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Abstract: Catheter associated urinary tract infection’s (CAUTI) account for more than 80% of all 

healthcare associated infections (HAIs) as compared to non-catheterized urinary tract infections. 

Catheter associated urinary tract infections occur on the third day after insertion of catheter in patients 

having urinary tract infection (UTI). In long term catheter use, bio-film form along the catheter which 

increases the risk of antibiotic resistant pathogens. Most common pathogens involved were Escherichia 

coli and Klebsiella pneumoniae which produce the enzymes Extended Spectrum β-Lactamases (ESBLs). 

Objective: To compare the frequency of ESBLs in catheterized and non-catheterized UTI infections. 

Materials and Methods: This comparative study was conducted at the Microbiology Department, 

Allama Iqbal Medical College, Lahore, from June 2014 to January 2015. Urine samples were cultured 

according to WHO protocol and antimicrobial Susceptibility testing was performed by Modified Kirby-

Bauer disc diffusion Method. Escherichia coli and Klebsiella pneumoniae were tested for ESBL 

production by phenotypic confirmatory method of disk diffusion synergy using a disc of amoxicillin-

clavulonate (30μg) and ceftrixone (30μg), cefotaxime (30μg) and aztreonam (30μg) discs. Results: Out 

of 300 positive urinary isolates of Escherichia coli and Klebsiella pneumoniae from CAUTI, 65.33% 

were ESBL producing isolates whereas out of 300 positive urinary isolates of Escherichia coli and 

Klebsiella pneumoniae from non-catheterized UTI, 47.66% were ESBL producing isolates. The results 

were highly significant (p < 0.001).  Conclusion: Results showed that frequency of ESBLs were higher 

in catheterized patients as compared to non-catheterized patients. This is suggestive of a need for regular 

screening and surveillance for ESBL producing organisms. Patients infected with these organisms 

should be nursed with contact precautions to avoid the spread of nosocomial infection. 
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Introduction 

 

Infections that patients acquire during hospital stay and receiving treatment for medical and surgical 

conditions are healthcare-associated infections [1]. Urinary tract infection is the most common bacterial 

infection that occurs in urinary tract and accounts for 40% of all hospital acquired infections [2]. The 

most common healthcare-associated infection is catheter-associated urinary tract infections which occur 

in patients after insertion of catheter and accounts for 30% to 40% of all the hospital acquired infections 

[3, 4]. Insertion of catheter in patients greater than 7 days accounts infection up to 25% and increases to 

100% after 30 days [4]. Bacterial colonies form into the epithelial cells of the urinary tract which are 

responsible for the infection [5]. The infection that occurs with an indwelling Foley’s urinary catheter 

within 48 hours is a catheter-associated urinary tract infection [6]. Indwelling Foley’s urinary catheter 

enables emptying of the bladder. Urinary catheterization is categorized as short term that is in situ less 

than 28 days or long term is in situ more than 28 days [7]. The presence of bacteria in urine is known as 

bacteriuria which is either asymptomatic (CA-ASB) or symptomatic bacteriuria. Asymptomatic 

bacteriuria is usually present in CAUTI [8]. Patients with urinary tract infections have symptoms of 

fever, urinary urgency, lower abdominal pain, dysuria, pyuria, and leukocytes in urine [9]. The presence 

of bacteria with a count of 10
5 

CFUs per ml is an indication of urinary tract infection [10]. The level of 

bacteria in urine increases from 10
5
 to 10

8
 CFU per ml within  24 to 48 hours if antimicrobial therapy is 

not given to the patient [11]. Bio-film formation along the catheter reflects the presence of organisms 

that increase resistance to the host immune response and to antibiotics. Bio-film forms when a catheter 

was inserted greater than 2 weeks ago [12]. Most common pathogens associated with CAUTI are 

Escherichia coli, Klebsiella pneumoniae, Enterobacter species, Proteus species, Pseudomonas 

aeruginosa, S. saprophyticus, Candida species. Among gram negative rods, Escherichia coli and 

Klebsiella pneumoniae are  more prone to produce ESBLs [2]. Extended spectrum β-lactamases 

(ESBLs) are enzymes that are often located on plasmids. These plasmid mediated β-lactamases are 

capable of hydrolyzing and inactivating extended spectrum β-lactams with an oxyimino side chain like 

cephalosporins (cefotaxime, ceftriaxone, and ceftazidime) and oxyimino-monobactam (aztreonam) [13]. 

