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ABSTRACT 

The current study was carried out to find the microbiological profile along with the risk factors and antibiotic 
sensitivity patterns of catheter-associated urinary tract infection in a teaching hospital. All the catheterized 
patients satisfying the criteria of catheter-associated urinary infection (CAUTI) and catheter-associated 
asymptomatic bacteriuria (CA-ASB) were included in the study. Urine samples received from CAUTI patients 
were followed-up further. Samples were collected and inoculated on MacConkey’s agar and Blood agar. 
Identification and antibiotic sensitivity patterns of bacterial isolates were carried out by automated system, 
i.e., Vitek-2, as per standard protocols. Duration of catheterization and various risk factors were also recorded 
in detail. Out of 247 urine samples of hospital acquired infection, 50 samples satisfied the criteria of CAUTI. 
The most common organism isolated was Escherichia coli (38%), followed by Pseudomonas sp. (24%) 
and Klebsiella sp. (24%). Maximum isolates were from the medicine ward (40%). Gram-negative isolates 
showed dominance over the Gram-positive isolates. Such increasing figures of CAUTI incidents pose a great 
challenge to the hospital management and threat to the patients with underlying illness. With strict adherence 
to the catheter care of patients and use of infection control practices, we can significantly decline the rate of 
developing CAUTI.

1. INTRODUCTION
Hospital-acquired urinary tract infection (UTI) is one of the most 
commonly encountered type of hospital-acquired infections. 
Catheter-associated urinary infection (CAUTI) needs prompt 
diagnosis and treatment; otherwise it may lead to chronic renal 
complications. These infections are difficult to treat due to higher 
resistance strains of nosocomial bacteria.

According to the Infectious Disease Society of America, if the 
patient has an indwelling urinary catheter for >48 hours along 
with at least one sign or symptom like fever >38°C, suprapubic 

tenderness, or costovertebral angle pain, it is considered as 
CAUTI. On the other side, if the patient has a catheter for 
>48 hours without having such symptoms, it is categorized as 
catheter-associated asymptomatic bacteriuria (CA-ASB). This 
CA-ASB event is most commonly associated after the patients 
have had catheter, but not all CA-ASB events are transformed 
into CAUTI [1].

Hospital-acquired UTI is reported in a very wide range from 
1%–5% to 100% for patients who had >48 hours of indwelling 
urinary catheter. This wide range of UTIs is dependent on the type 
of urinary catheter, number of catheter days of patient, catheter 
care of patients, immunity of host, and infection control practices 
of hospital [2–4].*Corresponding Author
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2. MATERIALS AND METHODS

2.1. Study Design
This is an observational clinical study carried out in a teaching 
hospital during January 2018 to June 2020.

2.1.1. Study site
The study site comprised all the wards and Intensive care unit 
Intensive care units (ICUs) of C. U. Shah Medical College and 
Hospital, Surendranagar, Gujarat, India.

2.1.2. Patients
All the patients with indwelling urinary catheter in the last 48 hours 
without any previous history /symptoms of UTI were included in 
the study.

2.1.3. Inclusion criteria
All catheterized patients who are admitted in the hospital and 
acquired UTI, which was not present or incubating at the time of 
admission, were included in the study. UTIs occurring more than 
48 hours after admission are considered as nosocomial. Patients 
having one of the symptoms like fever, suprapubic tenderness, or 
costovertebral angle pain are considered having CAUTI and were 
included in study.

2.1.4. Sample collection
Urine sample was collected from patients having indwelling 
urinary catheters by clamping of tube to allow freshly voided 
urine. Before collecting the sample, tubing was cleaned with a 
70% alcohol impregnated swab and the sample was collected via 
needle and syringe and transferred into a sterile container.

2.1.5. Identification of isolates
Samples were collected and processed for isolation and 
identification. Urine samples were inoculated on MacConkey’s 
agar and Blood agar. Primary identification was carried out by 
Gram-staining and colony characteristics. Bacterial isolates were 
further identified with the help of the Vitek-2 automated instrument 
as per standard guidelines [5,6].

2.1.6. Antibiotic sensitivity test
Isolated colonies were used for antibiotic sensitivity tests along with 
the detection of an extended spectrum β-lactamase (ESBL) and 
metallo-β-lactamase enzymes (MBL). Vancomycin-resistant strains 
of Enterococcus sp. were also identified. This test was carried out 
by the Vitek-2 automated instrument using minimum inhibitory 
concentration detection as per Clinical and Laboratory Standards 
Institute guideline 2018 [7].

2.1.7. Ethical consideration
The study was approved by the Institutional Ethics Committee 
(Human Research), C. U. Shah Medical College, Surendranagar, 
Gujarat, India.

