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 Despite the widespread availability of antibiotics, urinary tract infection 

(UTI) remains the most common bacterial infection in the human 

population. Current knowledge of the organisms that cause UTI and their 

antibiotic susceptibility pattern is mandatory to ensure appropriate 

therapy. Production of extended-spectrum β-lactamases (ESBLs) is an 

important mechanism of resistance in Enterobacteriaceae. Knowledge of 

their prevalence is essential to guide appropriate antibiotic therapy. Aim 

of the present study was to determine the frequency of ESBLs in 

uropathogenic Enterobacteriaceae and their antibiogram. A total of 300 

uropathogenic Enterobacteriaceae isolated from a teaching hospital. 

Antimicrobial susceptibility testing was performed by “Kirby Bauer's” 

disc diffusion method according to “Clinical Laboratory Standard 

Institute” (CLSI) guidelines. These isolates were tested for ESBL 

phenotype by CLSI phenotypic confirmatory test (CLSI-PCT). It was 

found that 53% of the isolates were ESBL producers. E. coli (56%) and 

Klebsiella species (35%) were the predominant. Nitrofurantoin, 

piperacillin-tazobactum and amikacin were found to be the most 

effective antibiotics. ESBL producers were more resistant to 

cephalosporins, fluoroquinolones, piperacillin-tazobactum, amoxyclav 

and cotrimoxazole compared to non-ESBL producers. Continued 

antibiotic surveillance, infection control measures and an effective 

antibiotic policy are required to address the problem of ESBL associated 

infections. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Urinary tract infection (UTI) is the most common infection after respiratory and gastrointestinal infections, 

and the most common cause of both community acquired and nosocomial infections [1]. Enterobacteriaceae 

are important etiological agents for UTI [2]. Production of extended-spectrum β-lactamases (ESBLs) is an 

important mechanism of resistance in Enterobacteriaceae. 
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ESBLs are mutant, plasmid mediated β-lactamases, they confer resistance to all extended spectrum 

cephalosporins and aztreonam, except cephamycins and carbapenems [3]. ESBLs are found in a variety of 

Enterobacteriaceae species: Klebsiella pneumoniae, Klebsiella oxytoca, Escherichia coli, Enterobacter, 

Citrobacter, Proteus, Morganella and Serratia [4]. 

 

The first plasmid-mediated β-lactamase was TEM-1 in1965 in E. coli isolated from blood culture of a 

patient in Greece. Around the same time, another plasmid-mediated β-lactamase, SHV-1, was found in 

Klebsiella pneumoniae and E. coli. There are >130 TEM-type and >50 SHV-type β-lactamases, and new 

ones are found every week [5]. In the recent years, several new ESBLs of the non-TEM and the non-SHV 

types have emerged, such as CTX-M, PER, VEB and GES lineages [3]. 

 

Many phenotypic tests have been developed for detection of ESBL-producing organisms since the 1980s, 

based on two characteristics of ESBLs: reduction of susceptibility to extended-spectrum cephalosporins and 

inhibition by clavulanate. “The Clinical Laboratory Standard Institute” (CLSI) method for ESBL detection 

consists of the initial screening test and “phenotypic confirmatory test” (PCT). Susceptibility to more than 

one of cefpodoxime, ceftazidime, ceftriaxone, cefotaxime and aztreonam is evaluated using disk diffusion 

in the initial screening test. A decrease in susceptibility to one or more antibiotics tested indicates 

production of ESBLs and warrants performance of the subsequent PCT [4]. 

 

Delay in the detection and reporting of ESBL production is associated with prolonged hospital stay, 

increased morbidity, mortality and health-care costs. Failure to identify ESBL-producing organisms also 

contributes to their uncontrolled spread in the community [6]. 

 

The present investigation deals with defining prevalence of ESBL production among Enterobacteriaceae 

isolates causing UTI and their antibiogram. 

 

2. Materials and Methods 

Present prospective study was conducted in the “Department of Microbiology of Basaveshwara Teaching 

and General Hospital attached to M. R. Medical college, Kalaburagi.”. A total of 300 isolates belonging to 

Enterobacteriaceae which were studied for a duration of one year were isolated from urine samples from 

both hospitalized patients as well as those attending outpatient clinics. Present study is approve by 

institutional ethical committee. 