Previous use of antibiotics, catheterization, prolonged hospital stay, and invasive infections are the 

major risk factors for ESBL production [14]. Morbidity and mortality of ESBLs increased in both 

developed and developing countries. Therefore the present study was planned to isolate ESBLs. 
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Materials and Methods 

Study population: 

This study was conducted at the Microbiology Department of AIMC, Lahore. From June 2014 to 

January 2015, consecutive, non-duplicate isolates of Escherichia coli and Klebsiella pneumoniae were 

collected from urine samples of patients admitted in different wards of Jinnah Hospital who were 

hospitalized for at least 48 hours. Catheterized patients having UTI’s with underlying diseases such as 

spinal cord injuries, renal diseases, chronic UTI’s, sepsis, diabetes, hepatitis, and urological operations 

belonging to the indoor department were included in this study. Ages ranged from 2 to 85 years of either 

gender. Non-catheterized patients having UTI with symptoms of fever, cost-vertebral angle pain, urinary 

frequency, burning micturition, bacteriuria, leukocytes and pyuria in urine regardless of age and sex 

were included. Bacterial colonies of either Escherichia coli or Klebsiella pneumoniae on culture plates 

with 10
5
 CFUs per ml was considered as UTI diagnosis. A positive double disc diffusion test was 

considered for ESBLs detection. Patients of less than 2 years were excluded. Informed consent was 

taken from either the patient or a relative. 

Sample Collection 

Two ml urine samples were collected from catheterized patients. In patients with short term 

catheterization, samples were obtained by puncturing the catheter tubing with a needle or syringe using 

aseptic techniques. In patients with long term indwelling catheters, urine samples were collected from 

the freshly placed catheter. In symptomatic patients, urine samples were collected immediately prior to 

antimicrobial therapy. Mid-stream urine samples were collected in a sterile urine container from non-

catheterized patients. 

Urine Culturing 

The urine specimens were subjected to urine culture on Cysteine Lactose Electrolyte Deficient Agar 

(CLED) and streaked for colony count. The plates were incubated at 37°C for 16 to 18 hrs and then 

examined for bacterial growth. Organisms present on culture were identified by standard 

microbiological procedures (Colonial morphology, Gram’s stain appearance, motility, routine 

biochemical tests). Antimicrobial susceptibility testing was performed by Modified Kirby Bauer disc 

diffusion method on Mueller-Hinton agar. In this method, the inoculums were adjusted to 0.5 Mc-

Farland standards and swabbed onto the surface of Mueller-Hinton agar with the help of a swab. The 

antibiotic discs were placed onto the agar plate and incubated at 37°C for 16-18 hours. After incubation, 

zones of inhibition were noted and compared with reference zones. The following antibiotics discs were 

used: cefotaxime (30μg) / cefpodoxime (30μg) / ceftriaxone (30μg) / ceftazidime (30μg) / aztereonam 

(30μg) and amoxicillin-clavulanate (30μg) for the ESBL producing Escherichia coli and Klebsiella 
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pneumoniae on Mueller-Hinton agar. These ESBL producing organisms showed a zone diameter of ≤ 17 

mm for cefpodoxime / ≤ 22 mm for ceftazidime / ≤ 27 mm for aztreonam / ≤ 25 mm for ceftriaxone or ≤ 

27 mm for cefotaxime as recommended by CLSI (Clinical and Laboratory Standards Institute) [15]. 