3. RESULT AND DISCUSSION
Samples collected from various wards and ICUs were studied for 
the period of January 2018 to June 2020. During the study period, 
a total of 1,000 patients were identified as hospital acquired 
infection (HAI). Among these HAI patients, we have differentiated 
247 hospital-acquired UTIs. From these 247 patients, 123 patients 
had indwelling urinary catheters. Out of 123 patients, 73 (59%) 
catheterized patients showed no symptoms but there was growth 
of uropathogen on culture and hence were considered CA-ASB, 
while 50 (41%) catheterized patients showed symptoms and hence 
considered CAUTI. The current study followed CA-ASB up to the 
identification of colonizing organisms, but has not followed-up 
with them further.

According to the ward-wise distribution of CAUTI isolates, the 
highest isolates were reported from the medicine ward (40%), 
followed by surgery ward (32%), while the least isolates were 
from the obstetrics and gynecology ward (2%). Medicine ICU 
reported 14% of isolates and among these, the majority of the 
patients had various predisposing factors (Fig. 1).

The data of nosocomial pathogens from CAUTI patients revealed 
that Gram-negative isolates showed dominance over Gram-
positive isolates. The most common isolate encountered was 

Figure 1. Ward wise distribution of CAUTI (n=50). X-axis shows names of 
wards and ICUs and Y-axis shows number of CAUTI isolates (n=50) recovered 

from these wards and ICUs. The maximum isolates were recovered from the 
medicine ward.

Figure 2. Organism-wise distribution of CAUTI (n = 50). The most commonly 
encountered organism was E. coli, followed by Pseudomonas sp. and 

Klebsiella sp.
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Escherichia coli (38%), followed by Pseudomonas sp. (24%) 
and Klebsiella sp. (24%). In Gram-positive pathogens, the only 
organism isolated was Enterococcus sp. (10%) (Fig. 2).

In the current study, we have noted that the organism profile of 
CA-ASB isolates was quite similar to CAUTI. CA-ASB isolates 
also showed a greater number (85%) of Gram-negative isolates 
compared to Gram-positive isolates (15%). Escherichia coli 
(53%) was the most predominant pathogen in the case of CA-
ASB, followed by Klebsiella sp. (21%), Enterococcus sp. (11%), 
and Pseudomonas sp. (10%), respectively (Fig. 3).

We have also studied various risk factors and predisposing factors 
of CAUTI patients in detail. We have noted positive associations 
of age groups and the number of CAUTI patients. Maximum 
isolates were from patients who were older than 55 years age 
(58%), followed by the 46–55 years age group (18%). The 
second important risk factor was the duration of catheterization 
of patients. Maximum incidences were encountered with patients 
who had catheterization for more than 48 hours and less than 7 

days, while 20% of CAUTI patients had the catheter for more 
than 10 days. This could be possible due to the number of patients 
discharged after surgery or recovery from disease. Various 
predisposing factors like type 2 diabetes mellitus, hypertension, 
cerebrovascular accident, etc. were also studied during the study 
period, which are shown in Table 1.

According to the antibiotic sensitivity pattern of Gram-negative 
uropathogens, all the pathogens showed 100% sensitivity toward 
Colistin. Escherichia coli showed 84% sensitivity toward 
Tigecycline, while Klebsiella sp. showed 67% sensitivity toward 
Meropenem. Pseudomonas sp. showed maximum sensitivity to 
Meropenem (58%). The least-sensitive drug from this panel was 
ciprofloxacin, showing only 21% sensitivity. We have noted that 
20% of the pathogens were producing MBL and 18% of pathogens 
were producing ESBL enzymes. This could be a major challenge 
to treat CAUTI patients (Table 2; Fig. 4).

Antibiotic sensitivity of the only Gram-positive isolate, i.e., 
Enterococcus sp., was also studied. According to the sensitivity 
pattern, the most sensitive drugs of the panel were Teicoplanin and 
Linezolid (80%), while Enterococcus sp. showed least sensitivity 
toward the fluoroquinolone group of drugs. We have detected 40% 
vancomycin-resistant Enterococcus strain during the study period 
(Table 3).

UTIs are the most common type of nosocomial infections. They 
account for 39%–40% of the total hospital acquired infections and 
this rate is even escalated when a patient acquires an indwelling 
urinary catheter. Prolonged use of catheter, poor catheter care, 
various predisposing factors, and lack of infection control policies 
may contribute to increasing cases of CAUTI. Almost 15%–20% 
of all the hospitalized patients required urinary catheterization 

Figure 3. Organism-wise distribution of CA-ASB (n = 73). The most 
commonly encountered organism was E. coli, followed by Klebsiella sp. and 

Enterococcus sp.