 

Inclusion criteria: Organisms belonging to Enterobacteriaceae isolated from urine samples with significant 

bacteriuria. 

 

Exclusion criteria: Organisms belonging to non-Enterobacteriaceae isolated from urinary specimens.  

 

Isolation of pathogens: The urine sample was centrifuged at 3500 rpm for 15 min. Wet mount preparation 

was done to screen for pus cells, and >10 pus cells/HPF was considered significant. The sample was 

inoculated on Blood Agar and MacConkey Agar plates and incubated at 37° C under aerobic conditions 

overnight. On the next day, bacterial growth was observed, colony count was done and checked for 

significant bacteriuria (>105 colony-forming unit/ml). Cultures yielding insignificant growth or more than 

two types of organisms were excluded. 

 

Identification of isolates: The colonies were subjected to Gram’s stain. Gram-negative bacteria were further 

subjected to oxidase and catalase tests for preliminary identification of Enterobacteriaceae. Additional 
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biochemical tests such as nitrate reduction, indole production, methyl red test, Voges-Proskauer test, citrate 

utilization test, urease production test, TSI, sugar fermentation (glucose, lactose, sucrose and mannitol) and 

amino acid decarboxylation tests were conducted. 

 

Antibiotic susceptibility testing: This was performed using the modified Kirby Bauer disc diffusion 

technique. Susceptibility was tested with Ampicillin (10μg), Amikacin (30 μg), Amoxyclav(30 μg), 

Cefepime (30 μg), Cefuroxime (30 μg), Ciprofloxacin (5 μg), Cotrimoxazole (1.25/23.75μg), Gentamycin 

(10μg), Nitrofurantoin (30μg), Norfloxacin (10μg), Piperacillin/ Tazobactam (100/10 μg) and Imipenem (10 

μg). 

 

These discs were obtained from HiMedia Laboratories, Mumbai. The diameter of zone of inhibition was 

measured and interpreted according to CLSI guidelines [7]. 

 

2.1 ESBL Detection 

2.1.1 Phenotypic Confirmatory Test (CLSI-PCT): 

This test was performed on Mueller Hinton agar (MHA) by disc diffusion test as recommended by CLSI. 

The test organism was swabbed onto an MHA plate. Cefotaxime (30 μg) and cefotaxime-clavulanic acid 

(30/10 μg) disks were placed at a distance of 25 mm, center to center, on the MHA plate. Similarly, 

ceftazidime disks (30 μg) with and without clavulanate (30/10 μg) were used. The plates were read after 

18–24 hrs of incubation. A greater or equal to 5 mm increase in the zone diameter when tested in 

combination with clavulanate versus its zone diameter, when alone, confirmed an ESBL producing 

organism [7]. 

 

3. Results 

Of the 300 gram-negative bacilli, 159 (53%) were confirmed to be ESBL producers. ESBL producers were 

most common (39.6%) in the 21–40-yr age group, followed by 1–20 yrs (23.8%) (Table 1). Least 

prevalence was seen in 81–100 yrs (6.9%). Far more ESBLs were isolated from female patients (66%) than 

males (33%). Of the 159 ESBL producers, 115 (72%) were from inpatients and 44 (28%) from outpatients. 

The majority of the isolates were from the OBG department, at 48 (41.7%), followed by the medicine 

department, with 37 (32%). The highest number of ESBLs were isolated from E.coli (56%), followed by 

Klebsiella spp (34%). Enterobacter, Citrobacter and Proteus contributed to 10% (Figure 1). 

 

ESBL producers showed a high percentage of susceptibility to nitrofurantoin (55%), pipericallin-

tazobactum (38%) and amikacin (37%) (Table 2). 

 

ESBL producers were more resistant to cefotaxime (98%), cefuroxime (98%), cefepime (91%), 

ciprofloxacin (89%), norfloxacin (86%), cotrimoxazole (81%), gentamicin (77%) and amoxyclav (71%) 

when compared to non ESBL producers (Table 3). 

 

4. Discussion 

UTI is among the most common infectious diseases in the general population. Enterobacteriaceae are the 

leading cause of UTI. There are significant regional and global differences in the incidence of ESBL among 

clinical isolates, and this prevalence is quickly shifting over time. There is a critical need for laboratory 

testing procedures that can precisely detect the presence of the specific enzymes in clinical isolates due to 

the rising incidence of Enterobacteriaceae producing ESBLs. [8]. 