ESBL detection was confirmed by double disc diffusion synergy method. In this method, a synergy was 

determined between a disc of amoxicillin-clavulanate (30μg) and a 30μg disc of each third generation 

cephalosporin test antibiotic (ceftrixone and cefpodoxime) placed at a distance of 25-30 mm from center 

to center on a Mueller-Hinton Agar, (MHA) plate swabbed with the isolates of Escherichia coli or 

Klebsiella pneumoniae. The plates were incubated at 37
°
C for 16-18 hours. After incubation, 

augmentation or key-hole phenomenon was observed which indicated the production of ESBL [16]. 

Escherichia coli American Type Culture Collection (ATCC
®
) 25922 and Klebsiella pneumoniae 

(ATCC
®
) 700603 were used as control. 

Statistical Analysis 

SPSS version-20 was used for statistical data analysis. Frequency tables and percentages expressed as 

categorical variables and continuous variables expressed as mean and standard deviation. In statistical 

analysis, the value of p less than 0.05 is considered significant and a value of p greater than 0.05 is 

considered insignificant. Tests of significance were calculated using chi-square test for ESBL positivity. 

The p-value of less than 0.05 was considered statistically significant. 

Results 

300 isolates (Escherichia coli and Klebsiella pneumoniae) were included from catheterized and non-

catheterized patients from a total of 1012 urine specimens received during the study’s duration. From 

1012 urine samples, 506 urine samples were from each of catheterized patients and non-catheterized 

patients. Out of a total of 506 samples from catheterized patients, 54 samples did not show bacterial 

growth while 452 had positive cultures. In non-catheterized patients, out of 506 samples, 67 samples did 

not show bacterial growth while 439 had positive cultures. Out of 452 positive cultures from 

catheterized patients, 152 were urinary pathogens i.e Staphylococcus Saprophyticus, Proteus vulgaris, 

Pseudomonas aeroginosa, Candida species and 300 were Escherichia coli and Klebsiella pneumoniae 

while in non-catheterized patients, out of 439 positive cultures, 139 were other urinary pathogens and 

300 were Escherichia coli and Klebsiella pneumoniae.  

Out of 300 Escherichia coli and Klebsiella pneumoniae from catheterized patients, 56% (168) were 

Escherichia coli and 44% (132) were Klebsiella pneumoniae where as in non-catheterized patients, out 

of 300 Escherichia coli and Klebsiella pneumoniae, 50.7% (152) were Escherichia coli and 49.3% (148) 

were Klebsiella pneumoniae. Out of 56% (168) Escherichia coli and 44% (132) Klebsiella pneumoniae 

from catheterized patients, 75% (126) were ESBL producing Escherichia coli and 53.03% (70) were 
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ESBL producing Klebsiella pneumoniae. Where as in non-catheterized patients out of 50.7% (152) 

Escherichia coli, 71.05% (108) were ESBL producing Escherichia coli and out of 49.3% (148) 

Klebsiella pneumoniae, 23.64% (35) were ESBL producing Klebsiella pneumoniae as shown in table 1. 

Table 1: Bacterial growth in patients of urinary tract infection 

 

Bacterial growth 

 

Catheterized patients 

having UTI 

Non-catheterized 

patients having UTI 

 

p-value 

Escherichia coli 168 (56%) 152 (50.7%)  

 

0.190* 

Klebsiella 

pneumoniae 

132 (44%) 148 (49.3%) 

Total 300 (100%) 300 (100%) 

 

* P > 0.05 (not significant) 

Therefore, a total of 65.33% (196) isolates were positive for ESBLs from catheterized patients while in 

non-catheterized patients, a total of 47.66% (143) isolates were positive for ESBLs. The results of 

ESBLs from catheterized and non-catheterized UTI patients were highly significant (p= 0.001). Double 

disc synergy method positive for ESBLs as shown in the figure 1:  

 

Figure 1: Double disc synergy test for ESBL producing organism. 

Mean age of patients with a urinary tract infection was 39.13 ± 19.582 (minimum age 2 and maximum 

age 85). Mean age of patients with catheter associated urinary tract infection was 39.61 ± 19.289 and 

mean age of non-catheterized UTI patients was 38.65 ± 19.891. There was no statistically significant 
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difference between catheterized and non-catheterized UTI patients (p=0.878). Patients of 2-12 years 

with catheter associated UTI were 5.7% (17) where as non-catheterized UTI were 6.7% (20). Patients of 

13-30 years with CAUTI were 35% (105) where as non-catheterized UTI were 36.3% (109). Patients of 

31-60 years with CAUTI were 44% (132) while non-catheterized UTI were 41% (123). Patients of 61 

years and above with catheter associated UTI were 15.3% (46) where as non-catheterized UTI were 16% 

(48) as shown in table 2. 