Figure 4. Antibiotic sensitivity patterns of various Gram-negative isolates. 
X-axis shows percentage of isolates sensitive against antibiotics and Y-axis 

shows commonly used antibiotics; the majority of organisms showed 
sensitivity against Colistin drug, while the least sensitive drug from the panel 

was Ciprofloxacin.

Table 1. Significant risk factor and predisposing factors of CAUTI 
patients.

Significant risk factors and 
predisposing factors

CAUTI incidences 
(n = 50) Percentage

Age

 >55 years 29 58%

 25–45 years 16 32%

 <25 years 5 10%

Gender

 Male 34 68%

 Female 16 32%

Catheterization days

 >48 hours 37 74%

 >1 week 3 6%

 >10 days 10 20%

Predisposing factors

 Diabetes Mellitus type – II 5 10%

 Hypertension 5 10%

 Cerebrovascular accident 5 10%

 Prostatomegaly 4 8%

 Other 2 4%
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during their hospital admission. Hence, a closed catheter drainage 
system is suggested for short term and only to be used as and when 
needed [8,9].

Pathogens directly enter the urinary tract through catheter or 
cystoscopy and cause infections. Bacteria can grow in either 
urine itself or on the surface of the catheter. After the attachment 
of bacteria on the catheter, it initiates biofilm formation. CAUTI 
may lead to secondary bacteremia which may damage the bladder 
[8,9].

In the current study, we have compared the cases of CAUTI and 
CA-ASB recorded by various authors. Bagchi et al. [10], Bhatia 
et al. [11], and Kizilbash et al. [12] showed higher cases of CA-
ASB and lower cases of CAUTI among catheterized patients. 
Similar data were found in our study also, while other studies 
showed more numbers of CAUTI against CA-ASB [4,13–16]. 
These differences in cases of CAUTI and CA-ASB are well 
expected as they are dependent on various infection control 
policies and catheter care of patients. A detailed surveillance for 
HAI including CAUTI is warranted for designing efficient and 

Table 2. Antibiotic sensitivity pattern of Gram negative isolates.

Antibiotics E. coli  
(n = 19)

Klebsiella sp. 
(n = 12)

Pseudomonas 
sp. (n = 12)

Acinetobacter 
sp. (n = 2)

Amikacin 68% 42% 50% 0%

Cefepime 32% 33% 42% 0%

Cefoperazone/Sulbactam 47% 33% 50% 0%

Ciprofloxacin 26% 33% 25% 0%

Colistin 100% 100% ** 100%

Gentamicin 37% 58% 50% 0%

Imipenem 68% 58% 50% 0%

Meropenem 63% 67% 58% 0%

Piperacillin/Tazobactam 42% 33% 42% 50%

Tigecycline 84% 58% 42% 100%

Trimethoprim/Sulfamethoxazole 42% 42% 17% 50%

Table 3. Antibiotic sensitivity pattern of Gram positive isolates.

Antibiotics Enterococcus sp. (n = 5)

Benzylpenicillin 0%

Ciprofloxacin 0%

Levofloxacin 0%

Erythromycin 0%

Linezolid 80%

Teicoplanin 80%

Vancomycin 60%

Tetracycline 60%

Nitrofurantoin 0%

Table 4. CAUTI and CA-ASB in various studies

Study by Year Total cases CAUTI CA-ASB
Most common 

organism 
causing CAUTI

Bagchi et al. [10] 2013 220 64 (29%) 156 (71%) E. coli

Kizilbash et al. [12] 2013 308 128 (42%) 180 (58%) Candida sp.

Kaur et al. [4] 2012 150 100 (67%) 50 (33%) E. coli

Bhatia et al. [11] 2010 89 20 (22%) 69 (78%) E. coli

Taiwo and Aderounmu [14] 2006 122 90 (74%) 14 (26%) Klebsiella sp.

Hazelett et al. [15] 2004 57 34 (60%) 23 (40%) –

Tullu et.al. [16] 1998 44 24 (47%) 10 (20%) E. coli

Garibaldi et al. [13] 1974 405 95(23%) 73(18%) –

Present study 2019 123 50 (41%) 73 (59%) E. coli
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sustained infection control measures in all healthcare settings 
(Table 4).

In the present study, the most encountered uropathogen was E. 
coli, followed by Klebsiella sp. and Pseudomonas sp. in CAUTI 
patients. Other CAUTI studies also reported E. coli as the most 
common organism [4,10,16]. In case of CA-ASB, E. coli was 
reported as the most common pathogen, followed by Klebsiella 
sp. and Enterococcus sp. Similar findings were reported in a study 
by Bhatia et al. [11] (Table 4).

In this study the highest number of CAUTI were observed in the 
medicine ward (40%), followed by the surgical ward (32%). The 
isolation rate of CAUTI in ICUs was lower than the wards. These 
alterations are well expected as they depend on various local 
variables.