 

In our study, the CLSI recommended phenotypic confirmation test (CLSI-PCT) was the method used for 
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ESBL detection. As many as 53% of the isolates produced ESBLs, it was found. Studies conducted around 

the nation have revealed an incidence of between 21% and 88%. (Table 4). Broad variations in risk factors 

and antibiotic use are likely to be to responsible for the wide difference in prevalence. The results of our 

study are in concordance with [1], they reported 55% incidence of the same. Our facility's high incidence 

was likely brought on by the fact that it is a tertiary care facility with extensive use of antibiotics, 

particularly 3rd generation cephalosporins. 

 

Given that UTI is more common in women, ESBL producers were more likely to be female (66%) than 

male (33%), which is in concordance with [3], [9].  ESBL production was more prevalent in the age group 

21–40 yrs, which is similar to a study done by [10], who observed a greater number of isolates in the age 

group 30–39 yrs. This is in contrast to the study done by [3], who observed more isolates in the age group 

41–60 yrs, followed by the 21–40-yrs group.  High ESBL production was seen in isolates from inpatients 

(72%) compared to outpatients (28%). This is similar to the findings of a study done by [2], who observed 

80% of isolates in inpatients.  

 

In our study, 56% of ESBL producers were from E. coli isolates, followed by Klebsiella spp which were 

34%. This is similar to the findings of a study by [11]. [12], [3] observed the predominance of Klebsiella 

spp in ESBL producers. 

 

In our study, Nitrofurantoin was found to be the most effective antibiotic (55%). This is similar to findings 

by [13], who observed 90% sensitivity for nitrofurantoin. Until recently, nitrofurantoin was considered an 

inferior agent for the treatment of uncomplicated UTIs. The 2011 IDSA guidelines have elevated 

nitrofurantoin from an alternative agent to first-line therapy for uncomplicated UTI [14]. 

 

Other effective antibiotics were piperacillin-tazobactum and amikacin, which showed sensitivity of 38% 

and 37%, respectively. Effectiveness of these drugs may be due to the fact that these are injectable drugs, 

and it reflects their low usage in this setting. This is in accordance with work by [9]. There was difference 

in sensitivity of isolates to amikacin and gentamycin (37% and 22%, respectively). Because of structural 

differences, amikacin is not inactivated by the common enzymes that inactivate gentamycin. Therefore, a 

large proportion of gram-negative aerobes that are resistant to gentamycin are sensitive to amikacin [15]. 

 

In our study, ESBL producers were more resistant to cephalosporins than non ESBL producers. Resistance 

was seen in ESBL producers for cefotaxime (98.7%), cefuroxime (98%) and cefepime (91%). This is 

probably because of overuse of cephalosporins at our center. This correlates with the findings of the 

SMART study 2009-10 results by [16], [11]. 

 

Resistance in ESBL producers was also observed for Ampicillin (94%), ciprofloxacin (89%), norfloxacin 

(86%), co-trimoxazole (81%), gentamicin (77%) and amoxyclav (71%) This is similar to findings by [11], 

[10]. This is due to the wide usage of the drugs empirically, as they are relatively cheap, and because being 

oral antibiotics they are easy to administer, see [11]. Fluoroquinolones have a wide variety of indications. 

They permeate most body compartments and are ubiquitously prescribed, accounting for the emergence of 

resistance to them; [17]. The new IDSA guidelines have demoted fluoroquinolones from first-line therapy 

to an alternative agent for uncomplicated UTI [14]. 

 

Resistance to imipenem was observed more in ESBL producers (72%) than in non ESBL producers (35%). 

The treatment choices for difficult and drug-resistant cases are put in jeopardy by carbapenem-resistant 

pathogens. Prior to recently, carbapenems were consistently successful against gram-negative bacteria that 
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were resistant to them, but certain strains have now discovered efficient ways to resist. There are a number 

of methods, including the production of beta lactamases, which eliminate antibiotics, the blockage of 

antibiotic entrance, or efflux pumps, which actively pump antibiotics out. Some of these processes can be 

easily passed from one organism to another and are not antibiotic- or class-specific. Since there are no new 

antibiotics available to combat these multidrug-resistant pathogens, which are currently in the advanced 

stages of clinical development. [18]. 