 

Table 2: Age distribution among Catheterized patients and Non-catheterized patients having UTI 

 

Age groups 

Catheterized 

patients having 

UTI 

Non-catheterized 

patients having UTI 

 

p-value 

2-12 years 17 (5.7%) 20 (6.7%)  

 

0.878
*
 

13-30 years 105 (35%) 109 (36.3) 

31-60 years 132 (44%) 123 (41%) 

61 years and above 46 (15.3%) 48 (16%) 

Total 300 (100%) 300 (100%) 

 

*p ˃ 0.05 (not significant) 

From catheterized UTI patients, 60.3% (180) were male and 39.7% (119) were female whereas from 

non-catheterized UTI patients, 54.3% (163) were male and 45.7% (137) were female. There was no 

statistical difference between the two groups (p= 0.137). 

Catheterized UTI patients belonged to the Urology Ward were 6.3% (19), Medicine 35.3% (106), ICU 

19% (57), Paeds 4.3% (13), Surgery 16.7% (50), Orthopeadic 9.7% (29), Pulmonology 5.7% (17), 

Gynecology 2.7% (8), and Oncology 0.3% (1). Non-catheterized UTI patients belonged to Urology 

Ward were 8.7% (26), Medicine 43.3% (130), ICU 20.3% (61), Paeds 5.7% (17), Surgery 10.3% (31), 

Orthopaedic 2% (6), Pulmonology 7.3% (22) and Gynecology 2.3% (7) and are shown in figure 2. The 

number of patients belonging to different wards were statistically significant (p= 0.001). 45.7% (137) of 

the catheterized patients who had UTI’s used previous antibiotics of cephalosporin’s and 37.7% (113) of 

non-catheterized patients used cephalosporin antibiotics that were statistically significant (p=0.047).  
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Figure 2: Smaller ring shows number of catheterized patients and larger ring shows number of non-

catheterized patients in different wards. 

Discussion 

Extended spectrum β-lactamases production was identified in the early 1980s. Escherichia coli and 

Klebsiella pneumoniae were the predominant ESBLs producing organisms [17, 18]. Extended spectrum 

β-lactamases produced by most common urinary pathogens are increasing in number. They are resistant 

to β-lactams that are difficult to treat by clinicians. Inappropriate use of antibiotics led to the increase in 

resistance to the antibiotics that make the treatment difficult. In this study 45.7% of catheterized patients 

and 37.7% non-catheterized patients have previously used the antibiotics cephalosporin which leads to 

the failure of antimicrobial therapy due to resistance of Escherichia coli and Klebsiella pneumoniae as 

shown in Table 3. Taneja et al (2008) reported the highly drug resistant uropathogens for testing ESBL 

production and 36.5% were found to be ESBL producers. The high sensitivity was found in Klebsiella 

pneumoniae as compared to Escherichia coli [19]. These percentages are similar to our data. Prior 

antibiotic use was the risk factor for ESBL-producing Escherichia coli or Klebsiella pneumoniae 

infection [20]. Isolates associated with CAUTI also form biofilm which enables them to survive against 

antimicrobials. In a long term catheterized patient, bio-film forms along the catheter which causes the 

micro-organisms to adhere to it. 
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Table 3: Previous antibiotic use of patients 

 

Antibiotic use 

Catheter associated 

urinary tract infection 

Non-catheter associated 

urinary tract infection 

 

p -value 

Patients with previous 

antibiotic use 

 

137 (45.7%) 

 

113 (37.7%) 
 

0.047* 
Patients with no 

previous antibiotic use 

 

163 (54.3%) 

 

187 (62.3%) 

Total 300 (100%) 300 (100%) 

 

*P < 0.05 (significant) 

These cause persistent infections, survive for a long duration, and finally become resistant to 

antimicrobial therapy [21]. In our study, the frequency of ESBLs was 65.33% from catheterized patients 

and 47.66% from non-catheterized patients as shown in Table 4. Afridi et al (2011) from Pakistan, 

reported a prevalence of 65.7% ESBL producing organisms from urine of non-catheterized patients [22]. 

