheter days, which is in accordance with other studies.18,19 
The overall magnitude of CAUTI in our study is 14.67%, which is 
similar to Verma S et  al.13 and Alam J et  al.20 Here, the reduced 
incidence of CAUTI is a result of strict adherence to infection control 
practices, proper hand hygiene, and the effective implementation 
of a catheter care bundle.

The magnitude of CAUTI was higher in female (63.63%) 
than male patients (36.36%), which is in agreement with other 
studies such as Patil and Patil21 and Nadeem R et al.22 This female 
predominance is due to short urethra, its proximity to the anus, 
and dilatation of the urethra, which makes it easier for bacteria 
to spread, leading to infection. Hence, in females, catheterization 
should be done when absolutely indicated.

This study reported that the magnitude of CAUTI is directly 
proportional to the duration of catheterization, which is in 
agreement with other studies.23–26 This implies that the best 
approach to decrease the occurrence of CAUTI is to only use 
indwelling catheters when absolutely necessary or, at the very least, 
to minimize the duration of catheterization.

The magnitude of CAUTI among diabetics was higher (17.24%) 
as compared with nondiabetic patients (14.04%). One potential 
reason for this could be that individuals with diabetes have an 
increased risk of microbial colonization in their perineum, rendering 
it more susceptible to infections.

E. coli plays an important role as it possesses pili capable of 
binding to the urinary epithelium and preventing their elimination 
by urine flow. E. coli was the most common pathogen isolated, 
followed by Pseudomonas species, and Enterococcus species  
6 (4%) was predominant among the Gram-positive cocci. A similar 

Table 2: Age and gender distribution (n = 150)

Age (Years)

No. of patients catheterized

Female Male Total

11–30 21 22 43 (28.66%)

31–50 10 22 32 (21.33%)

51–70 24 27 51 (34%)

Greater than 70 13 11 24 (16%)

Total 68 82 150

Table 3: Relationship of duration of catheterization with CAUTI (n = 150)

Duration of catheterization No. of patients CAUTI (%)

1–5 days 105 4 (3.81%)

6–10 days  29 10 (34.48%)

11–15 days  16 8 (50%)

Total 150 22 (14.67)

χ2 = 2.11 Degree of freedom = 2 p-value = 0.348

Table 4: Distribution of organisms associated with CAUTI (out of 150)

Organisms  
isolated^ Number Percentage* 

95% CI

Lower limit Upper limit

Escherichia coli   9 6% 2.8 11.1

Enterococcus 
species

  6 4% 1.5  8.5

Pseudomonas 
species

  5 3.33% 1.1  7.6

Enterobacter 
aerogenes

  3 2% 4  5.7

Klebsiella species   1 0.67%  0.01  3.7

Acinetobacter 
species

  1 0.67%  0.01  3.7

Sterile 114 76% 68.4 82.6
^25 organisms found in 22 CAUTI cases, 3 patients isolated 2 each.  
*Percentage of samples isolated with pathogens out of 150 samples

Table 5: Antibiotic susceptibility pattern of isolates (n = 25)

Antibiotics GNB (n = 14)
Enterococcus 

(n = 6)
Pseudomonas 

(n = 5)

Ampicillin  3 (21.42%) 0 NA

Piperacillin/ 
Tazobactam

 8 (57.14%) NA 3 (60%)

Cefotaxime  2 (14.28%) NA NA

Ceftazidime  8 (57.14%) NA 4 (80%)

Ceftazidime/
Clavulanic acid

11 (78.57%) NA NA

Cefoperazone/
Sulbactam

 9 (64.28%) NA 5 (100%)

Cefepime  4 (28.57%) NA 3 (60%)

Imipenem 13 (92.85%) NA 5 (100%)

Vancomycin NA 5 (83.33%) NA

Aztreonam NA NA 3 (60%)

Colistin 13 (92.85%) NA 5 (100%)

Amikacin 12 (85.71%) NA 4 (80%)

Gentamycin 11 (78.57%) NA 3 (60%)

High  
Gentamycin

NA 6 (100%) NA

Doxycycline 12 (85.71%) NA NA

Tetracycline NA 2 (33.33%) NA

Linezolid NA 6 (100%) NA

Tobramycin NA NA 5 (100%)

Ciprofloxacin 1 (7.14%) 2 (33.33%) NA

Cotrimoxazole 11 (78.57%) NA 1 (20%)

Nitrofurantoin 14 (100%) 6 (100%) NA

Fosfomycin NA 5 (83.33%) NA
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finding was observed in previous studies, where E. coli was the most 
common pathogen isolated.27

Antimicrobial susceptibility pattern of the isolates obtained 
in this study showed that most of the Gram-negative bacilli were 
multidrug-resistant. Antibiotic susceptibility of Enterobacteriaceae 
revealed that the isolates were highly susceptible to Nitrofurantoin 
followed by Imipenem (92.85%). However, it showed resistance 
against Ciprofloxacin (92.85%) which is considered highly effec-
tive in the treatment of UTIs (Table 5). This is in agreement to  
Chatterjee N et al.28 Most Enterobacteriaceae have high susceptibi-
lity to aminoglycosides, carbapenem, and nitrofurantoin. Among  
Gram-positive cocci, Enterococcus species were highly susceptible 
(100%) to high-level Gentamycin, Linezolid, and Nitrofurantoin, 
followed by Vancomycin (83.33%). The high resistance rate observed 
in our study might be attributed to the study’s design, which 
focused on ICU patients. Hence, antibiotic stewardship program 
plays an important role in hospitalized patients with UTI as it is very 
frequently encountered by treating physicians. 

Herein, acknowledging the limitation of the study, which is 
small sample size, as it was conducted during COVID era. A large 
data could have given better insight into the study.

co n c lu s i o n
The CAUTI rate at our institution was 9.4 per 1000 urinary catheter 
days. Our study identified three risk factors: female gender, 
duration of catheterization, and diabetes mellitus. Gram-negative 
pathogens were predominantly isolated with high susceptibility 
to aminoglycosides, carbapenem, and nitrofurantoin. The primary 
objective for all patients with catheters should be the prevention of 
CAUTI, rather than focusing on treatment after it occurs.

Surveillance allows the health system to estimate the burden 
of cases, associated risk factors, detecting outbreaks, as well as 
evaluating the role of preventive strategies and monitoring the 
quality of infection control practices. 
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