 

On the basis of our results, drug therapy with amoxyclav, cephalosporins, fluoroquinolones and co-

trimoxazole for UTI should be based on antibiotic sensitivity report. Empirical therapy is no longer 

acceptable. Alternatively, continuous analysis of the antibiotic resistance pattern would act as a guide in 

initiating the empirical treatment of UTI. This would not only help in the prudent use of antibiotics but 

would also curb the dissemination of antimicrobial resistant strains in the community as well as in the 

hospital setting.  

 

5. Conclusion 

Routine ESBL testing for uropathogens coupled with traditional antibiograms would be beneficial in all 

cases due to the development of bacterial drug resistance, which would aid in the right treatment of the 

patient and also halt further development. In order to formulate a stringent antibiotic strategy and lower the 

degree of resistance, drug resistance surveillance is required in hospitals to understand the effects of 

increasing drug resistance of the urine isolates that are prevalent in their population. 

 

To stop the spread of infections caused by ESBL organisms, a few general precautions must be taken. The 

establishment of resistant strains can be primarily prevented by using antimicrobial drugs properly. To 

avoid the ESBL issue, control measures and educational campaigns are recommended. Additionally, 

clinicians need to rely more on laboratory guidance, and laboratories need to supply resistant patient data 

faster for better management.  

 

6. References 

[1] Chaudhary N K, Murthy S M: Extended expectrum betalactamases in uropathogen. Asian J Pharm 

Clin Res. 2013, 6: 207–10.  

 

[2] DMBT Dissanayake, SSN Fernand1, NS Chandrasiri: The distribution and characteristics of 

Extended-Spectrum -Lactamase (ESBL) producing Escherichia coli and Klebsiella species among urinary 

isolates in a tertiary care hospital. Sri Lanka J Infec Dis. 2012, 2:30–6.  

 

[3] Metri BC, Jyothi P, Peerapur BV: The prevalence of ESBL among Enterobacteriaceae in a tertiary 

care hospital of north Karnataka, India. J Clin Diagn Res. 2011, 5:470–5.  

 

[4] Tsering DC, Das S, Adhiakari L, Pal R, Singh TS: Extended spectrum beta- lactamase detection in 

gram-negative bacilli of nosocomial origin. J Glob Infect Dis. 2009, 1:87–92.  

 

[5] Turner PJ: Extended-spectrum beta-lactamases. Clin Infect Dis. 2005, 41(Suppl 4):S273–S275. 6. 

Kader AA, Kumar A, Krishna A, Zaman MN: An accelerated method for the detection of extended-

spectrum beta-lactamases in urinary isolates of Escherichia coli and Klebsiella pneumoniae. Saudi J Kidney 

Dis Transpl. 2006, 17:535–9.  

 

[6] Clinical and Laboratory Standards Institute: Performance Standards for Antimicrobial 



Tazeen, et.al, 2022                                                                                                  Azerbaijan Medical Journal 

 

2974 
 

Susceptibility Testing; M100. 27th edition. Clinical and Laboratory Standards Institute, Wayne, PA, USA. 

2017. 

 

[7] Giriyapur RS, Nandihal NW, Krishna BV, Patil AB, Chandrasekhar MR: Comparison of disc 

diffusion methods for the detection of extended-spectrum beta lactamase-producing Enterobacteriaceae. J 

Lab Physicians. 2011, 3: 33–6.  

 

[8] Rajan S, Prabavathy J: Antibiotic sensitivity and phenotypic detection of ESBL producing E.Coli 

strains causing urinary tract infection in a community hospital, Chennai, Tamil Nadu, India. Webmedcentral 

Pharmaceutical Sciences. 2012, 3:WMC003840. 

 

[9] Wani KA, Thakur MA, Siraj Fayaz A, Fomdia B, Gulnaz B, Maroof P: Extended spectrum B-

lactamase mediated resistance in Escherichia coli in a tertiary care hospital. Int J Health Sci (Qassim). 2009, 

3:155–63.  

 

[10] Sasirekha B: Prevalence of ESBL, AmpC - lactamases and MRSA among uropathogens and its 

antibiogram. EXCLI Journal. 2013, 12:81–8. 