Another study from Nagpur, India showed the prevalence of ESBLs to be 48.3% in urinary isolates [23]. 

Table 4: ESBLs in patients of urinary tract infection 

 

ESBLs 

production 

Catheterized 

patients having UTI 

Non-catheterized 

patients having 

UTI 

 

p-value 

ESBLs 196 (65.3%) 143 (47.7%)  

0.001
* 

Non-ESBLs 104 (34.7%) 157 (52.3%) 

Total 300 (100%) 300 (100%) 

 

*p < 0.05 (highly significant) 

ESBL producing  Escherichia  coli showed  the highest frequency (75%, 71.05%) followed by 

Klebsiella pneumoniae (53.03%, 23.64%) in both catheterized and non-catheterized patients positive for 

UTI’s. This presented evidence that treatment with beta-lactam antibiotics is the risk factor of acquiring 

ESBL producing Escherichia coli in CAUTI. Spadafino et al (2014) reported 83.4% ESBL producing 

Escherichia coli in CAUTI [24]. Y.S. Yang et al (2010) reported 58.3% ESBL producing Escherichia 

coli and 41.7% Klebsiella pneumoniae in urinary tract infections [17]. Hafeez et al (2009) reported 

44.8% Escherichia coli and 38.6% Klebsiella pneumoniae among urinary pathogen isolates [25]. The 

mean age of patients was 39.13 years. A study from Pakistan reported a mean age of 47 years [26]. The 
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frequency of male patients was 60.3% in catheterized patients and 54.3% in non-catheterized patients. 

39.7% were female catheterized patients and 45.7% were in non-catheterized patients. There was no 

statistical difference between male and female patients (p = 0.137). The highest number of patients 

belonged to the Medicine Ward. In our region, there is a strong positive association between prior 

antibiotic use and ESBL production of the catheterized and non-catheterized patients (p = 0.047). 45.7% 

of catheterized patients and 37.7% of non-catheterized patients have previously used 3
rd

 generation 

cephalosporins. The urine samples of these patients showed resistance of Escherichia coli and Klebsiella 

pneumoniae to the beta lactam drugs and are a major risk factor for ESBLs production. The only choice 

of drug for ESBL producing organisms is imipenem. The duration of catheterization and misuse of 

antibiotics were also risk factors for the emergence of resistance to drugs and thus treatment of these 

patients becomes difficult. It is necessary that catheterization in situ should not be greater than 3 days. 

In-out catheterization pattern should follow hygienic conditions to decrease the spread of nosocomial 

infections and ESBL production.  

Conclusion 

A high frequency of ESBL producing organisms was found especially among Klebsiella pneumoniae 

and Escherichia coli in urinary isolates. ESBL producing organisms were found higher amongst 

catheterized patients associated with urinary tract infections as compared to non-catheterized patients 

associated with urinary tract infections. This is suggestive of a need for regular screening and 

surveillance for ESBL producing organisms. Since ESBLs destroy the cephalosporins given as first line 

antibiotics in hospitals, this leads to increased morbidity and mortality and therefore ESBLs are 

clinically important. Thus, accurate detection of these organisms is essential for effective treatment. 

ESBL production from clinical specimens also reflects non-judicious use of antimicrobials. Patients 

infected with these organisms should be nursed with contact precautions to avoid the spread of 

nosocomial infection. Further typing and sub-typing of ESBLs based on gene sequencing by PCR is 

planned as continuation of this study. This will show the most common ESBL types in our clinical 

settings. This confers antibiotic resistance to specific group of antibiotics. It will equip the treating 

physicians with better treatment options for patients infected with ESBL producing organisms.  
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