CAUTI isolates were found to be resistant to commonly used 
antibiotics like cephalosporins, fluoroquinolones, and sulfonamides. 
Similar findings were also reported by Kaur et al. [4], Bagchi et 
al. [10], and Taiwo and Aderounmu [14]. Higher antibiotics like 
Colistin, Tigecycline, and to some extent Imipenem were found 
to be effective against these pathogens. The present study showed 
18% production of ESBL among CAUTI pathogens and 20% 
production of the MBL enzyme. This data is also supported by the 
study of Kaur et al. [4]. This alarming data of production of special 
resistance mechanisms and resistance to common drugs made the 
CAUTI more complex and difficult to treat.

The most common risk allied with nosocomial UTI is the urinary 
catheter. Many studies have shown that UTI incidences are 
increased with prolonged duration of catheter. Risk of infection is 
elevated by 1%–5% for each day of catheterization. After a single 
event of catheter insertion and its removal, 1%–20% of patients 
acquire CAUTI. When patients receive sterile closed collecting 
systems, the chances of CAUTI are 10%–25%, while catheter 
draining into an open collecting vessel leads to 100% UTI of the 
patient within 4 days of hospitalization. Other risk factors like 
gender, impaired renal functions, and comorbidity also add up to 
the rate of nosocomial UTI. Systemic antibiotics may reduce the 
risk of UTI in patients [8,9].

Different studies used different time frames for catheterization 
days. In the present study, we followed patients from more than 
48 hours to a maximum 23 days of catheterization. Older age is 
also one of the important risk factors to cause CAUTI. The present 
study depicts a positive association between age and number of 
CAUTI cases. Cases were found to be more in the higher age 
groups. Maximum uropathogens were isolated from the more 
than 55 years age group. This data is also supported by Bagchi 
et al. [10] and Kaur et al. [4]. We have also studied the gender-
wise distribution of CAUTI isolates. Unlike community-acquired 
UTI where female patients are most commonly affected, here we 
have observed more cases of CAUTI in male patients (68%) in 
comparison to female patients (32%) (Table 1).

In the present study, we identified a number of predisposing 
factors responsible for CAUTI. One of the important factors of 
this list is type 2 diabetes mellitus. Diabetic patients are more 
prone to get CAUTI during the catheter days. This association is 

also supported by the study of Bagchi et al. [10]. Hence, patients 
with various predisposing factors warranted special catheter care 
during the hospital stay.

Monitoring of CAUTI incidences along with risk factors and 
predisposing factors is very important for treating physicians as 
causative microorganisms can be polyantimicrobial-resistant 
nosocomial pathogens [17]. Proper microbiological diagnosis 
is important for proper treatment [18]. Patients admitted to the 
hospital may have other co morbid conditions, immunosuppression, 
neutropenia, multi-organ involvement, and may have other 
hospital-acquired infections which may complicate the course of 
CAUTI [19,20].

Prevention and successful treatment of CAUTI requires good 
microbiological service support and information with reporting 
of such incidents at various target locations of the hospital. The 
Center for Disease Control and Prevention (CDC) has developed 
the “Targeted Assessment for Prevention” strategy to prevent HAIs 
including CAUTI [21]. For successful treatment, correct antibiotic 
choice is important, an idea which can be obtained by proper urine 
culture method which is not only related to microbiology laboratory 
quality standards but also pre-laboratory procedures like collection, 
storage, and process of urine samples such that contamination with 
other microorganisms is avoided. As per CDC, this is part of the 
treatment and also includes the urine culture stewardship program 
of patients who are admitted in the hospital [22]. Antibiotic 
stewardship program is very important in relation to UTI in 
hospitalized patients as it is very frequently encountered by treating 
physicians [23]. CAUTI being the most common form of UTI in 
hospitalized patients; appropriate treatment, proper assessment of 
patient, laboratory investigations, urine culture sensitivity pattern, 
and proper justification of the use of particular antibiotic for proper 
duration becomes a part of antibiotic stewardship program at the 
local and global level [22,23]. Proper microbiological laboratory 
support, rational use of urinary catheters, catheter care, strict 
infection control practices, and appropriate antibiotic use are 
important for the prevention of CAUTI [19–24].

4. CONCLUSION
The present study showed a positive association between the 
number of CAUTI cases and various risk factors like age, catheter 
days, and disease like type 2 diabetes mellitus. Higher resistance 
of antibiotics along with special resistance mechanisms like MBL 
and ESBL made CAUTI more decisive. We have noted that CAUTI 
is more common in elderly patients, so special catheter care and 
precaution are warranted in the treatment of such patients.
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