 

[11] Dugal S, Purohit H: Antimicrobial susceptibility profile and detection of ESBL production by gram 

negative uropathogens. Int J Pharm Pharm Sci. 5:434–8.  

 

[12] Datta P, Gupta V, Sidhu S, Chander J: Community urinary tract infection due to ESBL producing 

E. coli: epidemiology and susceptibility to oral antimicrobials including Mecillinam. Nepal J Med Sci. 

2014, 3:5–7.  

 

[13] McKinnell JA, Stollenwerk NS, Jung CW, Miller LG: Nitrofurantoin compares favorably to 

recommended agents as empirical treatment of uncomplicated urinary tract infections in a decision and cost 

analysis. Mayo Clin Proc. 2011, 86:480–8.  

 

[14] Gonzalez LS, III, Spencer JP: Aminoglycosides: a practical review. Am Fam Physician. 1998, 

58:1811–20. 

 

[15] Hoban DJ, Nicolle LE, Hawser S, et al. Antimicrobial susceptibility of global inpatient urinary tract 

isolates of Escherichia coli: results from the Study for Monitoring Antimicrobial Resistance Trends 

(SMART) program: 2009–2010. Diagn. Microbiol. Infect. Dis. 2011, 70: 507–11.  

 

[16] Sood S, Gupta R: Antibiotic resistance pattern of community acquired uropathogens at a tertiary 

care hospital in Jaipur, Rajasthan. Indian J Community Med. 2012, 37:39–44.  

 

[17] Eswarappa M, Dosegowda R, Aprameya IV, Khan MW, Shivkumar P, Kempegowda P: Clinico-

microbiological profile of urinary tract infection in south India. Indian J Nephrol. 2011, 21: 30–6. 

 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 07, September, 2022 

  

2975 
 

 
Figure 1: Species wise distribution of ESBL producers 

 

Table 1: Agewise distribution of ESBL producers 

 

       Age 

(years) 

ESBL producers 

Number of isolates Percentage 

1-20  38 23.8 

21-40  63 39.6 

41-60  21 13.2 

61-80  26 16.3 

81-100  11 6.9 

 

Table 2: Comparison of antibiotic sensitivity pattern among ESBL and non-ESBL producers 

Antibiotic 

 

ESBL producers Non ESBL producers 

No % No % 

AMP 8 5.6 21 14.8 

GEN 35 22.0 98 69.5 

COT 29 18.2 72 51.0 

NIT 88 55.3 99 70.2 

CIP 17 10.6 75 53.1 

PIT 62 38.9 121 85.8 

CXM 03 1.8 44 31.0 

CTX 02 1.2 58 41.1 

NX 22 13.8 64 45.3 

IPM 44 27.6 91 64.5 

56%
35%

4%

4%

1%

E.coli Klebsiella Enterobacter Citrobacter Proteus
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AK 59 37.1 113 80.1 

CPM 13 8.1 61 43.2 

AMC 46 28.9 115 81.5 

 

Table 3: Comparison of antibiotic resistance pattern among ESBL and non-ESBL producers 

Antibiotic 

 

ESBL producers Non ESBL producers 

No % No % 

AMP 151 94.9 120 85 

GEN 124 77.9 43 30.4 

COT 130 81.7 69 48.9 

NIT 71 44.6 42 29.7 

CIP 142 89.3 66 46.8 

PIT 97 61 20 14.1 

CXM 156 98.1 97 68.7 

CTX 157 98.7 83 58.8 

NX 137 86.1 77 54.6 

IPM 115 72.3 50 35.4 

AK 100 62.8 28 19.8 

CPM 146 91.8 80 56.7 

AMC 113 71 26 18.4 

 

Table 4: Various studies across India showing the prevalence of ESBL producers among uropathogens 

Study Place Year Prevalence (%) 

[8] Kuppam 2011 63.8% 

[3] Bijapur 2011 32.1% 

[9] Chennai 2012 34.8% 

[11] Bangalore 2013 48.9% 

[1] Mysore 2013 55% 

[12] Mumbai 2013 27.6% 

[13] Chandigarh 2014 21.4% 

 

 

https://www.azerbaijanmedicaljournal.com/

